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ABSTRACT  

I herein evaluated whether landscape connectivity and patch size are important 

in fostering bobwhite translocation success, especially for long-distance interregional 

bobwhite translocations (Chapter 2). I translocated 508 radio-collared northern 

bobwhites from northern Florida and southern Georgia to small, fragmented properties 

on the eastern shore of Maryland and large, contiguous properties in southern New 

Jersey, USA. Breeding season (182-day post release) survival varied among sites, and 

was higher at the two New Jersey release sites (0.344 [CrI = 0.281, 0.408, n = 145]; 

0.402 [CrI = 0.340, 0.465, n =176]) than at the two Maryland sites (0.212 [CrI = 

0.160, 0.268, n = 20]; 0.282 [CrI = 0.172, 0.412, n = 167]). Site fidelity, maximum 

dispersal distances, and home range sizes were lower at the smaller, fragmented 

Maryland properties than the larger New Jersey properties. I recommend that current 

policies and procedures on translocation be updated to incorporate differential post-

release survival patterns, due to landscape context and patch connectivity, when 

evaluating potential release sites for translocation purposes. Given the reduced 

bobwhite survival outside target release areas and the correlation between property 

size and site fidelity, larger sites that have a high degree of connectivity should be 

favored over those smaller and with lower connectivity of essential habitat features.  

Further, I described and evaluated the handicapped founder hypothesis in the 

context of bobwhite translocation (Chapter 3). I found support for the handicapped-

founder hypothesis with regard to nest production, nest success, and overall fecundity. 

The site-specific proportion of translocated hens that produced Ó1 nest ranged from 

0.200 (SE = 0.048) to 0.500 (SE = 0.158) nests/hen. Nest daily survival rate (DSR) 

was lower at the New Jersey sites than the Maryland sites, with site-specific DSR 



 xvii  

ranging from 0.878 (85% CrI = [0.820, 0.931]) to 0.972 (85% CrI = [0.947, 0.991]). 

Overall, nest production was stunted due to high post-release adult mortality and the 

truncated nesting season typical of northern latitudes. Adjusting translocation stocking 

density rate (birds/ha) and release timing may maximize the number of birds alive 

during the peak of nesting season. Overall fecundity was insufficient to facilitate 

population growth, which illustrates the importance of refining and adapting the 

existing translocation methodology to be regionally specific. These vital rate estimates 

and should be used to guide future translocations within the Mid-Atlantic and provide 

perspective for this population restoration technique range wide.  

Finally, I found evidence that forest management practices that traditionally 

benefit bobwhite within the New Jersey Pine Barrens collectively benefited multiple 

suites of regionally significant upland breeding birds (Chapter 4). During 2012, 2013, 

2016, and 2017, I conducted repeat-visit point counts (n = 1,800) for breeding 

songbirds across 75 control and 75 treatment sites within the NJPB. I constructed a 

hierarchical community abundance model within a Bayesian framework for Bird 

Conservation Region (BCR) 30 priority upland birds (N=12) within three species 

suites: Forested Upland, Scrub-Shrub/Early Successional, and Grassland. At the 

community level, I found a negative relationship between bird abundance and live tree 

basal area (ɓbasal = ī0.23, 95% CrI = [ī0.40, ī0.09]). I recommend open forest 

management that specifically targets basal areas between ~0ï15 m2/ha via selective 

thinning, shelter cutting, and small-scale clear cutting. Mechanical treatment and 

prescribed burning would produce such conditions and have the added benefit of 

reducing fuel loads across this ~4,500 km2 landscape. 
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Chapter 1 

INTRODUCTION  

Context and Rationale 

The greatest threat to biodiversity worldwide is the loss and reduction of ecosystem 

integrity resulting from broadscale human disturbance. In the United States, a large 

portion of the biodiversity decline can be directly linked to landcover alteration that 

has occurred since European colonization. Intensive farming, industrial forestry, and 

sprawling suburbia, coined the ñIron Triangleò by Brennan (2012), has led to the slow 

decline and occasional extirpation of many species dependent on native land cover. 

For example, grassland and early-successional birds continue to be among the most 

imperiled avian guilds in North America according to major contemporary estimates 

(Sauer et al. 2017). Their decline is chiefly a result of economically driven landscape-

level shifts in land use that accelerated over the twentieth century (Askins 1993, 

Knopf 1994, Brennan and Kuvlesky 2005). Reversing this decline will require a 

coordinated effort from the scientific community and policy makers to understand how 

to restore native wildlife populations as well as incentivize creation and maintenance 

of landcover that is beneficial for wildlife. 

For more than a century the northern bobwhite (Colinus virginianus), a small 

gamebird associated with early-successional land cover, has been sharply declining 

across most of its range (Brennan 1991, Church et al. 1993, Hernandez et al. 2013). 

Recent estimates from the North American Breeding Bird Survey (BBS) indicate long-

term population declines averaging 3.26% annually from 1966ï2015 (Figure 1.1; 
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Sauer et al. 2017). Habitat loss, fragmentation, and deterioration are widely considered 

the ultimate causes of their range-wide decline, with severity varying spatially 

(Brennan et al. 1991, Church et al. 1993, Roseberry and Sudkamp 1998, Peterson et al. 

2002, Hernandez et al. 2013). The precipitous decline is largely attributed to 

urban/suburban sprawl, a shift in agricultural practices (e.g., loss of field borders and 

hedgerows), fire exclusion, afforestation, and advancing forest succession (Brennan 

1991, Brennan and Kuvlesky 2005, Veech 2006, National Bobwhite Technical 

Committee [NBTC] 2011, Hernandez et al. 2013). Landscape-level habitat 

fragmentation produces increased vulnerability to local extinctions via environmental 

and demographic processes (Hanski and Gaggiotti 2004, Veech 2006). Consequently, 

restoring bobwhite populations will require habitat management and/or human-

mediated dispersal (Martin et al. 2017). 

Habitat management has been the traditional practice for maintaining and 

restoring bobwhite populations in North America (Stoddard 1931, Rosene 1969, 

Guthery 2002, Palmer and Sisson 2017). Bobwhite generally depend on management 

(e.g., fire, grazing, mechanical and herbicide treatment) that promotes early-seral stage 

groundcover, and typically inhabit agricultural field borders, grass-scrublands, 

rangelands, old fields, cutovers, and open forests with a well-established herbaceous 

component (see Brennan et al. 2014). Research has demonstrated the importance of 

habitat management for long-term population persistence (Stoddard 1931, Roseberry 

and Klimstra 1984, Palmer and Sisson 2017). Additionally, habitat management can 

be an effective instrument to increase or maintain bobwhite abundance at sites with 

low preexisting densities (Dabbert and Verble-Pearson 2017, Grahmann et al. 2017, 

Morgan et al. 2017). At bobwhite-depopulated sites, however, a demographic response 
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to habitat management is contingent on immigration, whether natural or human-

mediated, sufficient to achieve a minimum viable population (Brennan 1991, Martin et 

al. 2017). The relatively low mobility of bobwhites may limit their ability to 

recolonize newly created, restored, or improved habitat if dispersal distances are large 

and/or barriers to dispersal exist. Therefore, natural recolonization of isolated sites 

following habitat management may not yield population increases within practical or 

economically-defensible timeframes. Because some landscapes no longer support 

robust bobwhite populations and have functional dispersal barriers, human-mediated 

dispersal (i.e. translocation) is critical to recovery. 

Translocation describes the physical processes of capturing, transporting, and 

releasing wild bobwhites from designated donor sites to recipient sites, with the 

ultimate objective being a viable population that exists in perpetuity (Terhune et al. 

2010, Sisson et al. 2012, Martin et al. 2017). Translocation timing aims specifically to 

leverage the high reproductive potential of bobwhite while recognizing their low 

natural survival rate (Terhune et al. 2006b, Sisson et al. 2012). In most cases, a 

parallel objective to stakeholders is sustainable harvest at recipient sites after the 

population is recovered (Sisson et al. 2012, 2017). The operational definition of a 

successful bobwhite translocation has been explicitly stated as: ña population that 

reaches the prescribed population goal in 10 years [i.e., 800 bird minimum sensu 

Guthery et al. (2000)] and stabilizes (ɚ = 1)ò (Martin et al. 2017, p. 2). To realize this 

ultimate objective, site fidelity and survival of founders, as well as reproductive output 

in the months immediately following a translocation must occur at rates sufficient to 

achieve population growth (World Pheasant Association and IUCN/SSC 2009, Martin 

et al. 2017). Consequently, research that provides estimates of population vital rates 
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are critical to evaluating the overall efficacy of translocation across the speciesô range 

(Martin et al. 2017). 

While translocation of wild bobwhites has been of interest in recent years, 

studies on the subject have reported mixed results (Liu et al. 2000, 2002, Terhune et 

al. 2005, 2006, 2010, Scott et al. 2013, Downey et al. 2017, Lunsford et al. 2019, 

Roberts et al In Review). Research in the Upper Coastal Plain region of the 

southeastern United States provided proof of concept by demonstrating that bobwhite 

translocation to sites following habitat improvements did not negatively impact 

survival, reproduction, or site fidelity (Terhune et al. 2006a, 2006b, 2010). 

Furthermore, a positive population response was recorded in these studies and other 

subsequent translocations throughout the region using the protocol developed therein 

(Sisson et al. 2012, 2017). Conversely, in the Post Oak Savannah ecoregion of Texas, 

Scott et al. (2013) concluded that translocated bobwhites had larger home ranges, 

reduced survival, and lower reproduction than resident birds at release sites, and no 

population response. In the eastern Rolling Plains of Texas, Downey et al. (2017) 

found that while survival and reproduction of translocated bobwhites appeared 

favorable, site fidelity was variable and bobwhite abundance did not differ between 

translocation and control sites. Translocation is a promising population restoration 

technique for bobwhite; however, stakeholders continue to express a need for further 

research evaluating its overall efficacy and determining the limits of its utility (Martin 

et al. 2017). 

Best management practices for bobwhite translocation have been established to 

provide a framework that stakeholders can use in planning and decision-making steps 

(Martin et al. 2017). The following constitute a summary of best management 
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practices: 1) the most critical contingency is that sufficient habitat exists at release 

sites. The current recommendations by the National Bobwhite Conservation Initiative 

(NBCI), based on Guthery et al.ôs (2000) population viability analyses, is that sites 

should have a minimum 1,500 acres with >25% bobwhite habitat (NBCI 2019). Larger 

properties would be favored over smaller, all other factors being equal; 2) stress 

should be minimized for translocated bobwhites, because of the potential for acute and 

chronic issues post-release due to the potential for maladaptive behaviors or 

physiological impairment (Romero 2004, Dickens et al. 2010). If these stress 

responses lead to increased environmental vulnerability, even if it is relatively short-

lived (e.g., <1 week), the likelihood of population collapse may preclude population 

recovery from the outset (Dickens et al. 2009). Care should, therefore, be taken during 

trapping, work up, transport, and release of birds following strict protocols that limit 

stress and favor animal welfare (see Terhune et al. 2010); 3) when possible, donor 

sites should be proximately located to release sites to reduce handling times and limit 

stress (Terhune et al. 2006a, 2006b). Additionally, local adaptations present in 

neighboring populations may further improve robustness of individuals and confer 

higher post-release survival. This may prove especially true when compared to 

individuals translocated between regions (and latitudes) with extremely disparate 

climates and land covers (e.g., agricultural, scrub, forested); 4) conspecifics should be 

present at release sites, if possible. Integration between resident and translocated birds 

is high (95%; Jones et al. 1999) and may allow for informational transfer given the 

sociality of the species; 5) translocation size and timing should be optimized for the 

situation. Translocations should occur 3ï4 weeks prior to the onset of breeding season, 

which varies regionally, to capitalize on their prodigious reproductive potential 
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(Terhune et al. 2006a). The size of the translocation is dependent on the quality and 

quantity of habitat as well as the availability of source birds. Currently, the density 

(stocking rate) is unknown, and should be addressed with future research. 

Objectives 

Despite the recent increased interest in wild translocation of bobwhites, the current 

body of literature is deficient in translocation studies that (a) have replication within 

years; (b) evaluate long-distance (>400 km) movement of birds from the source to the 

recipient sites; or, (c) occur in the northern latitudes. Research should evaluate specific 

knowledge gaps relevant to future development of translocation science and 

methodology. Furthermore, the impacts of translocation on other important species 

should be addressed to determine the ancillary impacts. Therefore, the objectives are 

as follows: 

1. Evaluate whether landscape connectivity affects bobwhite survival, site 

fidelity, and resource selection following long-distance translocation between 

two contrasting landscapes (Chapter 2); 

2. Examine the nest production, nest success, and fecundity of 

translocated bobwhites following long-distance translocation (Chapter 3); 

3. Assess the influence of open forest management practices on breeding 

bird communities within the New Jersey Pine Barrens (Chapter 4). 
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FIGURES 

 

Figure 1.1 Northern bobwhite population trends in 4 Mid-Atlantic States (Delaware, 

Maryland, New Jersey, and Pennsylvania) between 1966ï2015 as estimated from the 

Breeding Bird Survey (Sauer et al. 2017). Inset table compares estimated annual rate 

of decline for 1966ï2015 and 2005ï2015 (Sauer et al. 2017). 
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Chapter 2 

LANDSCAPE CONNECTIVITY INFLUENCES SURVIVAL AND  RESOURCE 

USE FOLLOWING LONG -DISTANCE TRANSLOCATION  OF NORTHERN 

BOBWHITE  

 

Abstract 

Translocation is a critical component of northern bobwhite (Colinus virginianus) 

recovery efforts, given the scale of their decline and inability to rapidly recolonize 

recently restored habitat. Repopulating sites in northern latitudes that are distant from 

reliable source populations may require long-distance trap and transport from southern 

locales, potentially compounding existing obstacles for this renascent population 

recovery technique. I evaluated the landscape connectivity hypothesis to determine if 

northern bobwhite survival, site fidelity, and resource selection following translocation 

differed between two contrasting landscapes in the Mid-Atlantic region. I translocated 

508 radio-collared northern bobwhites from northern Florida and southern Georgia to 

small, fragmented properties on the eastern shore of Maryland and large, contiguous 

properties in southern New Jersey, USA. I monitored northern bobwhites via radio-

telemetry from ~1 April through 30 September, 2015ï2018, at a frequency of 2ï7 

times/week. Breeding season (182-day post release) survival varied among sites, and 

was generally higher at the two New Jersey release sites (0.344 [CrI = 0.281, 0.408, n 

= 145]; 0.402 [CrI = 0.340, 0.465, n =176]) than at the two Maryland sites (0.212 [CrI 

= 0.160, 0.268, n = 20]; 0.282 [CrI = 0.172, 0.412, n = 167]), yet an acclimation 

period is ostensibly required to obtain reasonable breeding survival estimates to elicit 
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population growth. Site fidelity, maximum dispersal distances, and home range sizes 

were lower at the smaller, fragmented Maryland properties than the larger New Jersey 

properties. These results support the landscape connectivity hypothesis such that 

reduced connectivity in my study decreased site fidelity and survival. Temporal 

variation in survival was potentially an artifact of translocation stress and/or 

maladaptive behavior during initial acclimation to the release sites, indicating that 

higher stocking rates may be needed to provide adequate founder abundance for 

translocation success. Northern bobwhites used early-successional cover at all sites, 

though selection varied based on scale of analysis and landscape context. These vital 

rate estimates and resource use patterns should be used to guide future translocations 

within the Mid-Atlantic, provide perspective for this population restoration technique 

range wide, and stimulate further investigation into limiting factors. 

Introduction  

Northern bobwhite (Colinus virginianus; hereafter, bobwhite[s]) are among the most 

widely studied species of game bird in the world (Brennan et al. 2014); nevertheless, 

range-wide population declines have persisted for several decades (Brennan 1991, 

Church et al. 1993, Hernandez et al. 2013, Sauer et al. 2017). Habitat loss, 

fragmentation, and deterioration are widely considered the ultimate causes of their 

range-wide decline, with severity varying spatially (Brennan et al. 1991, Church et al. 

1993, Roseberry and Sudkamp 1998, Peterson et al. 2002, Hernandez et al. 2013). In 

the Mid-Atlantic region of the United States, near the northern periphery of the 

bobwhite range, population declines have exceeded the range-wide average (Collins et 

al. 2009, Duren et al. 2011, Lohr et al. 2011, Williams et al. 2012). For example, 

bobwhites have declined at an estimated rate of 11.5%/year in New Jersey and 
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9.5%/year in Maryland from 1966ï2015, compared to a range-wide decline of 

3.5%/year over that time frame (Sauer et al. 2017; Figure 1.1). Furthermore, an 

accelerated decline since the 1980s has led to the functional extirpation of wild 

populations in New Jersey (Chanda et al. 2011) and Pennsylvania (National Bobwhite 

Conservation Initiative [NBCI] 2015, Martin et al. 2017), two of the most recent states 

to receive this designation. 

The precipitous decline in the Mid-Atlantic, like in other regions of the eastern 

United States, is largely attributed to urban/suburban sprawl, a shift in agricultural 

practices (e.g., loss of field borders and hedgerows), fire exclusion, afforestation, and 

advancing forest succession (Brennan 1991, Brennan and Kuvlesky 2005, Veech 

2006, National Bobwhite Technical Committee [NBTC] 2011, Hernandez et al. 2013). 

Landscape-level habitat fragmentation causes wildlife populations to become 

demographically challenged and genetically isolated, resulting in an increased 

vulnerability to local extinctions (Hanski and Gaggiotti 2004, Veech 2006). Because 

the Mid-Atlantic is the most densely human-populated region in the country, human 

infrastructure and its associated impacts on wildlife (e.g., low-permeability matrix, 

inflated mesomammal densities, juxtaposition of non-habitat) exacerbate isolative 

effects posing additional challenges for population persistence and/or recovery in 

those states (Collins et al. 2009, Duren et al. 2011, Lohr et al. 2011, Long and 

Williams 2011). Accordingly, achieving robust bobwhite populations within the 

region will require unique and deliberate strategies that combine habitat management 

and human-mediated dispersal (Chanda et al. 2011, Lohr et al. 2011, Long and 

Williams 2011, Macaluso et al. 2017). 



 15 

Habitat management has been the traditional practice for maintaining and 

restoring bobwhite populations in North America (Stoddard 1931, Rosene 1969, 

Guthery 2002, Palmer and Sisson 2017). At bobwhite-depopulated sites, however, a 

demographic response to habitat management is contingent on immigration, whether 

natural or human-mediated, sufficient to achieve a minimum viable population 

(Brennan 1991, Martin et al. 2017). The relatively low mobility of bobwhites may 

limit their ability to recolonize newly created, restored, or improved habitat if 

dispersal distances are large and/or barriers to dispersal exist. Therefore, natural 

recolonization of isolated sites following habitat management may not yield 

population increases within practical or economically-defensible timeframes. Because 

some landscapes no longer support robust bobwhite populations and have functional 

dispersal barriers, human-mediated dispersal (i.e. translocation) is critical to recovery 

(Terhune et al. 2010, Sisson et al. 2012, Martin et al. 2017). The operational definition 

of a successful bobwhite translocation has been explicitly stated as: ña population that 

reaches the prescribed population goal in 10 years [i.e., 800 bird minimum sensu 

Guthery et al. (2000)] and stabilizes (ɚ = 1)ò (Martin et al. 2017, p. 2). To realize this 

ultimate objective, site fidelity and survival of founders, as well as reproductive output 

in the months immediately following a translocation must occur at rates sufficient to 

achieve population growth (World Pheasant Association and IUCN/SSC 2009, Martin 

et al. 2017). Translocation timing aims specifically to leverage the high reproductive 

potential of bobwhite while recognizing their low natural survival rate (Terhune et al. 

2010, Sisson et al. 2012, Sisson et al. 2017). In the Mid-Atlantic region, timing of 

translocation to circumvent late winter events may also facilitate greater opportunity 

for success. Consequently, research that provides estimates of population vital rates is 
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critical to evaluating the overall efficacy of translocation across the speciesô range 

(Martin et al. 2017). 

While translocation of wild bobwhites has been of interest in recent years, 

studies on the subject have reported mixed results (Terhune et al. 2006a, 2006b, 2010, 

Scott et al. 2013, Downey et al. 2017). The current body of literature, however, is 

deficient in translocation studies that (a) have replication within years; (b) evaluate 

long-distance (>400 km) movement of birds from the source to the recipient sites; or, 

(c) occur in the Mid-Atlantic region. Further, research should explicitly test the 

landscape connectivity hypothesis where it is expected that: 1) site fidelity and 

survival would be lower for translocated bobwhites if release properties are small and 

habitat is fragmented; 2) home range sizes would be smaller and dispersal distances 

would be lower if habitat quality at the release site is perceived to be high and the 

surrounding matrix is of low permeability; and 3) bobwhites should exhibit positive 

selection for resources of high autecological value and negative selection for resources 

of low autecological value at release sites. Alternatively, if release property size and 

fragmentation are uninfluential, then survival and site fidelity would be similar in 

contrasting landscapes. Therefore, my objective was to explicitly test if the landscape 

connectivity hypothesis affects bobwhite survival, site fidelity, and resource selection 

following long-distance translocation between two contrasting landscapes. These 

landscapes included the Eastern Shore of Maryland, constituted of an agricultural 

landscape with small, fragmented release properties that received moderate habitat 

management, and the New Jersey Pine Barrens, constituted of a forested landscape 

with large, contiguous release properties and minimal habitat management. This 
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research will aid in modeling future translocation scenarios within the Mid-Atlantic 

and contribute to bobwhite conservation range-wide. 

Study Area 

Translocation Sites 

I conducted this research on three privately owned properties within the Mid-Atlantic 

Region of the United States, near the northeastern periphery of the current bobwhite 

range (Brennan et al. 2014): Pine Island Cranberry Company (Pine Island) in 

Burlington County, New Jersey, USA; Turnerôs Creek Farm (Turnerôs Creek) in Kent 

County, Maryland, USA; and Chino Farm in Queen Anneôs County, Maryland, USA 

(Figure 2.1). Releases occurred at two distinct sites on Pine Island, Home Farm and 

Sim Place, that were separated (~6 km) by Penn State Forest; therefore, a total of 4 

release sites (Home Farm, Sim Place, Chino Farm, and Turnerôs Creek) between the 

two states were designated for this study. All properties lie within the Atlantic Coastal 

Plain physiographic region, though they differed in landscape composition, predator 

community, and existing bobwhite population prior to translocation. There were no 

conspecifics present on Home Farm, Sim Place, or Turnerôs Creek prior to the 

translocations described herein. Chino Farm had a small, but recovering population at 

the time of initial release.  

Pine Island (~6,800 hectares) is a working cranberry farm situated near the 

geographic center of the New Jersey Pinelands National Reserve (approximately: 

39.740° N, ï74.500° W; Figure 2.2), a ~445,000-hectare forest characterized by pine-

oak and pine-scrub uplands transected by Atlantic white cedar (Chamaecyparis 

thyoides) swamps and emergent wetlands (Forman 1998). The landscape within a 15-
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km dissolved buffer around Home Farm and Sim Place is: 68% forested, 24% wetland, 

5% urban/suburban, 1% agriculture, 1% barren land, and 1% open water (New Jersey 

Department of Environmental Protection 2015). The mean temperature in southern 

New Jersey ranges from 0.17  in January to 24.28  in July, with an average 

annual precipitation of 114.43 cm (Office of the New Jersey State Climatologist 

2019). The topography is principally low relief, gently rolling hills composed 

predominately of acidic sandy soils (Rhodehamel 1998). The dominant canopy species 

include pitch pine (P. rigida) and shortleaf pine (P. echinata), with scattered black oak 

(Q. velutina), white oak (Q. alba), chestnut oak (Q. montana), post oak (Q. stellata), 

and scarlet oak (Q. coccinea). The understory is generally composed of: scrub oaks, 

including dwarf oak (Q. prinoides), bear oak (Q. ilicifolia), and chinquapin oak (Q. 

muehlenbergii); ericaceous shrubs, including northern highbush blueberry (Vaccinium 

corymbosum), lowbush blueberry (V. pallidum), and black huckleberry (Gaylussacia 

baccata); and Pine Barren golden heather (Hudsonia ericoides). In areas where fire or 

mechanical treatment has been implemented (see below), native early-successional 

groundcover, including little bluestem (Schizachyrium scoparium), switchgrass 

(Panicum virgatum), and bracken fern (pteridium aquilinum) have become established. 

Some open areas contain bare substrate (coastal plain sands), as well as patches of 

juniper moss (Polytrichum juniperinum) and lichens (predominantly Cladonia spp.). 

Forestry management had historically been limited on Pine Island, and when 

implemented it was principally intended for watershed management related to 

cranberry production. In 2005, the state of New Jersey approved a forestry 

stewardship plan for Pine Island that included prescriptions for timber thinning, 

burning, and roller chopping in the upland portions of the property supportive of forest 
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and watershed health. Between 2006ï2012, dispersed retention cuts with planted pine 

regeneration occurred on four adjacent tracts (~50 ha each) within the Home Farm 

study area. Consequently, during the study period these tracts were largely dense 

young pine thickets, with scattered small patches of open scrub. Timber thinning 

occurred across ~155 ha of Home Farm to a basal area of ~14ï16 m2/ha. The 

surrounding area was mature even-aged forests of uncut (18+ m2/ha) mixed species 

pine (P. rigida and P. echinata). Home Farm was fringed by agricultural fields, lakes, 

and impounded cranberry bogs. The Sim Place release site was centered on a 15-

hectare grassland and surrounded by uncut mature pine to the north and expansive 

cranberry bogs in the remaining three directions. A network of narrow canals (<10 m 

wide) transected the Sim Place study area, with the most centrally-located canal 

running parallel to an abandoned bare ground airstrip. Additionally, both Home Farm 

and Sim Place had various sized (~1ï8 ha) exposed substrate sandpits used for 

cranberry bog maintenance. 

The assemblage of bobwhite predators at Pine Island was similar among sites. 

Common raptors include Cooperôs hawk (Accipiter cooperii), sharp-shinned hark (A. 

striatus), red-tailed hawk (Buteo jamaicensis), red-shouldered hawk (B. lineatus), 

northern harrier (Circus cyaneus), barred owl (Strix Varia), and great-horned owl 

(Bubo virginianus). Common mammalian predators or nest predators include coyote 

(Canis latrans), Virginia opossum (Didelphis marsupialis), striped skunk (Mephitis 

mephitis), raccoon (Procyon lotor), long-tailed weasel (Mustela frenata), gray fox 

(Urocyon cinereoargenteus), and red fox (Vulpes fulva). Snake species include 

northern black racer (Coluber constrictor), corn snake (Pantherophis guttata), black rat 
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snake (P. obsoletus), timber rattlesnake (C. horridus), and northern pine snake 

(Pituophis melanoleucus). 

Chino Farm is 2,200-hectares of mixed grassland and rotational cropland near 

Chestertown, Maryland (approximately: 39.230° N, ï76.010Á W) and Turnerôs Creek 

is a 304-hectare rotational crop farm with native grassland buffers near Kennedyville, 

Maryland (approximately: 39.345° N, ï75.955° W; Figure 2.3). The landscape within 

a 15-km dissolved buffer around Chino Farm and Turnerôs Creek is: 58% agriculture, 

19% forested, 14% open water, 8% urban/suburban, and 1% wetland (Maryland 

Department of Planning 2010). Crop fields over this landscape are planted primarily 

with corn (Zea mays), soybeans (Glycine max), and wheat (Triticum aestivum). Forest 

canopy species are predominantly oak (Quercus spp.), hickory (Carya spp.), tulip 

poplar (Liriodendron tulipifera), Virginia pine (P. virginiana), and loblolly pine (P. 

taeda). Common understory and edge species are multiflora rose (Rosa multiflora), 

greenbriar (Smilax spp.), and Russian olive (Elaeagnus angustifolia). Common grasses 

include broomsedge (Andropogon virginicus), big bluestem (A. gerardi), and orchard 

grass (Dactylis glomerata). Raptor and mammalian species at these two sites were 

generally the same as those found at Pine Island (see above); however, northern pine 

snakes (Pituophis melanoleucus) and timber rattlesnakes (Crotalus horridus) are 

notably absent. 

Source Sites 

Private properties in Leon County and Jefferson County, Florida and Thomas County, 

Georgia, USA were used as source sites for wild bobwhites (Figure 1.1). Two of the 

properties, Tall Timbers and Dixie Plantation, were owned and operated by Tall 

Timbers Research Station and Land Conservancy. These forested properties lie within 
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the Red Hills geomorphic region, near the southwestern most extent of the Atlantic 

Coastal Plain physiographic province. Landowners of each property have 

implemented intensive wild quail management for several decades, resulting in 

relatively high-density bobwhite populations (e.g., >2.5 birds/ha; Sisson et al. 2012, 

Sisson et al. 2017). Management programs typically emphasize frequent fire 

application (<3-year fire-return interval) and low timber density (2 ï 15 m2/ha) to 

promote and sustain early-seral stage groundcover vegetation communities (Palmer 

and Sisson 2017). 

These properties were principally old field pine forests, characteristic of the 

Red Hills landscape. Common canopy species included longleaf pine (Pinus palustris), 

shortleaf pine, slash pine (P. elliottii), and loblolly pine, with scattered southern live 

oak (Quercus virginiana) and turkey oak (Q. laevis). Midstory scrub species included 

black cherry (Prunus serotina), scrub oak (Quercus spp.), sassafras (Sassafras 

albidum), common persimmon (Diospyros virginiana), and gallberry (Ilex glabra). 

Understory vegetation was predominantly broomsedge and other warm season grasses 

(Andropogon spp.), bracken fern, winged-sumac (Rhus copallinum), blackberry 

(Rubus spp.), goldenrod (Solidago spp.), and partridge pea. 

As a result of historic intensive quail management, these properties contained 

adequate habitat to sustain a variety of wildlife populations, including those of natural 

bobwhite predators. Common raptors include Cooperôs hawk, sharp-shinned hark, red-

tailed hawk, red-shouldered hawk, northern harrier, barred owl, and great-horned owl. 

Common mammalian predators include armadillo (Dasypus novemcinctus), bobcat 

(Lynx rufus), coyote, raccoon, gray fox, Virginia opossum, and red fox. Snake species 

include black racer, corn snake, gray rat snake (P. spiloides), eastern rat snake 
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(Antherophis alleghaniensis), eastern diamondback (Crotalus adamanteus), coachwhip 

(Masticophis flagellum), and pine snake. 

Methods 

Capture and Handling 

I translocated bobwhites (n Ó 120) to Home Farm, Sim Place, Turnerôs Creek and 

Chino Farm for 4 consecutive years (2015ï2018), but due to logistical constraints 

Chino Farm was removed as a translocation site after year 1. For each site and year, I 

translocated bobwhites at a ~1:1 sex ratio. Due to the known logistical constraints 

associated with long-distance bobwhite translocation (see Downey et al. 2017), I made 

an effort to maximize the synchrony of trapping and translocation. I focused capture 

timing to the period immediately preceding covey break up (Terhune et al. 2006b), as 

determined from field observations of bobwhite behavior on source sites, so that larger 

groups of bobwhites could be captured. Trapping principally occurred from late March 

through early April. By increasing capture efficiency, I thereby aimed to reduce the 

number of translocation trips within a given year. Additionally, this pre-breeding 

period avoids interruption of reproductive behavior (e.g., nesting) and capitalizes on 

the high reproductive potential of bobwhite (Terhune et al. 2010, Sisson et al. 2012). 

I captured bobwhites on source sites using baited (e.g., grain sorghum and 

cracked corn) standard walk-in funnel traps (Stoddard 1931). I placed traps in areas of 

dense cover and/or sheltered with brush to limit stress on captured birds and to conceal 

traps from predators. I attached unique aluminum leg bands (National Band and Tag 

Company, Newport, KY, USA) to all captured bobwhites and classified them by age 

(adult or juvenile) and sex (male or female, based on plumage), following Rosene 
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(1969). I weighed bobwhites and affixed 6.0ï7.0 g very high frequency (VHF) 

pendant-style transmitters (Holohil Systems Ltd., Ontario, Canada) to both males and 

females weighing Ó132 g (transmitter Ò5% of body mass) until a 1:1 sex ratio was 

achieved. This weight limit and transmitter style is common in contemporary 

bobwhite translocation research (Terhune et al. 2010, Scott et al. 2013, Downey et al. 

2017) and has been shown to not influence physiology (in captive birds; Hernandez et 

al. 2004) or survival (in wild birds; Palmer and Wellendorf 2007, Terhune et al. 2007). 

I placed captured bobwhites into transport boxes in groups that did not necessarily 

reflect covey membership at the time of capture. In some instances, I combined partial 

coveys from different traps to form complete coveys (8ï12 bobwhites) as capture 

success dictated. A small amount of feed was provided in transport boxes for 

consumption during transit. I spread supplemental feed at release sites immediately 

prior to and after release to mitigate any stress placed on birds during transport and 

limit any immediate dispersal from release sites. 

Translocations occurred over a ~36-hour (2 night) period via motor vehicle. 

The straight-line translocation distance was ~1,340 km to Pine Island (~1,600 km 

driven path) and ~1,220 km to Chino Farm and Turnerôs Creek (~1,450 km driven 

path). I released bobwhites at centralized core locations on translocation properties 

using a hard release methodology (Martin et al. 2017). In 2016, low trapping success 

forced multiple translocations over eight days (1 Apr ï 8 Apr) and one covey was held 

an additional night to be translocated with additional bobwhites captured the following 

day. In all other years, translocations occurred in < 3 days. Trapping, handling, and 

marking procedures followed American Ornithologistsô Union Report of Committee 

on the Use of Wild Birds in Research (American Ornithologistsô Union 1999) and my 
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protocol was approved by the University of Delaware Institutional Animal Care and 

Use Committee (AUP #1278). 

Radio Telemetry 

I located bobwhites 2ï7 times per week during the post-release breeding season (~1 

Apr ï 30 Sep) using a VHF telemetry receiver and three-element Yagi antenna 

(Advanced Telemetry Systems, Inc., Isanti, MN, USA) via the homing method (White 

and Garrott 1990). I approached individuals to 25ï50 m to limit location error and 

recorded location on a customized smart-phone application with high-resolution, 

spatially referenced (UTM zone 18N) aerial imagery. If a mortality was suspected, I 

approached the location to evaluate the mortality cause using diagnostic sign (Dumke 

and Pils 1973, Curtis et al. 1993). If a signal was lost between locations, the search 

radius was expanded and a vehicle-mounted omnidirectional rooftop antenna 

(Advanced Telemetry Systems, Isanti, MN, USA) was used during systematic surveys 

within a 10 km radius. After a few initial intensive searches, I gradually reduced the 

frequency of searches and ceased searched after 14 days. 

Vegetation Sampling 

I measured ten vegetation covariates (Table 2.1) at a subset of use locations and paired 

random points for translocated bobwhite on Home Farm and Sim Place in 2016ï2017 

to model the influence of vegetation structure and composition on bobwhite fourth-

order habitat use (Johnson 1980, Taylor and Burger 2000) during the breeding season. 

These vegetation covariates were selected to incorporate groundcover, midstory, and 

canopy components and to complement second- and third-order habitat use analyses in 

guiding future forest management for bobwhite in the New Jersey Pine Barrens. Due 
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to limited resources and personnel, fourth-order analyses were not completed for 2015 

and 2018 or at either of the Maryland sites (Chino Farm and Turnerôs Creek). 

Within two weeks of recording a bobwhite use location, groundcover (relative 

percentages of bare substrate, grass, forbs, leaf litter, and woody vegetation <2 m; 

components summed to 100%) was recorded within a 0.0004 ha (2-m x 2-m) sampling 

frame (adapted from Daubenmire 1959) centered on the coordinates of the bobwhite 

location. A three-section modified Nudds board (Nudds 1977) was used to estimate 

the vegetation profile of the midstory at three strata levels (ground level [0.25 m], 1 m, 

and 2 m). Each of the three Nudds board sections was constructed of 0.5 m x 0.5 m 

plywood painted in a high contrast checkerboard pattern creating sixteen 0.125 m x 

0.125 m squares. The Nudds board was placed at a distance of 10 m in each of the four 

cardinal directions and viewed horizontally from the center of the sampling frame. The 

lowest board was placed so that its bottom was level with the ground (midpoint at 0.25 

meters), the second had its midpoint 1 m above ground level, and the third had its 

midpoint 2 m above ground level. Observer eye height was adjusted to a level position 

while viewing each of the three sections. A square was considered covered if any part 

of it was obstructed by vegetation. Basal area was measured 360 degrees around the 

center of the sampling frame using a Jim-Gem factor 10 prism (Forestry Suppliers, 

Inc., Jackson, MS, USA) and converted to m2/ha. Canopy closure was measured at the 

center of the frame using a convex spherical densitometer (Forestry Suppliers, Inc., 

Jackson, MS, USA) held in front of the body at elbow height in each of the four 

cardinal directions. The mean from the four canopy measurements was used to 

estimate the percent canopy closure at each sampling frame. 



 26 

These groundcover, midstory profile, and canopy estimates constituted the first 

replicate for one bobwhite use location. The entire sampling frame was replicated 

twice more at locations 25 m away from the initial sampling frame along a randomly-

directed azimuth within the same habitat patch. A distance of 25 m was used to assure 

that features (e.g., individual trees for basal area or canopy estimation) were not 

double counted at replicate locations. The mean of the three replicates for each 

covariate was used to define one use location. This entire vegetation measurement 

protocol was then repeated at a paired random point within the same habitat patch as 

the bobwhite use point; this represented a non-use location. The point was a random 

distance away (150ï250 m) along a randomly-directed azimuth from its paired use 

location. While this time-intensive vegetation survey protocol prohibited my ability to 

have a comprehensive dataset (i.e., a survey for every telemetry location), the repeated 

measurement experimental design with replication favored precision at each data point 

and thus aimed to improve subsequent model accuracy and predictive performance. 

Land Cover Classification 

I manually digitized land cover on each site in ArcGIS version 10 (ESRI, Redlands, 

CA, USA) over high spatial resolution (0.305 m) orthophotographs that were 

temporally accurate to the years of study (e.g., 2015ï2018; Figures 2.2 and 2.3). Due 

to the fundamental differences in landscape composition between the New Jersey 

(Home Farm and Sim Place; predominately forest) and Maryland (Chino Farm and 

Turnerôs Creek; predominately agricultural) translocation sites, and the potential 

management implications for these unique systems, relevant land cover categories 

were identified separately for the two states (Table 2.2). The following 10 land cover 

categories were defined for Home Farm and Sim Place (New Jersey) based on the 
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criteria described herein: 1) pine woods [PNW], defined as mature close-canopy pine-

dominated upland within which no mechanical timber operations occurred; 2) thinned 

pine [PNT], defined as partially-open-canopy pine-dominate upland within which 

mechanical timber thinning and surface scarification occurred; 3) cut pine [PNC], 

defined as open-canopy pine-dominated upland within which clear cutting or 

dispersed retention cutting and roller chopping occurred 10ï12 years preceding study 

period, as evidenced by mid-seral stage vegetation communities; 4) early-successional 

woody [ESW], defined as areas dominated by woody (e.g., shrub, scrub oak, pine 

saplings, vaccinium sp. fields) vegetation and lacking any canopy; 5) early-

successional herbaceous [ESH], defined as areas characteristically dominated by early 

seral stage herbaceous vegetation, including warm season grasses and forbs; 6) 

wooded wetland [WTW], defined as closed-canopy wetlands dominated by hardwood 

trees; 7) herbaceous wetland [WTH], defined as wetlands dominated by herbaceous 

vegetation; 8) cedar woods [CDW], defined as wetlands dominated by Atlantic white 

cedar; 9) cut cedar [CDC], defined as cedar woods that were clear cut during 

commercial harvest; and 10) barren land [BRN], defined as areas dominated by 

exposed substrate (e.g., sandpits, forest roads). 

The following 7 land cover categories were defined for Chino Farm and 

Turnerôs Creek (Maryland) based on the criteria described herein: 1) cropland [CPS], 

defined as areas within which row crops were being cultivated; 2) cool season grass 

drains [CSG], defined as areas covered by sod-forming cool season grasses for erosion 

control; 3) early-successional herbaceous (see above); 4) early-successional woody 

(see above); 5) food/cover plantings [FCP], defined as wildlife plantings meant to 

provide food and cover (e.g., Lespedeza bicolor); 6) mixed woods [MXW], defined as 
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mature mixed-species woodlots, drains, and riparian areas bordering agriculture fields 

or other open land cover; 7) impoundments [IMP], defined as seasonally-inundated 

waterfowl impoundments. For all sites, open water (including cranberry bogs) and 

manmade structures were classified as non-usable space. 

Statistical Analysis 

I estimated survival and site fidelity of radio-collared, translocated bobwhites during 

the breeding season (1 Apr ï 30 Sep) using a multistate modeling approach. I 

delineated three states based on whether or not a bird was alive and its location 

relative to the designated release property: state O was the designation for birds that 

were alive on the release property, demarcated by the boundary of each property; state 

F was the designation for birds that were alive, but off the designated release property; 

and D was for birds that were known to be dead. Because telemetry allowed for 

frequent resighting, fates were known and the probability of detection was assumed to 

be 1.0 across the study period. Daily transition probabilities were estimated for all 

departure-arrival combinations, except departure from state D which was modeled as 

an absorbing state. Thus, I defined a four-dimensional state-transition matrix (ɋ), with 

the first and second dimension of ɋ denoting the states of departure and of arrival, 

respectively, the third dimension the individual (i), and the fourth dimension time (t, in 

this case representing a single day). I modeled transition probabilities following the 

general state-space process model 

ώȟ ȿ ώȟ ͯ ÃÁÔÅÇÏÒÉÃÁÌɱ
ȟȟȟȟ

ȟ 

where ώȟ  is the state (O, F, or D) of individual i at time t+1, given the state of that 

individual the preceding day, ώȟ. I modeled ɱ
ȟȟȟȟ

 as a function of fixed effects: 
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individual sex (female vs. male) and age (adult vs. juvenile). The initial state for all 

individuals at the time of release was set as alive on site (i.e., ώȟ = O). 

I specified vague, normal priors with a mean of zero and precision of 0.001 for 

all fixed effects (Royle and Dorazio 2008, Kéry and Schaub 2012). Since movement is 

possible from each of the two alive states (O and F) to either of the three potential 

states (O, F, and D), their transition probability estimates must meet two constraints: 

first, each of them must be in the interval [0,1] and second, they sum to 1. 

Accordingly, I implemented Dirichlet prior distributions with elemental gamma (1,1) 

hyperpriors for all transition probability estimates (Royle and Dorazio 2008, Kéry and 

Schaub 2012). I ran all models using the R2JAGS package (Su and Yajima 2015) in R 

version 3.6 (R Core Team 2013), estimating posterior distributions using Markov 

chain Monte Carlo (MCMC) methods with 3 independent chains. Each chain ran 

25,000 iterations, discarding the first 10,000 and saving every fifth iteration thereafter. 

I assessed convergence via visual inspection of trace plots and defined adequate 

convergence as GelmanïRubin convergence statistics Ὑ < 1.1 (Gelman et al. 2014). 

Transition probabilities were reported using 85% Bayesian credible intervals (CrI). 

Regression coefficients whose CrI overlapped 0 were interpreted as uninformative. 

Because extrapolating seasonal survival estimates from daily survival 

probabilities may obscures results, I ran a separate complementary assessment of 

weekly survival using generalized linear models. I constructed a logistic survival 

model (e.g., Janke et al. 2015), incorporating fixed group (site and year) and time 

(week post release) effects as: 

ώȟ ȿ ώȟ ͯ "ÅÒÎÏÕÌÌÉώȟ•ȟȟ 
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where ώȟ  is a binary indicator of whether individual i survived the time interval 

(week) t+1; thus, ώȟ ρ if the individual survived the interval and ώȟ π if it 

did not, given it was alive the preceding week (ώȟ ρ). I modeled •ȟ as a function 

of fixed group and time effects: 

ÌÏÇÉÔ•ȟ ɼ ‎ȟ 

where ɼ is the effect of group g of individual i and ‎ are the fixed time effects. 

Groups modeled as fixed effects were release site (Chino Farm, Home Farm, Sim 

Place, and Turnerôs Creek), year (2015ï2018), individual bird sex (female vs. male) 

and age (adult vs. juvenile). Week post release (1ï26) was modeled as a fixed 

temporal effect under the assumption that survival varied across weeks in a manner 

parallel among sites, as has been reported in previous translocation literature (e.g., 

Terhune et al. 2010, Downey et al. 2017). This allows the revelation of any acute or 

chronic effects of the translocation process (e.g., handling effects) on survival. 

As a complementary assessment of site fidelity, and for comparisons to 

previous translocation research (e.g., Terhune et al. 2006a, 2010, Scott et al. 2013, 

Downey et al. 2017), I calculated the distance traveled from individual release points 

to the farthest observed telemetry location for all individuals. I excluded mortality 

locations from analyses to prevent any potential bias associated with the movement of 

carcasses by predators. Birds that were lost (either mortality or censored) within the 

first week following release were excluded from analysis of maximum traveled 

distance, because they likely did not have adequate time to disperse (Downey et al. 

2017). Maximum distances traveled were reported as cumulative frequency 

distributions. 
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I estimated breeding season (1 Apr ï 30 Sep) home ranges for all individuals 

with Ó25 telemetry locations (Terhune et al. 2006b, Terhune et al. 2010, Singh et al. 

2011, McGrath et al. 2017) using 50% and 95% fixed kernel density estimators (KDE) 

and 95% minimum convex polygons (MCP; Worton 1989, White and Garrott 1990) 

via the ADEHABITAT package (Calenge 2006) in R. I used this minimum telemetry 

location threshold to account for individual variation and reduce bias in home range 

estimates (White and Garrott 1990, Seaman et al. 1999, Kenward 2001, Haines et al. 

2009). The smoothing parameter (h) for KDEs was estimated using the least-squares 

cross validation (LSCV; Seaman and Powell 1996, Kenward 2001) procedure for each 

year and site. I removed brood locations from analyses as bobwhites tending chicks 

likely exhibit differential space use patterns to those not tending chicks (McGrath et 

al. 2017); there were too few birds with Ó25 brood locations (n = 4) to warrant 

separate analysis of this category. 

I defined available resources (digitized land cover categories) at the second 

order as all usable space within a MCP encompassing all telemetry locations at each of 

the four sites. For third-order analysis, I defined available resources as all usable space 

within the 95% KDE home range for each individual. I generated 5 random points for 

each telemetry location, achieving a 5:1 available-to-use prevalence ratio, 

independently for second- and third-order analyses. This prevalence ratio aimed to 

improve model performance, without biasing selection functions (Phillips et al. 2009, 

Barbet-Massin et al. 2012, Warton and Aarts 2013). I compared the relative frequency 

distribution of random points to the underlying land cover data to assure that the 

random point sampling procedure accurately represented the censused available land 

cover within the second-order MCPs and third-order individual KDEs, respectively 
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(Manly et al. 2002). For fourth-order analyses, I compared the field measured 

vegetation variables at use points to those collected at random points (1:1 prevalence 

ratio). 

I used mixed logistic regression models to estimate probability of use 

separately at the second- and third-, and fourth-order as 

ώ ͯ "ÅÒÎÏÕÌÌÉ‪ ȟ 

where ώ is a binary indicator of whether point i was a use (ώ ρ) or random non-use 

(ώ π) location. I modeled ‪ as a function of both fixed and random effects: 

ÌÏÇÉÔ‪ ‍ ‍ ○░ ”ȟ 

where ‍ is the interceptȟ‍  is a vector of regression parameters, ○░ is a vector of 

location covariates, and ” is the random effect of individual bird. This general 

process model was used separately for each order of selection, using land cover 

covariates for second- and third-order analyses and vegetation covariates for fourth-

order analysis, respectively. In addition to location covariates, I further included fixed 

effects for site (Chino Farm, Home Farm, Sim Place, Turnerôs Creek), sex (male vs. 

female), and age (adult vs. juvenile) for both scales of habitat use analyses. I 

standardized all continuous covariates, centering each on a mean of 0 and standard 

deviation of 1, to improve model convergence and interpretability. 

I used Pearsonôs correlation tests to assess the degree or collinearity of model 

parameters and did not fit models when |r| > 0.7; However, fourth-order groundcover 

covariates (grass, forbs, woody, etc.) received unique treatment due to intrinsic 

nonidentifiability (Kéry and Schaub 2012, p. 216) and the inherent collinearity of 

these parameters summing to 100%. To alleviate this issue, I set the covariate litter to 

0 in all fourth-order models to assure identifiability of the remaining groundcover 
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parameters. This was justified given that modeling the relationship between leaf litter 

(%) and habitat use would provide little useful information to managers and its 

exclusion allowed for model convergence and estimation of the remaining fixed 

effects. To improve model convergence, models were specified by effects 

parameterization using the largest sample size for each fixed effect.  

For second- and third-order analyses, I specified vague, normal priors with a 

mean of zero and precision of 0.001 for all fixed effects (Royle and Dorazio 2008, 

Kéry and Schaub 2012). I specified vague uniform (0, 60) prior distributions for the 

standard deviation parameter of bird random effect (Gelman 2006). I used vague 

priors, as opposed to informative priors, so that I did not impute biasing information 

during model convergence. For fourth-order analysis, to facilitate inference about the 

predictive value of each vegetation covariate, I performed a model selection procedure 

using the Kuo & Mallick (1998) indicator variable approach (see also Link and Barker 

2006, Royle and Dorazio 2008, Smith et al. 2011, McCarthy et al. 2012, Converse et 

al. 2013). This procedure was used to isolate important model parameters on the basis 

of the posterior probability of all possible combinations of fixed effects. I did this by 

specifying a latent indicator variable, ‫ , for each fixed effect —, as 

‫  ͯ "ÅÒÎÏÕÌÌÉπȢυȢ Thus, the posterior distributions for each ‫  (i.e. (‫ȿÄÁÔÁ 

represented the proportion of MCMC iterations in which the parameter (—) was 

included in a model. Because the posterior probabilities of inclusion parameters are 

sensitive to the choice of prior distributions for the fixed effects (Link and Barker 

2006), and preliminary assessment (adjustments to more-informed priors [e.g., mean 0 

and precision 0.1]) confirmed this for my dataset, I instead gave each of the 

coefficients a mean 0 normal prior, with a variance equal to V/K, where K was ‫ 
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equal to the number of vegetation effects entering the model at a particular sample. I 

then placed a Gamma-distributed prior on the total variance of the linear predictor, V, 

with parameters 3.29 and 7.8 (Link and Barker 2006, Converse et al. 2013). This prior 

results in a marginal distribution for use that was approximately Uniform(0,1). 

I calculated the Bayes Factor (BF), defined as the posterior odds ratio in favor 

of the set of models including the variable versus the set of models not including the 

variable (Smith et al. 2011), for each fourth-order vegetation variable from the prior 

mean of ‫  (0.5) and the posterior mean of ‫ ‫ |data) as: 

ὄὊ  
‫ȿÄÁÔÁȾρ ‫ȿÄÁÔÁ

‫Ⱦρ ‫
Ȣ 

Model parameters with a BF > 3 were considered informative and probability of use 

modeled separately using partial regression coefficients of the variable of interest, 

holding the remaining variables constant at a reference group. 

I ran all models using the R2JAGS package (Su and Yajima 2015) in R, 

estimating posterior distributions using MCMC methods with 3 independent chains. 

For second- and third-order analyses, each chain ran 25,000 iterations, discarding the 

first 10,000 and saving every fifth iteration thereafter. For fourth-order analysis, the 

number of iterations was increased to 50,000 and the first 20,000 were discarded. This 

adjustment was required to achieve convergence of model parameters. I assessed 

convergence via visual inspection of trace plots and defined adequate convergence as 

GelmanïRubin convergence statistics Ὑ < 1.1 (Gelman et al. 2014). Regression 

coefficients whose CrI overlapped 0 were interpreted as uninformative. When 

relevant, I converted model coefficients to odds ratios to aid in interpretability and 

making statements regarding possible management scenarios. Because I used scaled 

covariates, the odds ratios are scaled based on the standard deviation of that covariate. 
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Results 

I trapped and translocated a total of 534 wild bobwhites during 2015ï2018. Seven 

individuals died in transit between trapping and release sites (all in 2016), likely due to 

acute trapping, handling, or translocation stress. A total of 508 (n = 239 female, 269 

males) bobwhites were radio-collared at the time of release and monitored across the 

four sites: 20 at Chino Farm (2015 only), 167 at Turnerôs Creek (2015ï2018), 145 at 

Home Farm (2015ï2017), and 176 at Sim Place (2015ï2018). The remaining 19 

individuals were not collared. Juveniles comprised a majority of translocated 

bobwhites (n = 376 juvenile and 158 adults). Between the date of release and 30 

September across all years, there were a total of 14,368 individual telemetry locations 

recorded. 

Survival 

Breeding season (182-day post release) survival of translocated bobwhites varied 

among release sites and across years, ranging from 0.188 (CrI = [0.130, 0.255]) at 

Turnerôs Creek in 2018 to 0.439 (CrI = [0.359, 0.512]) at Home Farm in 2015 (Figure 

2.4). Site-specific survival estimates pooled across years were: 0.282 (CrI = [0.172, 

0.412]) at Chino Farm; 0.212 (CrI = [0.160, 0.268]) at Turnerôs Creek; 0.344 (CrI = 

[0.281, 0.408]) at Home Farm; and 0.402 (CrI = [0.340, 0.465]) at Sim Place. There 

was no effect of sex (ɓmale = 0.026, CrI = [ï0.153, 0.207]) or age (ɓadult = ï0.083, CrI = 

[ï0.282, 0.199]) on post release survival. Temporal variation in survival was 

adequately explained by week (1ï26) fixed effect; the calculated Bayesian P-value 

following the Freeman-Tukey goodness-of-fit test was 0.55, suggestive of high model 

predictive power (Kéry and Schaub 2012, Gelman et al. 2014). Survival was 

substantially lower during the first two weeks following release at all sites, but varied 
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to a lesser degree over the remaining weeks of the season (Figure 2.5). Average 

weekly survival for weeks 1ï2 post release was 0.894 (CrI = [0.834, 0.934]) while for 

weeks 3ï26 it was 0.964 (CrI = [0.922, 0.990]). 

Multistate modeling indicated that transition probabilities to the dead state (i.e., 

daily mortality probabilities) were significantly higher for birds off site (ɊFD) than on 

site (ɊOD) at Home Farm and Turnerôs Creek; no difference was detected at Sim Place 

and no bobwhites left the Chino Farm release property (Table 2.3). Daily mortality 

probability for bobwhites off-site was 5.3 (odds ratio, CrI = [2.1, 11.9]) times greater 

than on-site at Home Farm and 1.8 (odds ratio; CrI = [1.1, 2.9]) times greater at 

Turnerôs Creek. Daily mortality probabilities for bobwhites off the release property 

were similar among sites, excluding Chino Farm (Table 2.3). 

Site Fidelity and Home Range 

Site fidelity differed among the four release sites but tended to be higher at the New 

Jersey sites (Home Farm and Sim Place) than the Maryland sites (Chino Farm and 

Turnerôs Creek; Table 2.3). Fidelity to the release property (ɊOO) was highest at Sim 

Place (0.9939, CrI = [0.9908, 0.9962]) and lowest at Turnerôs Creek (0.9644, CrI = 

[0.9606, 0.9680]). Probability of returning to the release property from off-site (ɊFO) 

was lowest at Turnerôs Creek (0.0830, CrI = [0.0747, 0.0925]), and no difference was 

observed between Home Farm (0.1251, CrI = [0.0991, 0.1518]) and Sim Place 

(0.1188, CrI = [0.0933, 0.1480]). Property size and proximity of release points to 

property boundaries likely influenced site fidelity, given the large contiguous 

configuration of Home Farm and Sim Place compared to the smaller fragmented 

Turnerôs Creek. 
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Complementary site fidelity assessment was performed for 452 bobwhites by 

calculating the farthest distance traveled from individual release points, excluding 

those individuals lost (mortality or censor) within the first week following release. 

Maximum distance traveled for individual bobwhites varied by site, with 95% of birds 

not traveling farther than 3.5 km at Home Farm, 3 km at Sim Place, and 2 km at 

Turnerôs Creek; 100% of birds did not travel farther than 1.5 km at Chino Farm 

(Figure 2.6). The mean maximum distance travelled between release and 30 

September for all individuals was 522 (SD = 695) m, and the median was 320 m. The 

farthest distance traveled by any one bobwhite was 7.5 km; however, a small number 

of censored individuals may have dispersed farther without detection. Over the four 

years of the study, two bobwhites released at Sim Place dispersed to Home Farm and 

two bobwhites released at Home Farm dispersed to Sim Place, all four of these 

individuals were unpaired males. 

Breeding season home ranges (95% KDE; n = 226) varied by site and year, 

being generally larger at the New Jersey (Home Farm [54.3 ha; SE = 12.6] and Sim 

Place [31.5 ha; SE = 9.5]) than the Maryland (Chino Farm [10.7 ha; SE = 3.1] and 

Turnerôs Creek [20.4 ha; SE = 2.4]) release sites (Table 2.4). Across all sites and 

years, mean home range size ranged from 9.5 ha (SE = 2.3 ha) at Turnerôs Creek in 

2015 to 92.0 ha (SE = 20.0 ha) at Home Farm in 2016. When averaged across years, 

bobwhites at Home Farm had the largest breeding season home range sizes (ὼ = 54.3 

ha, SE = 12.6, n = 54) and bobwhites at Chino Farm had the smallest (ὼ = 10.7 ha, SE 

= 3.1, n = 11). 
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Habitat Selection 

At the second-order scale for Chino Farm and Turnerôs Creek, translocated 

bobwhites showed positive selection for food/cover plantings (ɓFCP = 2.150, CrI = 

[1.934, 2.365]) and early-successional woody (ɓESW = 1.032, CrI = [0.901, 1.161]) 

land cover types, and negative selection for the remaining cover types (Figure 2.7Aï

B). Bobwhites were 1.7 (odds ratio, CrI = [1.4, 2.0]) and 3.6 (CrI = [3.0, 4.3]) times 

more likely to use food/cover plantings than early-successional woody cover and 

early-successional herbaceous cover, respectively. At the third-order scale for Chino 

Farm and Turnerôs Creek, translocated bobwhites showed positive selection for 

food/cover plantings (ɓFCP = 1.041, CrI = [0.914, 1.169]), early-successional woody 

(ɓESW = 0.438, CrI = [0.322, 0.555]), and mixed woods (ɓMXW = 0.241, CrI = [0.143, 

0.339]) land cover types; early-successional herbaceous land cover was used at a 

frequency equal to availability, and the remaining cover types were used at a 

frequency less than expected based on availability (Figure 2.7AïB). 

At the second-order scale for Home Farm and Sim Place, translocated 

bobwhites showed positive selection for early-successional woody (ɓESW = 1.073, CrI 

= [0.969, 1.173]), thinned pine (ɓPNT = 1.067, CrI = [0.957, 1.178]), early-successional 

herbaceous (ɓESH = 0.818, CrI = [0.721, 0.917]), and clear cut pine (ɓPNC = 0.668, CrI 

= [0.581, 0.755]) land cover types, and negative selection for the remaining cover 

types (Figure 2.7CïD). At the third-order scale for Home Farm and Sim Place, 

translocated bobwhites showed positive selection for early-successional woody (ɓESW 

= 0.464, CrI = [0.399, 0.530]), thinned pine (ɓPNT = 0.123, CrI = [0.041, 0.206]), and 

early-successional herbaceous (ɓESH = 0.089, CrI = [0.026, 0.152]) land cover types; 

clear cut pine and wooded wetland land cover types were used at a frequency equal to 

availability, and the remaining cover types were used at a frequency less than expected 
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given availability (Figure 2.7CïD). Bobwhites were 1.3 (odds ratio, CrI = [1.2, 1.5]) 

times more likely to use early-successional woody cover than thinned pine (the 

second-highest selected cover type) at the third-order scale. 

Of the 9 vegetation variables considered as predictors of fourth-order habitat 

selection at HF and SP, three had a BF > 3, while a fourth with a low BF had 85% CrI 

not overlapping zero (Table 2.5, Figure 2.8). The most influential variables were 

horizontal visual obstruction at 1 m above ground level, which showed a strong 

positive effect (ɓvor1 = 0.487, 85% CrI = [0.275, 0.701], posterior inclusion probability 

= 0.97), and the quadratic effect of percent bare groundcover which showed a strong 

negative effect (ɓbare
2 = -0.269, 85% CrI = [-0.113, ï0.437], posterior inclusion 

probability = 0.96). The variables of percent forbs groundcover (ɓforbs= 0.510, 85% CrI 

= [0.239, 0.785], posterior inclusion probability = 0.75) and the quadratic effect of 

percent woody groundcover (ɓwoody
2= ï0.151, 85% CrI = [ï0.300, ï0.001], posterior 

inclusion probability = 0.52) received some support as well. Probability of use 

increased linearly with horizontal visual obstruction at 1 m and percent groundcover 

as forbs (Figure 2.8). Probability of use for percent bare groundcover reached a 

maximum at ~20% bare ground, declining sharply thereafter and approached zero 

when bare ground exceeded ~80%. A similar, though dampened, concave-down 

relationship was observed for percent woody groundcover, reaching a maximum at 

~50% woody groundcover (Figure 2.8). 

Discussion 

The landscape connectivity hypothesis was supported by my results; breeding season 

(182-day post release) survival, site fidelity, home range size, and maximum dispersal 

distance were lower at the smaller, more isolated and fragmented Maryland release 
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sites (Chino Farm and Turnerôs Creek) than the larger, contiguous New Jersey release 

sites (Home Farm and Sim Place). A strong temporal effect was observed for all sites 

and years, whereby survival during the first two weeks post release was substantially 

lower than the subsequent weeks of the breeding season. Survival was significantly 

greater for bobwhites on the target release properties, where habitat management was 

concentrated, than off the properties indicating that habitat quality and intentional 

habitat management is requisite to bobwhiteôs surviving post-release. Bobwhites 

exhibited positive selection for food/cover plantings and early-seral stage land cover at 

the second- and third-order scales. At the fourth-order, bobwhites within the forested 

New Jersey landscape showed a positive association with forb and woody 

groundcover that was highly-concealing up to 1 m above ground level. Taken 

collectively, these results reaffirm the importance of selecting translocation properties 

with abundant and spatially connected protective (e.g., escape) and foraging cover to 

maximize survival, meeting daily requirements and opportunity for population growth. 

The efficacy of translocation as a population recovery tool is predicated on 

birds surviving and reproducing at such a rate to facilitate recruitment and population 

growth (Terhune et al. 2010, Martin et al. 2017) which is particularly important for 

species with high turnover rates (r-selected) such as bobwhite. Across all study sites 

breeding season survival was moderate-to-low. Breeding season survival estimates for 

translocated bobwhites at Chino Farm, Home Farm, and Sim Place (0.282ï0.402) was 

within the range commonly reported in bobwhite telemetry studies (e.g., Burger et al. 

1995, Sisson et al. 2009, Lohr et al. 2011), including some comparable translocation 

research (Liu et al. 2000, Terhune et al. 2006a, 2010, Downey et al. 2017) but 

remained on the lower end of the spectrum. The highest breeding season survival 
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rates, observed at Home Farm (0.344) and Sim Place (0.402), were similar to estimates 

from previous long-term mark-recapture studies conducted on stable or increasing 

populations (Palmer and Wellendorf 2007, Terhune et al. 2007). Survival at Turnerôs 

Creek was relatively low (0.212), though not unprecedented in telemetry studies (Liu 

2000, Peters et al. 2015). Theoretical bobwhite population models have suggested a 

minimum adult summer survival rate threshold of 0.79 (Sandercock et al. 2008), 

which is nearly twice that observed at any of the four sites studied here. Consequently, 

it is unlikely that population recovery would occur at any of these translocation sites, 

unless reproduction and winter survival rates were found to compensate low survival 

observed post release. 

The lower than expected survival rates on my study sites was concerning, 

especially given the timing of attrition on my sites compared to other studies. 

Numerous factors such as site familiarity, experience and timing of releases are known 

to influence survival (Lunsford et al. 2019, Roberts et al. In Review). I did not observe 

differences in survival of translocated bobwhites between ages (adult vs. juvenile) or 

sexes (female vs. male), suggesting that accumulated past experiences and sex-specific 

behaviors did not have a substantial effect on acclimation to and persistence in the 

novel environment. A post-release acclimation period was apparent; however, the 

reduced survival observed during the first two weeks following release (late Marïearly 

Apr) resulted in poor reproductive effort (P. M. Coppola, University of Delaware, 

personal communication). Daily survival rate was 6ï8% lower than long-term mark-

recapture studies which were derived from the source sites of the translocated birds in 

this study (Palmer and Wellendorf 2007, Terhune et al. 2007) during the initial 2 

weeks following release.  An estimated 14ï29% of translocated bobwhites died during 
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the first two weeks following release, similar to the 30% mortality rate reported within 

the first month following release by Downey et al. (2017). This temporal pattern 

contrasts exploratory survival analyses by Terhune et al. (2010) in which survival of 

translocated bobwhites was higher in the first month following release compared to 

subsequent months. The high post-release mortality pattern observed in translocation 

with prolonged holding times (e.g., Downey et al. 2017) has been notably diminished 

or absent in other studies with shorter handling times (<24 hours) and transportation 

distances (e.g., Jones 1999, Terhune et al. 2006b, 2010). Chronic stresses may be a 

legacy effect of long-distance, interregional translocation given that they have 

characteristically experienced poor overall success and it is reasonable to conclude 

that long-distance translocations present additional obstacles compared to short-

distance alternatives, all other factors being equal. Whether the effect is a result of 

physiological stress induced by a prolonged holding time (~36 hours), some risk-prone 

behavioral response following release into a novel environment, or a functional 

response by predators at release sites cannot be directly deduced from this research 

warranting future experimental study. Nevertheless, high post-release mortality should 

be incorporated into population forecast models during the planning phases of future 

translocations. By constructing such models, manipulation of release sizes and 

schedules (timing of release, repeated releases), while incorporating time-dependent 

survival rates to compare alternative translocation scenarios will provide valuable 

insight to maximize population recovery using translocation. These practices promote 

rigorous forethought and will foster efficient use of the declining bobwhite resource. 

The pejorative effects of habitat isolation and fragmentation on survival are 

well documented in ecology, but few translocation study designs afford the 
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comparison of varying degrees of landscape connectivity. My multistate modelling 

efforts indicated that fidelity to individual release properties was generally high, and 

that survival tended to be higher for bobwhites within release property boundaries 

compared to bobwhites outside property boundaries. While a different modeling 

framework was used, daily site fidelity estimates were similar to that reported by 

Terhune et al. (2010), who documented successful translocations in Marion County, 

Georgia using the same methodology implemented here. In contrast to Terhune et al. 

(2010), habitat on my study sites was either more fragmented within the site (e.g., Sim 

Place, Home Farm, Turnerôs Creek) and/or smaller and less contiguous (e.g., Turnerôs 

Creek). The interplay between habitat connectivity, property size, and resource quality 

likely resulted in the low survival observed through increased movement and dispersal 

proclivities, especially during the first 2 weeks post-release. Site unfamiliarity of 

translocated individuals may impact acclimation period during exploration of the new 

surroundings such that landscape connectivity, patch size and conspecifics may all 

contribute to site fidelity and affect predation risk. I found maximum dispersal 

distances were substantially lower on my sites than those previously reported in the 

bobwhite translocation literature. Liu et al. (2002) found that Ó10% (n Ó 50) of 

translocated bobwhites traveled Ó2.5 km from their release point, Scott et al. (2013) 

reported 41% (n = 18) of translocated bobwhites traveled >2 km, and Downey et al. 

(2017) reported 15ï32% of translocated bobwhites traveled >2 km from release 

points. Terhune et al. (2010) found that 13% of translocated females and 16% of 

translocated males had the arithmetic center of their home ranges >1 km from their 

individual release points. The highest dispersal distances recorded in this study (at 
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Home Farm) were comparatively low, with 5% of birds dispersing >3.5 km from 

release points. 

There appeared to be a disparity between the two complementary measures of 

site fidelity used here. Daily transition probabilities suggested that translocated 

bobwhites were more likely to remain on Home Farm, Sim Place, and Chino Farm 

than on Turnerôs Creek; however, the maximum distances traveled and individual 

home range sizes were greater at Home Farm and Sim Place than Chino Farm and 

Turnerôs Creek. This apparent discrepancy is likely due to differences in property 

sizes, locations of release points relative to property boundaries, and the amount and 

connectivity of habitat within these contrasting landscapes. The New Jersey sites were 

larger and less fragmented than the two Maryland sites, therefore release points were 

generally farther from the edge of the property and birds had to disperse greater 

distances to leave (i.e., transition from state O to state F). Bobwhites that dispersed off 

Turnerôs Creek did not typically travel far from the site, maintained small home ranges 

and periodically returned to the site throughout the study period. No bobwhites were 

observed leaving the Chino Farm release property and home range sizes there were on 

average 19ï33% the size as those at Home Farm and Sim Place. The large home 

ranges observed in New Jersey may be an indication of low quantity or quality habitat, 

given that home ranges are spatially constructed around species-specific food and 

cover resources. Limited quantity of such resources, or the diffuse spatial composition 

of essential habitat features, may have increased dispersal and resulted in large home 

ranges (Fies et al. 2002). Previous research has shown that dispersal tends to be lower 

on areas that have been intensively managed for bobwhites (Loveless 1958, Smith et 

al. 1982) and greater on areas with lower perceived habitat quality (Kabat and 
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Thompson 1963). Because forest management on the New Jersey sites was not 

species-specific and only marginally beneficial for bobwhites, perhaps home ranges 

were larger as a compensatory mechanism to perform basic autecological tasks (e.g., 

foraging, predator evading, and mate-finding). For example, Roberts et al. (In Review) 

demonstrated that food supplementation was highly selected by bobwhite and found 

that differential resource selection existed among translocated birds compared to 

resident birds even where large-scale, consistent quality habitat existed. 

Habitat selection varied based on landscape and scale of analysis and was 

generally in agreement with previous bobwhite research (e.g., Best et al. 1997, Riffell 

et al. 2008, Collins et al. 2009, Janke and Gates 2013, McGrath et al. 2017). 

Food/cover plantings and early-succession woody vegetation provide forage resources 

and protective cover for bobwhites from natural predators. There is a lack of these 

cover types naturally remaining within the Mid-Atlantic, and this loss of essential 

habitat has accelerated the decline of bobwhites in these states (Duren et al. 2011, 

Long and Williams 2011, Sauer et al. 2017). The high degree of selection for the few 

remaining patches of native early-successional groundcover and the artificial but 

structurally similar food/cover plantings on release properties documented here 

reinforces the importance of these cover types for bobwhite management, particularly 

in the Mid-Atlantic region. Positive selection for mixed woods and drains at Turnerôs 

Creek and Chino Farm may indicate that these habitat features are also important for 

protective cover during daily movement, or that a lack of early-successional woody 

cover forced bobwhites to use wooded edges as an alternative. Quantity of habitat 

across the landscape is perhaps more critical than quality of habitat in the context of 
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bobwhite population stability (Guthery 1997, Riddle et al. 2008), especially in 

fragmented agricultural landscapes (Fies et al. 2002). 

Maintenance and creation of early-successional woody cover along field 

borders juxtaposed to food resources should allow for reduced daily movement and 

therefore lower exposure to predation while foraging (Roberts et al. In Review). 

Establishment of early-successional cover is critical within the forest-dominated 

landscapes of New Jersey, as well. Unmanaged pine woods that contained poor 

screening cover at the ground level dominated the release sites and surrounding area. 

Fire exclusion or suppression in southern New Jersey has resulted in large tracts of 

poor-quality bobwhite habitat (Chanda et al. 2011), as well as an accumulation of fuels 

that presents the potential for extreme wildfires (Forman 1998). Bobwhites favored 

areas with an open canopy and a thick groundcover mixture of forbs and woody 

vegetation. These findings are generally in agreement with known habitat use patterns 

of bobwhites, as legumes and other forbs are common food resources and woody 

cover provides quality protective cover from predation (Stoddard 1931, Taylor et al. 

2000, Cram et al. 2002, Brooke et al 2015). Management of forestland in the Mid-

Atlantic should aim to reduce basal areas and increase ground level vegetation 

diversity while maintaining moderate levels of bare ground. The most cost-effective 

means to this end is mechanical timber harvest and frequent prescribed fire (Sparks et 

al. 1998, Harper 2007, Knapp et al. 2009, Rosche et al. 2019). I found that if these 

practices are not performed across large (>~400 ha) tracts, then it is unlikely to result 

in sufficient habitat supporting a viable bobwhite population. 
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Management Implications 

I herein demonstrate that landscape connectivity and patch size are important to foster 

translocation success, especially for long-distance interregional bobwhite 

translocations. I recommend that current policies and procedures on translocation 

(e.g., National Bobwhite Conservation Initiativeôs Coordinated Implementation Plan 

and the Translocation Policy) be updated to incorporate differential post-release 

survival patterns, due to landscape context and patch connectivity, when evaluating 

potential release sites for translocation purposes. Given the reduced bobwhite survival 

outside target release areas and the correlation between property size and site fidelity, 

larger sites that have a high degree of connectivity should be favored over those 

smaller and with lower connectivity of essential habitat features. Furthermore, habitat 

management should aim to increase the amount and connectivity of habitat. 

Additionally, adjusting stocking rate to account for potential attrition during the first 

few weeks post-release should better result in sufficient founder breeding abundances 

required to elicit population growth and sustainability. Future efforts quantifying 

vegetation conditions and habitat connectivity are also warranted to promote wise 

stewardship of a limited bobwhite resource when considering translocation as a 

population recovery tool. 
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TABLES 

Table 2.1 Description of parameters used in fourth-order habitat use models for 

translocated, radio-marked northern bobwhites in Burlington County (Home Farm and 

Sim Place), New Jersey, USA during MarchïSeptember, 2016ï2017. 

Forest 

Component 
Description 

Model 

parametera 
Measurement Methoda 

    

Groundcover Grasses grass Modified 2m x 2m Daubenmire 

(1959) frame; coverage of five 

vegetation classes summing to 

100% 

 Forbs forbs 

 Woody vegetation woody 

 Leaf litter/debris litter 

 Bare substrate bare 

    

Midstoryb VOR at 0.25m vor025 Modified 0.5-m x 0.5-m Nudds 

(1977) board; coverage for each 

out of 100% 

 VOR at 1m vor1 

 VOR at 2m vor2 

    

Canopy Basal area basal Factor 10 timber cruising prism; 

converted to m2/ha 

 

 Canopy Closure canopy Convex spherical densitometer; 

converted to closure out of 

100% 

    
a Quadratic parameters are denoted with superscripts (e.g., grass2) in text, tables, and 

figures. 
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Table 2.2 Description of land cover parameters used in second- and third-order habitat 

use models for translocated, radio-marked northern bobwhites in Kent (Turnerôs 

Creek) and Queen Anneôs counties (Chino Farm), Maryland and Burlington County 

(Home Farm and Sim Place), New Jersey, USA during MarchïSeptember, 2015ï

2018. 

Landscape Descriptiona 
Model 

parameter 

   

Forest-dominated Barren land BRN 

(New Jersey) Cut cedar CDC 

 Cedar woods CDW 

 Early-successional herbaceousb ESH 

 Early-successional woodyb ESW 

 Cut pine PNC 

 Thinned pine PNT 

 Pine woods PNW 

 Herbaceous wetland WTH 

 Wooded wetland WTW 

   

Agriculturally-dominated  Cropland CPS 

(Maryland) Cool season grass drains CSG 

 Early-successional herbaceousb ESH 

 Early-successional woodyb ESW 

 Food/cover plantings FCP 

 Impoundment IMP 

 Mixed woods MXW 

   
a See text for detailed descriptions of land cover classification 
b Abundant and relevant over both landscapes 
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Table 2.3 Daily transition probability estimates derived from multistate model 

analysis for translocated, radio-marked northern bobwhites in Kent (Turnerôs Creek) 

and Queen Anneôs counties (Chino Farm), Maryland and Burlington County (Home 

Farm and Sim Place), New Jersey, USA during MarchïSeptember, 2015ï2018. 

Site (state) 
Transition 

Directiona 
Estimate 85% CrI 

    

Home Farm (NJ) ɊOO 0.9903 [0.9869, 0.9930] 

  ɊOF 0.0041 [0.0025, 0.0059] 

  ɊOD 0.0056 [0.0039, 0.0074] 

  ɊFO 0.1251 [0.0991, 0.1518] 

  ɊFF 0.8452 [0.8130, 0.8743] 

  ɊFD 0.0298 [0.0153, 0.0463] 
    

    

Sim Place (NJ) ɊOO 0.9939 [0.9908, 0.9962] 

  ɊOF 0.0014 [0.0002, 0.0030] 

  ɊOD 0.0046 [0.0032, 0.0063] 

  ɊFO 0.1188 [0.0933, 0.1480] 

  ɊFF 0.8723 [0.8436, 0.8995] 

  ɊFD 0.0089 [0.0018, 0.0189] 
    

    

Turner's Creek (MD) ɊOO 0.9644 [0.9606, 0.9680] 

  ɊOF 0.0253 [0.0226, 0.0281] 

  ɊOD 0.0103 [0.0081, 0.0126] 

  ɊFO 0.0830 [0.0747, 0.0925] 

  ɊFF 0.8983 [0.8889, 0.9085] 

  ɊFD 0.0187 [0.0140, 0.0235] 
    

    

Chino Farm (MD) ɊOO 0.9898 [0.9853, 0.9937] 

  ɊOF 0.0012 [0.0001, 0.0028] 

  ɊOD 0.0090 [0.0055, 0.0128] 

  ɊFO 0.0000 - 

  ɣFF 0.0000 - 

  ɣFD 0.0000 - 
    

a Subscript sequence indicates movement direction: O = on release property, F = off 

release property, D = dead (e.g., ɊOF = daily transition probability from on property to 

off property).  
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Table 2.4 Mean home ranges (95% Minimum Convex Polygon [MCP]; Kernel: 50% & 95% home ranges) in hectares for 

translocated, radio-marked northern bobwhites in Kent (Turnerôs Creek) and Queen Anneôs counties (Chino Farm), 

Maryland and Burlington County (Home Farm and Sim Place), New Jersey, USA during MarchïSeptember, 2015ï2018. 

Site (state) Year n 
Locations, 

xə ± SD 
95% MCP (SE) 50% kernel (SE) 95% kernel (SE) 

Home Farm (NJ) 2015 24 47 ± 9 26.502     (3.724) 4.650    (0.961) 23.475    (19.956) 

  2016 16 59 ± 16 151.318   (45.236) 20.053    (3.647) 92.014    (19.974) 

  2017 14 57 ± 18 94.085   (19.241) 13.114    (2.090) 64.106    (16.859) 

  Pooled 54 53 ± 15 81.006   (15.849) 11.408    (1.545) 54.317    (12.619) 

Sim Place (NJ) 2015 15 44 ± 7 21.049     (3.062) 4.200    (0.469) 18.492    (16.428) 

  2016 17 55 ± 14 84.335   (20.276) 12.679    (1.987) 56.658    (15.465) 

  2017 22 58 ± 16 57.451   (14.825) 9.303    (1.281) 41.834    (12.931) 

  2018 54 47 ± 14 26.971   (14.825) 4.983    (0.371) 23.017    (11.620) 

  Pooled 108 50 ± 15 41.387     (5.090) 6.966    (0.532) 31.517      (9.523) 

Turnerôs Creek  2015 8 43 ± 16 18.399     (4.858) 1.766    (0.449) 9.529      (2.265) 

(MD) 2016 9 43 ± 16 29.593     (3.905) 6.670    (1.750) 29.320      (7.076) 

  2017 28 37 ± 8 22.813     (3.067) 4.976    (0.879) 22.044      (3.511) 

  2018 8 53 ± 22 19.139     (3.850) 3.274    (0.739) 15.761      (3.917) 

  Pooled 53 41 ± 14 22.743     (2.001) 4.522    (0.592) 20.442      (2.408) 

Chino Farm (MD) 2015 11 52 ± 15 10.305     (2.145) 2.201    (0.627) 10.656      (3.090) 
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Table 2.5 Model selection results for vegetation variables used to estimate fourth-

order habitat selection of translocated, radio-marked northern bobwhites in Burlington 

County, New Jersey (Home Farm and Sim Place), USA during March-September, 

2016ï2017. The posterior inclusion probability is calculated following the Kuo & 

Mallick (1998) approach, and the Bayes Factor is the posterior odds ratio in favor of 

the set of models including the variable versus the set of models not including the 

variable. Reported are those parameters with inclusion probabilities Ó 0.5. 

Variable namea 
Inclusion 

probabilityb BFɗ
c 

 Regression coefficient (ɓɗ)
d 

 Mean LCL UCL 

       

vor1 0.97 34.23  0.487 0.275 0.701 

bare2 0.96 25.43  -0.269 -0.437 -0.113 

forbs 0.75 3.02  0.510 0.239 0.785 

woody2 0.52 1.09  -0.151 -0.300 -0.001 

grass2 0.51 1.05  -0.119 -0.248 0.002 

canopy2 0.50 1.00  0.022 -0.123 0.169 

       

 
a Vegetation variables (ɗ) included in model; see text and Table 2.2 for descriptions. 
b Posterior mean of parameter indicator variable (.(‫ȿÄÁÔÁ 
c Bayes Factor =  ὄὊ  

ȿ Ⱦ ȿ

Ⱦ
, where ‫ȿÄÁÔÁ is the posterior inclusion 

probability, and ‫  is the prior inclusion probability = 0.5. 
d Mean of posterior distribution for each parameter; LCL and UCL indicate lower and 

upper bounds of 85% Bayesian credible interval (CrI), respectively. 

 

  



 

 54 

FIGURES 

 

 

Figure 2.1 Translocation sites (starred) in Kent and Queen Anneôs counties, Maryland 

and Burlington County, New Jersey, USA overlaid on Bobwhite Ranking Information 

2.0 classifications (BRI Rank; NBTC 2011). The source sites for translocated 

bobwhites were located in Leon and Jefferson counties, Florida and Thomas County, 

Georgia, USA; translocation and source site counties are black-shaded. Translocations 

occurred during MarchïSeptember 2015ï2018. 

  



 

  

5
5 

 

Figure 2.2 Pine Island Cranberry Company translocation property in Burlington County, New Jersey, USA with digitized 

land cover. Northern bobwhite release points on west (left) end of Pine Island are within the Home Farm study area, and 

those on the east (right) are within the Sim Place study area. 
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Figure 2.3 Chino Farm (A) and Turnerôs Creek (B) translocation study areas in Queen 

Anneôs and Kent counties, Maryland, USA, respectively. Northern bobwhite release 

points overlaid on digitized land cover. Note: study areas digitally juxtaposed and 

presented here at the same scale for visual reference. 
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Figure 2.4 Mean (±85% Bayesian credible interval [CrI]) breeding season (182-day 

post-release) survival rate for translocated, radio-marked northern bobwhites in Kent 

(Turnerôs Creek Farm) and Queen Anneôs counties (Chino Farm), Maryland and 

Burlington County (Home Farm and Sim Place), New Jersey, USA during Marchï

September 2015ï2018. Estimates derived from logistic regression with known fate 

dates. Note: Chino Farm did not receive birds following 2015 and Home Farm did not 

receive birds following 2017. 
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Figure 2.5 Breeding season (182-days post release) weekly survival probabilities 

(±85% Bayesian credible interval [CrI]) for translocated, radio-marked northern 

bobwhites in Kent (Turnerôs Creek Farm) and Queen Anneôs counties (Chino Farm), 

Maryland and Burlington County (Home Farm and Sim Place), New Jersey, USA 

during 2015ï2018. Horizontal lines indicate annual mean and CrI weekly survival 

probability pooled across sites. 
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Figure 2.6 Relative cumulative frequency distribution of distance (km) from release 

point to farthest observed location of translocated, radio-marked northern bobwhites in 

Kent (Turnerôs Creek) and Queen Anneôs counties (Chino Farm), Maryland and 

Burlington County (Home Farm and Sim Place), New Jersey, USA during Marchï

September, 2015ï2018. 
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Figure 2.7 Probability of use as a function of cover type for translocated, radio-

marked northern bobwhites in Kent and Queen Anneôs counties, Maryland (Chino 

Farm and Turnerôs Creek Farm; AïB) and Burlington County, New Jersey (Home 

Farm and Sim Place; CïD), USA during March-September, 2015ï2018. Selection 

functions were compared at two spatial scales, with error bars representing 85% 

Bayesian credible intervals. Regression coefficients (ɓ) whose 85% credible intervals 

overlapped zero (vertical line) were interpreted as uninformative. Cover types were 

presented in descending order for second-order to allow ease of viewing. CPS = 

cropland, CSG = cool season grass drains, FCP = food/cover plantings, MXW = 

mixed woods, IMP = impoundments, PNW = pine woods, PNT = thinned pine, PNC = 

cut pine, ESW = early-successional woody, ESH = early-successional herbaceous, 

WTW = wooded wetland, WTH = herbaceous wetland, CDW = cedar woods, CDC = 

cut cedar, and BRN = barren land. 
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Figure 2.8 Probability of use as a function of horizontal visual obstruction at a height 

of 1 m above ground level (%, vor1), groundcover in forbs (%, forbs), groundcover of 

bare substrate (%, bare2), and groundcover of woody vegetation (%, woody2) for 

translocated, radio-marked northern bobwhites in Burlington County, New Jersey 

(Home Farm and Sim Place), USA during March-September, 2016ï2017 (± 85% 

Bayesian credible intervals [CrI]). Predictions are based on the partial regression 

coefficients. 
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Chapter 3 

HANDICAPPED FOUNDER EFFECT REDUCES THE EFFICACY OF  LONG-

DISTANCE TRANSLOCATION FOR NORTHERN BOBWHITE  

 

Abstract 

Northern bobwhite (Colinus virginianus) have become regionally extirpated from the 

northern portion of their range. Translocation remains a promising population 

restoration technique; however, repopulating some locales near the northern periphery 

of their range via long-distance translocation may require fine-tuning of certain 

methods that have proven successful in other regions, due to differences in 

environmental conditions and extended handling times. I described and herein 

evaluated the handicapped-founder hypothesis to determine if northern bobwhite nest 

production, nest success, and fecundity following translocation was stunted by high 

post-release mortality, a truncated breeding season, and high meso-mammal predator 

abundances at release sites in the Mid-Atlantic region. I translocated 508 radio-

collared northern bobwhites from northern Florida and southern Georgia to four sites 

on the eastern shore of Maryland and southern New Jersey, USA. Northern bobwhites 

were monitored via radio-telemetry from ~1 April through 30 September, 2015ï2018, 

at a frequency of 2ï7 times/week. I found support for the handicapped-founder 

hypothesis with regard to nest production, nest success, and overall fecundity. The 

site-specific proportion of translocated hens that produced Ó1 nest ranged from 0.200 

(SE = 0.048) to 0.500 (SE = 0.158) nests/hen. Nest daily survival rate (DSR) was 

lower at the New Jersey sites than the Maryland sites, with site-specific DSR ranging 
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from 0.878 (85% CrI = [0.820, 0.931]) to 0.972 (85% CrI = [0.947, 0.991]). The 

highest estimated fecundity estimate across all sites and years was 3.23 (85% CrI = 

[2.70, 3.84]) female chicks per translocated adult female. Overall, nest production was 

stunted due to high post-release adult mortality and the truncated nesting season 

typical of northern latitudes. Adjusting translocation stocking density rate (birds/ha) 

and release timing may maximize the number of birds alive during the peak of nesting 

season. Nest DSR was likely low as a result of inflated meso-mammal densities and a 

lack of consistent predator control, which has previously been shown to impact 

reproductive success when applied in other parts of the northern bobwhite range. 

Overall fecundity was insufficient to facilitate population growth, which illustrates the 

importance of refining and adapting the existing translocation methodology to be 

regionally specific. These vital rate estimates and should be used to guide future 

translocations within the Mid-Atlantic and provide perspective for this population 

restoration technique range wide. 

Introduction  

Northern Bobwhite (Colinus virginianus; hereafter, bobwhite[s]) populations have 

been experiencing precipitous range-wide declines for more than 50 years, with some 

of the most dramatic declines occurring in the Mid-Atlantic United States (Brennan 

1991, Church et al. 1993, Hernandez et al. 2013, Sauer et al. 2017). This long-term 

trend has largely been attributed to loss, degradation, and fragmentation of habitat 

over the landscape (Brennan et al. 1991, Church et al. 1993, Roseberry and Sudkamp 

1998, Burger 2002, Peterson et al. 2002, Hernandez et al. 2013). The Mid-Atlantic 

states constitute the northeastern periphery of the current bobwhite range, a region 

where recovery efforts face unique obstacles as population declines far exceed the 
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national average (Collins et al. 2009, Duren et al. 2011, Lohr et al. 2011, Williams et 

al. 2012). For example, bobwhites in New Jersey and Maryland have declined at an 

estimated rate of 9.5%/year and 11.5%/year, respectively, between 1966ï2015, 

compared to a range-wide decline of 3.5%/year over that time frame (Sauer et al. 

2017; Figure 1.1). Furthermore, bobwhites are currently considered functionally 

extirpated in New Jersey (Chanda et al. 2011), West Virginia, and Pennsylvania 

(NBCI 2015, Martin et al. 2017). Accordingly, conventional approaches to bobwhite 

conservation should be adapted to deal with this unique situation and nascent 

population restoration techniques, such as translocation, should be tested for efficacy 

due to the lack of an available local source of bobwhite. 

The swift decline observed in the Mid-Atlantic region is principally due to 

urban/suburban sprawl, the adoption of ñcleanò agriculture (e.g., loss of field borders 

and hedgerows), and the interruption of natural disturbance (e.g., fire) regimes 

(Brennan 1991, Roseberry and Sudkamp 1998, Peterson et al. 2002, Brennan and 

Kuvlesky 2005, Veech 2006, NBTC 2011, Hernandez et al. 2013). What makes this 

region unique from the perspective of bobwhite conservation is the magnitude of 

human development, which has had broad-reaching impacts on the amount and 

connectivity of bobwhite habitat across the landscape (Collins et al. 2009, Duren et al. 

2011, Lohr et al. 2011, Long and Williams 2011). For example, bobwhites in the 

Delmarva Peninsula, USA showed a negative association with patch cohesion of 

human development and a positive association with patch cohesion of early 

successional landcover at the landscape scale (Duren et al. 2011). Early successional 

landcover, however, is limited and highly fragmented across much of the region (Long 

and Williams 2011), creating dispersal barriers for bobwhites between usable habitat 
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patches and reducing the viability of isolated populations (Hanski and Gaggiotti 2004, 

Veech 2006). Habitat improvement has been shown to increase bobwhite abundance 

in other regions of the United States (Dabbert and Verble-Pearson 2017, Grahmann et 

al. 2017, Green et al. 2017). Additionally, it has been demonstrated that intensive 

management on core ñfocus areasò can increase population densities, even when 

preexisting population densities are very low (Morgan et al. 2017). However, due to 

their relatively poor dispersal capabilities (Kassinis and Guthery 1996, Townsend et 

al. 2003), natural repopulation of bobwhites at some locales in the Mid-Atlantic (i.e. 

immigration of individuals from neighboring sources) would likely not occur within 

practical timeframes due to severe geographic isolation (Duren et al. 2011, Long and 

Williams 2011), functionally-impervious dispersal barriers, and declining regional 

populations (Sauer et al. 2017). Consequently, recovering populations in these states 

will require rigorous efforts, including both conventional methods (e.g., habitat 

management) and new techniques such as human-mediated dispersal (Chanda et al. 

2011, Lohr et al. 2011, Long and Williams 2011). 

Translocation to sites that have undergone intensive habitat management is a 

promising population restoration technique (Terhune et al. 2006a, 2006b, 2010, Sisson 

et al. 2012, Sisson et al. 2017, Lunsford et al. 2019), though there remains uncertainty 

in its broad applicability and the limiting factors of success (Liu et al. 2000, 2002, 

Scott et al. 2013, Downey et al. 2017, Martin et al. 2017). The operational definition 

of a successful bobwhite translocation has been explicitly stated as: ña population that 

reaches the prescribed population goal in 10 years [i.e., 800 bird minimum sensu 

Guthery et al. (2000)] and stabilizes (ɚ = 1)ò (Martin et al. 2017, p. 2). To realize this 

ultimate objective, site fidelity and survival of founders, as well as reproductive output 
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in the months immediately following a translocation must occur at rates sufficient to 

achieve population growth (World Pheasant Association and IUCN/SSC 2009, Martin 

et al. 2017). Translocation timing aims specifically to leverage the high reproductive 

potential of bobwhite while recognizing their low natural survival rate (Terhune et al. 

2006a, Sisson et al. 2012). Consequently, research that provides estimates of 

population vital rates are critical to evaluating the overall efficacy of translocation 

across the speciesô range (Martin et al. 2017). The current body of literature on 

bobwhite translocation, however, is lacking studies that (a) have replication within 

years; (b) evaluate long-distance (>250 miles) movement of birds from the source to 

the recipient sites; or, (c) occur in the Mid-Atlantic region. Additionally, there remains 

a desire to understand why some bobwhite translocations have failed and how current 

translocation methodology can adapt to novel scenarios for range-wide recovery. 

I propose and herein evaluate a new hypothesis, termed the Handicapped 

Founder Hypothesis (HFH), in the context of bobwhite translocation. The HFH is a 

formalization of the concept that translocations often fail due to shortcomings in 

translocation methodology, whether that be handling, transport, and release protocols 

or inadequate environmental conditions at release sites. Such shortcomings 

functionally handicap founder individuals to a degree beyond their threshold to 

recolonize and proliferate. Bobwhite translocations, for which success (i.e. population 

growth) is directly linked to reproduction during the initial months following release, 

it is expected under the HFH that: 1) breeding season nest production would be 

reduced if post-release mortality of adults was high; 2) daily nest survival would be 

low if meso-mammal densities were high; and thus 3) fecundity would be insufficient 

for population growth. Bobwhites are likely more susceptible to predation during the 
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critical period immediately following release, given that they are being released within 

a novel environment and in the case of long-distance translocations, have been held 

>24 hours. Alternatively, if nest production, survival, and overall fecundity are 

sufficient to elicit population growth, then the HFH would be rejected. This research 

will aid in modeling future translocation scenarios within the Mid-Atlantic and 

contribute to bobwhite conservation range wide, as well as increase the body of 

knowledge for improving conservation options for regionally extirpated species. 

Study Area 

Translocation Sites 

I conducted this research on three privately owned properties within the Mid-Atlantic 

Region of the United States, near the northeastern periphery of the current bobwhite 

range (Brennan et al. 2014): Pine Island Cranberry Company (Pine Island) in 

Burlington County, New Jersey, USA; Turnerôs Creek Farm (Turnerôs Creek) in Kent 

County, Maryland, USA; and Chino Farm in Queen Anneôs County, Maryland, USA 

(Figure 2.1). Releases occurred at two distinct sites on Pine Island, Home Farm and 

Sim Place, that were separated (~6 km) by Penn State Forest; therefore, a total of 4 

release sites (Home Farm, Sim Place, Chino Farm, and Turnerôs Creek) between the 

two states were designated for this study. All properties lie within the Atlantic Coastal 

Plain physiographic region, though they differed in landscape composition, predator 

community, and existing bobwhite population prior to translocation. There were no 

conspecifics present on Home Farm, Sim Place, or Turnerôs Creek prior to the 

translocations described herein. Chino Farm had a small, but recovering population at 

the time of initial release.  
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Pine Island (~6,800 hectares) is a working cranberry farm situated near the 

geographic center of the New Jersey Pinelands National Reserve (approximately: 

39.740° N, ï74.500° W; Figure 2.2), a ~445,000-hectare forest characterized by pine-

oak and pine-scrub uplands transected by Atlantic white cedar (Chamaecyparis 

thyoides) swamps and emergent wetlands (Forman 1998). The landscape within a 15-

km dissolved buffer around Home Farm and Sim Place is: 68% forested, 24% wetland, 

5% urban/suburban, 1% agriculture, 1% barren land, and 1% open water (New Jersey 

Department of Environmental Protection 2015). The mean temperature in southern 

New Jersey ranges from 0.17  in January to 24.28  in July, with an average 

annual precipitation of 114.43 cm (Office of the New Jersey State Climatologist 

2019). The topography is principally low relief, gently rolling hills composed 

predominately of acidic sandy soils (Rhodehamel 1998). The dominant canopy species 

include pitch pine (P. rigida) and shortleaf pine (P. echinata), with scattered black oak 

(Q. velutina), white oak (Q. alba), chestnut oak (Q. montana), post oak (Q. stellata), 

and scarlet oak (Q. coccinea). The understory is generally composed of: scrub oaks, 

including dwarf oak (Q. prinoides), bear oak (Q. ilicifolia), and chinquapin oak (Q. 

muehlenbergii); ericaceous shrubs, including northern highbush blueberry (Vaccinium 

corymbosum), lowbush blueberry (V. pallidum), and black huckleberry (Gaylussacia 

baccata); and Pine Barren golden heather (Hudsonia ericoides). In areas where fire or 

mechanical treatment has been implemented (see below), native early-successional 

groundcover, including little bluestem (Schizachyrium scoparium), switchgrass 

(Panicum virgatum), and bracken fern (Pteridium aquilinum) have become 

established. Some open areas contain bare substrate (coastal plain sands), as well as 
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patches of juniper moss (Polytrichum juniperinum) and lichens (predominantly 

Cladonia spp.). 

Forestry management had historically been limited on Pine Island, and when 

implemented it was principally intended for watershed management related to 

cranberry production. In 2005, the state of New Jersey approved a forestry 

stewardship plan for Pine Island that included prescriptions for timber thinning, 

burning, and roller chopping in the upland portions of the property supportive of forest 

and watershed health. Between 2006ï2012, dispersed retention cuts with planted pine 

regeneration occurred on four adjacent tracts (~50 ha each) within the Home Farm 

study area. Consequently, during the study period these tracts were largely dense 

young pine thickets, with scattered small patches of open scrub. Timber thinning 

occurred across ~155 ha of Home Farm to a basal area of ~14ï16 m2/ha. The 

surrounding area was mature even-aged forests of uncut (18+ m2/ha) mixed species 

pine (P. rigida and P. echinata). Home Farm was fringed by agricultural fields, lakes, 

and impounded cranberry bogs. The Sim Place release site was centered on a 15-

hectare grassland and surrounded by uncut mature pine to the north and expansive 

cranberry bogs in the remaining three directions. A network of narrow canals (<10 m 

wide) transected the Sim Place study area, with the most centrally-located canal 

running parallel to an abandoned bare ground airstrip. Additionally, both Home Farm 

and Sim Place had various sized (~1ï8 ha) exposed substrate sandpits used for 

cranberry bog maintenance. 

The assemblage of bobwhite predators at Pine Island was similar among sites. 

Common raptors include Cooperôs hawk (Accipiter cooperii), sharp-shinned hark (A. 

striatus), red-tailed hawk (Buteo jamaicensis), red-shouldered hawk (B. lineatus), 
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northern harrier (Circus cyaneus), barred owl (Strix Varia), and great-horned owl 

(Bubo virginianus). Common mammalian predators or nest predators include coyote 

(Canis latrans), Virginia opossum (Didelphis marsupialis), striped skunk (Mephitis 

mephitis), raccoon (Procyon lotor), long-tailed weasel (Mustela frenata), gray fox 

(Urocyon cinereoargenteus), and red fox (Vulpes fulva). Snake species include 

northern black racer (Coluber constrictor), corn snake (Pantherophis guttata), black 

rat snake (P. obsoletus), timber rattlesnake (C. horridus), and northern pine snake 

(Pituophis melanoleucus). 

Chino Farm is 2,200-hectares of mixed grassland and rotational cropland near 

Chestertown, Maryland (approximately: 39.230° N, ï76.010Á W) and Turnerôs Creek 

is a 304-hectare rotational crop farm with native grassland buffers near Kennedyville, 

Maryland (approximately: 39.345° N, ï75.955° W; Figure 2.3). The landscape within 

a 15-km dissolved buffer around Chino Farm and Turnerôs Creek is: 58% agriculture, 

19% forested, 14% open water, 8% urban/suburban, and 1% wetland (Maryland 

Department of Planning 2010). Crop fields over this landscape are planted primarily 

with corn (Zea mays), soybeans (Glycine max), and wheat (Triticum aestivum). Forest 

canopy species are predominantly oak (Quercus spp.), hickory (Carya spp.), tulip 

poplar (Liriodendron tulipifera), Virginia pine (P. virginiana), and loblolly pine (Pi). 

Common understory and edge species are multiflora rose (Rosa multiflora), greenbriar 

(Smilax spp.), and Russian olive (Elaeagnus angustifolia). Common grasses include 

broomsedge (Andropogon virginicus), big bluestem (A. gerardi), and orchard grass 

(Dactylis glomerata). Raptor and mammalian species at these two sites were generally 

the same as those found at Pine Island (see above); however, northern pine snakes 
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(Pituophis melanoleucus) and timber rattlesnakes (Crotalus horridus) are notably 

absent. 

Source Sites 

Private properties in Leon County and Jefferson County, Florida and Thomas County, 

Georgia, USA were used as source sites for wild bobwhites. Two of the properties, 

Tall Timbers and Dixie Plantation, were owned and operated by Tall Timbers 

Research Station and Land Conservancy. These forested properties lie within the Red 

Hills geomorphic region, near the southwestern most extent of the Atlantic Coastal 

Plain physiographic province. Landowners of each property have implemented 

intensive wild quail management for several decades, resulting in relatively high-

density bobwhite populations (e.g., >2.5 birds/ha; Sisson et al. 2012, Sisson et al. 

2017). Management programs typically emphasize frequent fire application (<3-year 

fire-return interval) and low timber density (2 ï 15 m2/ha) to promote and sustain 

early-seral stage groundcover vegetation communities (Palmer and Sisson 2017). 

These properties were principally old field pine forests, characteristic of the 

Red Hills landscape. Common canopy species included longleaf pine (Pinus 

palustris), shortleaf pine, slash pine (P. elliottii), and loblolly pine, with scattered 

southern live oak (Quercus virginiana) and turkey oak (Q. laevis). Midstory scrub 

species included black cherry (Prunus serotina), scrub oak (Quercus spp.), sassafras 

(Sassafras albidum), common persimmon (Diospyros virginiana), and gallberry (Ilex 

glabra). Understory vegetation was predominantly broomsedge and other warm 

season grasses (Andropogon spp.), bracken fern, winged-sumac (Rhus copallinum), 

blackberry (Rubus spp.), goldenrod (Solidago spp.), and partridge pea. 
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As a result of historic intensive quail management, these properties contained 

adequate habitat to sustain a variety of wildlife populations, including those of natural 

bobwhite predators. Common raptors include Cooperôs hawk, sharp-shinned hark, red-

tailed hawk, red-shouldered hawk, northern harrier, barred owl, and great-horned owl. 

Common mammalian predators include armadillo (Dasypus novemcinctus), bobcat 

(Lynx rufus), coyote, raccoon, gray fox, Virginia opossum, and red fox. Snake species 

include black racer, corn snake, gray rat snake (P. spiloides), eastern rat snake 

(Antherophis alleghaniensis), eastern diamondback (Crotalus adamanteus), 

coachwhip (Masticophis flagellum), and pine snake. 

Methods 

Capture and Handling 

I translocated bobwhites (n Ó 120) to Home Farm, Sim Place, Turnerôs Creek and 

Chino Farm for 4 consecutive years (2015ï2018), but due to logistical constraints 

Chino Farm was removed as a translocation site after year 1. For each site and year, I 

translocated bobwhites at a ~1:1 sex ratio. Due to the known logistical constraints 

associated with long-distance bobwhite translocation (see Downey et al. 2017), I made 

an effort to maximize the synchrony of trapping and translocation. I focused capture 

timing to the period immediately preceding covey break up (Terhune et al. 2006b), as 

determined from field observations of bobwhite behavior on source sites, so that larger 

groups of bobwhites could be captured. Trapping principally occurred from late March 

through early April. By increasing capture efficiency, I thereby aimed to reduce the 

number of translocation trips within a given year. Additionally, this pre-breeding 
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period avoids interruption of reproductive behavior (e.g., nesting) and capitalizes on 

the high reproductive potential of bobwhite (Terhune et al. 2010, Sisson et al. 2012). 

I captured bobwhites on source sites using baited (e.g., grain sorghum and 

cracked corn) standard walk-in funnel traps (Stoddard 1931). I placed traps in areas of 

dense cover and/or sheltered with brush to limit stress on captured birds and to conceal 

traps from predators. I attached unique aluminum leg bands (National Band and Tag 

Company, Newport, KY, USA) to all captured bobwhites and classified them by age 

(adult or juvenile) and sex (male or female, based on plumage), following Rosene 

(1969). I weighed bobwhites and affixed 6.0ï7.0 g very high frequency (VHF) 

pendant-style transmitters (Holohil Systems Ltd., Ontario, Canada) to both males and 

females weighing Ó132 g (transmitter Ò5% of body mass) until a 1:1 sex ratio was 

achieved. This weight limit and transmitter style is common in contemporary 

bobwhite translocation research (Terhune et al. 2010, Scott et al. 2013, Downey et al. 

2017) and has been shown to not influence physiology (in captive birds; Hernandez et 

al. 2004) or survival (in wild birds; Palmer and Wellendorf 2007, Terhune et al. 2007). 

I placed captured bobwhites into transport boxes in groups that did not necessarily 

reflect covey membership at the time of capture. In some instances, I combined partial 

coveys from different traps to form complete coveys (8ï12 bobwhites) as capture 

success dictated. A small amount of feed was provided in transport boxes for 

consumption during transit. I spread supplemental feed at release sites immediately 

prior to and after release to mitigate any stress placed on birds during transport and 

limit any immediate dispersal from release sites. 

Translocations occurred over a ~36-hour (2 night) period via motor vehicle. 

The straight-line translocation distance was ~1,340 km to Pine Island (~1,600 km 
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driven path) and ~1,220 km to Chino Farm and Turnerôs Creek (~1,450 km driven 

path). I released bobwhites at centralized core locations on translocation properties 

using a hard release methodology (Martin et al. 2017). In 2016, low trapping success 

forced multiple translocations over eight days (1 Apr ï 8 Apr) and one covey was held 

an additional night to be translocated with additional bobwhites captured the following 

day. In all other years, translocations occurred in < 3 days. Trapping, handling, and 

marking procedures followed American Ornithologistsô Union Report of Committee 

on the Use of Wild Birds in Research (American Ornithologistsô Union 1999) and my 

protocol was approved by the University of Delaware Institutional Animal Care and 

Use Committee (AUP #1278). 

Radio Telemetry 

I located bobwhites 2ï7 times per week during the post-release breeding season (~1 

Apr ï 30 Sep) using a VHF telemetry receiver and three-element Yagi antenna 

(Advanced Telemetry Systems, Inc., Isanti, MN, USA) via the homing method (White 

and Garrott 1990). I approached individuals to 25ï50 m to limit location error and 

recorded location on a customized smart-phone application with high-resolution, 

spatially referenced (UTM zone 18N) aerial imagery. If a mortality was suspected, I 

approached the location to evaluate the mortality cause using diagnostic sign (Dumke 

and Pils 1973, Curtis et al. 1993). If a signal was lost between locations, the search 

radius was expanded and a vehicle-mounted omnidirectional rooftop antenna 

(Advanced Telemetry Systems, Isanti, MN, USA) was used during systematic surveys 

within a 10 km radius. After a few initial intensive searches, I gradually reduced the 

frequency of searches and ceased searched after 14 days. 
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I assumed a bobwhite was incubating a nest if found at the same location on 2 

consecutive days (Burger et al. 1995, Taylor et al. 1999). I marked the location with 

flagging tape several meters away to avoid disrupting potential incubation and 

approached the nest once the incubating individual left the location (Burger et al. 

1995). The status of the nest was recorded, and number of eggs were counted. In 2016, 

nests at Sim Place and Home Farm were monitored using two motion-sensitive HC500 

Hyperfire semi-covert field cameras (Reconyx, Holmen, WI, USA), set on both 

motion activation and one-minute-interval time lapse for redundancy. The first camera 

was placed 1 m away at an oblique angle to the nest bowl opening, minimizing the 

chance of nest abandonment (Staller et al. 2005). The second camera was placed 2 m 

from the nest opening at an opposing angle to the first camera, thus maximizing the 

combined field of view for the two cameras. Nest predators were identified to the 

lowest taxonomic level possible from nest camera photographs. In all other years I 

used diagnostic sign (e.g., nest disruption, egg consumption patterns; see Hernandez et 

al. 1997, Fies and Puckett 2000, Staller et al. 2005, Rader et al. 2007) to determine 

nest fate. A nest was considered abandoned due to natural causes if incubation was 

ceased for 7 consecutive days and abandoned due to unnatural disturbance if it was 

abandoned immediately following an accidental observer flushing event or if some 

other human activity near the nest caused it to be abandoned for 7 consecutive days 

(Collins et al. 2009). Alternatively, a nest was considered depredated if Ó1 egg was 

missing and the adult subsequently abandoned the nest or considered successful if Ó1 

egg hatched (Taylor et al. 1999). Nests that were depredated and abandoned due to 

natural causes were considered failed and nests abandoned due to unnatural causes 

were excluded from further statistical analyses. 
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Vegetation Sampling 

From 2016ï2018, nest site microhabitat data was collected at both failed and 

successful nest sites (Taylor et al. 1999, Staller et al. 2005) within one week of nest 

termination. Ground cover (relative percentages of bare substrate, grass, forbs, leaf 

litter, and woody vegetation below a height of 2 m; components summed to 100%) 

and maximum vegetation height (excluding woody plants >2 m) was recorded within a 

50 x 50 cm sampling frame (modified from Daubenmire 1959) centered on the nest 

bowl. These measurements were repeated 3.5 meters from the nest bowl in each 

cardinal direction. The average of these five ground cover and vegetation height 

estimates was used to describe the nest site. Additionally, a polyvinyl chloride visual 

obstruction pole (Robel et al. 1970) was placed vertically on the nest bowl and visual 

obstruction was measured from 3.5 meters away in each cardinal direction. The pole 

was divided into 10-cm strata and the lowest stratum that was Ó 50% visible was 

recorded. The average of these four visual obstruction measurements was used to 

describe the nest site (Collins et al. 2009). 

This microhabitat measurement protocol was repeated at a paired random point 

within the same habitat patch as the nest. The point was a random distance away (10ï

100 m) along a randomly determined azimuth from the nest (Collins et al. 2009). 

Microhabitat data was collected the same as at the nest, except that groundcover and 

vegetation height was only recorded at the four cardinal directions from the center of 

the random point. Consequently, groundcover and visual obstruction at each random 

point was the average of four, rather than five, total measurements. 
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Predator Index 

I established predator scent-stations during 2014ï2018 at all four sites to estimate 

mammalian predator indices. Scent-station surveys are widely used in wildlife science 

(e.g., Wood 1959, Linhart and Knowlton 1975, Best and Whiting 1990, Diefenback et 

al. 1994, Ellis-Felege et al. 2010) and have been applied in bobwhite research and 

management to determine the relative abundance and activity of common nest (and 

adult) predators (Stoddard 1931, Rollins and Carroll 2001, Staller et al. 2005, Jackson 

2018, Palmer et al. 2019). I conducted scent station surveys during the first 2 weeks of 

October, over a 5-day period without rainfall. I visited scent stations each morning of 

the survey and identified individual predators to species level using footprints. A scent 

station consisted of a 1-m ring of mineral-treated sand with a single fatty acid scent 

tablet (USDA Pocatello Supply Depot, Pocatello, ID, USA) placed at the center 

(Linhart and Knowlton 1975). I placed scent stations along roads and other linear 

features (firebreaks, hedgerows, etc.) at a rate of approximately 1 station/25 ha. Thus, 

the number of scent stations varied (n = 7ï19) by site. Between survey nights, after 

recording predator footprints, the substrate was erased and again leveled. The index 

was calculated as the number of predators observed divided by the number of scent-

station nights, ranging from 0 to Ð (Jackson et al. 2018). This estimate provided a 

crude estimate of relative predator density and activity standardized across all sites. 

Statistical Analysis 

I used generalized linear models to estimate nest daily survival rate (DSR), following 

Aebischer (1999)ôs logistic regression approach given that nest checks occurred daily 

and fate dates were known. Logistic regression offers flexibility in modeling to 

account for temporal variation in explanatory variables, as well as a robust method to 
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include continuous individual covariates (Dinsmore et al. 2002, Shaffer 2004, Arnold 

et al. 2012). DSR was estimated following the general process model 

ώȟ ȿ ώȟ ͯ "ÅÒÎÏÕÌÌÉώȟ•ȟȟ 

where ώȟ  is a binary indicator of whether nest i survived the time interval t+1 (i.e. 

the day); thus, ώȟ ρ if the nest survived the interval and ώȟ π if it did not, 

given the nest was alive the preceding day (ώȟ ρ). I modeled •ȟ as a function of 

fixed group and time effects: 

ÌÏÇÉÔ•ȟ ɼ ‎ȟ 

where ɼ is the effect of group g of nest i and ‎ are the fixed time effects. Groups 

modeled as fixed effects were release site (Chino Farm, Home Farm, Sim Place, and 

Turnerôs Creek), year (2015ï2018), incubating bird sex (male or female), age 

(juvenile or adult), and nest type (initial nest attempt or second attempt) based on the 

following justifications: 

1. Site. Translocations occurred at four sites within two Mid-Atlantic states: 

Home Farm and Sim Place in New Jersey, and Chino Farm and Turnerôs Creek 

in Maryland. Differences in DSR between release sites may be due to nest 

predator density and/or community composition. Mesomammal predator 

indices were collected, but the protocol notably did not include snakes, which 

are prodigious nest predators in some areas (Stoddard 1931, DeVos and 

Mueller 1993, Burger et al. 1995b, Puckett et al. 1995, Staller et al. 2005). In 

addition to predator densities, differences in alternative prey densities among 

sites may elicit a functional response in (i.e. buffer) bobwhite nest DSR. Site 

effects may in part be driven by the differing landscapes within which the sites 
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are located (forested [New Jersey] vs. agricultural [Maryland]). I hypothesized 

that DSR would vary across the four release properties. 

2. Year. Nest survival may vary annually due for many reasons, including 

weather or interannual fluctuations in nest predator densities or the availability 

of food or cover resources on individual sites. The inclusion of year effects 

(2015ï2018) aimed to account for such variation. 

3. Sex. Either the male or female bobwhite of a nesting pair will incubate the nest 

from initiation through completion, typically without sharing this duty. Males 

and females may have behavioral, morphological, or physiological differences 

(e.g., tending behavior, incubation break timing and/or frequency, plumage 

camouflage) that would result in one sex being more conspicuous to potential 

nest predators. Additionally, in reintroductions I am able to manipulate sex 

ratios during the capture process. Therefore, variability in nest survival due to 

sex may be important for translocation planning purposes. 

4. Age. Older birds (those that have experienced a nesting season previously) 

may show higher nest survival, though the evidence for this in translocation 

research has been limited and weak (e.g., Terhune 2008). I hypothesized that 

adult birds would tend to have higher nest success than juvenile (sub-adult) 

birds. 

5. Nest type. I delineated nests as either initial nest attempts (first nest of the 

season) or second nest attempts (renest and double brood attempts). I 

combined renest attempts and double brood attempts due the low frequency (n 

= 1) of double broods observed. Previous research has shown that survival 

rates between nest types is similar (Burger et al. 1995, Terhune 2008); 
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however, I included this parameter to account for unfamiliarity of translocation 

sites potentially reducing survival of initial nest attempts. 

 

I included the fixed time effect of Julian day to account for fluctuations in DSR 

over the season, given that nest predator density and/or behavior may change 

throughout the summer (Duca et al. 2019). Nest days were standardized, setting 25 

May as day 1 (earliest nest discovered for the entire study period) and numbering the 

remaining nest sequentially thereafter until day 110 (12 Sep). I incorporated corner 

constraints for fixed effects during modeling procedures so that this explicitly 

overparametrized model was estimable for all parameters (Ntzoufras 2009, Kéry 2010, 

Kéry and Shaub 2012). 

Nest site vegetation covariates were modeled for nests in 2016ï2018, since 

these data were not collected in 2015. I used the same process model, with the 

following adjustment for the linear predictor: 

ÌÏÇÉÔ•ȟ ‘ ɼ ○░, 

where ɼ  is the vector of regression coefficients and ○░ is the vector of covariates. 

Vegetation covariates I modeled as fixed effects were percent groundcover as forbs, 

grass, woody, and bare substrate, as well as maximum vegetation height (for 

vegetation <2 m) and horizontal visual obstruction (Robel pole reading); these were 

modeled as both linear and quadratic effects. I standardized all covariates by centering 

on a mean of 0 and standard deviation of 1 (z-transformation), to improve model 

convergence (Kéry 2010) and interpretability (Schielzeth 2010). I used Pearsonôs 

correlation tests to assess the degree of collinearity of model parameters and assure no 

two parameters had |r| > 0.7 (Zar 2010). 
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I ran models using the R2JAGS package (Su and Yajima 2015) in R version 

3.6 (R Core Team 2019). I specified vague, normal priors with a mean of zero and 

precision of 0.001 for overall intercept and all fixed effects (Royle and Dozario 2008, 

Kery and Shaub 2012). I estimated posterior distributions using Markov chain Monte 

Carlo (MCMC) methods with 3 independent chains running 50,000 iterations, 

discarding the first 30,000 and saving every fifth iteration thereafter. I assessed 

convergence via visual inspection of trace plots and further defined adequate 

convergence as GelmanïRubin convergence statistics Ὑ < 1.1 (Gelman et al. 2014). 

Regression coefficients whose 85% credible intervals (CrI) overlapped 0 were 

interpreted as uninformative. 

Results 

During 2015ï2018, translocated female northern bobwhites (n = 239) incubated 53 

nests and male bobwhites (n = 269) incubated 27 nests. Two nests were abandoned, 

likely as a result of human disturbance. Clutch sizes were unknown for 9 nests, that 

were either depredated (n = 6) or hatched (n = 3) prior to collecting an egg count. All 

nests were attributable to radio-collared female bobwhites given the lack of uncollared 

conspecifics at all but one release site, making nest production and fecundity estimates 

valid using both female and male incubated nests. Initiation of nest incubation was 

relatively late at all sites (Figure 3.1), with the earliest observed nest incubation start 

being Julian day 145 (25 May) in 2017, observed at Turnerôs Creek. Mean incubation 

start date for initial nests occurred at Julian day 166.46 (CrI = [158.34, 174.69]) at 

Chino Farm, 176.77 at Home Farm (CrI = [169.54, 184.12]), 178.98 at Sim Place (CrI 

= [168.47, 189.81]), and 196.39 at Turnerôs Creek (CrI = [185.06, 208.02]). 
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Predator indices differed among translocation sites, generally being higher at 

the Maryland sites (Chino Farm and Turnerôs Creek; agricultural landscape) than the 

New Jersey sites (Home Farm and Sim Place; forested landscape) (Figure 3.2). Across 

years, the lowest visitation rate was observed at Sim Place in 2015 (0.158; CrI = 

[0.104, 0.241]) and the highest visitation rate was observed at Chino Farm in 2016 

(1.016; CrI = [0.911, 1.134]). Species composition differed between the two release 

landscapes, with coyotes present only at Home Farm and Sim Place. Raccoons and red 

fox constituted a greater proportion of visits at Chino Farm (0.54; SD = 0.03) and 

Turnerôs Creek (0.65; SD = 0.13), the two sites where coyotes were absent, than at 

Home Farm (0.32; SD = 0.22) and Sim Place (0.42; SD = 0.17). No directional change 

in predator index was apparent during the survey period (e.g., systematic decline or 

increase) and annual estimates fluctuated. However, the mammalian predator 

visitation rate increased by >230% between 2014 and 2015 at Turnerôs Creek, the year 

prior to and following the first translocation onto the property. 

DSR varied among sites and across years, ranging from 0.732 (CrI = [0.562, 

0.881], n = 4) at Home Farm in 2016 to 0.985 (CrI = [0.961, 0.999], n = 4) at Turnerôs 

Creek in 2016 (Table 3.1). Across years, DSR tended to be lower at the New Jersey 

sites, than the Maryland sites. Specifically, DSR was 0.878 (CrI = [0.820, 0.931], n = 

14) and 0.932 (CrI = [0.912, 0.951], n = 32) at Home Farm and Sim Place, 

respectively, compared to 0.972 (CrI = [0.947, 0.991], n = 6) and 0. 966 (CrI = [0.943, 

0.984], n = 28) at Chino Farm and Turnerôs Creek, respectively (Table 3.1). Fixed 

effects models for DSR indicated an effect of incubating bobwhite sex (ɓmale = ī0.762; 

CrI = [ī1.322, ī0.188]) and nest type (ɓsecond = 2.047; CrI = [0.477, 3.999]), but no 

effect of incubating bobwhite age (ɓadult = ī0.072; CrI = [ī0.678, 0.552]). DSR was 
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higher for second nest attempts (renests and double clutches) than first nest attempts 

and slightly higher for females than males. Of the 51 female-incubated nests with 

known fates, 60.8% (n = 31) successfully hatched Ó1 chick, while only 44.4% (n = 12) 

of the 27 male-incubated nests hatched Ó1 chick. 

Logit-linear models assessing the influence of nest site characteristics on DSR 

indicated that no one parameter was overwhelmingly important in its explanatory 

ability, though four parameters had non-zero slope coefficients (Figure 3.3). The most 

significant parameter was percent woody groundcover, with which there was a 

negative relationship to DSR (ɓwoody = ī3.416; CrI = [ī5.449, ī1.455]). I observed a 

similar, but reduced, negative relationship between nest DSR and percent grass 

groundcover (ɓgrass = ī1.624; CrI = [ī3.109, ī0.192]). The relationship between 

percent bare ground and DSR was curvilinear concave-up (ɓbare = ī2.016; CrI = 

[ī2.961, ī1.090], ɓbare
2 = 0.524; CrI = [0.202, 0.893]), though the range of values 

measured at nests was low for this parameter (0ï0.41) compared to other nest site 

characteristics. There was a positive relationship between horizontal visual obstruction 

(Robel pole reading) and DSR (ɓrobel = 0.741; CrI = [0.247, 1.251]). 

Nesting rate, renesting rate, nests per hen, and broods per hen varied among 

sites and across years, with the lowest of these reproductive parameters observed at 

Home Farm and the highest at Chino Farm (Table 3.1). Specifically, the proportion of 

translocated hens that produced Ó1 nest ranged from 0.200 (SE = 0.048) at Home 

Farm to 0.500 (SE = 0.158) at Chino Farm; intermediate rates were observed at Sime 

Place (0.349; SE = 0.051) and Turnerôs Creek (0.329; SE = 0.055). I observed 

infrequent renesting following a failed initial attempt at both New Jersey sites 

compared to Maryland sites. For example, translocated bobwhites at Turnerôs Creek 
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were 4.76 (odds ratio, SE = 0.137) times more likely to attempt a second nest 

following failure of the first than bobwhites at Sim Place; no renest attempts were 

observed at Home Farm (2015ï2017) and the only failed nest at Chino Farm (in 2015) 

was followed by a renest attempt. Mean clutch size varied by site and year, ranging 

from 10.9 (CrI = [9.0, 12.8]) at Sim Place in 2016 to 15.4 (CrI = [13.0, 18.0]) at Chino 

Farm in 2015. 

Overall, fecundity varied among sites and across years, generally being higher 

at the Maryland release sites than the New Jersey sites given the greater combined 

nesting rates, clutch sizes, and nest success (DSR) (Figure 3.4). Fecundity was highest 

at Chino Farm in 2015, when an estimated 3.23 (CrI = [2.70, 3.84]) female chicks 

were hatched per translocated adult female. At Turnerôs Creek, fecundity was 

relatively high for two consecutive years, when an estimated 2.80 (CrI = [2.27, 3.42]) 

and 3.03 (CrI = [2.70, 3.39]) female chicks were hatched per translocated adult female 

in 2016 and 2017, respectively (Figure 3.4). Between the New Jersey sites, the highest 

fecundity was at Sim Place in 2015, where an estimated 1.28 (CrI = [1.02, 1.61]) 

female chicks were hatched per translocated adult female. In 2016 at Home Farm and 

Sim Place there were no successful nests, which was possibly attributable to 

placement of nest cameras during that year. 

Discussion 

I found support for the handicapped-founder hypothesis; nest production was stunted 

due to high post-release adult mortality and a short nesting season, nest DSR was low, 

and overall fecundity was insufficient to facilitate population growth, especially at the 

New Jersey sites (Home Farm and Sim Place). Poor nest production (nests/hen 

translocated) was a direct consequence of both high adult mortality during the first two 
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weeks post release (Coppola et al. in review) and the truncated breeding season typical 

of northern latitudes (Suchy and Munkel 1993, Burger et al. 1995, Collins et al. 2009). 

Extensive losses of founder bobwhites immediately following release dramatically 

diminished the available breeding population, effectively reducing the initial stocking 

rate density (birds/ha) at each site below what has traditionally been targeted during 

successful translocations (see Martin et al. 2017, Sisson et al. 2017). This initial spike 

in mortality may be a result of translocation stress and/or insufficient escape and 

refuge cover at release properties. Predator indices were extremely high at all 

properties compared to source properties in the Red Hills region (see Jackson et al. 

2018, Palmer et al. 2019), resulting in a high rate of nest depredation for the few nests 

that were produced. Consequently, fecundity was too low to support long-term 

population stability, let alone population growth following translocation. My findings 

reaffirm the importance of selecting and intensively managing potential release 

properties to maximize the probability of a successful translocation (sensu Martin et 

al. 2017). Further research should address theoretical translocation scenarios for the 

Mid-Atlantic, specifically focusing on initial stocking rates and translocation timing to 

maximize the breeding population and thus improve the probability of success. 

Additionally, nutritional supplementation and predator control techniques should be 

explored as options, given their known direct influence on adult survival (Buckley et 

al. 2015), as well as nest production, nest success, and fecundity (Jackson et al. 2018, 

Palmer et al. 2019). 

 Poor nest production (nests/hen translocated), particularly at Home Farm and 

Sim Place, was likely the primary limiting factor in overall fecundity. Nest production 

is partially a result of nesting season length and the ability of females to renest 
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following initial attempts, as well as adult survival throughout the breeding season 

(Curtis et al. 1993, Burger et al. 1995). Nesting phenology for bobwhites is roughly 

correlated with latitude, where southern states exhibit longer nesting seasons (both 

beginning earlier and ending later) than northern states (Brennan et al. 2014). Covey 

breakup and pair bonding may begin as early as March and nest incubation typically 

occurs between early Aprilïlate September in southern states like Texas and Florida 

(Stoddard 1931, Lehman 1946, Simpson 1972, DeVos and Mueller 1993, Terhune 

2008). For states near the middle latitudes of the bobwhite range, such as Oklahoma 

and Tennessee, nest incubation typically occurs in late Aprilïearly September 

(Dimmick 1968, 1971, Cox et al. 2005). For states near the northern periphery of the 

current bobwhite range, such as Iowa, Missouri, and New Jersey, nest incubation 

occurs between late Mayïlate August (Suchy and Munkel 1993, Burger et al. 1995, 

Collins 2009). My findings were nearly identical to those observed by Collins (2009), 

who reported the earliest nest incubation date as 28 May, and a mean incubation start 

date for first nests as 20 June in southern New Jersey. Therefore, it is unlikely that 

acute translocation stress delayed the onset of pair bonding and nesting at my studies 

sites, but rather I found that nesting phenology for translocated bobwhites apparently 

resynchronized to the region. Given the temperature regimes in the Mid-Atlantic 

during the timing of translocation (e.g., early April), coveys are likely remaining 

together so that they may communally thermoregulate at roost sites, a salient function 

of covey behavior range wide (Gerstell 1939, Case 1973, Williams et al. 2003).  

Regardless of the mechanism, however, the truncated nesting season typical in 

northern states will require fine tuning of existing translocation methodology, which 
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was developed for effectiveness in the southeastern U.S. (e.g., Terhune et al. 2006a, 

2006b, 2010, Terhune 2008, Sisson et al. 2012, 2017, Martin 2017). 

By increasing initial stocking rate density (birds/ha) and/or delaying the timing 

of releases, I may be able to overcome the issues of high post-release mortality and 

delayed covey breakup. For example, nest production pooled across all sites increases 

from 0.39 nests/hen to 0.71 nests/hen, when including only those hens alive after 1 

May, and to 0.84 nests/hen including only hens alive after 1 June. As such, increasing 

stocking density may compensate for low initial survival by allowing a greater number 

of founder-birds to reach the start of nesting. Additionally, delaying translocation 

timing by several weeks, even perhaps until after 1 May, may serve to increase nest 

production by maximizing the breeding population during peak reproduction. There lie 

logistical issues in doing this, however, given the circumstance that no local source 

sites are capable of donating bobwhites, and those distant sites that are capable of 

absorbing such a loss are asynchronous in nesting phenology with the Mid-Atlantic 

(the timing of covey breakup is earlier in the Southeast compared to northern 

latitudes). Indeed, the current lack of source sites range wide remains a primary 

constraint against broadscale application of translocation as a population restoration 

technique (Martin et al. 2017). Therefore, along with adjusting stocking rate density 

and translocation timing (if feasible), improving nest success for those nests that are 

initiated is essential if population recovery is expected. 

Nest survival differed between the two release landscapes, with nest DSR 

being higher at the sites within the agriculturally-dominated Eastern Shore of 

Maryland (Chino Farm and Turnerôs Creek) than those within the forest-dominated 

pinelands of New Jersey (Home Farm and Sim Place). At Chino Farm and Turnerôs 
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Creek, nest success may have been sufficient to elicit population growth, provided 

chick survival and adult overwinter survival was high enough to compensate for 

generally low fecundity. At Home Farm and Sim Place, it is not reasonable to expect 

population recovery, given that reproduction did not meet replacement rates, and adult 

survival would need to be greater than that which has been documented in a natural 

bobwhite population (see Sandercock et al. 2008). Overall, nest DSR and chick 

production was more comparable to those translocation studies that did not achieve 

subsequent population growth (e.g., Scott et al. 2013, Downey et al. 2017) than those 

that did (e.g., Terhune et al. 2006b, 2010, Terhune 2008). Given that nest success is 

directly tied to predation pressure, it would seem counterintuitive that nest success was 

greater at the two sites with substantially higher meso-mammal predator indices 

(Chino Farm and Turnerôs Creek); however, it was at these two sites where a moderate 

level of predator control occurred. Previous research has demonstrated that meso-

mammal trap and removal can increase nest success and overall chick production 

compared to sites that do not control predators (Jackson et al. 2018, Palmer et al. 

2019). While all sites in my study had predator indices well above the recommended 

level for intensive quail management (~0.15; Palmer and Sisson 2017), there still 

appeared to be a potential benefit by controlling predator abundances at these sites. In 

particular, given the truncated breeding season (3 months in the Mid-Atlantic 

compared to 5 months in the Southeast) nest survival would need to be higher to foster 

fecundity levels yielding population growth. Future research experimentally 

evaluating whether cultural practices such as supplemental feeding and predator 

control can help to curb mortality rates and increase fecundity is warranted as well as 

potentially reducing stress levels post-release. 
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Management Implications 

This research evaluated translocation as a population restoration technique in the Mid-

Atlantic and tested the HFH in the context of bobwhite translocation. My estimates for 

nest survival and fecundity at four study sites in New Jersey and Maryland benefit 

managers in those states tasked with modeling population response following 

translocation during future recovery efforts. Additionally, I provide information 

regarding the influence of high predator densities on nest survival and the interplay 

between reduced adult post-release survival and overall reproductive potential within a 

breeding season. When using founders from the disparate latitudinal populations, I 

recommend exploring stocking rate densities (birds/ha) and translocation timing to 

better suit northern latitudes which require long-distance trap and transport such that 

increasing stocking densities to facilitate higher founder bobwhites are available to 

breed. Further, I recommend integrated predator management programs at release sites 

to maximize reproductive output following translocation. Integrated predator 

management programs include meso-mammal trap and removal (e.g., Jackson et al. 

2018, Palmer et al. 2019), cover management and improvement, and broadcast 

supplemental feeding. Together, these recommendations should reduce the inherent 

handicap placed on founder bobwhites, improve both adult survival, and consequently 

total reproductive output during the critical breeding season to necessitate population 

recovery using translocation. 
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TABLES 

Table 3.1 Reproduction parameters for translocated, radio-marked northern bobwhites in Kent (Turnerôs Creek Farm) and 

Queen Anneôs counties (Chino Farm), Maryland and Burlington County (Home Farm and Sim Place), New Jersey, USA 

during 2015ï2018. 

Site (state) Year Nests 
Nesting rate 

(SE) 

Renesting 

rate (SE) 

Broods per 

hen (SE) 

Nests per hen 

(SE) 

Nest Survival 

[85% CrI] 

Home Farm (NJ) 2015 6 0.240 (0.085) 0 0.120 (0.065) 0.240 (0.085) 0.958 [0.925; 0.983] 

  2016 4 0.174 (0.079) 0 0 0.174 (0.079) 0.732 [0.562; 0.881] 

  2017 4 0.182 (0.082) 0 0.091 (0.061) 0.182 (0.082) 0.945 [0.896; 0.981] 

  Pooled 14 0.200 (0.048) 0 0.071 (0.031) 0.200 (0.048) 0.878 [0.820; 0.931] 

Sim Place (NJ) 2015 7 0.467 (0.129) 0 0.200 (0.103) 0.467 (0.129) 0.955 [0.920; 0.982] 

  2016 8 0.615 (0.135) 0 0 0.615 (0.135) 0.868 [0.806; 0.922] 

  2017 9 0.389 (0.115) 0.400 (0.219) 0.222 (0.098) 0.500 (0.118) 0.952 [0.922; 0.976] 

  2018 8 0.200 (0.063) 0 0.125 (0.052) 0.200 (0.063) 0.955 [0.920; 0.982] 

  Pooled 32 0.349 (0.051) 0.105 (0.070) 0.140 (0.037) 0.372 (0.052) 0.932 [0.912; 0.951] 

Turner's Creek 

Farm (MD) 

2015 2 0.125 (0.117) 1.000 (0.000) 0.125 (0.117) 0.250 (0.153) 0.917 [0.829; 0.980] 

2016 4 0.444 (0.166) 0 0.444 (0.166) 0.444 (0.166) 0.985 [0.961; 0.999] 

  2017 17 0.538 (0.098) 0.500 (0.250) 0.500 (0.098) 0.654 (0.093) 0.982 [0.970; 0.992] 

  2018 5 0.167 (0.068) 0 0.133 (0.062) 0.167 (0.068) 0.982 [0.961; 0.996] 

  Pooled 28 0.329 (0.055) 0.500 (0.204) 0.301 (0.054) 0.384 (0.057) 0.966 [0.943; 0.984] 

Chino Farm (MD) 2015 6 0.500 (0.158) 1.000 (0.000) 0.400 (0.155) 0.600 (0.155) 0.972 [0.947; 0.991] 
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FIGURES 

 

Figure 3.1 Mean (±85% Bayesian credible interval [CrI])  initial nest incubation start 

date (Julian) for translocated, radio-marked northern bobwhites in Kent (Turnerôs 

Creek) and Queen Anneôs counties (Chino Farm), Maryland and Burlington County 

(Home Farm and Sim Place), New Jersey, USA during MarchïSeptember 2015ï2018. 

Note: Chino Farm did not receive birds following 2015 and Home Farm did not 

receive birds following 2017. 
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Figure 3.2 Mean (±85% Bayesian credible interval [CrI]) predator visitation rates for 

translocation sites in Kent (Turnerôs Creek) and Queen Anneôs counties (Chino Farm), 

Maryland and Burlington County (Home Farm and Sim Place), New Jersey, USA 

during October and November, 2014ï2018. Years in which surveys were conducted 

were staggered between sites. 
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Figure 3.3 Bayesian-derived ɓ-coefficient estimates (±85% Bayesian credible interval 

[CrI]) for logit-linear models explaining variation in daily nest survival (DSR) for 

translocated, radio-marked northern bobwhites in Kent (Turnerôs Creek) and Queen 

Anneôs counties (Chino Farm), Maryland and Burlington County (Home Farm and 

Sim Place), New Jersey, USA during MarchïSeptember 2016ï2018. Inset shows DSR 

as a function of four vegetation characteristics measured at nest sites, with shaded 

bands representing CrI and the value range along the abscissa reflecting that measured 

during the study period. ɓ-coefficients whose CrI overlaps zero were interpreted as 

uninformative. 
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Figure 3.4 Mean (±85% Bayesian credible interval [CrI]) fecundity (female 

chicks/hen) for translocated, radio-marked northern bobwhites in Kent (Turnerôs 

Creek) and Queen Anneôs counties (Chino Farm), Maryland and Burlington County 

(Home Farm and Sim Place), New Jersey, USA during MarchïSeptember 2015ï2018. 

Estimates are number of female chicks hatched per female translocated, with 

replacement rate (1) indicated as a reference. Note: Chino Farm did not receive birds 

following 2015 and Home Farm did not receive birds following 2017. 

  



 

 105 

REFERENCES 

American Ornithologistsô Union, 1999. Report of committee on use of wild birds in 

research. Auk 116:1ï41. 

Barbet-Massin, M., F. Jiguet, C. H. Albert, and W. Thuiller. 2012. Selecting pseudo-

absences for species distribution models: how, where, and how many? 

Methods in Ecology and Evolution 3:327ï338. 

Best, L. B., H. Campa, K. E. Kemp, R. J. Robel, M. R. Ryan, J. A. Savidge, H. P. 

Weeks, and S. R. Winterstein. 1997. Bird abundance and nesting in CRP fields 

and cropland in the Midwest: a regional approach. Wildlife Society Bulletin 

25:864ï877. 

Brennan, L. A. 1991. How can we reverse the northern bobwhite decline? Wildlife 

Society Bulletin 19:544ï555. 

Brennan, L. A., and W. P. Kuvlesky, Jr., 2005. North American grassland birds: an 

unfolding conservation crisis? Journal of Wildlife Management 69:1ï13. 

Brennan, L. A., F. Hernández, and D. Williford. 2014. Northern Bobwhite (Colinus 

virginianus) in A. F. Poole, editor. The Birds of North America. Cornell Lab of 

Ornithology, Ithaca, NY, USA. 

Brooke, J. M., D. C. Peters, A. M. Unger, E. P. Tanner, C. A. Harper, P. D. Keyser, J. 

D. Clark, and J. J. Morgan. 2015. Habitat manipulation influences northern 

bobwhite resource selection on a reclaimed surface mine. Journal of Wildlife 

Management 79:1264ï1276. 

Burger, L. W. 2002. Quail management: issues, concerns, and solutions for public and 

private landsða southeastern perspective. National Quail Symposium 

Proceedings 5:20ï34. 

Burger, L. W., Jr., T. V. Dailey, E. W. Kurzejeski, and M. R. Ryan. 1995. Seasonal 

and annual survival and cause specific mortality of northern bobwhite in 

Missouri. Journal of Wildlife Management 59:401ï410. 

Calenge, C. 2006. The package adehabitat for the R software: a tool for the analysis of 

space and habitat use by animals. Ecological Modelling 197:516ï519. 

Chanda, D., D. L. Herrighty, P. M. Castelli, A. W. Burnett, and J. R. Garris. 2011. 

New Jersey northern bobwhite action plan. New Jersey Division of Fish and 

Wildlife, Trenton, New Jersey, USA. 



 

 106 

Church, K. E., J. R. Sauer, and S. Droege. 1993. Population trends of quails in North 

America. Proceedings of the National Quail Symposium 3:44ï54. 

Collins, B. M., C. K. Williams, and P. M. Castelli. 2009. Reproduction and 

microhabitat selection in a sharply declining northern bobwhite population. 

The Journal of Ornithology 121:688ï695. 

Converse, S. J., J. A. Royle, P. H. Adler, R. P. Urbanek, and J. A. Barzen. 2013. A 

hierarchical nest survival model integrating incomplete temporally varying 

covariates. Ecology and Evolution 3:4439ï4447. 

Cram, D. S., R. E. Masters, F. S. Guthery, D. M. Engle, and W. G. Montague. 2002. 

Northern bobwhite population and habitat response to pine-grassland 

restoration. Journal of Wildlife Management 66:1031ï1039. 

Curtis, P. D., B.S. Mueller, P. D. Doerr, and C. F. Robinette. 1988. Seasonal survival 

of radio marked northern bobwhite quail from hunted and non-hunted 

populations. International Biotelemetry Symposium 10:263ï275. 

Daubenmire, R. F. 1959. A canopy-cover method of vegetational analysis. Northwest 

Science 33:43ï46. 

Downey, M. C., D. Rollins, F. Hernández, D. B. Wester, and E. D. Grahmann. 2017. 

An evaluation of northern bobwhite translocation to restore populations. 

Journal of Wildlife Management. 81:800ï813. 

Dumke, R. T., and C. M. Pils. 1973. Mortality of radio-tagged pheasants on the 

Waterloo Wildlife Area. Wisconsin Department of Natural Resources, 

Wisconsin, USA. 

Duren, K., J. J. Buler, W. Jones, and C. K. Williams. 2011. An improved multi-scale 

approach to modeling habitat occupancy of northern bobwhite. Journal of 

Wildlife Management 75:1700ï1709. 

Fies, M. L., K. M. Puckett, B. Larson-Brogdon. 2002. Breeding season movements 

and dispersal of northern bobwhites in fragmented habitats of Virginia. 

Proceedings of the National Quail Symposium 4:173ï179. 

Forman, R. T. T. 1998. Pine Barrens: ecosystem and landscape. Rutgers University 

Press, New Brunswick, New Jersey, USA. 

Gelman, A., 2006. Prior distributions for variance parameters in hierarchical models. 

Bayesian Analysis 1:515ï534. 



 

 107 

Gelman, A., J. B. Carlin, H. S. Stern, and D. B. Rubin. 2014. Bayesian data analysis. 

Volume 2. Chapman & Hall/CRC, Boca Raton, Florida, USA. 

Guthery, F. S. 1997. A philosophy of habitat management for northern bobwhites. 

Journal of Wildlife Management 61:291ï301. 

Guthery, F. S., M. J. Peterson, and R. R. George. 2000. Viability of Northern 

Bobwhite populations. Journal of Wildlife Management 64:646ï662. 

Haines, A. M., F. Hernandez, S. E. Henke, R. L. Bingham. 2009. A method for 

determining asymptotes of home-range area curves. National Quail 

Symposium Proceedings 6:489ï498. 

Hanski, I., and O. E. Gaggiotti. 2004. Ecology, genetics and evolution of 

metapopulations. First edition. Academic Press, New York, New York, USA. 

Harper, C. A. 2007. Strategies for managing early succession habitat for wildlife. 

Weed Technology 21:932ï937. 

Hernández, F., J. A. Arredono, F. Hernández, D. G. Hewitt, S. J. DeMaso, and R. L. 

Bingham. 2004. Effects of radiotransmitters on body mass, feed consumption, 

and energy expenditures of northern bobwhites. Wildlife Society Bulletin 

32:394ï400. 

Hernández, F., L. A. Brennan, S. J. DeMaso, J. P. Sands, and D. B. Wester. 2013. On 

reversing the northern bobwhite population decline: 20 years later. Wildlife 

Society Bulletin 37:177ï188. 

Janke, A. K., and R. J. Gates. 2013. Home range and habitat selection of northern 

bobwhite coveys in an agricultural landscape. Journal of Wildlife Management 

77:405ï413. 

Janke, A. K., R. J. Gates, T. M. Terhune II. 2015. Habitat influences northern 

bobwhite survival at fine spatiotemporal scales. The Condor 117:41ï52. 

Johnson, D. H. 1980. The comparison of usage and availability measurements for 

evaluating resource preference. Ecology 6:65ï71. 

Jones, J. G. 1999. Effects of relocating wild northern bobwhites into managed quail 

habitat in middle Tennessee. Thesis, University of Tennessee. Knoxville, 

Tennessee, USA. 



 

 108 

Kabat, C., and D. R. Thompson, 1963. Wisconsin quail: 1834-1962, population 

dynamics and habitat management. Wisconsin Conservation Department 

Technical Bulletin 30. 

Kenward, R. E. 2001. A manual for wildlife radio tagging. Academic Press, London, 

United Kingdom. 

Kéry, M., and M. Schaub. 2012. Bayesian population analysis using WinBUGS: a 

hierarchical perspective. Academic Press, Amsterdam, The Netherlands. 

Knapp, E. E., B. L. Estes, and C. N. Skinner. 2009. Ecological effects of prescribed 

fire season: a literature review and synthesis for managers. U.S. Forest Service 

General Technical Report PSW GTR 224, Albany, California, USA. 

Kuo, L., and B. Mallick. 1998. Variable selection for regression models. Sankhya: The 

Indian Journal of Statistics 60B:65ï81. 

Link, W. A., and R. J. Barker. 2006. Model weights and the foundations of 

multimodel inference. Ecology 87:2626ï2635. 

Liu, X., R. M. Whiting, B. S. Mueller, D. S. Parsons, and D. R. Dietz. 2000. Survival 

and causes of mortality of relocated and resident northern bobwhites in East 

Texas. National Quail Symposium Proceedings 4:119ï124. 

Liu, X., R. M. Whiting, D. S. Parsons, and D. R. Dietz. 2002. Movement patterns of 

resident and relocated northern bobwhites in eastern Texas. National Quail 

Symposium Proceedings 5:168ï172. 

Lohr, M., B. M. Collins, P. M. Castelli, and C. K. Williams. 2011. Life on the edge: 

northern bobwhite ecology at the northern periphery of their range. Journal of 

Wildlife Management 75:52ï60. 

Long, B., and C. K. Williams. 2011. Mid-Atlantic Regional Issues in Bobwhite 

Conservation. Pages 149-155 in Palmer, W.E., T.M. Terhune, and D.F. 

McKenzie, eds. The National Bobwhite Conservation Initiative: A range-wide 

plan for recovering bobwhites. National Bobwhite Technical Committee 

Technical Publication, ver. 2.0, Knoxville, TN. 

Loveless, C. M. 1958. The mobility and composition of bobwhite quail populations in 

south Florida. Florida Game and Fresh Water Fish Commission Technical 

Bulletin 4, Tallahassee. 



 

 109 

Lunsford, K. D., P. E. Howell, T. B. Roberts, T. M. Terhune II, J. A. Martin. 2019. 

Survival and growth of northern bobwhite offspring post translocation. Journal 

of Wildlife Management. 83:1326ï1335. 

Manly, B. F. J., L. L. McDonald, and D. L. Thomas. 2002. Resource selection by 

animals: statistical design and analysis for field studies. Chapman and Hall, 

London, United Kingdom. 

Martin, J. A., R. D. Applegate, T. V. Dailey, M. Downey, B. Emmerich, F. 

Hernández, M. M. McConnell, K. S. Reyna, D. Rollins, R. E. Ruzicka, and T. 

M. Terhune II. 2017. Translocation as a population restoration technique for 

northern bobwhites: a review and synthesis. National Quail Symposium 

Proceedings 8:1ï16. 

Maryland Department of Planning. 2010. Maryland Land Use Land Cover: County 

Land Use Land Cover 2010. 

https://data.imap.maryland.gov/datasets/maryland-land-use-land-cover-county-

land-use-land-cover-2010 Accessed 5 August 2019. 

McCarthy, K. P., R. J. Fletcher Jr., C. T. Rota, and R. L. Hutto. 2012. Predicting 

species distributions from samples collected along roadsides. Conservation 

Biology 26:68ï77. 

McGrath, D., T. M. I. Terhune, and J. A. Martin. 2017. Northern bobwhite habitat use 

in a food subsidized pyric landscape. Journal of Wildlife Management 81:919ï

927. 

National Bobwhite Conservation Initiative [NBCI]. 2015. D.F. McKenzie, T.V. 

Dailey, T.M. Franklin, J.L. Hodges, S.A. Chapman, and J.G. Doty. NBCIôs 

bobwhite almanac, state of the bobwhite 2015. National Bobwhite Technical 

Committee Technical Publication, Knoxville, TN. 56 pp. 

National Bobwhite Conservation Initiative [NBCI]. 2019. Position Statement and 

Guidelines for Interstate Translocation of Wild Northern Bobwhites. 

https://bringbackbobwhites.org/download/bobwhite-translocation-guidelines 5 

August 2019. 

National Bobwhite Technical Committee [NBTC]. 2011. The national bobwhite 

conservation initiative: a range-wide plan for recovering bobwhites. W. E. 

Palmer, T. M. Terhune, and D. F. McKenzie, editors. National Bobwhite 

Technical Committee Technical Publication, Version 2.0. Knoxville, 

Tennessee, USA. 



 

 110 

New Jersey Department of Environmental Protection, Office of Information Resources 

Management, Bureau of Geographic Information Systems. 2012. Land 

Use/Land Cover. https://www.nj.gov/dep/gis/lulc12c.html Accessed 5 August 

2019. 

Nudds, T. D. 1977. Quantifying the vegetative structure of wildlife cover. Wildlife 

Society Bulletin 5:113ï117. 

Palmer, W. E., and D. C. Sisson. 2017. Tall Timbersô bobwhite quail management 

handbook. Tall Timbers Press, Tallahassee, Florida, USA. 

Palmer, W. E., and S. D. Wellendorf. 2007. Effect of radiotransmitters on northern 

bobwhite annual survival. Journal of Wildlife Management 71:1281ï1287. 

Peters, D. C., J. M. Brooke, E. P. Tanner, A. M. Unger, P. D. Keyser, C. A. Harper, J. 

D. Clark, and J. J. Morgan. 2015. Impact of experimental habitat manipulation 

on northern bobwhite survival. The Journal of Wildlife Management 79:605ï

617. 

Peterson, M. J., X. B. Wu, and P. Rho. 2002. Rangewide trends in landuse and 

northern bobwhite abundance: an exploratory analysis. National Quail 

Symposium Proceedings 5:35ï44. 

Phillips, S. J., M. Dudik, J. Elith, C. H. Graham, A. Lehmann, J. Leathwick, and S. 

Ferrier. 2009. Sample selection bias and presence-only distribution models: 

implications for background and pseudo-absence data. Ecological Applications 

19:181ï197. 

R Core Team 2013. R: a language and environment for statistical computing. R 

Foundation for Statistical Computing, Vienna, Austria. 

Riddle, J. R., C. E. Moorman, and K. H. Pollock. 2008. The importance of habitat 

shape and landscape context to northern bobwhite populations. Journal of 

Wildlife Management 72:1376ï1382. 

Riffell, S., D. Scognamillo, and L. W. Burger. 2008. Effects of the conservation 

reserve program on northern bobwhite and grassland birds. Environmental 

Monitoring and Assessment 146:309ï323. 

Rosche, S. B., C. E. Moorman, K. Pacifici, J. G. Jones, and C. S. DePerno. 2019. 

Northern bobwhite breeding season habitat selection in fire maintained pine 

woodland. The Journal of Wildlife Management 83:1226ï1236. 



 

 111 

Roseberry, J. L., and S.D. Sudkamp. 1998. Assessing the suitability of landscapes for 

northern bobwhite. Journal of Wildlife Management 62:895ī902. 

Rosene, W. 1969. The bobwhite quail: its life and management. Rutgers University 

Press, New Brunswick, New Jersey, USA. 

Royle, J. A., and R. M. Dorazio 2008. Hierarchical modeling and inference in 

ecology: the analysis of data from populations, metapopulations, and 

communities. Academic Press, Burlington, Massachusetts, USA. 

Sandercock, B. K., W. E. Jensen, C. K. Williams, and R. D. Applegate. 2008. 

Demographic sensitivity of population change in northern bobwhite. Journal of 

Wildlife Management 72:970ï982. 

Sauer, J. R., D. K. Niven, J. E. Hines, D. J. Ziolkowski, Jr, K. L. Pardieck, J. E. 

Fallon, and W. A. Link. 2017. The North American Breeding Bird Survey, 

Results and Analysis 1966 - 2015. USGS Patuxent Wildlife Research Center, 

Laurel, MD. 

Scott, J. L., F. Hernández, L. A. Brennan, B. M. Ballard, M. Janis, and N. D. Forrester. 

2013. Population demographics of translocated northern bobwhite on 

fragmented habitat. Wildlife Society Bulletin 37:168ï176. 

Seaman, D. E., and R. A. Powell. 1996. An evaluation of the accuracy of kernel 

density estimators for home range analysis. Ecology 77:2075ï2085. 

Seaman, D. E., J. J. Millspaugh, B. J. Kernohan, G. C. Brundige, K. J. Raedeke, and 

R. A. Gitzen. 1999. Effects of sample size on kernel home range estimates. 

Journal of Wildlife Management 63:739ï747. 

Singh, A., T. C. Hines, J. A. Hostetler, H. F. Percival, and M. K. Oli. 2011. Patterns of 

space and habitat use by northern bobwhites in South Florida, USA. European 

Journal of Wildlife Research. 57:15ï26. 

Sisson, D. C., T. M. Terhune, H. L. Stribling, J. F. Sholar, and S. D. Mitchell. 2009. 

Survival and causes for mortality for northern bobwhites in the southeastern 

USA. National Quail Symposium Proceedings 6:467ï478. 

Sisson, D. C., W. E. Palmer, T. M. Terhune, and R. E. Thackston. 2012. Development 

and implementation of a successful northern bobwhite translocation program in 

Georgia. National Quail Symposium Proceedings 7:289ï293. 



 

 112 

Sisson, D. C., T. M. Terhune II, W. E. Palmer, and R. E. Thackston. 2017. 

Contributions of translocation to northern bobwhite population recovery. 

National Quail Symposium Proceedings 8:151ï159. 

Smith, D. H. V., S. J. Converse, K. W. Gibson, A. Moehrenschlager, W. A. Link, G. 

H. Olsen, et al. 2011. Decision analysis for conservation breeding: maximizing 

production for reintroduction of whooping cranes. Journal of Wildlife 

Management 75:501ï508. 

Smith, G. F., F. E. Kellogg, D. L. Doster, and E. E. Provost, 1982. A 10-year study of 

bobwhite quail movement patterns. Proceedings of the National Quail 

Symposium 2:35ï44. 

Sparks, J. C., R. E. Masters, D. M. Engle, M. W. Palmer, and G. A. Bukenhofer. 1998. 

Effects of late growing season and late dormant season prescribed fire on 

herbaceous vegetation in restored pine grassland communities. Journal of 

Vegetation Science 9:133ï142. 

Stoddard, H. L. 1931. The bobwhite quail: its habits, preservation and increase. 

Charles Scribnerôs Sons, New York, New York, USA. 

Su, Y., and M. Yajima. 2015. Using R to Run 'JAGS'. 

Taylor, J. D. II and L. W. Burger, Jr. 2000. Habitat use by breeding northern 

bobwhites in managed old-field habitats in Mississippi. National Quail 

Symposium Proceedings 4:7ï15. 

Terhune, T. M., D. C. Sisson, H. L. Stribling, and J. P. Carroll. 2006a. Home range, 

movement, and site fidelity of translocated northern bobwhite (Colinus 

virginianus) in southwest Georgia, USA. European Journal of Wildlife 

Research 52:119ï124. 

Terhune, T. M., D. C. Sisson, and H. L. Stribling. 2006b. The efficacy of relocating 

wild northern bobwhites prior to breeding season. Journal of Wildlife 

Management 70:914ï921. 

Terhune, T. M., D. C. Sisson, J. B. Grand, and H. L. Stribling. 2007. Factors 

influencing survival of radiotagged and banded northern bobwhites in Georgia. 

Journal of Wildlife Management 71:1288ï1297. 

Terhune, T. M., D. C. Sisson, W. E. Palmer, B. C. Faircloth, H. L. Stribling, and J. P. 

Carroll. 2010. Translocation to a fragmented landscape: survival, movement, 

and site fidelity of northern bobwhites. Ecological Applications 20:1040ï1052. 



 

 113 

Veech, J. A. 2006. Increasing and declining populations of northern bobwhites inhabit 

different types of landscapes. Journal of Wildlife Management 70:922ï930. 

Warton, D., and G. Aarts. 2013. Advancing our thinking in presence-only and used-

available analysis. Journal of Animal Ecology 82:1125ï1134. 

White, G. C., and R. A. Garrott. 1990. Analysis of wildlife radio-tracking data. 

Academic Press, San Diego, California, USA. 

Williams, C. K., B. K. Sandercock, B. M. Collins, M. Lohr, and P. M. Castelli. 2012. 

A Mid-Atlantic and a national population model of northern bobwhite 

demographic sensitivity. Proceedings of the National Quail Symposium 7:163ï

172. 

World Pheasant Association and IUCN/SSC Re-introduction Specialist Group, editors. 

2009. Guidelines for the reintroduction of Galliformes for conservation 

purposes. Gland, Switzerland: IUCN and Newcastle-upon-Tyne, United 

Kingdom: World Pheasant Association. 

Worton, B. J. 1989. Kernel methods for estimating the utilization distribution in home-

range studies. Ecology 70:164ï168. 



 

 114 

Chapter 4 

OPEN FOREST MANAGEMENT BENE FITS PRIORITY BIRDS  IN THE 

NEW JERSEY PINE BARRENS 

 

Abstract 

The New Jersey Pine Barrens (NJPB) are a fire-mediated ecosystem in a deteriorated 

state due to a long-standing philosophy of fire suppression and dormant season 

prescribed burning. Dense canopy forest conditions, dissimilar to historic open canopy 

forests, have reduced abundance and diversity of certain wildlife species, including 

regionally imperiled breeding birds. In recent years, small-scale open forest 

management (e.g., thinning, clear-cutting, and burning) has occurred on private and 

public lands within the NJPB; however, the impact of such management on breeding 

birds is unclear due to a paucity of research on this subject within the NJPB. During 

2012, 2013, 2016, and 2017, I conducted repeat-visit point counts (n = 1,800) for 

breeding songbirds across 75 control and 75 treatment sites within the NJPB to assess 

the influence of forest structure at three strata levels (groundcover, midstory profile, 

and canopy) on breeding bird communities. Specifically, I constructed a hierarchical 

community abundance model within a Bayesian framework for Bird Conservation 

Region (BCR) 30 priority upland birds (N=12) within three species suites: Forested 

Upland, Scrub-Shrub/Early Successional, and Grassland. At the community level, I 

found a negative relationship between bird abundance and live tree basal area (ɓbasal = 

ī0.23, 95% CrI = [ī0.40, ī0.09]). At the BCR 30 suite level, I found no relationship 

between Forested Upland suite-level abundance and any of the measured covariates; 
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however, I found a negative relationship between percentage of woody groundcover 

and Scrub-Shrub/Early Successional suite-level abundance (ɓwoody = ī0.21, 95% CrI = 

[ī0.43, ī0.01]), and negative relationship between horizontal visual obstruction at 2 m 

above ground level and Grassland suite-level abundance (ɓVOR2 = ī0.12, 95% CrI = 

[ī0.24, 0.00]). Furthermore, the two latter species suites exhibited a strong negative 

relationship with basal area (ɓbasal = ī0.26, 95% CrI = [ī0.51, ī0.06]) and (ɓbasal = 

ī0.37, 95% CrI = [ī0.66, ī0.13], respectively). I recommend open forest management 

that specifically targets basal areas between ~0ï15 m2/ha via selective thinning, 

shelter cutting, and small-scale clear cutting. Mechanical treatment and prescribed 

burning would produce such conditions and have the added benefit of reducing fuel 

loads across this ~4,500 km2 landscape. 

Introduction  

Atlantic Coastal Plain pine-dominated ecosystems evolved with fire-tolerance and 

fire-dependence (Pyne 1982, Nowacki and Abrams 2008). Fire suppression in the 

eastern United States has, however, decreased fire-mediated land area (Pyne 1982, 

Lorimer 2001). Specifically, pitch pine-scrub oak forests in the Atlantic Coastal Plain 

have fundamentally changed in species composition and structure, in some cases 

resulting in dense basal areas, closed canopies, and overgrown woody understories 

(Little 1946, 1964, Little and Moore 1949, Boerner 1981, Forman and Boerner 1981, 

Olson 2011). These are undesirable forest conditions for dependent wildlife species 

and wildfire risk mitigators (Bried et al. 2014). 

The New Jersey Pine Barrens (NJPB) are among the largest remaining 

segments of pitch pine-scrub oak forest within the Mid-Atlantic United States (Russell 

1994, Forman 1998). Due to its large land area and proximity to dense population 
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centers the NJPB have been exploited for several centuries over which forest 

fragmentation and deterioration have occurred (Russell 1994). As a result of fire 

suppression and habitat fragmentation, historically common bird species, including 

several neotropical migrant (e.g., wood thrush [Hylocichla mustelina] and prairie 

warbler [Setophaga discolor]) and resident bird species (e.g., northern bobwhite 

[Colinus virginianus] and ruffed grouse [Bonasa umbellus]), have declined in 

abundance and become recent conservation priorities (Sauer et al. 2017). While the 

management paradigm of the NJPB is not wildlife-centric, there exists motivation to 

improve forest conditions in a manner that reduces fuel loads and positively impacts 

both native flora and fauna. However, there remains a lack of quantitative information 

regarding the effect of various management actions on certain wildlife species. While 

mammal communities have been studied in the context of forest disturbance within the 

NJPB (Shenko et al. 2012), there is no such research on the response of breeding bird 

communities to forest management. 

The NJPB lie within Bird Conservation Region 30 (BCR; ecologically distinct 

regions in North America with similar bird communities, habitats, and resource 

management issues), which encompasses the Mid-Atlantic and New England coasts 

from Virginia to Maine (Steinkamp 2008). BCR 30 includes coastal and upland 

ecosystems and constitutes important wintering, breeding, and migratory stopover 

habitat along the Atlantic Flyway. Among the highest priority objectives of the BCR 

30 implementation plan is to: ñDetermine how to manage lands to best achieve species 

population targets, while minimizing inter-species conflictsò (Steinkamp 2008, p. 8). 

BCR 30 upland species are delineated into the following species suites, characterized 

by habitat associations: Forested Upland, which is a diverse assemblage of species 
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dependent on mature forests composed of deciduous and evergreen trees; Scrub-

Shrub/Early Successional, which are those species dependent on ephemeral uplands 

dominated by low woody vegetation and sparse tree cover; and Grassland, which 

include species dependent on native grasses and forbs, fallow fields, and pastures 

(Steinkamp 2008). Species within these suites are also designated as ñmoderateò, 

ñhighò, and ñhighestò priorities for conservation based on their global distribution and 

relative importance within BCR 30. While general management principals may be 

known for these species, the quantitative impact of open forest management practices 

within the NJPB on community-level, suite-level, and species-level abundance is yet 

unknown. 

The objective of this study was to evaluate the influence of forest structure on 

breeding bird communities within the NJPB, with focus on 12 BCR 30 priority 

(ñhighò and ñhighestò; Steinkamp 2008) upland species including six Forested Upland 

species (Baltimore oriole [Icterus galbula], black-and-white warbler [Mniotilta varia], 

great crested flycatcher [Myiarchus crinitus], northern flicker [Colaptes auratus], 

scarlet tanager [Piranga olivacea], and wood thrush, five Scrub-Shrub/Early 

Successional species (blue-winged warbler [Vermivora cyanoptera], brown thrasher 

[Toxostoma rufum], eastern towhee [Pipilo erythrophthalmus], field sparrow [Spizella 

pusilla], and prairie warbler), and one Grassland species (eastern kingbird [Tyrannus 

tyrannus]) (Table 1). Specifically, I aimed to address the influence of open forest 

management practices, versus unmanaged lands, that altered groundcover 

composition, midstory structure, and canopy on community-level, suite-level, and 

species-level breeding bird abundance and diversity. I hypothesized that Grassland and 

Scrub-Shrub/Early Successional species suite abundances would be greater at sites 
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where open forest management had been implemented compared to areas where no 

management occurred. Additionally, I hypothesized interior Forested Upland species 

that are sensitive to edge effects would be negatively impacted by open forest 

management practices. This research will aid stakeholders in conservation planning 

for the NJPB, by allowing them to weigh alternative management actions with 

quantified effects on avian communities. 

Study Area 

The NJPB lie within the Atlantic Coastal Plain physiographic region and span 

~445,000 hectares across seven counties in southern New Jersey (Figure 1). The 

landscape is comprised of several large contiguous public forests, including: Wharton 

State Forest (49,728 ha), Brendan T. Byrne State Forest (15,071 ha), Bass River State 

Forest (11,795 ha), Penn State Forest (1,362 ha), Franklin Parker Preserve (3,804 ha), 

and Greenwood Wildlife Management Area (13,010 ha). The topography is 

principally low relief, gently rolling hills composed predominately of acidic sandy 

soils (Rhodehamel 1998). The mean temperature in southern New Jersey ranges from 

0.17  in January to 24.28  in July, with an average annual precipitation of 114.43 

cm (New Jersey Department of Environmental Protection 2015). 

The region is characterized by upland pine-oak (predominantly Pinus rigida 

and P. echinata) forests, with Atlantic white cedar (chamaecyparis thyoides) swamps, 

bogs, and graminoid marshes in lowland areas (Forman 1998). Less common canopy 

species within uplands include black oak (Q. velutina), white oak (Q. alba), chestnut 

oak (Q. montana), post oak (Q. stellata), and scarlet oak (Q. coccinea). The understory 

is generally composed of: scrub oaks, including dwarf oak (Q. prinoides), bear oak (Q. 

ilicifolia ), and chinquapin oak (Q. muehlenbergii); ericaceous shrubs, including 
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northern highbush blueberry (Vaccinium corymbosum), lowbush blueberry (V. 

pallidum), and black huckleberry (Gaylussacia baccata); and Pine Barren golden 

heather (Hudsonia ericoides). In areas where fire or mechanical treatment has been 

implemented, native early-successional groundcover, including little bluestem 

(Schizachyrium scoparium), switchgrass (Panicum virgatum), and bracken fern 

(pteridium aquilinum) may become established. Some open areas contain bare 

substrate (coastal plain sands; Rhodehamel 1998), as well as patches of juniper moss 

(Polytrichum juniperinum) and lichens (predominantly Cladonia spp.). 

Methods 

Point Counts 

I conducted single-observer fixed-radii (r = 50 m, 100 m) circular-plot point count 

surveys (hereafter ñpoint countò) thrice each year from 16 May to 10 August 2012, 

2013, 2016 and 2017 at 150 unique survey points across 18 survey sites within the 

NJPB study area (Figure 4.1). Half of these sites represented managed upland 

(hereafter ñtreatmentò) sites, with the other half representing unmanaged reference 

(hereafter ñcontrolò) sites. Treatment and control sites were used to incorporate a 

broad range of site characteristics, specifically targeting vegetation structure and 

composition at three strata levels: groundcover, midstory, and canopy. Treatment sites, 

which were on both private and public lands, did not receive uniform treatment, but 

rather were a mixture of management practices that incorporated thinning, clear-

cutting, roller chopping, and burning. Each site was Ó1000 m away from the nearest 

adjacent site and points within a site were spaced Ó300 m apart and placed on or 

adjacent to non-primary roads. Point counts were 10 mins in duration and were 
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divided into four 2.5-min intervals (Dawson and Efford 2014, Ladin et al. 2016); point 

counts started 15 min before local sunrise and ended no later than 3.5 hours after. At 

each point, observers recorded all individual birds for each species detected and 

binned them into two distance categories: 0ï50 m or 50ï100 m. Unique individuals of 

the same species were distinguished via simultaneous (or near simultaneous) auditory 

or visual detection, as well as distinctive voice or plumage, minimizing double-

counting. Observers also recorded five detection covariates at each point: temperature, 

humidity, and wind speed using a Kestrel 3000 Handheld Weather Meter (Nielsen-

Kellerman Co., Boothwyn, PA, USA), sky condition (cloud cover; scale = 0ï4), and 

disturbance (ambient noise from traffic or aircraft; scale = 0ï4). Within each year, 

sites were surveyed in a randomized order and every point was surveyed at ~3-week 

intervals, avoiding inclement weather events (e.g., wind speed Ó15 km/h and high 

precipitation), until three visits were completed. Due to staff turnover, three observers 

were used over the four years of the study, each trained in identical methodology. 

Vegetation Measurements 

I measured ten vegetation covariates to capture groundcover, midstory, and canopy 

components at each survey point. Groundcover (relative percentages of bare substrate, 

grass, forbs, leaf litter, and woody vegetation <2 m; components summed to 100%) 

was recorded within a 0.0004 ha (2-m x 2-m) sampling frame (adapted from 

Daubenmire 1959) centered on the survey point. In the case where a survey point was 

on a road, I sampled immediately adjacent to the road edge. A three-section modified 

Nudds board (Nudds 1977) was used to estimate the vegetation profile of the midstory 

at three strata levels (ground level [0.25 m; VOR025], 1 m [VOR1], and 2 m [VOR2]). 

Each of the three Nudds board sections was constructed of 0.5 m x 0.5 m plywood 
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painted in a high contrast checkerboard pattern creating sixteen 0.125 m x 0.125 m 

squares. The Nudds board was placed at a distance of 10 m in each of the four cardinal 

directions and viewed horizontally from the center of the sampling frame. The lowest 

board was placed so that its bottom was level with the ground (midpoint at 0.25 

meters), the second had its midpoint 1 m above ground level, and the third had its 

midpoint 2 m above ground level. Observer eye height was adjusted to a level position 

while viewing each of the three sections. A square was considered covered if any part 

of it was obstructed by vegetation. Basal area was measured 360 ̄around the center of 

the sampling frame using a Jim-Gem factor 10 prism (Forestry Suppliers, Inc., 

Jackson, MS, USA) and converted to m2/ha. Canopy closure was measured at the 

center of the frame using a convex spherical densitometer (Forestry Suppliers, Inc., 

Jackson, MS, USA) held in front of the body at elbow height in each of the four 

cardinal directions. The mean from the four canopy measurements was used to 

estimate the percent canopy closure at each sampling frame. These groundcover, 

midstory profile, and canopy estimates constituted the first replicate for one survey 

point. The entire sampling frame was replicated twice more at locations 25 m away 

from the initial sampling frame along a randomly-directed azimuth. The mean of the 

three replicates for each covariate was used to define one use location. 

Statistical Analysis 

I used a hierarchical community abundance (N-mixture) mixed effects model without 

data augmentation accommodating multiple-visit point count data to account for 

imperfect detection (Chandler et al. 2011, Kéry and Royle 2016, Yamaura and Royle 

2017). I assumed counts of species i at point j in year r depended on the latent 

abundance Mijr following the general process model: 
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ὥ  ͯ "ÅÒÎÏÕÌÌÉ‰  

ὓ ȿὥ ͯ 0ÏÉÓÓÏÎὥ ‗ , 

where aijr was a species- (i) and site-specific (t) zero-inflation parameter, given 

overdispersion of count data. I modeled ‗  as a function of both fixed and random 

effects: 

ÌÏÇ ‗  ͯ  ‍ ‍ ●▒► ‎t 

‍  ͯ .ÏÒÍÁÌ‘ ȟ„  

‍  ͯ .ÏÒÍÁÌ‘ ȟ„  

where ‍  is the intercept,  ‍  is the vector of regression parameters, ●▒ȟ► is the 

vector of site vegetation covariates, and ‎t is the random effect of site t. The second 

hierarchical level, accounting for imperfect detection, assumed that the number of 

individuals exposed to sampling (present within sampling radius and signaling) during 

visit v (Nijrv) follows a binomial process 

ὔ  ͯ "ÉÎÏÍÉÁÌὓ ȟʒ , 

where the detection rate ʒ  is a composite of presence probability, signaling 

probability, and detectability (Amundson et al. 2014, Yamaura and Royle 2017). I 

modeled ʒ  as a function of visit-specific covariates: 

ÌÏÇÉÔʒ  ͯ  ‌ ‌ ○▒►○ 

‌  ͯ .ÏÒÍÁÌ‘ ȟ„  

‌  ͯ .ÏÒÍÁÌ‘ ȟ„  

where ‌  is the intercept,  ‌  is the vector of regression parameters, and ○▒►○ is 

the vector of visit covariates (e.g., date, wind, disturbance, etc.). I did not include 

observer effects because it would have been confounded with year, given surveyors 

differed between years with no overlap. I estimated derived parameters, detection 
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probability (Pd) and zero-inflation (ʟ ), as well as the presence/absence matrix (z-

matrix). 

I used the z-matrix to estimate beta diversity via the Jaccard index (J), which 

expresses the similarity between two species in terms of the points where they co-

occur (Anderson et al. 2011, Dorazio et al. 2011, Kéry and Royle 2016). Values of J 

range from 0 to 1, corresponding respectively to the extremes of no cooccurrence and 

perfect cooccurrence. I interpreted J as the similarity between two species in terms of 

the sites where they both occur, and where they occur alone by 

ὐȟ
Вᾀᾀ

Вᾀ Вᾀ Вᾀᾀ
 

where zi and zj are the z-matrices for species i and j, respectively (Dorazio et al. 2011, 

Kéry and Royle 2016). I computed all pair-wise comparisons between all (n = 12) 

species, thus propagating uncertainty in estimates through the community abundance 

model (Kéry 2010). 

I standardized all continuous covariates, centering each on a mean of 0 and 

standard deviation of 1, to improve model convergence and interpretability. I used 

Pearsonôs correlation tests to assess the degree or collinearity of model parameters and 

did not fit models when |r| > 0.7. I specified vague, normal priors with a mean of zero 

and precision of 0.001 for all fixed effects (Royle and Dorazio 2008, Gelman et al. 

2014, Kéry and Royle 2016). I ran all models using the R2JAGS package (Su and 

Yajima 2020) in R version 3.6 (R Core Team 2013), estimating posterior distributions 

using MCMC methods with 3 independent chains. Each chain ran 200,000 iterations, 

discarding the first 100,000 and saving every fifth iteration thereafter. I assessed 

convergence via visual inspection of trace plots and defined adequate convergence as 

GelmanïRubin convergence statistics Ὑ < 1.1 (Gelman and Rubin 1992, Gelman et 
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al. 2014). Regression coefficients whose 95% credible intervals (CrI) overlapped 0 

were interpreted as uninformative. 

Results 

There was wide and representative coverage for all covariates, with the range of those 

measured by percentage (e.g., grass, woody, and VOR2) between 0ï100 across all 

points. Basal area ranged from 0ï65 m2/ha, though most points did not exceed ~40 

m2/ha. I did not include proportion forbs (%), proportion bare ground (%), and 

proportion litter (%) groundcover in modeling, given their high degree of correlation 

(i.e., |r| > 0.7) with grass and woody covariates. I did not include horizontal visual 

obstruction at 0.25 m (%) or horizontal visual obstruction at 1 m above ground level 

(%), given their high degree of correlation (i.e., |r| > 0.7) with each other and VOR2. I 

did not include canopy closure (%) in the model, given the high degree of correlation 

(i.e., |r| > 0.7) with basal area. I justified this model specification given that these 

covariates would have confounded interpretation of slope coefficients and possibly 

resulted in overparameterization. Furthermore, parameters that were included in the 

model all had negligible correlation (|rmax| > 0.35) among each other, and in the case of 

basal area were common measurements in forest management. Treatment points had 

increased grass groundcover (grass [%]; t1800 = 15.95, P Ò 0.001), less woody 

groundcover (woody [%]; t1800 = 9.16, P Ò 0.001), less horizontal visual obstruction at 

2 m above ground level (VOR2 [%]; t1800 = 7.85, P Ò 0.001), and decreased basal area 

(basal [m2/ha]; t1800 = 45.92, P Ò 0.001) (Table 4.2).  

I included a total of 7,531 detections for the 12 priority BCR 30 songbird 

species. After detections were binned into the two distance classes, detection functions 

did not appear to be appropriate, as clustering occurred at the farther of the two classes 
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(i.e., 50ï100 m); therefore, pooling across distance classes was performed. Markov 

chains reached convergence (Ὑ  < 1.1), and visual inspection of trace plots 

indicated mixing among chains. Community-level mean detection during the 10-min 

surveys (Pd) was 0.16 (CrI = [0.14, 0.19]) and was negatively influenced by date 

(quadratic, concave down) and wind speed (Table 4.3). Conversely, Grassland suite-

level mean detectability was positively influenced by date, with a higher probability of 

detection occurring later in the season than earlier. Forested Upland species showed 

only a linear (negative) effect of date on detection. Zero-inflation parameter estimates 

( )ʟ ranged from 0.25 (CrI = [0.10, 0.44]) for Grassland species to 0.61 (CrI = [0.42, 

0.83]) for Scrub-Shrub/Early Successional species. 

At the community level, abundance was greater at treatment points compared 

to reference (control) points (Table 4.3). Additionally, community size exhibited a 

negative association with basal area (m2/ha); predicted community size increased by 

0.46 (CrI = [0.18, 0.80]) birds for every 26 m2/ha decrease in basal area. Community 

size did not exhibit a strong relationship with proportion grass groundcover, 

proportion woody groundcover, or horizontal visual obstruction at 2 m above ground 

level (Table 4.3).  

At the BCR 30 habitat suite level, Forested Upland species as a group did not 

exhibit a significant directional relationship with any environmental parameter; 

however, individual species within this suite did show such relationships. Baltimore 

oriole (BAOR), northern flicker (NOFL), and wood thrush (WOTH) abundance were 

negatively associated with proportion woody groundcover, while black-and-white 

warbler (BAWW) abundance showed a positive association with this parameter 

(Figure 4.2). Black-and-white warbler abundance also showed a positive relationship 
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with horizontal visual obstruction at 2 m above ground level, whereas great crested 

flycatcher (GCFL) abundance exhibited a negative trend with this midstory 

environmental parameter. Five of the six Forested Upland species showed a weak 

negative association with basal area, with the only significant such association being 

that of northern flickers.  

Scrub-Shrub/Early Successional species as a group showed a negative 

association with proportion woody groundcover and basal area, as well as an overall 

greater abundance at treatment points compared to control points. Two notable 

relationships within this suite were a positive association between field sparrow (FISP) 

abundance and proportion grass groundcover, and the strong negative association 

between prairie warbler (PRAW, designated ñhighestò priority species) abundance and 

basal area.  

Grassland species were represented only by the eastern kingbird (EAKI). This 

speciesô abundance was negatively associated with horizontal visual obstruction at 2 m 

above ground level and basal area, with the latter being among the strongest effects 

reported (Table 4.3). Additionally, eastern kingbird abundance increased by a 

magnitude ~3 times greater than that observed by Scrub-Shrub/Early Successional 

species at treatment points compared to control points. 

Species-level Jaccard cooccurrence indices ranged from 0.03 (CrI = [0.00, 

0.13]) for Baltimore oriole and blue-winged warbler (BWWA) to 0.76 (CrI = [0.66, 

0.83]) for eastern towhee (EATO) and prairie warbler (Figure 4.3). Eastern towhees 

were the most ubiquitous species, exhibiting a high degree of cooccurrence (i.e., Jij CrI 

> 0.5) with three Forested Upland species and two Scrub-Shrub/Early Successional 

species. For the BCR 30 highest priority species, blue-winged warbler and wood 
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thrush, degree of cooccurrence was low (i.e., all Jij < 0.2) with all other species; 

however, for prairie warblers, a high degree of cooccurrence was observed with 

species representative of all three species-suites: Forested Upland (great crested 

flycatcher, northern flicker, and black-and-white warbler), Scrub-Shrub/Early 

Successional (eastern towhee and field sparrow), and Grassland (eastern kingbird). 

Eastern kingbird, the only representative of the grassland species suite, showed a 

moderate degree of cooccurrence with four of the five Scrub-Shrub/Early Successional 

species, and a low degree of cooccurrence with four of the six Forested Upland 

species. 

Discussion 

The Forested Upland species suite was the largest and most diverse among those 

studied, including species traditionally associated with pine-dominant, hardwood-

dominant, and mixed upland forests (Steinkamp 2008). The underrepresentation of 

BCR 30 hardwood-associated species was anticipated, given the focus of this research 

on upland pine management. Infrequent observation of Baltimore oriole and wood 

thrush was likely a result of landscape effects, impacting dispersal to sites (i.e., first 

order selection process), and proximate site effects, impacting territory or home range 

establishment at sites (i.e., second order selection process; Johnson 1980). These 

species are commonly associated with riparian wooded edges (Rising and Flood 2020) 

and closed canopy hardwood forests (Evans et al. 2020), respectively. Accordingly, 

conclusions based on upland pine management are not necessarily applicable to these 

species and I cannot assume that stand thinning and prescribed burning will not 

negatively impact their abundance. 
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Given the diverse habitat requirements among Forested Upland species, some 

management practices may result in interspecies conflicts. For example, Baltimore 

oriole, northern flicker, and wood thrush abundance was negatively associated with 

woody groundcover, whereas black-and-white warbler abundance showed a positive 

association. Additionally, black-and-white warblers were the only species studied that 

showed a positive association with horizontal visual obstruction at 2 m above ground 

level. Such conflicts between BCR 30 priority species, even within a single habitat 

suite, favors fine-scale over coarse-scale management application within the NJPB and 

presents decision makers with quantitative species-level responses while weighing 

alternative management actions. Additionally, the natural evolutionary phenomenon of 

niche partitioning (Schoener 1974) within ecosystems is, in some instances, a response 

to structural heterogeneity over small (i.e., individual territory or home range) spatial 

extents. Therefore, my finding of differing responses to forest management was not 

unexpected, and further supports heterogeneity and diversity in forest management 

across the NJPB to benefit multiple species with different resource needs and selection 

patterns. 

A reduction in basal area from the densities found throughout much of the 

NJPB increased occupancy and overall abundance of BCR 30 Scrub-Shrub/Early 

Successional priority birds. This species suite is traditionally associated with open 

forests, shrublands, rangelands, and agricultural landscapes where diverse early 

successional groundcover predominates (Askins 2001). Management of groundcover 

via regular prescribed burning or mechanical treatment typically produces the ground-

level vegetation communities that provide forage and cover for shrub-associated 

species (Greenberg et al. 2011). Dense basal areas and closed canopies may preclude 
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establishment of groundcover, given the relatively high amount of sunlight required by 

heliophytic plants (e.g., warm season grasses and forbs). A majority of the current 

NJPB landscape is densely stocked pitch and shortleaf pines (Forman 1998) 

characteristically unconducive to occupancy of Scrub-Shrub/Early Successional 

species. As such, reduction in basal area and complementary groundcover 

management of groundcover (e.g., burning, herbicide, or mechanical treatment) to 

increase plant diversity should improve occupancy and increase abundance of these 

nationally declining species. 

The two highest priority Scrub-Shrub/Early Successional species, blue-winged 

warbler and prairie warbler, both showed a positive association with basal area 

reduction. Between 1966ï2015, these two species have declined 2.9%/year and 

3.1%/year, respectively, within BCR 30 (Sauer et al. 2017). These regional declines 

were reflective of the concurrently observed afforestation and forest succession within 

the NJPB over that time frame (Forman 1998); however, the estimated magnitude of 

these species declines were not reflected at the point count level here. Specifically, I 

observed a high occurrence of prairie warblers at both treatment and control sites, as 

well as a high cooccurrence (Jaccard Indices) between prairie warblers and species 

representative of all three BCR30 species suites; neither of these patterns were 

observed for blue-winged warblers. While Jaccard Indices showed that prairie 

warblers were the second most concomitant species with blue-winged warblers, the 

probability of cooccurrence was still low (JBWWA,PRAW < 0.15). The comparatively 

high prevalence of prairie warblers at both treatment and control sites observed in my 

study may be indicative of their resiliency to persist within non-optimal forest 

conditions across the massive NJPB landscape. Prairie warblers within pine barrens in 
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Massachusetts have been shown to require larger patches (e.g., clear cuts) than other 

early-successional birds to confer site-level occupancy (Shake et al. 2012, Roberts and 

King 2017). Thus, within the NJPB, prairie warbler abundance may be reflective of 

site features (e.g., basal area), as well as overall landscape area. For this reason, prairie 

warbler abundance may not be in itself a suitable measure of early successional habitat 

quality, but rather a measure of larger scale phenomenon not studied here. 

Grassland species inherently require low (or zero) basal areas and early 

successional groundcover to meet their autecological needs. The only BCR 30 

Grassland species represented here was the eastern kingbird, so conclusions regarding 

management for the entire suite should be limited. Eastern kingbirds are typically 

associated with grasslands and shrublands (Murphy and Pyle 2020), though they show 

a moderate tolerance to habitat alteration (Owens et al. 2014). In forested areas, 

eastern kingbirds show a proclivity to nest in frequently burned patches (Hamas 1983), 

which tend to be more open. The high degree of co-occurrence between eastern 

kingbirds and field sparrows (JEAKI,FISP > 0.4) is an indication that these species have 

similar habitat requirements and management for one will likely benefit the other; 

however, scale of management is an important consideration. Multi-scale analyses 

have shown that eastern kingbirds are closely associated with landscape-level 

composition and configuration, while field sparrows were more closely related to 

patch-scale factors (Grand and Cushman 2003). Therefore, while site-level 

associations on abundance have been quantified here, additional landscape 

consideration may be needed for the NJPB. 

Currently, the NJPB is in a deteriorated state (widespread dense pine stands 

[>20 m2/ha] and thick woody understory) due to the long-standing philosophy of fire 
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suppression and dormant season prescribed burning (Bried et al. 2014). As a result, 

abundance and diversity of priority breeding birds has decreased, with extirpation of 

some previously common species dependent on open forest and/or early successional 

conditions (e.g., northern bobwhite and ruffed grouse). I found evidence that reducing 

live tree basal area and promoting diverse early successional groundcover within the 

NJPB can collectively benefit multiple suites of regionally significant upland breeding 

birds. Species that occupied dense (e.g., > 20 m2/ha) pine stands representative of 

much of the NJPB existed at comparable abundances in reduced basal area stands, 

while grassland and early successional-obligate species increased in abundance. I 

recommend open forest management for upland birds that: 1) aims to increase 

heterogeneity in basal area and canopy tree age; 2) promotes a mixed composition of 

woody, forb, and warm season grass groundcover; and 3) is implemented at-scale to 

reduce fuel loads within the NJPB. These recommendations echo those from previous 

ecological research within the NJPB on other vertebrate (Shenko et al. 2012), as well 

as inveterate (Leuenberger et al. 2016), communities. Specifically, I recommend 

targeting basal areas between ~0ï15 m2/ha via selective thinning, shelter cutting, and 

small-scale clear cutting to meet these objectives. The most economically feasible way 

to create and maintain early seral stage groundcover would be a combination of 

mechanical treatment (e.g., mowing, roller chopping, etc.) and prescribed burning, 

which would have the added benefit of reducing fuel loads across this ~4,500 km2 

landscape. Further research should explicitly test the influence of grassland creation 

on extirpated grassland-associated species, as well as evaluate survival and 

reproduction of priority birds within the NJPB using marked individuals. 
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The hierarchical model accounted for species-specific detection probabilities 

while incorporating visit-level covariates (e.g., date, wind, disturbance) on detection; 

thus, one hierarchical level is implied for the observation process. Implicitly modeling 

detection probability as a composite of presence probability (pp; temporary spatial 

emigration), availability probability (pa; random temporary emigration emigration), 

and detectability (pd; sensu Yamaura and Royle 2017), rather than explicitly modeling 

these two additional hierarchical processes, comes with a few assumptions (Nichols et 

al. 2009, Kéry and Royle 2016). The first assumption is that occupancy is constant 

across visits (i.e., pp = 1.0); however, this may be violated due to temporary spatial 

emigration (Yamaura and Royle 2017). Temporary spatial emigration is the process by 

which individuals physically move outside the maximum point count radius, due to 

incomplete overlap of point count radii and individual home range/territory, thus 

making them periodically unavailable to observation (Kéry and Royle 2016). If home 

range sizes vary greatly among species, then this assumption may introduce bias in 

estimates (Royle and Dorazio 2008). Accordingly, I restricted my modeling effort to 

territorial breeding birds, rather than including nomadic and aerial coursing species 

(e.g., raptors), which may have home ranges that are orders of magnitude larger than 

those species targeted here. Additionally, I did not construct rarefaction curves to 

calculate density, which would have caused overestimation bias due to a mismatch 

between the sampling radius and the effective sampling area (Chandler et al. 2011, 

Yamaura and Royle 2017). Therefore, while home ranges (or territory sizes) do 

exhibit inter-, as well as intra-, specific variation among the species studied here, that 

variation is treated as negligible in the context of pp at point count locations. The 

second major assumption is that the availability of a bird that is present within the 
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maximum point count radius is constant (i.e., pa = 1). This issue may arise due to the 

effect of an observer causing birds to remain still and silent during the initial moments 

of a point count. The most common means of dealing with this issue is the use of time-

of-detection or time-removal models (Alldredge et al. 2007, Amundson et al. 2014). I 

accounted for this issue via a 1-min acclimation period before each point count, 

allowing ambient calling to return to normal levels. Overall, the detection probability 

estimates reported from the model are greater than those typically recommended 

(Yamaura 2013) and additional hierarchical levels are not essential in accounting for 

observational process (Amundson et al. 2014). 

Additional assumptions shared among all ecological distribution and 

abundance models involves timing of vegetation sampling and adaptive selection by 

study species. I assumed here that environmental covariates were measured at the 

appropriate time to capture the ecological selection process, and further assumed 

coupling between perceived and actual habitat quality. Issues have been presented in 

the timing of sampling vegetation during avian nesting studies (McConnell et al. 

2017), due to the potential effect this intrusive measurement has on nest fate. 

However, during point counts this issue generally does not arise, as measurement is 

much less intrusive and not targeted. During my surveys, most vegetation 

measurement occurred early in the sampling season (e.g., May-June) to avoid 

logistical issues associated with excessive heat during the later months. Consequently, 

I minimized the impact of vegetation growth throughout the growing season. 

Additionally, the assumption that basal area (m2/ha) and groundcover composition 

remained relatively constant within a survey season is plausible; however, it may be 

less so for horizontal visual obstruction as natural vertical growth accelerates during 
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the growing season. I feel comfortable with this assumption, given the slow vertical 

growth that generally occurs on this highly xeric and ñbarrenò landscape (Forman 

1998), as well as ancillary data collected as part of a simultaneous study in the NJPB 

(P. Coppola, University of Delaware, unpublished data) during which vegetation 

measurements at specific points were consistent throughout the 2016ï2017 survey 

periods. The assumption of adaptive selection is traditionally difficult to assess 

without fitness metrics (Schlaepfer et al. 2002, Battin 2004, Hale and Swearer 2016), 

which were unavailable for this study. Based on the similarities between my findings 

of distribution and abundance within the NJPB and previous research in other regions 

(see below), it is reasonable to make the assumption of adaptive selection; however, 

this question requires further research focusing on survival and reproduction within 

this understudied landscape using marked individuals. 
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TABLES 

Table 4.1 Select priority species within Bird Conservation Region (BCR) 30 included 

in community abundance (N-mixture) model within the New Jersey Pine Barrens 

study area during 2012, 2013, 2016, and 2017. 

 
Species common name Scientific name 

Priority 

designation 

Forested Uplanda   

 Baltimore oriole (BAOR) Icterus galbula High 

 Black-and-white warbler (BAWW) Mniotilta varia High 

 Great crested flycatcher (GCFL) Myiarchus crinitus High 

 Northern flicker (NOFL) Colaptes auratus High 

 Scarlet tanager (SCTA) Piranga olivacea High 

 Wood thrush (WOTH) Hylocichla mustelina Highest 

Scrub-Shrub/Early Successional   

 Blue-winged warbler (BWWA) Vermivora cyanoptera Highest 

 Brown thrasher (BRTH) Toxostoma rufum High 

 Eastern towhee (EATO) Pipilo erythrophthalmus High 

 Field sparrow (FISP) Spizella pusilla High 

 Prairie warbler (PRAW) Setophaga discolor Highest 

Grassland   

 Eastern kingbird (EAKI) Tyrannus tyrannus High 

    
a Species suites delineated by habitat type in Steinkamp (2008) 
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Table 4.2 Mean, standard deviation, and range of all environmental covariates 

associated with hierarchical community abundance (N-mixture) model for select Bird 

Conservation Region (BCR) 30 priority breeding birds within the New Jersey Pine 

Barrens study area during 2012, 2013, 2016, and 2017. Treatment points received 

variable timber harvest and prescribed burning regimes prior to and during the study 

period, whereas reference (control) points did not receive such treatments and were 

characteristically representative of the predominantly forested landscape. 

Covariatea Point type ὼӶ SD Range 

Grass Control 0.28 1.64 0 ï 15 

 Treatment 12.69 24.49 0 ï 100 

Woody Control 48.76 40.48 0 ï 100 

 Treatment 32.55 34.33 0 ï 100 

VOR2 Control 47.66 27.40 0 ï 100 

 Treatment 36.56 32.67 0 ï 100 

Basal Control 28.89 9.83 3.44 ï 65.04 

 Treatment 9.45 8.04 0 ï 34.05 

     
a Grass = proportion grass groundcover (%), Woody = proportion woody groundcover 

(%), VOR2 = horizontal visual obstruction at 2 m above ground level (%), Basal = 

basal area (m2/ha) 
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Table 4.3 Mean coefficients and derived parameters with 95% credible intervals (CrIs) from posterior distributions of 

hierarchical community abundance (N-mixture) model for select Bird Conservation Region (BCR) 30 priority breeding 

birds within the New Jersey Pine Barrens study area during 2012, 2013, 2016, and 2017. Community- and BCR 30 suite-

level parameters reported, as well as detection probability (Pd) and zero-inflation parameter (ʟ). Bold denotes covariates 

with 95% CrIs that do not contain zero (i.e., a measure of significance). See text for covariate and suite descriptions. 

    
Community-level 

parameters 

Suite-level parameters 

  
  Forested Upland 

Scrub-shrub/Early 

Successional 
Grassland 

Detection        

  Intercept ī1.71 (ī2.27 to ī1.23) ī1.70 (ī2.50 to ī1.03) ī1.61 (ī2.34 to ī1.00) ī2.27 (ī2.99 to ī1.71) 

  Date ī0.40 (ī0.79 to ī0.03)  ī0.48 (ī0.79 to ī0.21) ī0.44 (ī0.67 to ī0.22) 0.27 (0.15 to 0.38) 

  Date2 ī0.18 (ī0.37 to 0.00) ī0.22 (ī0.47 to 0.01) ī0.20 (ī0.36 to ī0.05) 0.18 (0.08 to 0.27) 

  Wind ī0.14 (ī0.29 to ī0.04) ī0.15 (ī0.42 to 0.03) ī0.14 (ī0.36 to 0.00) ī0.02 (ī0.16 to 0.19) 

  Disturbance 0.00 (ī0.11 to 0.09) ī0.01 (ī0.20 to 0.14) 0.01 (ī0.13 to 0.14) ī0.02 (ī0.20 to 0.10) 

Abundance     

  Grass 0.04 (ī0.03 to 0.10) 0.05 (ī0.08 to 0.17) 0.02 (ī0.08 to 0.12) 0.06 (ī0.02 to 0.13) 

  Woody ī0.17 (ī0.42 to 0.07) ī0.14 (ī0.42 to 0.13) ī0.21 (ī0.43 to ī0.01) ī0.11 (ī0.28 to 0.07) 

  VOR2 ī0.08 (ī0.25 to 0.08) ī0.10 (ī0.34 to 0.12) ī0.04 (ī0.21 to 0.11) ī0.12 (ī0.24 to 0.00) 

  Basal ī0.23 (ī0.40 to ī0.09) ī0.19 (ī0.46 to 0.07) ī0.26 (ī0.51 to ī0.06) ī0.37 (ī0.66 to ī0.13) 

  Treatment 0.44 (0.20 to 0.76) 0.07 (ī0.11 to 0.45) 0.59 (0.48 to 0.75) 1.83 (1.71 to 2.09) 

 Site (random) 0.00 (ī0.23 to 0.24) ï ï ï 

Derived parameters     

  Pd 0.16 (0.14 to 0.19) 0.16 (0.09 to 0.24) 0.17 (0.11 to 0.26) 0.12 (0.06 to 0.18) 

  ʟ 0.56 (0.29 to 0.86) 0.31 (0.08 to 0.67) 0.61 (0.42 to 0.83) 0.25 (0.10 to 0.44) 
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FIGURES 

 

Figure 4.1 Spatial distribution of 150 breeding bird point count locations visited in 

2012, 2013, 2016, and 2017 within the New Jersey Pine Barrens (cross-hatched area), 

New Jersey, USA. Points were nested within 18 sites; half (n = 75) of the points were 

within areas that have undergone intensive forest management (treatment) and the 

other half (n = 75) were within reference (control; principally on public land) areas 

that have not been intensively managed. Point count radii extended to a maximum of 

100 m, with a minimum 200 m between adjacent points. 
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Figure 4.2 Comparison of breeding bird community, Bird Conservation Region 

(BCR) 30 species-suite (Forested Upland, Scrub-Shrub/Early Successional, and 

Grassland), and individual species response in abundance at 100-m-radius point counts 

for four scaled environmental covariates, representing three strata levels: groundcover 

(proportion grass [ɓGrass] and proportion woody [ɓWoody]), midstory (horizontal visual 

obstruction at 2 m above ground level [ɓVOR2]), and canopy (basal area m2/ha [ɓBasal]) 

within the New Jersey Pine Barrens during 2012, 2013, 2016, and 2017. Points show 

species-level posterior mean and 95% credible interval (CrI), with BCR 30 priority 

designation indicated by triangles (highest) and circles (high). Gray vertical lines show 

posterior mean (solid) and 95% CrI (dashed) of the community mean hyperparameter. 

When 95% CrI did not overlap 0 (black vertical line), it was interpreted as a 

significant effect. Note differences in scale among slope coefficient estimates. See text 

and Table 4.1 for species codes. 
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Figure 4.3 Jaccard indices (Jij) for all pair-wise comparisons among Bird 

Conservation Region (BCR) 30 priority species (n = 12) from 100-m-radius point 

counts within the New Jersey Pine Barrens during 2012, 2013, 2016, and 2017. Values 

of Jij range from 0 to 1, corresponding respectively to the extremes of no cooccurrence 

and perfect cooccurrence. Each plot represents respective cooccurrence probabilities 

for the species of interest (top-right corner) among all count locations (n = 150) 

against the remaining species in descending order of cooccurrence. See text and Table 

4.1 for species codes. 
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Chapter 5 

SUMMARY AND CONCLUSIONS  

 

Summary and Recommendations 

Grassland, early-successional, and open forest birds have been in decline for more 

than a century as a result of accelerated landscape-level shifts in land use over the 

twentieth century (Askins 1993, Knopf 1994, Brennan and Kuvlesky 2005, Sauer et al. 

2017). To recover these economically, recreationally, and ecologically important 

species requires an understanding of the influence of land management on population 

dynamics. In extreme cases, where traditional management will not result in 

satisfactory population responses, alternatives such as translocation may be essential 

to meeting objectives. 

I herein demonstrated that landscape connectivity and patch size are important 

to foster bobwhite translocation success, especially for long-distance interregional 

bobwhite translocations (Chapter 2). I recommend that current policies and procedures 

on translocation (e.g., National Bobwhite Conservation Initiativeôs Coordinated 

Implementation Plan and the Translocation Policy; NBCI 2019) be updated to 

incorporate differential post-release survival patterns, due to landscape context and 

patch connectivity, when evaluating potential release sites for translocation purposes. 

Given the reduced bobwhite survival outside target release areas and the correlation 

between property size and site fidelity, larger sites that have a high degree of 

connectivity should be favored over those smaller and with lower connectivity of 

essential habitat features. Furthermore, habitat management should aim to increase the 

amount and connectivity of habitat. Additionally, adjusting stocking rate to account 
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for potential attrition during the first few weeks post-release should better result in 

sufficient founder breeding abundances required to elicit population growth and 

sustainability. Future efforts quantifying vegetation conditions and habitat 

connectivity are also warranted to promote wise stewardship of a limited bobwhite 

resource when considering translocation as a population recovery tool. 

Further, I evaluated the handicapped founder hypothesis in the context of 

bobwhite translocation (Chapter 3). My estimates for nest survival and fecundity at 

four study sites in New Jersey and Maryland benefit managers in those states tasked 

with modeling population response following translocation during future recovery 

efforts. Additionally, I provide information regarding the influence of high predator 

densities on nest survival and the interplay between reduced adult post-release survival 

and overall reproductive potential within a breeding season. When using founders 

from the disparate latitudinal populations, I recommend exploring stocking rate 

densities (birds/ha) and translocation timing to better suit northern latitudes which 

require long-distance trap and transport such that increasing stocking densities to 

facilitate higher founder bobwhites are available to breed. Further, I recommend 

integrated predator management programs at release sites to maximize reproductive 

output following translocation. Integrated predator management programs include 

meso-mammal trap and removal (e.g., Jackson et al. 2018, Palmer et al. 2019), cover 

management and improvement, and broadcast supplemental feeding. Together, these 

recommendations should reduce the inherent handicap placed on founder bobwhites, 

improve both adult survival, and consequently total reproductive output during the 

critical breeding season to necessitate population recovery using translocation. 
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I found evidence that reducing live tree basal area and promoting diverse early 

successional groundcover within the New Jersey Pine Barrens can collectively benefit 

multiple suites of regionally significant upland breeding birds (Chapter 4). Species 

that occupied dense (e.g., > 20 m2/ha) pine stands representative of much of the NJPB 

existed at comparable abundances in reduced basal area stands, while grassland and 

early successional-obligate species increased in abundance. I recommend open forest 

management for upland birds that: 1) aims to increase heterogeneity in basal area and 

canopy tree age; 2) promotes a mixed composition of woody, forb, and warm season 

grass groundcover; and 3) is implemented at-scale to reduce fuel loads within the 

NJPB. Specifically, I recommend targeting basal areas between ~0ï15 m2/ha via 

selective thinning, shelter cutting, and small-scale clear cutting to meet these 

objectives. The most economically feasible way to create and maintain early seral 

stage groundcover would be a combination of mechanical treatment (e.g., mowing, 

roller chopping, etc.) and prescribed burning, which would have the added benefit of 

reducing fuel loads across this ~4,500 km2 landscape. 

Concluding Remarks 

ñThe number of captive-reared bobwhites released each year is almost certainly in 

excess of the national bobwhite population, estimated at 5,800,000 in 2012. Our 

investigation revealed that the number of released birds might exceed the national 

wild bobwhite population by at least a factor of 5.ò (Whitt et al. 2017) 

 

The ultimate goal of the national bobwhite conservation is to produce wild 

populations that can sustain recreational harvest and persist in perpetuity. The above 

quote, however, suggests a wide chasm between our recovery objective and the 
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current state of bobwhite conservation. Given the resource intensive, financially 

expensive, and technically difficult endeavor that creating and maintaining bobwhite 

habitat can be, shortcuts that provide no population benefit like releasing captive-

reared birds into poor habitat have become uncomfortably prevalent. Let us not allow 

translocation of wild birds follow this trajectory, as the consequences would be 

significantly more dire. Translocation should continue to be viewed as a conservation 

tool, not a panacea, used in concert with appropriately scaled habitat management and 

should only be considered when habitat quantity, quality, and connectivity are not 

limiting factors for recovery. 

Despite the limited role that translocation immediately plays in national 

bobwhite conservation, the potential power of this tool (when used appropriately) 

cannot be overstated. In some cases, particularly those where local sources do not 

exist, translocation may be required to meet population objectives. It was our 

collective goal here to advance the current state of knowledge on northern bobwhite 

translocation by testing this proven population restoration technique under extreme 

circumstances. Our findings reiterate the important of using sound science to 

understand the limitations of bobwhite translocation. There is little doubt that 

translocation methodologies will further develop and be an integral tool in range wide 

bobwhite recovery. 
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Appendix A 

LIST OF ALL CAPTURED AND HANDLED NORTHERN BOBWHITE  

Table A.1 Unique identification numbers associated with all captured, handled, and 

translocated northern bobwhites in 2015ï2018. 

Band Sex Age 
Mass 

(grams) 

Collar 

frequency 

Capture 

date 

Release 

date 

Release 

site 

- M J 182 - 3/18/2017 3/20/2017 TCF-3 

TT140009 M A 160 148.190 3/24/2017 3/26/2017 PICC-SP 

TT150748 F J 176 149.372 3/30/2015 4/1/2015 PICC-HF 

TT150749 F A 172 149.152 3/30/2015 4/1/2015 PICC-HF 

TT150750 F J 168 148.924 3/30/2015 4/1/2015 PICC-SP 

TT150751 M A 160 148.292 3/30/2015 4/1/2015 PICC-SP 

TT150752 M J 168 148.333 3/30/2015 4/1/2015 PICC-SP 

TT150753 F J 176 148.713 3/30/2015 4/1/2015 PICC-SP 

TT150754 M J 150 149.192 3/30/2015 4/1/2015 PICC-SP 

TT150755 F J 150 148.153 3/30/2015 4/1/2015 PICC-SP 

TT150756 M A 182 149.133 3/30/2015 4/1/2015 PICC-SP 

TT150757 F J 155 149.534 3/30/2015 4/1/2015 PICC-SP 

TT150758 M A 170 149.313 3/30/2015 4/1/2015 PICC-SP 

TT150759 F J 172 148.512 3/30/2015 4/1/2015 PICC-SP 

TT150760 M J 160 148.172 3/30/2015 4/1/2015 PICC-HF 

TT150761 M J 150 148.352 3/30/2015 4/1/2015 PICC-HF 

TT150762 F J 162 148.833 3/30/2015 4/1/2015 PICC-HF 

TT150763 M J 172 149.433 3/30/2015 4/1/2015 PICC-HF 

TT150764 M J 160 149.293 3/30/2015 4/1/2015 PICC-HF 

TT150765 M J 140 148.621 3/30/2015 4/1/2015 PICC-HF 

TT150766 F J 168 148.574 3/30/2015 4/1/2015 PICC-HF 

TT150767 F J 178 148.111 3/30/2015 4/1/2015 PICC-HF 

TT150768 F J 180 148.132 3/30/2015 4/1/2015 PICC-HF 

TT150769 F A 174 149.254 3/30/2015 4/1/2015 PICC-HF 

TT150770 M J 170 150.739 3/30/2015 4/1/2015 Chino 

TT150771 M J 190 151.631 3/30/2015 4/1/2015 Chino 

        

Table continued       



 

 152 

Band Sex Age 
Mass 

(grams) 

Collar 

frequency 

Capture 

date 

Release 

date 

Release 

site 

TT150772 F J 178 150.640 3/30/2015 4/1/2015 Chino 

TT150773 F J 162 150.882 3/30/2015 4/1/2015 Chino 

TT150774 F J 166 150.161 3/30/2015 4/1/2015 Chino 

TT150775 M J 170 151.031 3/30/2015 4/1/2015 Chino 

TT150776 F J 160 150.960 3/30/2015 4/1/2015 Chino 

TT150777 F J 166 151.801 3/30/2015 4/1/2015 Chino 

TT150778 M A 168 151.739 3/30/2015 4/1/2015 Chino 

TT150779 M A 171 151.970 3/30/2015 4/1/2015 Chino 

TT150780 F J 150 150.691a 3/30/2015 4/1/2015 TCF-3 

TT150781 F J 165 150.910 3/30/2015 4/1/2015 TCF-3 

TT150782 F J - 150.671a 3/30/2015 4/1/2015 TCF-3 

TT150783 M J 168 151.261a 3/30/2015 4/1/2015 TCF-3 

TT150784 M J 161 151.981 3/30/2015 4/1/2015 TCF-3 

TT150785 F J 169 150.370a 3/30/2015 4/1/2015 TCF-3 

TT150786 M J 170 150.721 3/30/2015 4/1/2015 TCF-3 

TT150787 F J 176 150.321a 3/30/2015 4/1/2015 TCF-3 

TT150788 M A 176 150.842 3/30/2015 4/1/2015 TCF-3 

TT150789 M A 178 150.941 3/30/2015 4/1/2015 TCF-3 

TT151274 M J 187 151.349 3/31/2016 4/2/2016 TCF-3 

TT151290 M J - 150.141 4/1/2016 4/3/2016 TCF-3 

TT151704 F A 170 150.576 4/1/2016 4/3/2016 TCF-3 

TT151705 F J - 149.045 4/1/2016 4/3/2016 TCF-3 

TT151706 M A 156 150.320 4/1/2016 4/3/2016 TCF-3 

TT151707 M A 184 151.491 4/1/2016 4/3/2016 TCF-3 

TT151708 M A 172 148.612 4/1/2016 4/3/2016 TCF-3 

TT151709 M J - - 4/1/2016 4/3/2016 TCF-3 

TT151710 M A 171 151.302 4/1/2016 4/3/2016 TCF-3 

TT151711 M J 162 - 4/1/2016 4/3/2016 TCF-3 

TT151712 M A 170 - 4/1/2016 4/3/2016 TCF-3 

TT151713 M J 155 - 4/1/2016 4/3/2016 TCF-3 

TT151714 F J 159 150.912 4/1/2016 4/3/2016 TCF-3 

TT151715 M J - - 4/1/2016 4/3/2016 TCF-3 

TT151716 M J 144 - 4/1/2016 4/3/2016 TCF-3 

        

Table continued       
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Band Sex Age 
Mass 

(grams) 

Collar 

frequency 

Capture 

date 

Release 

date 

Release 

site 

TT151717 M A 152 149.130a 4/2/2016 4/4/2016 PICC-HF 

TT151717 F A 162 - 4/1/2016 4/3/2016 TCF-3 

TT151718 F J 169 - 4/1/2016 4/3/2016 TCF-3 

TT151801 M J 180 149.571 3/30/2015 4/1/2015 PICC-HF 

TT151802 F A 160 149.100 3/24/2015 3/26/2015 Chino 

TT151803 M A 165 149.190 3/24/2015 3/26/2015 Chino 

TT151804 F J 165 149.217 3/24/2015 3/26/2015 Chino 

TT151805 F J 162 149.028 3/24/2015 3/26/2015 Chino 

TT151806 F A 150 149.163 3/24/2015 3/26/2015 Chino 

TT151807 F A 178 149.136 3/24/2015 3/26/2015 Chino 

TT151808 M J 165 149.001 3/24/2015 3/26/2015 Chino 

TT151809 M A 160 149.055 3/24/2015 3/26/2015 Chino 

TT151810 M A 175 149.064 3/24/2015 3/26/2015 Chino 

TT151811 M J 165 149.082 3/24/2015 3/26/2015 Chino 

TT151812 M J 152 149.091 3/24/2015 3/26/2015 TCF-3 

TT151813 F J 155 149.208 3/24/2015 3/26/2015 TCF-3 

TT151814 F A 150 149.010 3/24/2015 3/26/2015 TCF-3 

TT151815 M A 160 149.073 3/24/2015 3/26/2015 TCF-3 

TT151816 F J 165 149.199 3/24/2015 3/26/2015 TCF-3 

TT151817 M J 160 149.109 3/24/2015 3/26/2015 TCF-3 

TT151818 M J 155 149.181 3/24/2015 3/26/2015 TCF-3 

TT151819 M J 165 149.145 3/24/2015 3/26/2015 TCF-3 

TT151820 M J 160 149.037 3/24/2015 3/26/2015 TCF-3 

TT151821 M A 158 149.019 3/24/2015 3/26/2015 TCF-3 

TT151822 M A 165 148.432 3/30/2015 4/1/2015 PICC-SP 

TT151823 M A 174 149.632 3/30/2015 4/1/2015 PICC-SP 

TT151824 F J 164 149.352 3/30/2015 4/1/2015 PICC-SP 

TT151825 F J 162 148.392 3/30/2015 4/1/2015 PICC-SP 

TT151826 F A 192 149.392 3/30/2015 4/1/2015 PICC-SP 

TT151827 M J 144 148.893 3/30/2015 4/1/2015 PICC-SP 

TT151828 M A 164 148.983 3/30/2015 4/1/2015 PICC-SP 

TT151829 M A 166 149.473 3/30/2015 4/1/2015 PICC-SP 

TT151830 F J 156 148.491 3/30/2015 4/1/2015 PICC-SP 
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Band Sex Age 
Mass 

(grams) 

Collar 

frequency 

Capture 

date 

Release 

date 

Release 

site 

TT151831 F J 160 149.732 3/30/2015 4/1/2015 PICC-SP 

TT151832 F J 144 148.053 3/30/2015 4/1/2015 PICC-SP 

TT151833 M J 152 149.452a 3/30/2015 4/1/2015 PICC-SP 

TT151834 M A 164 148.773 3/30/2015 4/1/2015 PICC-SP 

TT151835 M A 166 149.174 3/30/2015 4/1/2015 PICC-SP 

TT151836 M A 172 149.693 3/30/2015 4/1/2015 PICC-SP 

TT151837 M A 156 148.594 3/30/2015 4/1/2015 PICC-SP 

TT151838 F A 158 149.212 3/30/2015 4/1/2015 PICC-SP 

TT151839 F J 172 149.033 3/30/2015 4/1/2015 PICC-SP 

TT151840 F J 174 149.112 3/30/2015 4/1/2015 PICC-SP 

TT151841 F A 178 149.594 3/30/2015 4/1/2015 PICC-SP 

TT151842 F J 170 149.072 3/30/2015 4/1/2015 PICC-HF 

TT151843 M J 170 149.273 3/30/2015 4/1/2015 PICC-HF 

TT151844 F J 160 148.953 3/30/2015 4/1/2015 PICC-HF 

TT151845 M J 164 148.453 3/30/2015 4/1/2015 PICC-HF 

TT151846 F J 170 148.250 3/30/2015 4/1/2015 PICC-HF 

TT151847 M J 180 149.412 3/30/2015 4/1/2015 PICC-HF 

TT151848 M J 160 149.494 3/30/2015 4/1/2015 PICC-HF 

TT151849 M A 158 148.032 3/30/2015 4/1/2015 PICC-HF 

TT151850 F J 144 148.072 3/30/2015 4/1/2015 PICC-HF 

TT151851 F J 176 148.742 3/30/2015 4/1/2015 PICC-HF 

TT151852 M A 165 148.232 3/30/2015 4/1/2015 PICC-HF 

TT151853 M A 164 149.713 3/30/2015 4/1/2015 PICC-HF 

TT151854 F J 174 148.556 3/30/2015 4/1/2015 PICC-HF 

TT151855 M J 164 149.053 3/30/2015 4/1/2015 PICC-HF 

TT151856 M A 174 149.512 3/30/2015 4/1/2015 PICC-HF 

TT151857 F A 160 148.472 3/30/2015 4/1/2015 PICC-HF 

TT151858 M A 190 148.653 3/30/2015 4/1/2015 PICC-HF 

TT151859 F A 178 149.752 3/30/2015 4/1/2015 PICC-HF 

TT151860 F J 143 148.415 3/30/2015 4/1/2015 PICC-HF 

TT151861 F J 172 148.801a 3/30/2015 4/1/2015 PICC-HF 

TT151862 M A 172 148.533 3/30/2015 4/1/2015 PICC-HF 

TT151863 F J 180 149.554 3/30/2015 4/1/2015 PICC-HF 
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Band Sex Age 
Mass 

(grams) 

Collar 

frequency 

Capture 

date 

Release 

date 

Release 

site 

TT151864 M A 152 148.861a 3/30/2015 4/1/2015 PICC-HF 

TT151865 F J 170 148.011 3/30/2015 4/1/2015 PICC-HF 

TT151866 F J 173 149.233 3/30/2015 4/1/2015 PICC-HF 

TT151867 M J 180 148.192 3/30/2015 4/1/2015 PICC-HF 

TT151868 F A 186 149.653 3/30/2015 4/1/2015 PICC-HF 

TT151869 M J 172 149.093 3/30/2015 4/1/2015 PICC-HF 

TT151870 F J 164 148.311a 3/30/2015 4/1/2015 PICC-HF 

TT151871 M J 154 148.681 3/30/2015 4/1/2015 PICC-HF 

TT151872 F J 154 149.613 3/30/2015 4/1/2015 PICC-HF 

TT151873 M J 180 149.672 3/30/2015 4/1/2015 PICC-HF 

TT151874 F A 158 149.014 3/30/2015 4/1/2015 PICC-HF 

TT151875 M J 159 149.333 3/30/2015 4/1/2015 PICC-HF 

TT151876 M J 160 148.371a 3/30/2015 4/1/2015 PICC-HF 

TT151877 F J 168 148.091 3/30/2015 4/1/2015 PICC-HF 

TT152000 M J 145 148.211 3/30/2015 4/1/2015 PICC-HF 

TT160162 M A 168 148.321 3/24/2017 3/26/2017 PICC-SP 

TT160802 F J 154 149.081 4/3/2016 4/6/2016 PICC-SP 

TT160803 F A 136 149.241a 4/3/2016 4/6/2016 PICC-SP 

TT160804 M J 162 148.701a 4/3/2016 4/6/2016 PICC-SP 

TT160805 M J 160 148.901a 4/3/2016 4/6/2016 PICC-SP 

TT160806 M A 170 148.180a 4/3/2016 4/6/2016 PICC-SP 

TT160807 F J 160 148.741a 4/4/2016 4/6/2016 PICC-SP 

TT160808 M A 159 148.940a 4/4/2016 4/6/2016 PICC-SP 

TT160809 M A 169 149.000 4/4/2016 4/6/2016 PICC-SP 

TT160810 F J - 148.861b 4/4/2016 4/6/2016 PICC-SP 

TT160811 M J 159 148.780 4/4/2016 4/6/2016 PICC-SP 

TT160812 F A 174 149.041a 4/4/2016 4/6/2016 PICC-SP 

TT160813 F J 165 148.821a 4/4/2016 4/6/2016 PICC-SP 

TT160814 M J 156 149.120 4/4/2016 4/6/2016 PICC-SP 

TT160815 M J - 148.151a 4/4/2016 4/6/2016 PICC-SP 

TT160816 F J 200 149.500 4/6/2016 4/8/2016 PICC-HF 

TT160817 M J 152 - 4/6/2016 DOA PICC-HF 

TT160818 F J 179 149.522 4/6/2016 4/8/2016 PICC-HF 
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TT160819 M A 167 149.601a 4/6/2016 4/8/2016 PICC-HF 

TT160820 M A 162 149.061 4/6/2016 4/8/2016 PICC-HF 

TT160821 M J 177 148.922 4/6/2016 4/8/2016 PICC-HF 

TT160822 F J 160 149.631 4/6/2016 4/8/2016 PICC-HF 

TT160823 F J 178 - 4/6/2016 DOA PICC-HF 

TT160824 M J 156 149.111 4/6/2016 4/8/2016 PICC-HF 

TT160825 F J 153 149.022 4/6/2016 4/8/2016 PICC-HF 

TT160826 F J 167 148.680a 4/6/2016 4/8/2016 PICC-HF 

TT160827 M J 163 148.881a 4/6/2016 4/8/2016 PICC-HF 

TT160828 F J 165 150.900a 4/6/2016 4/8/2016 PICC-HF 

TT160829 F J 162 148.460a 4/6/2016 4/8/2016 PICC-HF 

TT160830 M J 167 150.352 4/6/2016 4/8/2016 PICC-HF 

TT160831 M A 164 148.641a 4/6/2016 4/8/2016 PICC-HF 

TT160832 M J 165 148.761 4/6/2016 4/8/2016 PICC-HF 

TT160833 M A 170 148.842a 4/6/2016 4/8/2016 PICC-HF 

TT160834 M A 153 148.801b 4/6/2016 4/8/2016 PICC-HF 

TT160835 M A 163 148.660 4/6/2016 4/8/2016 PICC-HF 

TT161025 F J 162 149.180a 3/25/2017 3/27/2017 PICC-HF 

TT162519 F J 171 149.581a 3/30/2016 4/1/2016 PICC-SP 

TT162521 M A 152 - 3/30/2016 DOA PICC-SP 

TT162522 F J 150 - 3/30/2016 DOA PICC-SP 

TT162523 M A 152 149.461a 3/30/2016 4/1/2016 PICC-SP 

TT162524 F J 188 149.491a 3/30/2016 4/1/2016 PICC-SP 

TT162525 F J 200 - 3/30/2016 DOA PICC-SP 

TT162526 M J 163 - 3/30/2016 DOA PICC-SP 

TT162527 M A 177 149.371 3/30/2016 4/1/2016 PICC-SP 

TT162528 F J 181 149.751 3/30/2016 4/1/2016 PICC-SP 

TT162529 M J 180 149.712 3/30/2016 4/1/2016 PICC-SP 

TT162530 F J 166 148.501a 3/30/2016 4/1/2016 PICC-HF 

TT162531 M J - - 3/30/2016 4/1/2016 PICC-HF 

TT162532 M J 168 - 3/30/2016 DOA PICC-HF 

TT162533 F J 196 148.480a 3/30/2016 4/1/2016 PICC-HF 

TT162534 F J 166 149.541 3/30/2016 4/1/2016 PICC-HF 
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TT162535 M A 178 149.641a 3/30/2016 4/1/2016 PICC-HF 

TT162536 M A 180 149.621a 3/30/2016 4/1/2016 PICC-HF 

TT162537 F A 170 149.440a 3/30/2016 4/1/2016 PICC-HF 

TT162538 F J 154 149.561a 3/30/2016 4/1/2016 PICC-HF 

TT162539 M J 179 149.331 3/30/2016 4/1/2016 PICC-HF 

TT162540 F J 161 149.420a 3/30/2016 4/1/2016 PICC-HF 

TT162541 M J 150 149.452b 3/30/2016 4/1/2016 PICC-HF 

TT162542 M J 152 149.511a 3/30/2016 4/1/2016 PICC-HF 

TT162543 M J 180 148.541 3/31/2016 4/2/2016 PICC-HF 

TT162544 M J 158 148.520a 3/31/2016 4/2/2016 PICC-HF 

TT162545 M A 162 148.561a 3/31/2016 4/2/2016 PICC-HF 

TT162546 M J 170 148.600a 3/31/2016 4/2/2016 PICC-HF 

TT162547 F J 189 148.341a 3/31/2016 4/2/2016 PICC-HF 

TT162548 M J 161 148.121a 3/31/2016 4/2/2016 PICC-HF 

TT162549 F A 178 148.361a 3/31/2016 4/2/2016 PICC-HF 

TT162550 F J 185 148.421a 3/31/2016 4/2/2016 PICC-HF 

TT162551 F J 177 148.441 3/31/2016 4/2/2016 PICC-HF 

TT162552 F J 158 148.471a 3/31/2016 4/2/2016 PICC-HF 

TT162553 M A 179 148.202 3/31/2016 4/2/2016 PICC-SP 

TT162554 M J 151 148.371b 3/31/2016 4/2/2016 PICC-SP 

TT162555 M J 152 148.351a 3/31/2016 4/2/2016 PICC-SP 

TT162556 M J 152 148.571a 3/31/2016 4/2/2016 PICC-SP 

TT162557 M A 186 148.231 3/31/2016 4/2/2016 PICC-SP 

TT162558 F J 157 148.261a 3/31/2016 4/2/2016 PICC-SP 

TT162559 F J 170 148.291a 3/31/2016 4/2/2016 PICC-SP 

TT162560 F J 168 148.300a 3/31/2016 4/2/2016 PICC-SP 

TT162561 F J 153 148.322a 3/31/2016 4/2/2016 PICC-SP 

TT162562 M A 179 148.031a 3/31/2016 4/2/2016 PICC-SP 

TT162563 M A 171 148.081 3/31/2016 4/2/2016 PICC-SP 

TT162564 M J 140 - 3/31/2016 4/2/2016 PICC-SP 

TT162565 M J 180 151.050 3/31/2016 4/2/2016 TCF-3 

TT162566 M A 204 151.740 3/31/2016 4/2/2016 TCF-3 

TT162567 F J 176 151.211a 3/31/2016 4/2/2016 TCF-3 

        

Table continued       



 

 158 

Band Sex Age 
Mass 

(grams) 

Collar 

frequency 

Capture 

date 

Release 

date 

Release 

site 

TT162568 F J 164 150.782 3/31/2016 4/2/2016 TCF-3 

TT162569 M J 189 150.041 3/31/2016 4/2/2016 TCF-3 

TT162570 M J 178 151.441 3/31/2016 4/2/2016 TCF-3 

TT162571 F J 188 151.720 3/31/2016 4/2/2016 TCF-3 

TT162572 F J 171 151.921 3/31/2016 4/2/2016 TCF-3 

TT162573 M J 150 148.412 3/31/2016 4/2/2016 TCF-3 

TT162574 F J - - 3/31/2016 4/2/2016 TCF-3 

TT162575 M J 156 151.042 3/31/2016 4/2/2016 TCF-3 

TT162576 M J - - 3/31/2016 4/2/2016 TCF-3 

TT162577 F A 167 151.749 3/31/2016 4/2/2016 TCF-3 

TT162578 M J - 151.122 3/31/2016 4/2/2016 TCF-3 

TT162579 M A 174 151.541a 3/31/2016 4/2/2016 TCF-3 

TT162580 F J 174 151.789 3/31/2016 4/2/2016 TCF-3 

TT162581 M A 179 148.383 3/31/2016 4/2/2016 TCF-3 

TT162582 M J 140 148.271 3/31/2016 4/2/2016 TCF-3 

TT162583 M J - - 3/31/2016 4/2/2016 TCF-3 

TT162584 M J - - 3/31/2016 4/2/2016 TCF-3 

TT162585 M A 184 151.220 4/2/2016 4/4/2016 PICC-HF 

TT162586 F J 168 148.041a 4/2/2016 4/4/2016 PICC-HF 

TT162587 M A 178 148.141a 4/2/2016 4/4/2016 PICC-HF 

TT162588 M J 171 148.161 4/2/2016 4/4/2016 PICC-HF 

TT162589 M J 166 148.191 4/2/2016 4/4/2016 PICC-HF 

TT162590 F J 160 149.321a 4/2/2016 4/4/2016 PICC-HF 

TT162591 M J 165 149.261a 4/2/2016 4/4/2016 PICC-HF 

TT162592 F A 164 149.200a 4/2/2016 4/4/2016 PICC-HF 

TT162593 F J 179 149.177 4/2/2016 4/4/2016 PICC-HF 

TT162594 F A 164 149.161a 4/2/2016 4/4/2016 PICC-HF 

TT162595 M J 171 149.036 4/1/2016 4/3/2016 TCF-3 

TT162596 M A 174 150.606 4/1/2016 4/3/2016 TCF-3 

TT162597 M A 165 151.840a 4/1/2016 4/3/2016 TCF-3 

TT162598 M J 175 149.216 4/1/2016 4/3/2016 TCF-3 

TT162599 M J 140 - 4/1/2016 4/3/2016 TCF-3 

TT162600 M A 168 150.911a 4/1/2016 4/3/2016 TCF-3 
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TT170061 F J 169 148.371c 3/24/2017 3/26/2017 PICC-SP 

TT170209 F J 178 148.941 3/25/2017 3/27/2017 PICC-HF 

TT170284 F A 175 148.291b 3/24/2017 3/26/2017 PICC-SP 

TT170285 M J 141 148.260a 3/24/2017 3/26/2017 PICC-SP 

TT170286 F J 140 148.230a 3/24/2017 3/26/2017 PICC-SP 

TT170287 M J 161 148.451 3/24/2017 3/26/2017 PICC-SP 

TT170288 F A 171 148.041b 3/24/2017 3/26/2017 PICC-SP 

TT170289 M A 162 148.351b 3/24/2017 3/26/2017 PICC-SP 

TT170290 M A 162 148.160 3/24/2017 3/26/2017 PICC-SP 

TT170291 M J 174 148.421b 3/24/2017 3/26/2017 PICC-SP 

TT170292 F J 162 148.029 3/24/2017 3/26/2017 PICC-SP 

TT170293 M A 173 148.121b 3/24/2017 3/26/2017 PICC-SP 

TT170294 F J 200 148.241 3/24/2017 3/26/2017 PICC-SP 

TT170295 F A 168 148.181 3/24/2017 3/26/2017 PICC-SP 

TT170296 M J 167 148.080 3/24/2017 3/26/2017 PICC-SP 

TT170297 M J 198 148.471b 3/24/2017 3/26/2017 PICC-SP 

TT170298 M A 162 148.440 3/24/2017 3/26/2017 PICC-SP 

TT170299 M J 162 148.311b 3/24/2017 3/26/2017 PICC-SP 

TT170300 M A 140 148.300b 3/24/2017 3/26/2017 PICC-SP 

TT170301 F J 170 148.141b 3/24/2017 3/26/2017 PICC-SP 

TT170302 M J 169 148.361b 3/24/2017 3/26/2017 PICC-SP 

TT170303 F A 164 148.401 3/24/2017 3/26/2017 PICC-SP 

TT170306 M J - 149.641b 3/25/2017 3/27/2017 PICC-HF 

TT170307 F J 170 149.361 3/25/2017 3/27/2017 PICC-HF 

TT170308 F J 166 149.370 3/25/2017 3/27/2017 PICC-HF 

TT170309 M A 176 149.261b 3/25/2017 3/27/2017 PICC-HF 

TT170310 F A 147 149.321b 3/25/2017 3/27/2017 PICC-HF 

TT170311 M J 178 148.200a 3/25/2017 3/27/2017 PICC-HF 

TT170313 M J 158 149.501 3/25/2017 3/27/2017 PICC-HF 

TT170314 F A 179 149.492a 3/25/2017 3/27/2017 PICC-HF 

TT170315 F J 160 149.201 3/25/2017 3/27/2017 PICC-HF 

TT170317 M J 180 148.542a 3/25/2017 3/27/2017 PICC-HF 

TT170318 M J 160 149.381a 3/25/2017 3/27/2017 PICC-HF 
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TT170319 M J 165 148.600b 3/25/2017 3/27/2017 PICC-HF 

TT170320 M J 182 149.161b 3/25/2017 3/27/2017 PICC-HF 

TT170321 F A 162 148.151b 3/25/2017 3/27/2017 PICC-HF 

TT170322 F J 178 148.841 3/25/2017 3/27/2017 PICC-HF 

TT170323 F J 149 149.621b 3/25/2017 3/27/2017 PICC-HF 

TT170324 M J 164 148.680b 3/25/2017 3/27/2017 PICC-HF 

TT170325 M J 160 148.571b 3/25/2017 3/27/2017 PICC-HF 

TT170326 M A 172 148.760a 3/25/2017 3/27/2017 PICC-HF 

TT170327 M J 166 149.461b 3/25/2017 3/27/2017 PICC-HF 

TT170328 M J 160 149.281 3/25/2017 3/27/2017 PICC-HF 

TT170329 M J 173 148.721b 3/25/2017 3/27/2017 PICC-HF 

TT170330 F J 165 149.601b 3/25/2017 3/27/2017 PICC-HF 

TT170331 F A 162 148.341b 3/25/2017 3/27/2017 PICC-HF 

TT170332 M J 170 148.661a 3/25/2017 3/27/2017 PICC-HF 

TT170333 M J 164 148.701b 3/25/2017 3/27/2017 PICC-HF 

TT170334 F J 168 149.060a 3/25/2017 3/27/2017 PICC-HF 

TT170335 M J 167 149.421a 3/25/2017 3/27/2017 PICC-HF 

TT170336 M J 166 148.261b 3/25/2017 3/27/2017 PICC-HF 

TT170337 F J 192 149.441 3/25/2017 3/27/2017 PICC-HF 

TT170338 M J 178 148.561b 3/25/2017 3/27/2017 PICC-HF 

TT170339 F J 173 149.041b 3/26/2017 3/27/2017 PICC-HF 

TT170340 F A - 148.501b 3/26/2017 3/27/2017 PICC-HF 

TT170345 F J 172 148.641b 3/26/2017 3/27/2017 PICC-HF 

TT170346 F A 169 148.821b 3/26/2017 3/27/2017 PICC-HF 

TT170347 F J 162 149.020 3/26/2017 3/27/2017 PICC-HF 

TT170348 F A 202 149.731 3/26/2017 3/27/2017 PICC-HF 

TT170349 M A 172 148.881b 3/26/2017 3/27/2017 PICC-HF 

TT170350 M J 174 149.121a 3/26/2017 3/27/2017 PICC-HF 

TT170351 F A 166 148.961 3/26/2017 3/27/2017 PICC-SP 

TT170352 F J 164 148.861c 3/26/2017 3/27/2017 PICC-SP 

TT170353 F A 163 149.131 3/26/2017 3/27/2017 PICC-SP 

TT170354 F J 180 148.781a 3/26/2017 3/27/2017 PICC-SP 

TT170355 F A 172 148.901b 3/26/2017 3/27/2017 PICC-SP 
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TT170356 F J 150 149.521 3/26/2017 3/27/2017 PICC-SP 

TT170357 M J 159 148.741b 3/26/2017 3/27/2017 PICC-SP 

TT170358 M A 156 148.460b 3/26/2017 3/27/2017 PICC-SP 

TT170359 F J 139 148.921 3/26/2017 3/27/2017 PICC-SP 

TT170360 M A 173 149.581b 3/26/2017 3/27/2017 PICC-SP 

TT170361 F J 158 149.101a 3/26/2017 3/27/2017 PICC-SP 

TT170362 F A - 148.521a 3/26/2017 3/27/2017 PICC-SP 

TT170363 M J - - 3/26/2017 3/27/2017 PICC-SP 

TT170364 M J 170 - 3/26/2017 3/27/2017 PICC-SP 

TT170440 M J 175 148.711 3/25/2017 3/27/2017 PICC-HF 

TT170467 F A 194 148.801c 3/25/2017 3/27/2017 PICC-HF 

TT170711 F J 163 149.561b 3/25/2017 3/27/2017 PICC-HF 

TT170728 M J 144 149.682 3/25/2017 3/27/2017 PICC-HF 

TT171890 F J 172 150.691b 3/18/2017 3/20/2017 TCF-1 

TT171891 M J 135 151.231a 3/18/2017 3/20/2017 TCF-3 

TT171892 M J 163 151.111 3/18/2017 3/20/2017 TCF-3 

TT171893 M J 170 150.431 3/18/2017 3/20/2017 TCF-3 

TT171894 F J 160 150.392 3/18/2017 3/20/2017 TCF-3 

TT171895 M J 174 150.911b 3/18/2017 3/20/2017 TCF-3 

TT171896 M J 187 150.332 3/18/2017 3/20/2017 TCF-1 

TT171897 M J - - 3/18/2017 3/20/2017 TCF-3 

TT171898 M A 170 150.891 3/18/2017 3/20/2017 TCF-1 

TT171899 M J 160 150.411 3/18/2017 3/20/2017 TCF-3 

TT171900 F J 165 151.169 3/18/2017 3/20/2017 TCF-3 

TT171901 F A 170 150.831 3/18/2017 3/20/2017 TCF-3 

TT171902 F A 170 151.211b 3/18/2017 3/20/2017 TCF-3 

TT171903 F J 160 150.350 3/18/2017 3/20/2017 TCF-3 

TT171904 F J 160 151.252 3/18/2017 3/20/2017 TCF-1 

TT171905 F A 150 150.671b 3/18/2017 3/20/2017 TCF-1 

TT171906 M A 162 151.012 3/18/2017 3/20/2017 TCF-1 

TT171907 F J 170 150.552 3/18/2017 3/20/2017 TCF-1 

TT171908 F J 162 151.030 3/18/2017 3/20/2017 TCF-1 

TT171909 M A 168 151.091 3/18/2017 3/20/2017 TCF-1 
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TT171910 M A 154 151.131 3/18/2017 3/20/2017 TCF-1 

TT171911 M A 168 151.291a 3/18/2017 3/20/2017 TCF-1 

TT171912 M J 174 150.791 3/18/2017 3/20/2017 TCF-1 

TT171913 M J 170 151.271 3/18/2017 3/20/2017 TCF-3 

TT171914 M J 150 151.191 3/18/2017 3/20/2017 TCF-3 

TT171915 F J 155 150.751 3/18/2017 3/20/2017 TCF-3 

TT171916 F A 160 150.971a 3/18/2017 3/20/2017 TCF-3 

TT171917 F J 162 150.871 3/18/2017 3/20/2017 TCF-3 

TT171918 M A 170 151.072 3/18/2017 3/20/2017 TCF-3 

TT171919 M J 160 151.152 3/18/2017 3/20/2017 TCF-3 

TT171920 M J 172 151.311 3/18/2017 3/20/2017 TCF-3 

TT171921 F J 150 150.531 3/18/2017 3/20/2017 TCF-3 

TT171922 F A 150 150.251 3/18/2017 3/20/2017 TCF-3 

TT171923 M J 150 150.812 3/18/2017 3/20/2017 TCF-3 

TT171924 M J 172 150.991 3/18/2017 3/20/2017 TCF-3 

TT171925 F A 174 151.051 3/18/2017 3/20/2017 TCF-3 

TT171926 F J 162 150.631 3/18/2017 3/20/2017 TCF-3 

TT171927 M J 160 150.571 3/18/2017 3/20/2017 TCF-3 

TT171928 M A 178 150.491 3/18/2017 3/20/2017 TCF-3 

TT171929 F J 160 150.471a 3/18/2017 3/20/2017 TCF-3 

TT171930 M A 158 150.150 3/18/2017 3/20/2017 TCF-3 

TT171931 F J 154 150.651 3/18/2017 3/20/2017 TCF-3 

TT171932 F J 168 150.290a 3/18/2017 3/20/2017 TCF-3 

TT171933 M J 162 150.591 3/18/2017 3/20/2017 TCF-3 

TT171934 F J 180 150.311 3/18/2017 3/20/2017 TCF-1 

TT171936 F J 167 150.371 3/18/2017 3/20/2017 TCF-3 

TT171937 M J 170 150.130 3/18/2017 3/20/2017 TCF-3 

TT171938 F J 165 150.271 3/18/2017 3/20/2017 TCF-1 

TT171939 M J 152 150.071 3/18/2017 3/20/2017 TCF-1 

TT171940 M A 184 150.931a 3/18/2017 3/20/2017 TCF-1 

TT171941 F J 152 150.231 3/18/2017 3/20/2017 TCF-1 

TT171942 F J 148 150.711 3/18/2017 3/20/2017 TCF-1 

TT171943 F A 160 150.452 3/18/2017 3/20/2017 TCF-1 
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TT171944 M J 174 150.732 3/18/2017 3/20/2017 TCF-3 

TT171945 M J 182 - 3/18/2017 3/20/2017 TCF-3 

TT171946 M J 160 150.211 3/18/2017 3/20/2017 TCF-3 

TT171947 M A 168 150.772 3/18/2017 3/20/2017 TCF-3 

TT171948 M A 164 150.851a 3/18/2017 3/20/2017 TCF-3 

TT171949 M J 174 150.512 3/18/2017 3/20/2017 TCF-1 

TT180112 F J 159 148.480b 3/22/2018 3/24/2018 PICC-SP 

TT180115 M J 165 148.760b 3/22/2018 3/24/2018 PICC-SP 

TT180801 F J 160 151.520 3/22/2018 3/25/2018 TCF-1 

TT180979 F J 154 151.920 3/22/2018 3/25/2018 TCF-3 

TT180980 M A 147 151.900 3/22/2018 3/25/2018 TCF-1 

TT180998 F J 142 151.610 3/22/2018 3/25/2018 TCF-1 

TT181000 F A 165 151.261b 3/22/2018 3/25/2018 TCF-1 

TT182401 M A 162 151.180 3/22/2018 3/25/2018 TCF-1 

TT182472 F J 161 151.771 3/22/2018 3/25/2018 TCF-3 

TT182473 M J 173 151.760 3/22/2018 3/25/2018 TCF-3 

TT182474 F J 154 151.141 3/22/2018 3/25/2018 TCF-3 

TT182475 M J 149 151.821 3/22/2018 3/25/2018 TCF-3 

TT182476 F J 175 151.850 3/22/2018 3/25/2018 TCF-3 

TT182477 F J 176 151.221 3/22/2018 3/25/2018 TCF-3 

TT182478 M J 147 151.750 3/22/2018 3/25/2018 TCF-3 

TT182479 M J 150 150.870 3/22/2018 3/25/2018 TCF-3 

TT182480 M J 167 151.640 3/22/2018 3/25/2018 TCF-3 

TT182481 F J 149 151.061 3/22/2018 3/25/2018 TCF-3 

TT182482 M A 167 151.951 3/22/2018 3/25/2018 TCF-3 

TT182483 F J 164 151.001 3/22/2018 3/25/2018 TCF-3 

TT182484 F J 154 151.161 3/22/2018 3/25/2018 TCF-3 

TT182485 F A 147 151.080 3/22/2018 3/25/2018 TCF-3 

TT182486 M J 158 151.721 3/22/2018 3/25/2018 TCF-3 

TT182487 M J 162 150.851b 3/22/2018 3/25/2018 TCF-3 

TT182488 M J 154 150.911c 3/22/2018 3/25/2018 TCF-3 

TT182489 F J 161 151.890 3/22/2018 3/25/2018 TCF-3 

TT182490 M A 165 151.800 3/22/2018 3/25/2018 TCF-3 

        

Table continued       



 

 164 

Band Sex Age 
Mass 

(grams) 

Collar 

frequency 

Capture 

date 

Release 

date 

Release 

site 

TT182491 F A 153 150.931b 3/22/2018 3/25/2018 TCF-1 

TT182492 F J 183 151.941 3/22/2018 3/25/2018 TCF-1 

TT182493 M A 170 151.790 3/22/2018 3/25/2018 TCF-1 

TT182494 F J 149 151.440 3/22/2018 3/25/2018 TCF-1 

TT182495 F A 147 151.481 3/22/2018 3/25/2018 TCF-1 

TT182496 F J 156 151.121 3/22/2018 3/25/2018 TCF-1 

TT182497 M J 181 151.580 3/22/2018 3/25/2018 TCF-1 

TT182498 M J 160 151.340 3/22/2018 3/25/2018 TCF-1 

TT182499 M A 154 151.831 3/22/2018 3/25/2018 TCF-1 

TT182500 M J 166 151.741 3/22/2018 3/25/2018 TCF-1 

TT182902 M A 148 151.130 3/22/2018 3/25/2018 TCF-1 

TT182903 F J 156 151.861 3/22/2018 3/25/2018 TCF-1 

TT182904 M A 148 150.321b 3/22/2018 3/25/2018 TCF-1 

TT182905 M J 148 150.950 3/22/2018 3/25/2018 TCF-1 

TT182906 F A 170 151.041 3/22/2018 3/25/2018 TCF-1 

TT182907 M J 140 150.971b 3/22/2018 3/25/2018 TCF-1 

TT182908 F J 154 151.600 3/22/2018 3/25/2018 TCF-1 

TT182909 M J 140 150.351 3/22/2018 3/25/2018 TCF-1 

TT182910 F J 162 151.240 3/22/2018 3/25/2018 TCF-1 

TT182911 F J 154 151.700 3/22/2018 3/25/2018 TCF-1 

TT182912 F J 150 151.291b 3/22/2018 3/25/2018 TCF-1 

TT182913 M J 160 151.911 3/22/2018 3/25/2018 TCF-1 

TT182914 M J 164 151.840b 3/22/2018 3/25/2018 TCF-1 

TT182915 F J 150 151.231b 3/22/2018 3/25/2018 TCF-1 

TT182916 M J 150 150.451 3/22/2018 3/25/2018 TCF-1 

TT182917 M J 160 151.541b 3/22/2018 3/25/2018 TCF-1 

TT182918 F J 166 151.381 3/22/2018 3/25/2018 TCF-1 

TT182919 M J 184 150.370b 3/22/2018 3/25/2018 TCF-1 

TT182920 F J 180 150.471b 3/22/2018 3/25/2018 TCF-1 

TT182921 M J 152 150.331 3/22/2018 3/25/2018 TCF-1 

TT182922 F J 132 150.341 3/22/2018 3/25/2018 TCF-1 

TT182923 F J 153 150.500 3/22/2018 3/25/2018 TCF-1 

TT182924 M J 140 150.290b 3/22/2018 3/25/2018 TCF-1 
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Mass 

(grams) 

Collar 
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Capture 

date 

Release 

date 

Release 
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TT182925 M J 169 151.250 3/22/2018 3/25/2018 TCF-1 

TT182926 F J 159 150.550 3/22/2018 3/25/2018 TCF-1 

TT182927 F J 178 150.620 3/22/2018 3/24/2018 PICC-SP 

TT182928 M J 160 150.680 3/22/2018 3/24/2018 PICC-SP 

TT182929 M J 164 150.580 3/22/2018 3/24/2018 PICC-SP 

TT182930 M A 155 148.721c 3/22/2018 3/24/2018 PICC-SP 

TT182931 M A 171 149.420b 3/22/2018 3/24/2018 PICC-SP 

TT182932 F J 184 150.440 3/22/2018 3/24/2018 PICC-SP 

TT182933 F A 170 150.800 3/22/2018 3/24/2018 PICC-SP 

TT182934 F J 202 150.720 3/22/2018 3/24/2018 PICC-SP 

TT182935 M J 158 150.380 3/22/2018 3/24/2018 PICC-SP 

TT182936 M J 174 150.541 3/22/2018 3/24/2018 PICC-SP 

TT182937 M J 177 150.260 3/22/2018 3/24/2018 PICC-SP 

TT182938 M A 161 150.861 3/22/2018 3/24/2018 PICC-SP 

TT182939 M A 171 148.291c 3/22/2018 3/24/2018 PICC-SP 

TT182940 F A 168 148.501c 3/22/2018 3/24/2018 PICC-SP 

TT182941 F J 163 150.660 3/22/2018 3/24/2018 PICC-SP 

TT182942 F A 185 150.760 3/22/2018 3/24/2018 PICC-SP 

TT182943 F J 176 150.400 3/22/2018 3/24/2018 PICC-SP 

TT182944 F J 154 150.481 3/22/2018 3/24/2018 PICC-SP 

TT182945 M J 162 150.900b 3/22/2018 3/24/2018 PICC-SP 

TT182946 M J 170 148.940b 3/22/2018 3/24/2018 PICC-SP 

TT182947 M A 167 150.040 3/22/2018 3/24/2018 PICC-SP 

TT182948 M J 180 150.920 3/22/2018 3/24/2018 PICC-SP 

TT182949 M J 164 150.740 3/22/2018 3/24/2018 PICC-SP 

TT182950 M J 152 148.322b 3/22/2018 3/24/2018 PICC-SP 

TT182951 M J 166 150.019 3/22/2018 3/24/2018 PICC-SP 

TT182952 M J 162 150.701 3/22/2018 3/24/2018 PICC-SP 

TT182953 M J 162 148.421c 3/22/2018 3/24/2018 PICC-SP 

TT182954 M J 169 148.842b 3/22/2018 3/24/2018 PICC-SP 

TT183302 F J 147 150.780 3/22/2018 3/24/2018 PICC-SP 

TT183303 M A 152 149.121b 3/22/2018 3/24/2018 PICC-SP 

TT183304 M J 158 149.601c 3/22/2018 3/24/2018 PICC-SP 
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Mass 
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Capture 
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Release 
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Release 

site 

TT183305 F J 164 149.511b 3/22/2018 3/24/2018 PICC-SP 

TT183306 M A 169 148.561c 3/22/2018 3/24/2018 PICC-SP 

TT183307 M J 152 149.130b 3/22/2018 3/24/2018 PICC-SP 

TT183308 M J 183 148.781b 3/22/2018 3/24/2018 PICC-SP 

TT183309 F J 168 149.041c 3/22/2018 3/24/2018 PICC-SP 

TT183310 F A 168 148.031b 3/22/2018 3/24/2018 PICC-SP 

TT183311 F J 154 148.200b 3/22/2018 3/24/2018 PICC-SP 

TT183312 M J 164 149.999 3/22/2018 3/24/2018 PICC-SP 

TT183313 M A 174 150.300 3/22/2018 3/24/2018 PICC-SP 

TT183314 M J 164 149.180b 3/22/2018 3/24/2018 PICC-SP 

TT183315 F J 170 148.600c 3/22/2018 3/24/2018 PICC-SP 

TT183316 M J 145 150.980 3/22/2018 3/24/2018 PICC-SP 

TT183318 M J 163 148.151c 3/22/2018 3/24/2018 PICC-SP 

TT183319 F J 164 148.521b 3/22/2018 3/24/2018 PICC-SP 

TT183320 F J 165 149.492b 3/22/2018 3/24/2018 PICC-SP 

TT183321 F A 161 149.421b 3/22/2018 3/24/2018 PICC-SP 

TT183322 F J 148 148.661b 3/22/2018 3/24/2018 PICC-SP 

TT183323 M J 165 149.321c 3/22/2018 3/24/2018 PICC-SP 

TT183324 M J 158 148.801d 3/22/2018 3/24/2018 PICC-SP 

TT183325 M A 156 149.241b 3/22/2018 3/24/2018 PICC-SP 

TT183326 F J 147 149.540 3/22/2018 3/24/2018 PICC-SP 

TT183327 F J 148 149.080 3/22/2018 3/24/2018 PICC-SP 

TT183328 M J 160 148.341c 3/22/2018 3/24/2018 PICC-SP 

TT183329 F J 164 148.520b 3/22/2018 3/24/2018 PICC-SP 

TT183330 M J 181 148.680c 3/22/2018 3/24/2018 PICC-SP 

TT183331 F J 163 148.180b 3/22/2018 3/24/2018 PICC-SP 

TT183332 F J 157 149.491b 3/22/2018 3/24/2018 PICC-SP 

TT183333 M J 163 148.260b 3/23/2018 3/25/2018 PICC-SP 

TT183334 F J 144 149.461c 3/23/2018 3/25/2018 PICC-SP 

TT183335 M J 159 148.880 3/23/2018 3/25/2018 PICC-SP 

TT183336 F J 162 148.350 3/23/2018 3/25/2018 PICC-SP 

TT183337 F J 167 150.060 3/23/2018 3/25/2018 PICC-SP 

TT183338 F J 148 148.542b 3/23/2018 3/25/2018 PICC-SP 
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TT183339 F J 153 150.520 3/23/2018 3/25/2018 PICC-SP 

TT183340 M J 150 148.230b 3/23/2018 3/25/2018 PICC-SP 

TT183341 M J 166 148.840 3/23/2018 3/25/2018 PICC-SP 

TT183342 F J 160 149.200b 3/23/2018 3/25/2018 PICC-SP 

TT183343 F J 160 149.561c 3/23/2018 3/25/2018 PICC-SP 

TT183344 F A 162 149.101b 3/23/2018 3/25/2018 PICC-SP 

TT183345 F J 138 149.261c 3/23/2018 3/25/2018 PICC-SP 

TT183346 F A 160 149.060b 3/23/2018 3/25/2018 PICC-SP 

TT183347 F J 147 151.281 3/23/2018 3/25/2018 PICC-SP 

TT183348 F J 170 149.681 3/23/2018 3/25/2018 PICC-SP 

TT183349 F J 175 150.511 3/23/2018 3/25/2018 PICC-SP 

TT183350 F A 170 149.440b 3/23/2018 3/25/2018 PICC-SP 

TT183351 F J 182 150.361b 3/23/2018 3/25/2018 PICC-SP 

TT183499 M J 167 149.381b 3/23/2018 3/25/2018 PICC-SP 



 

 168 

Appendix B 

DETAILED SITE DESCRIPTIONS AND IMAGES  FOR BREEDING 

SONGBIRD POINT COUNTS 

 

Figure B.1 Managed pine stand (Site 1) within the New Jersey Pine Barrens at which 

breeding bird point counts were conducted in 2012, 2013, 2016 and 2017. Initial 

intensive management, principally mechanical treatment of understory and prescribed 

burning, occurred in 2006. 
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Figure B.2 Managed pine stand (Site 2) within the New Jersey Pine Barrens at which 

breeding bird point counts were conducted in 2012, 2013, 2016 and 2017. Dispersed 

retention harvest occurred within this stand in 1995. 



 

 170 

 

Figure B.3 Managed pine stand (Site 3) within the New Jersey Pine Barrens at which 

breeding bird point counts were conducted in 2012, 2013, 2016 and 2017. Intensive 

management, principally shelterwood harvest with roller chopping followed by pine 

seedling hand planting, occurred in 2008. 
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Figure B.4 Managed pine stand (Site 4) within the New Jersey Pine Barrens at which 

breeding bird point counts were conducted in 2012, 2013, 2016 and 2017. Intensive 

management, principally dispersed retention harvest with roller chopping, occurred in 

2006, 2008, and 2010 and were followed by pine seedling hand planting. 
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Figure B.5 Managed pine stand (Site 5) within the New Jersey Pine Barrens at which 

breeding bird point counts were conducted in 2012, 2013, 2016 and 2017. Intensive 

management, principally dispersed retention harvest with roller chopping, occurred in 

2003 and was followed by natural pine regeneration. 
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Figure B.6 Managed oak-pine forest (Site 6) within the New Jersey Pine Barrens at 

which breeding bird point counts were conducted in 2012, 2013, 2016 and 2017. 

Intensive management, principally oak harvest and regular prescribed burning, has 

occurred regularly on this property since 1991. A series of clear-cuts to create several 

grasslands occurred in the early 2000s. 
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Figure B.7 Managed oak-pine scrub (Site 7) within Brendan T. Byrne State Forest of 

the New Jersey Pine Barrens at which breeding bird point counts were conducted in 

2012, 2013, 2016 and 2017. A modified shelter wood cut was performed in 2006 to 

create habitat for red-headed woodpecker. 
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Figure B.8 Managed pine forest and grassland mosaic (Site 8) within Greenwood 

Wildlife Management of the New Jersey Pine Barrens at which breeding bird point 

counts were conducted in 2012, 2013, 2016 and 2017. 
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Figure B.9 Managed pine stand (Site 9) within the New Jersey Pine Barrens at which 

breeding bird point counts were conducted in 2012, 2013, 2016 and 2017. Initial 

intensive management, principally thinning and prescribed burning, began in 2007. 
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Figure B.10 Unmanaged pine stand (Site C1) within Brendan T. Byrne State Forest of 

the New Jersey Pine Barrens at which breeding bird point counts were conducted in 

2012, 2013, 2016 and 2017. 
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Figure B.11 Unmanaged pine stand (Site C2) within Greenwood Wildlife 

Management Area of the New Jersey Pine Barrens at which breeding bird point counts 

were conducted in 2012, 2013, 2016 and 2017. 
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Figure B.12 Unmanaged pine stand (Site C3) within Bass River North State Forest of 

the New Jersey Pine Barrens at which breeding bird point counts were conducted in 

2012, 2013, 2016 and 2017. 
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Figure B.13 Unmanaged pine stand (Site C4) within Penn State Forest of the New 

Jersey Pine Barrens at which breeding bird point counts were conducted in 2012, 

2013, 2016 and 2017. 
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Figure B.14 Unmanaged pine stand (Site C5) within Franklin Parker Preserve of the 

New Jersey Pine Barrens at which breeding bird point counts were conducted in 2012, 

2013, 2016 and 2017. 
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Figure B.15 Unmanaged pine stand (Site C6) within Brendan T. Byrne State Forest of 

the New Jersey Pine Barrens at which breeding bird point counts were conducted in 

2012, 2013, 2016 and 2017. 
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Figure B.16 Unmanaged pine stand (Site C7) within Brendan T. Byrne State Forest of 

the New Jersey Pine Barrens at which breeding bird point counts were conducted in 

2012, 2013, 2016 and 2017. 
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Figure B.17 Unmanaged pine stand (Site C8) within Greenwood Wildlife 

Management of the New Jersey Pine Barrens at which breeding bird point counts were 

conducted in 2012, 2013, 2016 and 2017. 








