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ABSTRACT
 

Northern Bobwhite (Colinus virginianus) populations have been declining 

over much of their range, but some of the steepest declines have been documented in 

New Jersey. Negative population trends in New Jersey and elsewhere have been 

attributed to a reduction in habitat quality and quantity. Managers in New Jersey are 

interested in how additional aspects of bobwhite ecology and demography may be 

mitigating or aggravating bobwhite declines. I conducted a two year (2006-2007) 

breeding season (l May-30 September) telemetry study in southern New Jersey to 

collect baseline data on bobwhite movement, habitat selection, survival, reproductive 

rates, and nest and brood microhabitat. Pooling data between 2006 and 2007, I 

recorded 2,513 locations on 80 radiomarked bobwhites. Mean hourly movement rate 

(HMR) between consecutive day locations was 6.29 ± 0.49 m/h (n = 21 bobwhites). 

observed 11 extreme movements, the greatest of which was 12,372 m in 169.8 h. 

Breeding season 95% adaptive kernel home ranges averaged 38.7 ± 6.1 ha (range 8.5

112.3 ha, n = 27 bobwhites). In order of greatest to least relative selection within the 

home range, bobwhites used scrub-shrub, followed by mixed grass, forest, agriculture, 

and other habitats. Breeding season survival was 0.343 ± 0.064 (95% CI 0.238

0.493, n = 80 bobwhites), and mortality risk did not differ by age, sex, year, or HMR 

(P> 0.242). I located 23 bobwhite nests and 21 were usable for survival analyses. 

Incubation period nest survival rate was 0.454 ± 0.010 (95% CI 0.280-0.727). Mean 

clutch size was 14.2 ± 0.58 (range 10-19, n = 20) and hatchability in successful nests 

was 96.1 ± 2.0% (range 86-100%, n = 10). The estimated probability an individual 
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that entered the breeding season would initiate incubation on ~ 1 nest was 0.687 for 

females and 0.202 for males. Nest microhabitat selection was positively related to 

visual obstruction and percentage of litter. Brood microhabitat selection was 

positively related to visual obstruction, vegetation height, and percentage of forb but 

negatively related to percentage of cool season grass and litter. Ecological and 

demographic parameters for bobwhites in southern New Jersey appear to be similar to 

those reported elsewhere in the species' range. Management efforts to improve 

bobwhite in southern New Jersey should focus on increasing the quantity of available 

breeding and brood-rearing habitat. 
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Chapter 1
 

MOVEMENT, HABITAT SELECTION, AND SURVIVAL
 

Introduction 

Northern Bobwhite (Colinus virginianus; hereafter bobwhite) population 

declines have been documented throughout the species' range (Brennan 1991, Burger 

2002, Lusk et al. 2002). Data from the United States Breeding Bird Survey indicated a 

range-wide population decline of 3.8% per year from 1980-2007 (Sauer et al. 2008). 

In New Jersey, bobwhite population trends are among the most negative of any state, 

with declines of 13.0% per year between 1980 and 2007 (Sauer et aI2008). Bobwhite 

declines are generally attributed to loss of quality and quantity of habitat through loss 

of farmland, intensification of remaining agricultural land, and development (e.g., 

Brennan 1991, Rollins and Carroll 2001, Williams et al. 2004). In New Jersey 

between 1995 and 2002, agricultural land decreased by 8.5% and developed land 

increased by 7.9% (NJDEP 2007). As in most of the bobwhites' range, loss of habitat 

is likely a major factor in population declines in New Jersey; however, habitat loss is 

not likely the only factor. No quantitative bobwhite field studies have ever been 

conducted in New Jersey, and there is little local information to inform state 

management plans. Managers are interested in which biological factors may be 

mitigating or aggravating the state's particularly rapid bobwhite population declines. 

Movement, habitat use, and survival rates are all of specific interest to bobwhite 

managers in New Jersey. 



Bobwhite movement patterns have the potential to influence population 

trends and responses to management efforts. Where bobwhites persist in highly 

fragmented landscapes, such as southern New Jersey, movement between isolated 

patches may reduce the likelihood of local extinctions (Fies et al. 2002). Further, the 

effectiveness of managers' efforts to increase the quantity of bobwhite habitat depends 

in part on bobwhites' capacity to re-colonize unoccupied patches. Managers are also 

interested in quantifying the area a bobwhite traverses during its normal breeding 

season activities - its breeding season home range. The home range is the scale at 

which managers most often manipulate habitat to benefit bobwhites. However, 

bobwhite home range sizes have not been quantified in New Jersey, and few other 

studies have calculated bobwhite home ranges for the breeding season (Table 1.1). 

During the breeding season, bobwhites use diverse habitats to meet 

requirements for nesting, brood-rearing, and escape cover (Stoddard 1931). Most 

bobwhite breeding season habitat selection studies have been conducted in agricultural 

landscapes with high proportions of early successional habitat (e.g., Taylor et al. 

1999b, Taylor and Burger 2000, Cook 2004). In contrast, the southern New Jersey 

landscape is dominated by forests, wetlands, and developed land (NJDEP 2007). It is 

unknown how bobwhite habitat selection patterns might differ in southern New 

Jersey's fragmented landscape. Positive and negative selection of habitats does not 

necessarily equate to habitat quality (Van Horne 1983). However, by identifying 

which habitats are available to and used by bobwhites, habitat selection patterns can 

identify habitats to target in management actions. 

Breeding season survival rate is among the most important parameters 

influencing bobwhite population change (Sandercock et al. 2008). Further, the 
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displaying, incubating, and brood-tending behaviors of the breeding season are 

associated with increased predation risk (Burger et al. 1995b, Cook 2004). Survival 

rates may also be reduced where habitat quality is lower or where movement between 

higher quality patches may increase their risk of mortality (Errington and Hamerstrom 

1935, Urban 1972). 

Putting the biology of southern New Jersey bobwhites in the context of 

other bobwhite populations may provide insight into the particularly rapid declines 

exhibited by the New Jersey population. Quantitative field studies in southern New 

Jersey are needed to give bobwhite managers the information necessary to make 

biologically based decisions. To help inform state management plans, I conducted a 

bobwhite breeding season telemetry study in southern New Jersey. I had 3 research 

objectives: 

1: to quantify bobwhite movement, including daily movement, long 

distance movements, and breeding season home range; 

2: to measure habitat selection at the home range scale; and 

3: to document bobwhite breeding season survival rates and identify 

factors related to increased mortality risk. 

Study Area 

This study was conducted in a 125 km2 area without fixed study area 

boundaries in west-central Cumberland County, New Jersey (hereafter the "focal 

area") during the bobwhite breeding season (1 May - 30 September 2006-2007). 

Cumberland County is within the Outer Coastal Plain physiographic region, bordering 

the Delaware Bay. Land use in the focal area was 39.1 % forest; 24.9% wetland; 

20.0% agriculture, hayland, and pasture; 5.9% developed; 5.4% early successional 

3
 



habitat (including oldfields, grasslands, and shrubland habitats), and 4.7% other land 

use (orchards and nurseries, extractive mining, and barren land) (NJDEP 2007). 

Forest overstory species were predominantly oaks (Quercus spp.) and Virginia pine 

(Pinus virginiana), and common understory and edge species were multiflora rose 

(Rosa multiflora), greenbriar (Smilax spp.), Russian olive (Elaeagnus angustifolia), 

and mountain laurel (Kalmia latifolia). Common grasses were broom sedge 

(Andropogon virginicus), big bluestem (Andropogon gerardi), and orchard grass 

(Dactylis glomerata). The focal area was predominantly private land, but included 

approximately 1.5 km2 of managed grassland and savannah on state Wildlife 

Management Areas (WMAs). Grassland on WMAs was mowed approximately every 

other spring, and in 2007 a prescribed bum was applied to 37 ha of grassland and 

savannah. During the study period (l May - 30 September 2006 - 2007), mean daily 

temperature ranged from 10.6°C in May 2007 to 31.7°C in August 2007 and averaged 

21.4°C (National Oceanic and Atmospheric Administration 2008). Breeding season 

precipitation was 48.6 cm in 2006 and 19.7 cm in 2007 (National Oceanic and 

Atmospheric Administration 2008). 

Methods 

I conducted bobwhite trapping continuously between January 2006 and 

September 2007 using bait traps (Stoddard 1931) and night lighting (Labisky 1968). 

Additionally, during the breeding season I used 100 mm and 60 mm mesh mist nets 

with audio lures to capture bobwhites. Upon capture, I determined sex and age (hatch 

year, HY; second year, SY; or after second year, ASY) of birds based on plumage 

(Rosene 1969), fit them with a numbered aluminum leg band, and weighed them to the 

nearest gram. I fit all birds with a 6-g necklace-type radiotransmitter (2.5 - 4.0 % of 
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body mass; Model RI-2B, Holohil Systems Ltd., Carp, ON, Canada), and transmitters 

were within body mass recommendations « 5 % of body mass; Samuel and Fuller 

1994). In 2007 radiotransmitters were equipped with 12 hour mortality censors. I also 

collected the first primary feather of each wing from each captured individual for use 

in companion radioisotope and genetic studies. I immediately released all birds at the 

capture location, and all bobwhites could fly upon release (mean handling time 32 ± 5 

min, n = 131 captures and 91 recaptures). The Institutional Animal Care and Use 

Committee at the University of Delaware (IACUC; Approval No.1142) approved the 

capture and handling procedures used in this study. 

Telemetry 

I located radio-marked individuals 4-7 times per week using handheld 

VHF receivers and H-antennas (Advanced Telemetry Systems, Isanti, MN, USA) 

during the breeding season (1 May-30 September, 2006 and 2007). I obtained 

locations by homing (White & Garrott 1990), fully or partially encircling radio-marked 

individuals from 25-50 m (Burger et al. 1995b, Townsend et al. 2003, Terhune et al. 

2006b) to minimize disturbance « 5 % of my locations caused bobwhites to flush). 

recorded telemetry locations as points on maps that were generated from 2002 

orthographic photos. Photos were overlain with Universal Transverse Mercator 

(UTM) gridlines, and I used landmarks and a handheld GPS unit (error <10 m) to 

assist in accurately placing points. I conducted field trials to estimate my telemetry 

error by locating 10 radiotransmitters placed by an observer with known coordinates. 

My mean telemetry error for these trials was 27.0 ± 3 m. 

I recorded any visual observations of radio-marked bobwhites (e.g., 

whistling males or accidental flushes) as a telemetry location and recorded the location 
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with a handheld GPS. I entered telemetry locations recorded in the field into the 

Geographic Information System ArcMap 9.1 (ESRl, Redlands, CA, USA). In 2007, 

when I was unable to locate a bobwhite for> 1 day I used a vehicle mounted whip 

antenna to search the area within approximately 5 Ian of the bobwhite's last recorded 

location. If systematic vehicle searches failed to locate a signal, I used aerial telemetry 

from fixed-wing aircraft (Fies et al. 2002) whenever possible to cover the area within 

approximately 15 Ian from the last recorded location. 

For each telemetry location, I recorded the unique code for the habitat type 

in which the bobwhite was located. I assigned 5 habitat types in this study: I) mixed 

grass, 2) scrub-shrub, 3) forest, 4) agriculture and 5) other. Mixed grass included 

oldfield habitats, planted grasslands, and managed pine savannahs. I considered scrub

shrub to be blocks of woody vegetation (primarily multiflora rose, Russian olive, 

sumac, and mountain laurel) with a high stem density and canopy height < 3m (Hunter 

et al. 2001), as well as agricultural hedgerows and treelines. Forest included 

coniferous and! or deciduous trees> 3m tall in forest fragments or larger stands. The 

agriculture habitat type included row crop agriculture (mainly com, soybeans, winter 

wheat, and herbaceous ornamental nursery plants), hayfields, and pastures. Pasture 

was a rare landuse in the focal area, and all pastures were heavily grazed horse 

paddocks. Only one 3.5 ha pasture had any bobwhite locations recorded within it. 

The other habitat type consisted of developed areas and wetlands, as well as deciduous 

and coniferous tree nurseries because of their structural similarity to suburban lawns. 

Movement and Home Range 

I conservatively estimated the daily movement of bobwhites as the 

Euclidian distance (m) between locations from consecutive calendar days (Williams et 

6
 



al. 2000). I calculated an hourly movement rate (HMR; m/h) from all daily movement 

estimates by dividing the daily movement distance by the time interval between 

locations. I calculated mean HMR for all bobwhites with 2: 25 daily movement 

estimates, the level at which mean HMR stabilized (:S 10% change). Finally, I 

identified extreme movement events, arbitrarily defined as any two consecutive (but 

not necessarily consecutive calendar day) location estimates with a movement rate> 

40 m/h (approximately 1 km/ day). 

I estimated the breeding season home range for individuals with>30 

telemetry locations (Seaman and Powell 1996, Seaman et al. 1999) recorded between 1 

May - 30 September. I calculated the 95% adaptive kernel home range (Worton 1989) 

using Home Range Tools (HRT; Rodgers et al. 2007) using the standard Least-squares 

cross validation procedure (LSCV) (Seaman and Powell 1996) to find the smoothing 

parameter, h. 

I used HRT to calculate the Schoener (1981) and Swihart and Slade (1985) 

statistics for each bobwhite home range to test for autocorrelation of locations. Values 

<1.6 or >2.4 indicate autocorrelation in the Schoener (1981) test, while values >0.6 are 

considered autocorrelated in the Swihart and Slade (1985) test. The mean values for 

bobwhites with calculated home ranges were 0.72 ± 0.08 for the Schoener index and 

2.1 ± 0.18 for the Swihart and Slade test, indicating that the location data were highly 

autocorrelated. Autocorrelated location data have been associated with underestimates 

of home range size (Swihart and Slade 1985), although if sampling time intervals are 

adequate most home range estimators will be robust to statistical autocorrelation 

(Swihart and Slade 1997). Sampling in time intervals that are greater than the time 

needed for a radio-marked animal to cross its home range minimizes negative home 
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range bias (Otis and White 1999). All successive locations on individual bobwhites 

used to calculate home ranges were collected> 11 hours apart, and I assumed the Otis 

and White (1999) condition was met. 

Habitat Selection 

I used the Maurice, Salem, and Cohansey (Watershed Management Area 

17) New Jersey state landcover data (NJDEP 2007) constructed from 2002 

orthographic photos to define my cover types at a landscape scale. The watershed 

management area data were divided into 71 landcover types which, using ArcMap, I 

combined into the 5 habitat types (mixed grass, scrub-shrub, forest, agriculture, and 

other) designated in this study (see Appendix A). I made some additional edits to the 

landcover data beyond condensing the 71 New Jersey categories. These included 

adding 32.5 ha of managed savannah habitat on a state wildlife management area to 

the mixed grass category and switching the misclassification of individual fields from 

agriculture to mixed grass or vice versa. I built a separate landcover map for each 

season of the study (2006 and 2007) to correct for annual changes in land use, and 

used the appropriate season map for the analysis of each bobwhite's habitat selection. 

To describe bobwhite habitat selection, I used Compositional Analysis to 

compare log-ratio differences between cover type "use" and "availability" (Aebischer 

and Robertson 1992, Aebischer et al. 1993, Taylor et al. 1999b) for radio-marked 

individuals. I determined third order selection ("usage made of various habitat 

components within the home range," Johnson 1980:69), by designating habitat use as 

the proportion of locations in each habitat as they were assigned in the field through 

radiotelemetry. Habitats not represented in the proportion of locations were assigned a 

value of 0.001 (an order of magnitude less than the smallest recorded proportion; 
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Aebischer et al. 1993). I defined habitat availability as the percentage of all habitats 

within the 95% adaptive kernel home range. Bobwhites that did not have all 5 habitats 

available at this spatial scale (i.e., represented within the home range) were excluded 

from analysis. 

Survival 

I visually confirmed suspected mortalities following a mortality signal 

from a radiotransmitter, or after 3 consecutive identical location estimates where no 

nest was suspected. Causes of mortality were assigned as avian, mammalian, or 

undetermined predator or unknown cause using kill site remains and transmitter 

condition (Dumke and Pils 1973, Curtis et al. 1988). I only included bobwhites with a 

survival> 7 days post capture in survival analyses to reduce radio-mark bias (Mueller 

et al. 1989, Burger et al. 1995b). All mortality dates were known to:::; 4 days. I 

middle-censored bobwhites for survival analysis because of radio loss or failure or 

unknown fate, and were right-censored for surviving beyond 30 September. Eight 

bobwhites that survived from the 2006 breeding season into the 2007 breeding season 

were considered unique individuals in analyses at the start of the 2007 season 

(Williams et al. 2000). I calculated survival rates with Kaplan-Meyer staggered-entry 

additions (Kaplan and Meyer 1958, Pollock et al. 1989) in S-Plus 8.0 (Insightful Co., 

Seattle, WA, USA). I used the likelihood-ratio goodness-of-fit tests with Cox 

proportional hazard models (Cox 1972, Selvin 1996) to test the null hypothesis that 

risk of mortality did not differ by year, sex, age, or mean HMR. Due to small sample 

sizes, I used a = 0.10 for all statistical analyses. 
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Results 

Between January 2006 and September 2007, I banded and radiomarked 

121 adult bobwhites and banded 10 HY bobwhites of unknown sex. Eighty-six 

bobwhites provided telemetry data for the combined breeding seasons (1 May - 30 

September) of 2006 and 2007. I removed 5 bobwhites from the 2006 dataset and 1 

from the 2007 dataset for surviving S; 7 days after capture. I recorded 2,513 locations 

on the remaining 80 bobwhites (35 SY M, 11 ASY M, 25 SY F, 9 ASY F) that 

survived the 7-day post-capture censor period. 

Removing bobwhites that did not meet mean HMR cutoff of~ 25 daily 

movement estimates left 21 bobwhites with 824 total estimates for analysis. Time 

intervals for all HMR estimates ranged from 11.03 - 38.60 h (mean 24.2 ± 0.20 h, n = 

824). Mean HMR across individuals was 6.29 ± 0.49 m1h (n = 21 bobwhites). Mean 

daily movement, uncorrected for time interval, was 146 ± 11 m (range 81 - 282 m, n = 

21 bobwhites) (Table 1.2). In 2006, I observed 1 extreme movement event (12,372 m 

in 169.8 h). In 2007, I observed 10 extreme movement events for 7 individual 

bobwhites (Table 1.3). Two females, individuals 96 and 133, traveled 7,350 m 

together in 124.5 h, and then traveled 7,133 m in 37.3 h to return to the area they left. 

Removing bobwhites with:S 30 locations left 27 bobwhites with 1,724 

locations for home range analyses (Table 1.4). Breeding season 95% adaptive kernel 

home ranges averaged 38.7 ± 6.1 ha (range 8.5 -112.3 ha, n = 27) (Tables 1.1, 1.4). 

Five of the 27 bobwhites with a calculated home range did not have all habitat types 

available for third order habitat selection (i.e., not all habitats were represented in the 

home range), and I excluded these 5 birds from the analysis. Third order habitat 

selection did depart from random (A = 0.111, X~ = 48.36, P < 0.0001, n = 22). In order 

10
 



of greatest to least relative selection within the home range, bobwhites used scrub-

shrub, followed by mixed grass, forest, agriculture, and other (Table 1.5). 

I censored bobwhites due to unknown fate (n = 15; 18.8%), transmitter 

loss (n = 6; 7.5%), and surviving beyond 30 September (n = 25; 31.3%), and recorded 

34 mortality events (42.5%). I identified avian (n = 14; 41.2%), mammalian (n = 11; 

32.4%), and undetermined (n = 7; 20.6%) predators as probable mortality agents, and 

2 mortalities had an unknown cause (5.9%). Of the 11 probable mammalian 

mortalities, 2 were likely caused by domestic cats (Felis cattus) and I caught one 

domestic cat in a funnel trap with an unmarked female bobwhite. 

Survival rates did not differ between years (XT = 0.94, P = 0.332, n = 53 

2006,272007), sexes (XT = 0.03, P = 0.864, n = 46 males, 34 females), or ages (XT = 

0.36, P = 0.547, n = 60 SY, 20 ASY). When pooled across years, sexes, and ages, 

survival was 0.343 ± 0.064 (95% CI 0.238 - 0.493, n = 80). Mean HMR for 

bobwhites that lived or were censored during the breeding season (6.5 ± 0.6 mIh, n = 

17) did not differ from bobwhites that died during the breeding season (5.4 ± 1.0 m/h, 

n = 4) (XI2 
= 1.37, P = 0.242). 

Discussion 

Despite being at the northern end of the species' range and in a fragmented 

landscape, breeding season survival for this study population (0.279-0.407) was within 

range of reported estimates (Sandercock et al. 2008, and references therein). Further, 

my mean ± SE estimate was greater than median estimates reported from telemetry 

studies in Alabama (0.27, DeVos and Speake 1995), Kansas (0.23, Taylor et al. 

1999b), and Texas (0.22, Carter et al. 2002; 0.15, Liu et a12000) extrapolated to the 

153-day period of this study. However, even the upper 95% CI estimate of 0.493 in 
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this study is far below the 0.82 period survival predicted by Sandercock et al. (2008) to 

be necessary to ensure population viability. 

Although high movement rates are hypothesized to increase vulnerability 

to predators (Errington and Hamerstrom 1935), I found no evidence for a relationship 

between daily movement rate and mortality risk. Negative relationships between 

movement and survival have been documented in several studies in the non-breeding 

season (Scott and Klimstra 1954, Roseberry 1964, Williams et al. 2000). No other 

breeding season studies have tested for an effect of movement rate on survival, and my 

inability to detect a relationship may be a result of small sample size rather than 

biology. 

The daily movement and home range estimates for southern New Jersey 

bobwhites were similar to estimates from other studies (Tables 1.1, 1.2). However, 

several of the extreme movement events that I documented (Table 1.3) are noteworthy. 

Though bobwhites are often considered a sedentary species (Leopold 1933), rare 

dispersal events>100 km have been documented (Lehman 1984). My observations of 

movements of> 12 and> 7 km, while not unprecedented, were greater than the 

maximum movement reported for bobwhites in a fragmented landscape in Virginia 

(6.6 km; Fies et al. 2002) during the breeding season. The greatest movement I 

observed was also greater than long distance movements reported in mark - recapture 

studies by researchers in Wisconsin (6.4-8.0 km; Kabat and Thompson 1963), Indiana 

(8.2 km; Hoekstra and Kirkpatrick 1972), or Georgia (11.3 km; Stoddard 1931: 176). 

My findings are encouraging to bobwhite habitat managers because they indicate the 

potential for bobwhites to re-colonize habitat patches in the fragmented landscape of 

southern New Jersey, assuming source populations exist to produce colonists. 
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Bobwhite habitat management plans should consider bobwhite daily movement, home 

range area, and long distance movement potential to evaluate the patch size and 

connectivity of potential habitat management projects. 

Though statistically tied with mixed grass (Table 1.5), scrub-shrub 

habitats had the highest selection ranking in this study. This selection pattern suggests 

bobwhites do make greater relative use of scrub-shrub cover within their home ranges, 

as found with woody escape cover habitats in other breeding season studies in 

Mississippi (Taylor and Burger 2000) and Georgia (Cook 2004). The mixed grass 

category in this study was also ranked highly, reinforcing the importance of grass

dominated habitats during the breeding season. Bobwhites likely used forest in this 

study as woody escape cover, a trend noted in a habitat selection study in Georgia as 

well (Cook 2004). All New Jersey bobwhite forest locations were:S 241 m from a 

forest edge, typically in areas with a well developed understory. It is interesting to 

note, however, that qualitative studies in the Mid-Atlantic region have made repeated 

references to "woodland coveys" (e.g., Wilson and Vaughn 1942: 16, Wilson and 

Vaughn 1944: 103-1 08). Landscapes in the Mid-Atlantic in general and southern New 

Jersey in particular, are composed of a greater proportion of forest than in much of the 

bobwhites'range. Bobwhites in these more forested landscapes may make greater use 

of forest than reported elsewhere. 

Bobwhite movement, habitat selection, and survival in southern New 

Jersey are consistent with reports from elsewhere in the species' range. However, 

similarities in these parameters to other populations should not be interpreted to mean 

that the New Jersey population is doing well. Bobwhites are declining in most of their 

range (Sauer et al 2008), and the similarity ofNew Jersey's breeding season 
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population to others implies only that New Jersey does not represent a special case in 

bobwhite biology. My findings are consistent with the observation that bobwhite 

ecology and demography are similar throughout the areas bobwhites persist (Guthery 

1997). However, bobwhite habitat in the focal area of this study is likely among the 

best remaining in New Jersey. Bobwhite vital rates in the focal area may not be 

representative of bobwhite dynamics in lower quality habitat in the state. 

Bobwhite population trends seem to be explained best in context of 

landscape composition and availability of habitat. Veech (2006) found that declining 

bobwhite populations were more likely to be in forested and urban landscapes, 

whereas increasing populations were more likely to be found in agricultural and 

rangeland landscapes. It is likely that bobwhite habitat in New Jersey falls towards the 

low end ofa range-wide continuum of habitat availability. Only 5.4% of the focal area 

of this study was composed of early successional habitat, far lower than proportions 

reported in many other studies (e.g., 49 - 80% in Kansas, Taylor et al. 1999a; 66 

68% in Mississippi, Taylor and Burger 2000). The steep declines in Breeding Bird 

Survey (BBS) numbers in New Jersey may be most closely related to local extinctions 

from loss of patchily distributed habitat. Further, land use trends and rates of change 

along BBS routes may not be representative of trends at larger spatial scales (Betts et 

al. 2007). Given the likely importance of habitat loss to bobwhite population trends, 

management efforts to increase the area of useable space in New Jersey should take 

priority over improving the quality of existing habitat patches. Lastly, I would 

recommend that such habitat management projects be established in proximity to 

remaining bobwhite source populations to improve colonization success and 

population viability. 
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Table 1.1. Mean home range area of bobwhites in Cumberland County, New Jersey, USA during the breeding season 
(1 May - 30 September, 2006-2007) for bobwhites with> 30 location estimates, and breeding season home ranges as 
reported in the literature. 

Authors State Method Sex I Time Period2 3 n Mean ± SE (ha) 
This Study New Jersey Adaptive Kernel M & F May - September 27 38.7 ± 6.1 
Terhune et al. 2006b Georgia Minimum Convex Polygon M & F April - September 50 16.77 ± 0.92 
Liu et al. 2002 Texas Minimum Convex Polygon M & F May - July 35 61.9± 30.1 
Taylor et al. 1999b Kansas Fixed Kernel F March  August 20 54 ± 16 
Taylor et al. 1999b Kansas Fixed Kernel M March  August 33 65 ± 9 

...... Taylor et al. 1999b Kansas Fixed Kernel F March  August 42 75 ± 15 
Vl 

Taylor et al. 1999b Kansas Fixed Kernel M March  August 49 103 ± 11 
DeVos and Mueller 1993 Florida Minimum Convex Polygon M & F June - October 26 19.8± 2.18 
DeVos and Mueller 1993 Florida Minimum Convex Polygon M & F June - October 27 12.3± 1.39 
1M = male, F = female. 

2Duration of study, inclusive. 

3Number of bobwhites. 



Table 1.2. Mean daily movement of bobwhites in Cumberland County, New Jersey, 
USA during the breeding season (l May - 30 September, 2006-2007), and as reported 
in the literature. 

Authors State Time Period I n 
2 Mean ± SE (m) 

This Study New Jersey May - September 21 146 ± 11 

Terhune et al. 2006b Georgia April - September 25 128 ± 7 

Terhune et al. 2006b Georgia April - September 25 170 ± 9 
Liu et al. 2002 Texas April 35 195±158 
IDuration of study, inclusive. 

2Number of bobwhites. 
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Table 1.3. Extreme movement events (> 40 m/h movement rate between consecutive 
location estimates) observed for radiomarked bobwhites in New Jersey during the 
breeding season (l May - 30 September) 2006-2007. 

Distance Movement 
ID 1 Year Time Period2 

Sex
4 (m) rate (m/h) 

38 2006
 
96 & 133 2007
 
96 & 133 2007
 

121 2007
 
138 2007
 
76 2007
 
132 2007
 
132 2007
 

8 - 15 May
 
7 - 12 May
 
12 - 14 May
 
29 - 30 May
 
27 - 28 June
 

3 - 4 July
 
20 - 24 July
 
6 - 9 August
 

169.8 
124.5 
45.3 
14.3 
11.4 
26.8 
89.4 
75.3 

F
 
F
 
F
 
M
 
M
 
M
 
M
 
M
 

SY
 
SY
 
SY
 
SY
 
SY
 
SY
 

ASY
 
ASY
 

12372
 
7351
 
7133
 
948
 
806
 
1303
 
4169
 
3280
 

72.9 
59.0 
157.6 
66.2 
71.0 
48.6 
46.6 
43.5 

'Bobwhite unique identification (10) number
 

2Time period of consecutive location estimates, dates inclusive.
 

3Time difference between consecutive location estimates.
 

4M = male, F = female.
 

5SY = Second Year, ASY = After Second Year
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Table 1.4. Date of first recorded location (Start), date of death or censor (End), fate, 
number of locations, and home range area for bobwhites with> 30 locations recorded 
in the breeding season (1 May - 30 September, 2006-2007) in Cumberland County, 
New Jersey, USA. Total home range area is reported along with home range area by 
each of 5 habitat types: mixed grass (MG), scrub-shrub (S-S), forest, agriculture (AG), 
and other. 

Home Range Habitat Area (ha) 

10
1 

Year Sex2 Age
3 

Start End Fate4 5 
n HR (ha) MG (n)5 S-S (n) Forest (n) AG (n) Other (n) 

22 2006 M SY I-May 4-Aug 2 65 11.1 6.3 (55) 0.1 (6) 0.5 (2) 2.7 (2) 1.4 (0) 

23 2006 F SY I-May 7-Jul I 38 112.3 51.3 (19) 2.2(10) 55.6 (8) 3.1 (I) 0.0 (0) 
26 2006 F ASY I-May 7-Sep I 83 8.5 4.6 (66) 0.1 (9) 0.7 (3) 2.2 (5) 1.0 (0) 
28 2006 F SY I-May 30-Sep 0 91 15.6 8.6 (68) 0.1 (7) 0.5 (6) 4.1 (10) 2.4 (0) 

31 2006 M ASY I-May 12-Jul 2 38 22.6 2.6 (I) 4.2 (4) 3.7(27) 12.0(6) 0.1 (0) 
33 2006 F SY I-May 10-Aug I 56 22.0 6.7(13) 5.3 (30) 5.7 (12) 0.1 (0) 4.2 (I) 

34 2006 M SY I-May 30-Sep 0 70 27.2 8.2 (21) 5.1 (33) 5.0 (8) 0.4 (0) 8.4 (8) 
50 2006 F SY I-May 20-Aug I 59 36.3 9.4(11) 2.6 (14) 14.0(18) 10.3 (16) 0.0 (0) 

61 2006 F SY 31-May 30-Sep 0 71 12.6 6.7 (53) 0.1 (II) 1.8 (5) 3.2 (2) 0.8 (0) 
62 2006 M SY 31-May 30-Sep 0 56 13.5 8.3 (31) 0.4 (6) 0.8 (7) 2.9 (12) 1.1 (0) 

63 2006 F ASY 2-Jun 30-Sep 0 76 19.8 13.1 (62) 1.2 (10) 5.4 (4) 0.1 (0) 0.0 (0) 

64 2006 M SY 2-Jun 30-Sep 0 56 53.1 14.2(24) 4.2 (10) 13.0 (16) 2.2 (0) 19.5 (6) 

66 2006 F SY 4-Jun 30-Sep 0 76 12.6 8.2 (52) 0.3 (5) 0.6 (7) 2.8(12) 0.7 (0) 

67 2006 F SY 4-Jun 30-Sep 0 88 15.6 7.0 (62) 1.3(13) 2.5 (9) 3.6 (3) 1.2 (I) 

73 2006 F ASY 27-Jun 30-Sep 0 64 16.8 8.3 (36) 2.5 (13) 4.9(15) 0.1 (0) 1.0 (0) 

130 2006 F SY 4-Jul 30-Sep 0 59 17.2 6.4 (41) 1.7 (9) 2.4 (7) 4.7 (I) 2.1 (I) 

132 2006 M SY 18-Aug 30-Sep 0 31 25.4 8.4 (16) 4.6 (9) 5.1 (4) 1.07 (0) 6.2 (2) 

75 2007 F ASY I-May I-Sep I 81 25.2 10.5 (30) 1.3 (23) 3.4 (3) 9.97 (25) 0.0 (0) 

76 2007 M SY I-May 30-Sep I 78 71.5 19.7 (54) 1.4 (3) 28.7(18) 17.0 (2) 4.7 (I) 

108 2007 F SY I-May 15-Jul I 40 11.4 3.0 (29) 0.1 (3) 2.7 (7) 5.0 (I) 0.7 (0) 

118 2007 F ASY 28-May 30-Sep 0 90 54.8 22.0 (67) 3.7(3) 16.6 (18) 10.2 (2) 2.3 (0) 

123 2007 M SY I-May 30-Sep 0 65 99.7 4.7 (19) 2.7(2) 6.1 (2) 16.8 (7) 69.3 (35) 

132 2007 M ASY I-May 30-Sep 0 52 88.9 13.6 (23) 7.8(18) 8.7 (8) 9.5 (I) 49.3 (2) 

136 2007 M SY 25-May 30-Sep 0 85 64.1 16.6 (25) 1.0 (9) 16.9(6) 28.6 (45) 1.1 (0) 

138 2007 M SY 30-May 30-Aug 0 67 58.5 15.2 (22) 2.0 (4) 20.9 (40) 13.8 (I) 6.5 (0) 

139 2007 M ASY 15-Jun 30-Sep 0 36 102.9 15.8 (9) 3.9 (6) 15.1 (I) 61.2 (20) 6.9 (0) 

141 2007 M SY 27-Jul 30-Sep 0 53 26.0 13.9 (43) 1.7 (I) 7.9 (9) 2.5 (0) 0.0 (0) 

'Bobwhite unique identification (ID) number 

2M ~ male, F = female
 

JSY = Second Year, AS Y = After Second Year.
 

·0 = Survived to end of breeding season, I = mortality, 2 = censored due to radiomark loss or failure, or loss of radio contact.
 

'Number of radio locations.
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Table 1.5. Mean ± SE log ratio differences from compositional analysis of 3rd order 
habitat selection data for 22 adult northern bobwhites in Cumberland County, New 
Jersey, USA, 1 May - 30 September, 2006-2007. 

Habitat Type 
Mixed Grass 
Scrub-shrub 

Mixed Grass 

0.23 ± 0.21 

Scrub-shrub 
-0.23 ± 0.21 

Forest 
0.37 ± 0.23 

0.60 ± 0.28* 

Other 
2.25 ± 0.43* 
2.48 ±0.54* 

Agriculture 
1.33 ± 0.35* 
1.56 ± 0.41 * 

3 
4 

Rank I 

Forest -0.37 ± 0.23 -0.60 ± 0.28* 1.88 ± 0.40* 0.96 ± 0.34* 2 

Other 
Agriculture 

-2.25 ± 0.43* 
-1.33 ± 0.35* 

-2.48 ± 0.54* 
-1.56 ± 0.41 * 

-1.88 ± 0.40* 
-0.96 ± 0.34* 0.92 ± 0.43* 

-0.92 ± 0.43* o 
1 

J Higher rank values indicate higher selection relative to other habitat types. Rank calculated by summing the number of 
positive values within a row. 

* t-test, P < 0.10 
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Figure 1.1. Summary of recorded adult breeding season survival rates (1955 - 2008) 
from published research (as detailed in Sandercock et al. 2008) and this study. 
Survival rates are extrapolated to a 6 month breeding season. Approximate bobwhite 
geographic range shown in gray. 

20
 



Chapter 2
 

REPRODUCTION AND MICROHABITAT SELECTION
 

Introduction
 

In marginal habitats, the high reproductive potential of Northern 

Bobwhites (Colinus virginianus; hereafter, bobwhites) is considered one of the 

primary mechanisms for maintaining population viability (Suchy and Munkel 1993a). 

Bobwhites can exhibit ambisexual polygamy, (Curtis et al. 1993, Burger et al. 1995a) 

and females are capable of laying clutches of:s 28 eggs (Klimstra and Roseberry 1975) 

and hatching 2: 2 nests in 1 season (Guthery and Kuvlesky 1998). Males regularly 

incubate nests upon the death or abandonment of their mate, or as part of a rapid 

multiclutch mating system (Burger et al. 1995a). The extent to which any of these 

strategies is expressed in a population varies regionally; bobwhites in northern 

latitudes are hypothesized to have greater reproductive rates than southern populations 

regulated by density independent mechanisms during the breeding season (Guthery et 

al. 2000). 

Bobwhite populations have been declining throughout most of their range 

(e.g., Brennan 1991). However, some of the most marked declines in bobwhite 

populations are occurring on the northern periphery of the species' range, including the 

upper Mid-Atlantic States. In New Jersey, between 1980 and 2007 the Breeding Bird 

Survey recorded declines of 13.0% per year (Sauer et al 2008). Bobwhite reproductive 

rates have not been documented in New Jersey or any of the Mid-Atlantic States, and 
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it is unknown if the severity of population declines in the region is related to a 

limitation in reproductive output. 

If bobwhite reproductive output is a limiting factor in New Jersey, it may 

be a result of reduced quality of nesting habitat. New Jersey has the highest human 

population density in the nation (U.S. Census Bureau 2000), and changing land use 

practices in recent decades throughout the Mid-Atlantic have reduced the quantity and 

perhaps quality of native warm season grass nesting habitat (Fies et al. 1992). 

Ground-nesting birds in early successional habitats, such as bobwhites, generally have 

high nest failure rates (Martin 1993). In bobwhites the primary cause of nest failure is 

predation (e.g., by Virginia opossums [Didelphis virginianus], northern raccoons 

[Procyon lotor], striped skunks [Mephitis mephitis], and black rat snakes [Elaphe 

obsoleta obsoleta] in the Mid-Atlantic; Fies and Puckett 2000). Predation risk is 

related to nest placement (Ricklefs 1969) and natural selection should favor nest 

placement that maximizes probability of success. To conceal the nest site, bobwhites 

typically select for warm season grass habitat patches (as compared to uniform cool 

season grass) that offer structural complexity (Stoddard 1931, Taylor et al. 1999a, 

Hernandez 2003). In altered habitats, bobwhite's proximate cues could be uncoupled 

from the ultimate selective forces that favored bobwhite nest site selection patterns. 

Such uncoupling has been shown in 2 other early successional species (Sage Sparrows 

[Amphispiza belli], Misenhelter and Rotenberry 2000; and Indigo Buntings [Passerina 

cyanea], Weldon and Haddad 2005). The relationship between nesting habitat and 

nest survival in New Jersey is unknown. 

Habitat quality could also influence chick survival. Bobwhite chicks 

experience their highest mortality rates in their first month post-hatch (Lusk et al. 
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2005), with reported 3D-day survival estimates ranging from 0.14 - 0.72 (Sandercock 

et al. 2008). To accommodate protein requirements for rapid growth and
 

development, brood movement patterns and microhabitat selection have been linked to
 

microhabitat components that support insect availability (DeVos and Mueller 1993,
 

Taylor and Guthery 1994). Brood habitat has the potential to influence recruitment,
 

and so brood habitat selection must be quantified to aid in regional habitat
 

recommendations.
 

Comparing New Jersey bobwhite reproductive rates to estimates from 

elsewhere in the species' range is a necessary first step to identify the limiting factors 

for this steeply declining population. Further, identifying local habitat components 

related to bobwhite nest survival is necessary to guide breeding season habitat 

management efforts. Lastly, describing brood habitat selection in New Jersey will aid 

management efforts to increase bobwhite recruitment. To help inform region-specific 

bobwhite management plans I quantified factors related to bobwhite reproduction in 

southern New Jersey. I had 4 research objectives: 

1: to document bobwhite nest survival and other reproductive parameters 

and to compare them to estimates from elsewhere in the species' range; 

2: to document bobwhite nest phenology and identify important nest 

predators; 

3: to measure nest site microhabitat structure and composition and test for 

differences in microhabitat characteristics between successful and failed nests; and 

4: to measure microhabitat structure and composition selected by brood

rearing bobwhites. 

23
 



Study Area 

This study was conducted in a 125 km2 area without fixed study area 

boundaries in west-central Cumberland County, New Jersey (hereafter the "focal 

area") during the bobwhite breeding season (l May - 30 September 2006-2007). 

Cumberland County is within the Outer Coastal Plain physiographic region, bordering 

the Delaware Bay. Land use in the focal area was 39.1 % forest; 24.9% wetland; 

20.0% agriculture, hayland, and pasture; 5.9% developed; 5.4% early successional 

habitat (including oldfields, grasslands, and shrubland habitats), and 4.7% other land 

use (orchards and nurseries, extractive mining, and barren land) (NJDEP 2007). 

Forest overstory species were predominantly oaks (Quercus spp.) and 

Virginia pine (Pinus virginiana) and common understory and edge species were 

multiflora rose (Rosa multiflora), greenbriar (Smilax spp.), Russian olive (Elaeagnus 

angustifolia), and mountain laurel (Kalmia latifolia). Common grasses were broom 

sedge (Andropogon virginicus), big bluestem (Andropogon gerardi), and orchard grass 

(Dactylis glomerata). The focal area was predominantly private land, but included 

approximately 1.5 km2 of managed grassland and savannah on state Wildlife 

Management Areas (WMAs). Grassland on WMAs was mowed approximately every 

other spring, and in 2007 a prescribed bum was applied to 37 ha of grassland and 

savannah. During the study period (l May - 30 September 2006 - 2007), mean daily 

temperature ranged from 10.6°C in May 2007 to 31.7°C in August 2007 and averaged 

21.4°C (National Oceanic and Atmospheric Administration 2008). Breeding season 

precipitation was 48.6 em in 2006 and 19.7 em in 2007 (National Oceanic and 

Atmospheric Administration 2008). 
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Methods 

Bobwhite trapping was conducted continuously between January 2006 and 

September 2007 using bait traps (Stoddard 1931), night lighting (Labisky 1968), and 

either 60 mm or 100 mm mist nests. Upon capture, I determined sex and age (hatch 

year, HY; second year, SY; or after second year, ASY) of birds based on plumage 

(Rosene 1969), fit them with a numbered aluminum leg band, and weighed them to the 

nearest gram. All birds were fitted with a 6-g necklace-type radiotransmitter (2.5 - 4.0 

% of body mass; Model RI-2B, Holohil Systems Ltd., Carp, ON, Canada), and 

transmitters were within body mass recommendations « 5 % of body mass; Samuel 

and Fuller 1994). In 2007 radiotransmitters were equipped with 12 hour mortality 

censors. I also collected the first primary feather of each wing from each captured 

individual for use in companion radioisotope and genetic studies. I immediately 

released all birds at the capture location, and all bobwhites could fly upon release 

(mean handling time 32 ± 5 min, n = 131 captures and 91 recaptures). The 

Institutional Animal Care and Use Committee at the University of Delaware (IACUC; 

Approval No.1 142) approved the capture and handling procedures used in this study. I 

located radio-marked individuals 4-7 times per week via homing (White and Garrott 

1990) using handheld VHF receivers and H-antennas (Advanced Telemetry Systems, 

Isanti, MN, USA) during the breeding season (l May-30 September, 2006 and 2007). 

I censored bobwhites surviving s; 7 days post capture from analyses to reduce radio

mark bias (Mueller et al. 1989, Burger et al. 1995b). 

I identified potential bobwhite nests after 2 consecutive identical location 

estimates of a radiomarked adult (Burger et al. 1995a). I placed a flag 10-15 m from 

the suspected nest site, and I visually confirmed nest presence once the incubating 

adult was located away from the site (Burger et al. 1995a, Taylor et al. 1999b). 

25
 



Suspected incubating adults were not intentionally flushed to minimize nest 

abandonment. If a nest was visually confirmed prior to nest termination, I determined 

the number of eggs and the exact location of the nest with a handheld GPS, and 

deployed a motion sensing, infrared illuminated digital camera (Leaf River IR-3BU, 

Vibrashine Inc., Taylorsville, MS, USA) to potentially identify nest predators. I did 

not attempt to identify nest predators by field sign due to the low reliability of this 

method (Hernandez et al. 1997). 

I monitored the status of each nest 4-7 times/ week by locating the 

incubating adult. I visually inspected nests each time the incubating adult was located 

away and recorded whether nests were predated, hatched, or undisturbed. Exact nest 

termination date was known for 14 of23 nests (60.9 %), and termination date was 

known within ~ 4 days for all other nests. I considered undisturbed nests where 

incubation did not resume within 7 days as naturally abandoned. I considered nests 

abandoned due to observer disturbance if abandonment occurred immediately after the 

accidental flush of an incubating bobwhite. I defined predated nests as those missing 

2: 1 egg where the adult did not return to incubate, and successful nests as those 

hatching 2: 1 egg (Taylor et al. 1999a). I considered predated and naturally abandoned 

nests failed. 

I estimated nest daily survival rates using the Mayfield method (Mayfield 

1961) for a 24-day incubation period (Burger et al. 1995a). I did not include 2 nests in 

survival calculations that were abandoned due to observer disturbance. I documented 

6 other reproductive parameters. I calculated: 1) mean clutch size of all nests, 2) mean 

hatchability of eggs in successful nests, 3) re-nesting probability (percent of females 

that initiate a second clutch after a first nest was destroyed), 4) double-clutch attempts 
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(initiation of incubation on a second nest after hatching a first nest), and 5) female and 

6) male nesting rates (the proportion of females or males that entered the breeding 

season that initiated incubation on ~ 1 nest; Burger et al. 1995a). I could not estimate 

female or male nesting rates directly because my sample included only 14 of 34 

females and 8 of 46 males with known fate for the entire breeding season. Therefore, I 

estimated nesting rates (separately for females and males) using a modified version of 

Trent and Rongstad' s (1974) survival estimate 

where:	 p = Probability a female (male) will incubate ~ 1 nest 

x = Total female (male) radio-days observed in the breeding season 

y = Number of females (males) observed to incubate 

n = Number of days in the breeding season (153; 1 May - 30 September) 

Given the paucity of natural history infonnation for bobwhites at the 

northern end of their range, I calculated several nest timing variables. I estimated the 

laying period start date as: (observed incubation start) - (1.2 x clutch size) for all nests 

with known clutch size (Klimstra and Roseberry 1975, Burger et al. 1995a). I 

calculated mean laying period start date, mean incubation start date, and mean hatch 

date for female first nests, female renests, and male incubated nests. 

Nest Microhabitat 

Within 1 week after nest tennination, I measured 8 microhabitat 

characteristics at both failed and successful nest sites (Taylor et al.1999a). I measured 

ground cover (relative percentages of bare ground, litter, wann season grass, cool 
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season grass, forbs, and woody vegetation < 2 m; components summed to 100%) and 

maximum vegetation height (excluding woody plants> 2 m) within a 50 x 50 cm 

sampling frame (modified from Daubenmire 1959) centered on the nest bowl. I then 

measured ground cover and vegetation height for each cardinal direction 3.5 m from 

the nest bowl. For each nest, I averaged the 5 ground cover and vegetation height 

estimates to define 1 nest site value for each variable. Finally, I placed a visual 

obstruction pole (Robel et al. 1970) in nest bowls and measured the visual obstruction 

of vegetation from each cardinal direction. The pole was divided into 10 cm strata, 

and I recorded the lowermost stratum that was 2: 50% visible. Visual obstruction 

readings were taken from vantage points 3.5 m from the pole, and the mean of the 4 

measurements defined a single visual obstruction estimate for each nest. I also 

sampled vegetation at 1 paired random point within the habitat patch where the nest 

was located, and all points were a randomly selected distance (l 0-1 00 m) from the nest 

along a randomly directed azimuth. I sampled random points similarly to nests, except 

that ground cover and vegetation height readings were taken only for each cardinal 

direction 3.5 m from the random point. Thus ground cover and visual obstruction at 

each random point were defined by 4 measurements. 

I compared nest site microhabitat characteristics with paired random sites 

using a paired (-test. To identify microhabitat variables important to nest fate I used a 

two sample (-test between successful and failed nests. I used a = 0.10 and used SAS 

9.1 (PROC TTEST, SAS Institute, Inc., Cary, NC, USA) for statistical analyses. 

Brood Microhabitat 

If a bobwhite nest was successful, I monitored brood movement by 

locating radio-marked brood tending adults 1 - 2 times daily with 2: 4 hours between 
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location times, until chicks were 21 days old (Taylor et al. 1999a). Sampling in time 

intervals that are greater than the time needed for a radio-marked animal to cross its 

home range minimizes autocorrelation (Otis and White 1999), and I made the 

assumption that 2: 4 hours between locations would achieve independence. Radio

marked brood tending adults were located from 25-35 m for diurnal estimates, and 

roosting broods were located from 10-15 m (Taylor et al. 1999a). Field observation of 

brood rearing adults' behavior and the presence of chick feces at roost locations were 

used to verify continued association between chicks and adults. I was unable to 

positively identify brood amalgamation or to distinguish between brood abandonment 

and complete brood loss. 

I placed flagging at the final tracking location for every brood location, 

noting distance and direction to the brood. Within 2 weeks of the location estimate, I 

measured the 8 microhabitat variables for each brood location using the techniques 

described for nest random point sampling (4 ground cover, vegetation height, and 

visual obstruction estimates per brood location). Additionally, I sampled vegetation at 

1 paired random point for each brood location (l 0-1 00 m from brood location and 

within the same habitat patch). I compared brood location microhabitat characteristics 

with paired random sites using a paired {-test for each characteristic, pooled across 

broods. I used a = 0.10 for analyses in SAS 9.1 (PROC TTEST, SAS Institute, Inc., 

Cary, NC, USA). 

Results 

Between January 2006 and September 2007, I banded and radiomarked 

121 adult bobwhites and banded 10 HY bobwhites of unknown sex. Eighty-six 

bobwhites provided telemetry data for the combined breeding seasons (l May - 30 
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September) of2006 and 2007. I removed 5 bobwhites from the 2006 dataset and 1 

from the 2007 dataset for surviving ~ 7 days after capture. I recorded 2,513 locations 

on the remaining 80 bobwhites (35 SY M, 11 ASY M, 25 SY F, 9 ASY F) that 

survived the 7-day post-capture censor period. 

I located 23 bobwhite nests (16 in 2006, 7 in 2007) and collected 

microhabitat vegetation measurements for each nest (Tables 2.1, 2.2, 2.3). Nests were 

located in Mixed Grass habitats (oldfields and grasslands: 19 nests, 82.6%; savannah: 

2 nests, 8.7%), Scrub-shrub habitats (1; 4.3%), and Other habitats (conifer tree 

nursery: 1; 4.3%). Pooled between 2006 and 2007,10 nests hatched, 10 were 

predated, 1 was abandoned (incubating adult was killed away from the nest site), and 2 

nests were abandoned due to observer disturbance. Motion-sensing cameras did not 

capture any predation events, but I did witness in the field 1 of the 10 predated nests 

being destroyed by a black rat snake. Interval survival for the 24-day incubation 

period was 0.454 ± 0.010 (95% CI 0.280-0.727). 

Mean clutch size was 14.2 ± 0.58 (range 10-19, n = 20), and clutch size 

could not be determined for 3 nests that were predated before initial nest verification 

(Table 2.1). Hatchability in successful nests was 96.1 ± 2.0% (range 86-100%, n = 

10). Nine females had a failed first nest attempt, and 4 (44.4%) were observed to 

renest (2 in 2006, 2 in 2007). No females were observed to initiate a second nest after 

a successful first nest (0 of 5; 0.0%). The estimated probability a female that entered 

the breeding season would initiate incubation on 2: 1 nest was 0.687 (15 females 

incubated in 1,985 radio-days). The estimated probability a male that entered the 

breeding season would initiate incubation on 2: 1 nest was 0.202 (4 males incubated in 

2,715 radio-days). 
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Mean laying period start date was 1 June ± 6 d (n = 12) for female first 

nests, 14 July ± 10 d (n = 4) for female re-nests, and 11 June ± 7 d (n = 4) for male 

incubated nests. Mean incubation start date was 20 June ± 5 d (n = 15) for female first 

nests, 27 July ± 9 d (n = 4) for female re-nests, and 27 June ± 8 d (n = 4) for male 

incubated nests. Mean hatch date was 10 July ± 7 d (n = 5) for female first nests, 11 

August ± 21 d (n = 2) for female re-nests, and 26 July ± 7 d (n = 3) for male incubated 

nests (Table 2.1). 

Percent litter was 7.6% greater at nest sites than random locations (t22 = 

1.99, P = 0.059) (Tables 2.2, 2.4). Visual obstruction (cm) was 1.5 times greater at 

nest sites than random locations (t22 = 2.58, P = 0.017) (Tables 2.3, 2.4). None of the 

6 other microhabitat characteristics differed between nest sites and random locations 

(It22l:S 1.37, P ~ 0.184) (Tables 2.2, 2.3, 2.4). I did not detect a difference between 

failed and successful nests for any of the 8 microhabitat variables (It191 :s 0.96, P ~ 

0.347) (Table 2.5). 

I monitored 10 broods in the 2006 and 2007 breeding seasons. Three 

broods were tended by radiomarked males (2 in 2006, 1 in 2007), 4 by radiomarked 

females (3 in 2006, 1 in 2007), and 3 by radiomarked pairs (2 in 2006, 1 in 2007) 

(Table 2.6). I collected 139 locations for the 10 broods (86 locations in 2006 and 53 in 

2007; mean 13.9 ± 2.1 locations per brood), with corresponding microhabitat 

measurements for each location (Tables 2.7,2.8). Four broods maintained association 

with a radiomarked adult into the fall (Table 2.6). Association with a radiomarked 

adult was terminated for the remaining 6 broods due to the death of the brood-tending 

adult (3 broods) and unknown causes (either brood abandonment or complete brood 

loss; 3 broods) (Table 2.6). 
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Litter was 5.1 % lower and cool season grass was 3.8% lower at brood sites 

compared to random locations (Itl38l2: 2.44, P:S 0.016) (Tables 2.7, 2.9). Broods used 

locations with 8.3% more forb cover than random locations (t138 = 3.58, P = 0.001) 

(Tables 2.7, 2.9). Visual obstruction (em) was 1.8 times greater and vegetation height 

(em) was 1.2 times taller at brood sites than random locations (t138 > 4.04, P < 0.001) 

(Tables 2.8, 2.9). None of the 3 other microhabitat characteristics differed between 

brood sites and random locations (!tl38l < 1.10, P > 0.275) (Table 2.9). 

Discussion 

Despite currently exhibiting one of the steepest declines of any bobwhite 

population (Sauer et al 2008), fecundity metrics for bobwhites in southern New Jersey 

appear to be similar to those reported elsewhere in the species' range (Figure 2.1). 

Burger et al. (1995a) reported an incubation period nest survival of 0.437 ± 0.039 in 

Missouri, similar to the estimate in this study (0.454 ± 0.010). Other bobwhite nesting 

studies have reported apparent nest success (e.g., DeVos and Mueller 1993, Suchy and 

Munkel 1993a, Taylor et al. 1999b, Cox et al. 2005). Although apparent nest success 

overestimates nest survival (Mayfield 1961 , Johnson 1979), apparent nest success is 

less biased for bobwhites because most nests are found at a similar stage of incubation 

(Cox et al. 2005). Apparent nest success in this study (47.6%, 10 of 21 nests hatched) 

was within range of published estimates (rangewide average = 0.42, range 0.25 - 0.63; 

Sandercock et al. 2008) and was similar to reported median values from Texas (49%; 

Hernandez et al. 2007), Oklahoma (48%; Cox et al. 2005), and Florida (45%; DeVos 

and Mueller 1993). 

My estimates of clutch size (14.2 ± 0.58 eggs) and hatchability (96.1 ± 

2.0%) were slightly greater than in other studies (range 11.5 - 14.0 eggs and 85 - 95%, 
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respectively; Sandercock et al. 2008). My estimate ofre-nesting rate (44.4%) was also 

within range of reported estimates (25 - 69%; Sandercock et al. 2008). Researchers 

have reported a double-clutch rate (percent females with a successful first clutch that 

initiated incubation on a second) in bobwhites ranging from 12% (Burger et al. 1995a) 

to >60% (Terhune et al. 2006a). Although I observed no instances of double

clutching, my probability of detection for these events was low due to a small sample 

size of radiomarked females and incomplete breeding season data for individuals. 

The probabilities a female (0.687) or male (0.202) would initiate ~ 1 nest 

in the breeding season in this study were similar to Burger et al. 's (l995a) estimates of 

female (0.661) and male (0.291) nesting rates, which were limited to known-fate 

individuals radiomarked prior to the start of the breeding season. Although my 

estimate of nesting rate assumes a constant nesting probability, it is a less biased 

estimate for my limited sample size because it incorporates data from all radiomarked 

bobwhites. The results from my study population do not suggest that the additional 

strength of bobwhite declines in New Jersey can be explained by a limitation in one or 

more reproductive parameters. 

I observed bobwhites selected nest sites with greater visual obstruction 

and percentage of litter than available in the habitat patch (Table 2.4). Similar to my 

findings, relative use of litter at bobwhite nests in Kansas was ranked highest by 

compositional analysis, although litter was statistically tied with grass (Taylor et al. 

1999a). Taylor et al. (l999a) also found that visual obstruction and vegetation height 

were significantly greater at nest sites than paired random sites. In Oklahoma prairie 

habitat, bobwhites selected nest sites with a greater percentage of grass and woody 

vegetation and a lower percentage of bare ground (Townsend et al. 2001). Using 
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neural network modeling, Lusk et al. (2006) found that nest site selection in Texas was 

positively related to vegetation height and percent shrub cover and negatively related 

to percent bare ground. In the Kansas, Oklahoma, and Texas studies, the authors 

attributed their results to increased nest concealment (Taylor et al. I999a, Townsend et 

al. 200 I, Lusk et al. 2006). Although the identities ofthe predictor variables for nest 

site selection in New Jersey were different, they were still consistent with the 

concealment hypothesis. 

Nest success was not significantly related to any of my 8 microhabitat 

variables (Table 2.5). Townsend et al. (2001) and Lusk et al. (2006) also found no 

significant difference in microhabitat composition or structure between successful and 

failed nests. However, features related to nest concealment in these studies (> visual 

obstruction, Townsend et al. 2001; > vegetation height and shrub cover, Lusk et al. 

2006), although non-significant, did predict success better than other variables 

considered. Lack of significant microhabitat differences between successful and 

predated nests in New Jersey may be due to low sample sizes, or may indicate that 

success is related to site characteristics at a larger scale or local differences in predator 

dynamics. In Kansas, Taylor et al. (1999a) found nests in patches with less shrub 

cover but greater vegetation height than available in the study area had a greater 

probability of success. Stoddard (1931 :427) hypothesized that bobwhite nest success 

could be reduced in areas with fewer alternate prey species, although this has not been 

tested. 

Sites utilized by radiomarked brood-tending adults in New Jersey had 

greater visual obstruction, vegetation height, and percentage of forbs, and had a lower 

percentage of litter and cool season grasses than available in the habitat patch. Greater 
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visual obstruction and vegetation height is consistent with the hypothesis that broods 

utilize habitats with better concealment, significant because predation is believed to be 

the primary cause of chick mortality (Suchy and Munkel 1993b). Taylor et al. (l999a) 

also found that broods selected sites within patches with greater visual obstruction and 

taller vegetation. 

Broods may be negatively selecting cool season grass due to factors 

related to structure or function. Cook (2004) found that broods negatively selected 

cool season grasses (primarily Bermuda grass, Cynodon spp.) at both second and third 

order selection levels, and attributed this negative selection to lower maneuverability 

and lower heat dissipation in cool season grass. Another possibility is that negative 

selection of cool season grass is related to food availability. Brood microhabitat 

selection has been linked directly to invertebrate abundance (DeVos and Mueller 

1993) and indirectly through higher relative plant moisture content at feeding sites 

(Taylor and Guthery 1994). As found in other studies (Taylor and Guthery 1994, 

Taylor et al. 1999a), bobwhite broods in New Jersey positively selected sites with a 

greater percentage of forb ground cover. This trend in forb selection may be related to 

greater availability of invertebrates in forb cover over grass cover (Burger et al. 1993), 

and reinforces the importance of invertebrate biomass when managing for brood

rearing habitat. 

Reproduction in bobwhites has the theoretical potential to maintain 

population viability, especially in northern latitudes or in marginal habitats (Suchy and 

Munke11993a, Guthery et al. 2000). However, the findings of Weldon and Haddad 

(2005) suggested altered habitats may produce ecological traps, which may result in 

lower reproductive success. I detected no relationship between nest success and 
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microhabitat. Therefore, I found no evidence to support the hypothesis that nest site 

selection, at the microhabitat scale, has become uncoupled from ultimate selective 

forces for New Jersey bobwhites. 

My estimates of bobwhite reproduction in New Jersey were also similar to 

published estimates, providing no evidence that the rapid bobwhite declines in New 

Jersey are explained by comparable reductions in reproductive rates. Further study is 

needed to determine how chick survival and winter survival might influence 

population trends in New Jersey. Similarities in New Jersey reproductive parameters 

to other populations should not be interpreted to mean that bobwhites in New Jersey 

are doing well. Bobwhites are declining in most of their range (Sauer et al. 2008), and 

the similarity of New Jersey's breeding season population to others implies only that 

New Jersey does not represent a special case in bobwhite biology. 

My findings are consistent with the observation that bobwhite ecology and 

demography are similar throughout the areas bobwhites persist (Guthery 1997). It is 

evident however, that the quantity of breeding season useable space for bobwhites in 

southern New Jersey has been reduced (NJDEP 2007). Management efforts to 

increase bobwhite reproduction in southern New Jersey should focus on increasing the 

quantity of available litter-dominated nesting habitat and forb-dominated brood

rearing habitat. 
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Table 2.1. Observed incubation start dates, termination dates, extrapolated laying 
period start dates, and nest fate for bobwhite nests in southern New Jersey, 2006-2007. 
Clutch size (maximum number of eggs) is reported for all hatched nests and nests 
inspected prior to failure. 

Incubating 
Adult Nest Dates 

Clutch Laying Incubation Camera 
Nest Year Size ID Sex Start Start Termination Deployed Fate 

I 2006 17 28 F 8-May 28-May 15-Jun 13-Jun Predated 
2 2006 17 67 F IS-May 5-Jun 24-26 Jun 22-Jun Hatched 
3 2006 35 F 7-Jun 9-Jun Predated 
4 2006 14 26 F 23-May 9-Jun 1-3 Jul Hatched 
5 2006 13 42 M 27-May 12-Jun 21-Jun Observer 
6 2006 15 68 F 26-May 12-Jun 13-Jun Observer 
7 2006 14 47 M 3-Jun 20-Jun I4-Jul Hatched 

8 2006 - 130 F 29-Jun 16-18 Jul Predated 

9 2006 33 F 30-Jun 6-Jul Predated 
10 2006 IS 63 F 15-Jun 3-Jul 19-Jul 10-Jul Predated 
II 2006 12 70 M 19-Jun 3-Jul 26-Jul Hatched 

12 2006 19 66 F 14-Jun 7-Jul 27-30 Jul Hatched 

13 2006 13 73 F 22-Jun 8-Jul 27-30 Jul 20-Jul Hatched 
14 2006 IS 61 F 16-Jul 3-Aug 21-24 Aug 13-Aug Predated 

IS 2006 12 28 F 22-Jul 5-Aug 19-22 Aug 17-Aug Predated 

16 2006 10 63 F 29-Jul 10-Aug I-Sep 18-Aug Hatched 

17 2007 17 118 F IO-May 30-May 7-Jun Predated 

18 2007 10 108 F 31-May 12-Jun 2-Jul Hatched 

19 2007 18 75 F 27-May 18-Jun 4-Jul 2-Jul Predated 

20 2007 14 140 F 2-Jun 19-Jun 25-26 Jun 21-Jun Abandoned 

21 2007 14 118 F 16-Jun 3-Jul 23-Jul Hatched 

22 2007 IS 76 M 28-Jun 16-Jul 7-Aug 17-Jul Hatched 

23 2007 10 75 F 19-Jul 31-Jul 14-15 Aug 2-Aug Predated 
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Table 2.2. Relative percentages of ground cover (bare ground, litter, warm season grass, cool season grass, forbs, and woody 
vegetation) measured at bobwhite nest sites and paired random sites in New Jersey, 2006-2007. Means ± SE are reported for 
ground cover (n = 5 estimates per nest site, n = 4 per random point). 

Bare (%) Litter (%) Warm (%) Cool (%) Forb (%) Woody (%) 
Nest Year Fate Nest Random Nest Random Nest Random Nest Random Nest Random Nest Random 

I 2006 Predated 12±3.7 3 ± 2.5 15 ± 9.2 33 ± 16.5 18± 9.2 O±O.O 20 ± 20.0 20 ± 20.0 35 ± 13.7 43 ± 16.0 O±O.O 3 ± 2.5 
2 2006 Hatched 3 ± 1.2 4±2.4 63 ± 2.5 55 ± 12.5 O±O.O O±O.O I ± 1.0 19± 18.7 29 ± 3.3 23 ± 8.5 4±4.0 O±O.O 
3 2006 Predated 14± 5.8 9 ± 4.3 12 ± 12 36 ± 21.1 O±O.O O±O.O 51 ± 14.2 34± 19.7 14± 7.0 22 ± 4.3 9± 7.8 O±O.O 
4 2006 Hatched 18± 9.7 II ± 3.1 27±11.1 6±4.7 O±O.O O±O.O 14± 9.8 o±o.o 39 ± 12.0 83 ± 4.8 2 ± 2.0 O± 0.0 

5 2006 Observer 30 ± 14.7 28 ± 18.8 10± 3.2 20± 8.2 24 ± 14.3 8 ± 7.5 O± 0.0 O±O.O 2 ± 2.0 5 ± 5.0 34±15.240±15.8 
6 2006 Observer 7± 4.9 15 ± 8.7 14± 5.8 21 ± 8.8 59 ± 7.6 23 ± 22.5 O± 0.0 O±O.O 20 ± 8.5 41 ± 13.9 O±O.O O± 0.0 

7 2006 Hatched II ±4.0 9 ± 5.5 23 ± 10.6 30 ± 14.5 10 ± 10.0 9 ± 5.9 O±O.O 10± 10.0 56 ± 10.7 33 ± 10.5 O±O.O 1O±6.12 

8 2006 Predated 21 ± 7.8 35 ± 6.5 17 ± 7.7 3 ± 2.5 O±O.O O± 0.0 O± 0.0 O±O.O 60 ± 8.9 63 ± 7.5 2± 2.0 O± 0.0 

9 2006 Predated 24 ± 4.8 14 ± 6.3 53 ± 9.0 15 ± 11.9 O±O.O O± 0.0 O± 0.0 O±O.O 23 ± 11.5 71 ± 7.7 O±O.O O±O.O 
w 10 2006 Predated 13 ± 5.4 5 ± 2.0 46 ± 7.3 14± 5.5 5 ± 3.16 79 ± 6.6 O±O.O O± 0.0 36± 8.0 3 ± 2.5 O±O.O O± 0.0 
00 

II 2006 Hatched 9 ± 3.3 14 ± 3.8 21 ± 13.4 5± 2.9 O±O.O O±O.O O±O.O O±O.O 70 ± 13.0 81 ± 3.1 O±O.O O±O.O 
12 2006 Hatched I ± 1.0 I ± 1.3 42 ± 9.8 19± 3.1 O±O.O O±O.O 2± 1.2 61 ± 13.9 55±8.819±17.1 O±O.O O± 0.0 

13 2006 Hatched 39± 5.1 5 ± 2.9 59 ± 6.4 49 ± 9.7 O±O.O 13±12.5 o ± 0.0 10 ± 10.0 2 ± 2.0 24 ± 6.3 O± 0.0 O±O.O 
14 2006 Predated 6± 4.0 I ± 1.3 61 ± 14.5 21 ±4.3 29± 14.1 O±O.O 4±2.4 74 ± 6.3 O±O.O 4± 3.8 O±O.O O±O.O 
15 2006 Predated O± 0.0 o ± 0.0 15 ± 8.4 5 ± 5.0 4±4.0 O±O.O 8±4.9 35± 15.5 73 ± 12.8 60 ± 14.7 O±O.O O±O.O 
16 2006 Hatched 3±3.0 46±16.7 30 ± 13.4 14 ± 2.4 21 ± 14.8 3 ± 2.5 O±O.O O±O.O I ± 1.0 O±O.O 45± 12.9 38± 17.8 
17 2007 Predated O± 0.0 I ± 1.3 75 ± 6.5 70 ± 18.3 O±O.O o ± 0.0 8 ± 6.8 13 ± 10.8 17±4.6 18± 6.0 O±O.O O±O.O 
18 2007 Hatched 10 ± 10.0 O±O.O 45 ± 11.4 25 ± 8.4 36 ± 7.5 69 ± 6.6 O±O.O O± 0.0 II ±6.0 8± 2.5 O±O.O o ± 0.0 
19 2007 Predated O± 0.0 O±O.O 5 ± 3.2 4 ± 2.4 O±O.O O±O.O 4±4.0 O±O.O 17 ±4.6 4± 3.8 74 ± 5.78 93 ± 3.2 
20 2007 '\bandoned 4± 1.9 10± 10.0 63 ±4.1 54 ± 10.4 17± 7.3 26± 4.7 15 ± 9.5 6± 6.3 3 ± 1.2 6± 3.8 O±O.O O±O.O 
21 2007 Hatched O± 0.0 3 ± 1.4 32 ± 15.3 64± 4.3 7 ± 5.8 3 ± 2.5 35±19.6 19± 5.5 26± 7.5 13 ±4.8 O±O.O O±O.O 
22 2007 Hatched 17± 9.9 3 ± 1.4 48 ± 8.5 38 ± 17.6 O±O.O O± 0.0 O±O.O O±O.O 35±9.1 60± 16.9 O±O.O O±O.O 
23 2007 Predated 12 ± 4.6 23 ± 15.8 52 ± 10.5 54 ± 17.4 10±4.2 5 ± 5.0 O±O.O O±O.O 2±2.0 O± 0.0 24 ± 12.8 19 ± 18.7 



Table 2.3. Visual obstruction (as measured by a Robel pole) and vegetation height 
measured at bobwhite nest sites and paired random sites in New Jersey, 2006-2007. 
Means ± SE are reported for visual obstruction estimates (n = 4 per nest site or random 
point) and vegetation height (n = 5 per nest site, n = 4 per random point). 

Robel (em) Height (em) 
Nest Year Fate Nest Random Nest Random 

1 2006 Predated 53 ± 16.0 55 ± 2.8 97.8 ± 19.0 76.8 ± 8.0 
2 2006 Hatched 33 ± 8.54 23 ± 4.8 71.0 ± 6.9 70.8 ± 11.4 
3 2006 Predated 120 ± 0.0 10 ± 0.0 33.0 ± 8.8 29.3 ± 3.8 
4 2006 Hatched 38 ± 4.8 25 ± 2.9 n.8 ± 6.5 56.8 ± 5.4 

5 2006 Observer 50 ± 4.1 30 ± 0.0 80.9 ± 22.2 45.1 ± 6.4 
6 2006 Observer 43 ± 10.3 43±11.1 96.8 ± 1.2 97.5 ± 12.5 
7 2006 Hatched 40 ± 7.1 23 ± 6.3 87.8 ± 10.4 92.8 ± 10.8 
8 2006 Predated 48 ± 2.5 43 ± 4.8 78.4 ± 7.3 73.4 ± 7.9 

9 2006 Predated 10 ± 0.0 10± 0.0 32.5 ± 6.7 35.3±3.1 
10 2006 Predated 63 ± 12.5 120 ± 0.0 95.5±6.1 158.3 ± 5.6 
11 2006 Hatched 75 ± 13.2 13 ± 2.5 96.3 ± 15.9 91.8±16.4 

12 2006 Hatched 55± 15.0 20 ± 0.0 50.2 ± 10.1 84.5 ± 2.1 
13 2006 Hatched 23 ± 4.8 20 ± 7.1 42.6 ± 8.4 54.0 ± 9.1 

14 2006 Predated 63 ± 14.3 45 ± 5.0 84.6 ± 12.3 107.3 ± 14.7 
15 2006 Predated 75 ± 5.0 30 ± 12.2 98.0 ± 1.3 118.8 ± 9.1 

16 2006 Hatched 68 ± 16.0 10 ± 0.0 120.4± 14.2 44.5 ± 23.2 

17 2007 Predated 43 ± 11.8 30 ± 0.0 n.3 ± 8.7 75.9 ± 9.7 

18 2007 Hatched 17 ± 5.8 28 ± 4.8 61.8 ± 5.7 99.3±16.2 
19 2007 Predated 58 ± 2.5 50± 4.1 88.6 ± 28.8 65.0 ± 6.7 

20 2007 Abandoned 35 ± 8.7 25 ± 5.0 109±5.2 91.5±34.1 

21 2007 Hatched 48 ± 4.8 15 ± 5.0 94.8 ± 16.8 52.8 ± 4.7 

22 2007 Hatched 48 ± 18.8 40 ± 7.1 104.4 ± 11.4 100.3±7.8 
23 2007 Predated 33 ± 12.5 43 ± 12.5 115.3 ± 19.0 122.8 ± 7.8 
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Table 2.4. Mean percentages of ground cover (bare ground, litter, wann season grass, 
cool season grass, forbs, and woody vegetation) and mean visual obstruction (robel) 
and vegetation height measured at bobwhite nest sites (n = 23) and paired random sites 
(n = 23) in New Jersey, 2006-2007. Results of paired t tests for each variable (t 
values, degrees of freedom, and probabilities) are also reported. 

Variable Nest Random t df P 
Bare 11.0±2.1 10.3 ± 2.5 0.25 22 0.804 
Litter 36.0 ± 4.3 28.4 ± 4.3 1.99 22 0.059 
Wann 10.4±3.2 10.2 ± 4.5 0.05 22 0.961 
Cool 7.0± 2.7 13.0± 4.3 -1.37 22 0.184 
Forb 27.2 ± 4.8 29.5 ± 5.7 -0.53 22 0.602 
Woody 8.4 ± 3.9 8.8 ± 4.5 -0.27 22 0.787 
Robel 49.2 ± 4.8 32.7 ± 4.8 2.58 22 0.017 
Height 81.9±5.1 80.2 ± 6.5 0.30 22 0.769 
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Table 2.5. Mean percentages of ground cover variables (bare ground, litter, warm 
season grass, cool season grass, forbs, and woody vegetation) and visual obstruction 
(Robel) and vegetation height measured at successful bobwhite nests (n = 10) and 
failed nests (n = 11) in New Jersey, 2006-2007. Results of2 sample t tests for each 
variable (t values, degrees of freedom, and probabilities) are also reported. 

Variable Successful Failed t df P 

Bare 11.1±3.7 9.6 ± 2.5 0.33 19 0.743 
Litter 39 ± 4.7 37.6 ± 7.6 0.15 19 0.882 
Warm 7.4 ± 3.9 7.5 ± 3 -0.03 19 0.976 
Cool 5.2 ± 3.9 10 ± 4.6 -0.82 19 0.425 
Forb 32.4 ± 7.4 25.5 ± 7.2 0.67 19 0.509 
Woody 5.1 ± 4.5 9.9± 6.8 -0.58 19 0.569 
Robel 43.9 ± 5.9 54.1 ± 8.5 -0.96 19 0.347 
Height 80.2 ± 7.8 82.3 ± 8.3 -0.18 19 0.859 
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Table 2.6. Observed hatch dates, last date the radiomarked adult was observed tending 
a brood, and estimated brood age at last association date for bobwhite broods in 
southern New Jersey, 2006-2007. 

Brood Dates 

Brood Year Adulta Nestb Hatch Last Age Cd) 
1 2006 M&F 2 24-26 Jun 14-Jul 18-20 
2 2006 F 4 1-3 Jul 14-Jul 11-13 

3 2006 M 7 14-Jul 21-Jul 7 c 

4 2006 F 13 27-30 Jul 4-Aug 5-8 
5 2006 M&F 12 27-30 Jul > 30 Sep 62-65 

6 2006 M 11 26-Jul 13-Aug 18 c 

7 2006 F 16 I-Sep > 30 Sep 29 

8 2007 F 18 4-Jul 13-Jul 9 c 

9 2007 M&F 21 23-Jul > 30 Sep 69 d 

10 2007 M 22 7-Aug > 30 Sep 54 d 

a Sex (M = Male, F = Female) of radiomarked brood-tending adult(s).
 

b Nest ID.
 

e Association tenninated due to death of radiomarked brood-tending adult
 

d Broods 9 & 10 merged 16 August 2007.
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Table 2.7. Relative percentages of ground cover (bare ground, litter, warm season grass, cool season grass, forbs, and woody 
vegetation) measured at bobwhite brood sites and paired random sites in New Jersey, 2006-2007. Number of locations and 
means ± SE for ground cover are reported for each brood. 

Bare (%) Litter (%) Warm (%) Cool (%) Forb (%) Woody (%) 

Brood Year n' Brood Random Brood Random Brood Random Brood Random Brood Random Brood Random 

1 2006 25 14 ± 2.3 14 ± 2.3 28 ± 4.8 29 ± 3.7 2±1.3 3±1.3 7 ± 2.3 18 ± 4.2 45 ± 5.1 34 ± 4.3 2±2.4 o± 0.1 
2 2006 14 21 ± 3.5 16 ± 2.5 26 ± 5.1 36 ± 7.0 2 ± 0.8 O± 0.6 3 ± 3.1 14± 4.8 46 ± 5.6 29 ± 6.8 o± 0.3 I ± 0.7 
3 2006 6 6 ± 1.7 3±lo4 25 ± 3.8 13±7.712±3.9 12 ± 5.1 O± 0.0 O± 0.0 54 ± 3.7 66 ± 7.2 O± 0.0 4 ± 2.5 
4 2006 4 18 ± 7.8 17 ± 3.8 27 ± 9.7 34 ± 6.9 4± 4.3 o± 0.0 4 ± 3.5 22 ± 11.1 45 ± 3.2 25 ± 15.4 O± 0.0 O± 0.0 
5 2006 18 11±1.4 12 ± 2.6 14 ± 3.7 15 ± 2.9 2 ± 1.0 o± 0.0 39 ± 9.5 44 ± 9.2 30 ± 6.5 26 ± 5.6 O± 0.0 1 ± 1.2 
6 2006 II 12 ± 2.8 16 ± 3.0 13 ± 3.6 26 ± 3.8 1 ± 1.2 2 ± 1.2 O± 0.0 O± 0.0 56 ± 8.6 44 ± 6.5 15 ± 904 9 ± 3.6 
7 2006 8 12 ± 3.7 24 ± 4.0 11 ± 3.7 10± 1.6 47±7.5 36± 10.0 O±O.O O± 0.0 14±3.1 2± 0.9 13 ± 5.5 25 ± 9.4 
8 2007 16 4 ± 2.1 3 ± 2.0 40 ± 4.5 52 ± 6.1 3 ± 2.3 5 ± 2.7 3 ± 2.1 1 ± 0.6 41 ± 5.8 27 ± 6.5 6 ± 2.6 9 ± 4.6 

+: 9 2007 21 2 ± 1.0 I±Oo4 47 ± 5.2 51 ± 5.6 2 ± 1.0 I±Oo4 3 ± 1.1 1 ± 0.5 41 ± 5.6 42 ± 5.8 2 ± 1.0 O± 0.7 
w 

10 2007 16 5 ± 1.6 3 ± 1.2 54 ± 5.0 63 ± 3.1 O± 0.0 O±O.O 4 ± 1.1 5 ± 1.5 33 ± 4.2 26 ± 3.3 2± 2.2 O± 0.1 

aNumber of brood use and random microhabitat sample pairs. 



Table 2.8. Visual obstruction (as measured by a Robel pole) and vegetation height 
measured at bobwhite brood sites and paired random sites in New Jersey, 2006-2007. 
Number of locations and means ± SE are reported for each brood. 

Robel (em) Height (em) 

Brood Year a n Brood Random Brood Random 
1 2006 25 24 ± 2.3 14 ± 2.7 63.9 ± 3.9 58.2 ± 3.0 
2 2006 14 21 ± 2.0 13 ± 2.3 56.2 ± 3.8 52.6 ± 6.1 
3 2006 6 34 ± 7.3 20 ± 6.0 81.4 ± 4.2 81.4 ± 6.5 
4 2006 4 30 ± 6.1 13 ± 6.1 45.4 ± 5.7 42.3 ± 11.2 
5 2006 18 49 ± 10.0 39 ± 8.3 81.1 ± 12.0 74.8 ± 11.3 
6 2006 11 40 ± 8.4 17 ± 2.9 92.7 ± 14.0 60.2 ± 9.8 
7 2006 8 67 ± 8.0 19 ± 5.5 90.9 ± 6.4 57.6 ± 7.3 
8 2007 16 53 ± 7.8 24 ± 2.7 86.1±7.1 63.2 ± 7.4 
9 2007 21 50 ± 6.2 25 ± 3.8 90.9 ± 5.7 81.6 ± 5.8 

10 2007 16 19 ± 3.7 14 ± 1.2 79.7 ± 4.3 67.0 ± 4.6 

a Number of brood use and random microhabitat sample pairs. 
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Table 2.9. Mean percentages of ground cover (bare ground, litter, warm season grass, 
cool season grass, forbs, and woody vegetation) measured at bobwhite brood sites (n = 
139) and paired random sites (n = 139) in New Jersey, 2006-2007. Results of paired t 
tests for each variable (t values, degrees of freedom, and probabilities) are also 
reported. 

Variable Brood Random t df P 
Bare 10.3 ± 0.9 10.2 ± 0.9 0.03 138 0.893 
Litter 31.3 ± 2.0 36.4 ± 2.2 -2.44 138 0.016 
Warm 5.3 ± 1.1 4.3 ± 1.0 1.10 138 0.275 
Cool 8.4 ± 1.7 12.2 ± 1.9 -3.12 138 0.002 
Forb 40.9 ± 2.1 32.6 ± 2.1 3.58 138 0.001 
Woody 3.9±1.1 4.2 ± 1.0 -0.25 138 0.804 
Robel 38.4 ± 2.4 21.2 ± 1.6 8.23 138 <0.001 
Height 77.9 ± 2.7 65.6 ± 2.5 4.04 138 <0.001 
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Figure 2.1. Summary of recorded nest survival rates (1955 - 2008) from published 
research (as detailed in Sandercock et al. 2008) and this study. Approximate bobwhite 
geographic range shown in gray. 
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Appendix A
 

LANDUSEI LANDCOVER GROUPING
 

Codes and descriptions from New Jersey landusel landcover data (NJDEP 2007) within the 
Maurice, Salem, and Cohansey (Watershed Management Area 17) layer as grouped for this 
study into 5 habitats: 1) mixed grass, 2) scrub-shrub, 3) forest, 4) agriculture, and 5) other. 

Land Use 
Habitat 2002 Code Land Use 2002 Label 

Mixed Grass
 
Scrub-shrub
 

Forest 

Agriculture 

4410 Old Field « 25% Brush Covered) 
2150 Former Agricultural Wetlands (Becoming Shrubby not Built-up) 
4420 Deciduous Brush/Shrubland 
4430 Coniferous Brush/Shrubland 
4440 Mixed Deciduous/Coniferous Brush/Shrubland 
4500 Severe Burned Upland Vegetation 
6231 Deciduous Scrub/Shrub Wetlands 
6232 Coniferous Scrub/Shrub Wetlands 
6233 Mixed Scrub/Shrub Wetlands (Deciduous Dom.) 
6234 Mixed Scrub/Shrub Wetlands (Coniferous Dom.) 
4110 Deciduous Forest (10-50% Crown Closure) 
4120 Deciduous Forest (>50% Crown Closure) 
4210 Coniferous Forest (10-50% Crown Closure) 
4220 Coniferous Forest (>50% Crown Closure) 
4230 Plantation 
4311 Mixed Forest (>50% Coniferous with 10-50% Crown Closure) 
4312 Mixed Forest (>50% Coniferous with >50% Crown Closure) 
4321 Mixed Forest (>50% Deciduous with 10-50% Crown Closure) 
4322 Mixed Forest (>50% Deciduous with >50% Crown Closure) 
6210 Deciduous Wooded Wetlands 
6220 Coniferous Wooded Wetlands 
6221 Atlantic White Cedar Wetlands 
6251 Mixed Forested Wetlands (Deciduous Dom.) 
6252 Mixed Forested Wetlands (Coniferous Dom.) 
2100 Cropland and Pastureland 
2140 Agricultural Wetlands (Cranberry Farms & Modified Uplands) 
2400 Other Agriculture 
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Land Use 
Cover Type 2002 Code Land Use 2002 Label 

Other 1110 
1120 
1130 
1140 
1200 
1300 
1400 
1410 
1419 
1440 
1461 
1462 
1463 
1499 
1600 
1700 
1710 
1711 
1741 
1750 
1800 
1804 
1850 
2200 
2300 
4411 
5100 
5200 
5300 
5410 
5411 
6111 
6112 
6120 
6130 
6141 
6240 
6241 
7100 
7300 
7400 
7430 
7500 
7600 

Residential (High Density or Multiple Dwelling) 
Residential (Single Unit, Medium Density) 
Residential (Single Unit, Low Density) 
Residential (Rural, Single Unit) 
Commercial and Services 
Industrial 
Transportation/CommunicationJUtilities 
Major Roadway 
Bridge Over Water 
Airport Facilities 
Wetland Rights-of-Way 
Upland Rights-of-Way, Developed 
Upland Rights-of-Way, Undeveloped 
Stormwater Basin 
Mixed Urban or Built-up Land 
Other Urban or Built-up Land 
Cemetery 
Cemetery on Wetland 
Phragmites Dominate Urban Area 
Managed Wetland, in Maintained Lawn Green space 
Recreational Land 
Athletic Fields (Schools) 
Managed Wetland, in Built-up Maintained Rec Area 
Orchards, Vineyards, Nurseries, Horticultural Areas, Sod Farms 
Confllled Feeding Operations 
Phragmites Dominate Old Field 
Streams and Canals 
Natural Lakes 
Artificial Lakes 
Tidal Rivers, Inland Bays and other Tidal Waters 
Open Tidal Bays 
Saline Marshes (Low marsh vegetation) 
Saline Marshes (High marsh vegetation) 
Freshwater Tidal Marshes 
Vegetated Dune Communities 
Phragmites Dominate Coastal Wetlands 
Herbaceous Wetlands 
Phragmites Dominate Interior Wetlands 
Beaches 
Extractive Mining 
Altered Lands 
Disturbed Wetlands (Modified) 
Transitional Areas (sites under construction) 
Undifferentiated Barren Lands 
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