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l. PROJECT OBJECTIVE  
 
 
To assist in compilation and analysis of data and preparation of reports based on data collected during the 
Packsaddle study and prepare submission-ready manuscripts on the following topics. Specifically, to examine 1 
) survival and cause-specific mortality of bobwhite sex and age classes as influenced by season and year, based 
on radiotelemetry data; 2) survival of bobwhite sex and age classes based on band return data; 3) survival and 
cause- specific mortality of chicks based on radiotelemetry data; 4) breeding behavior and demographic 
variables associated with breeding behavior; and 5) mobility and home ranges of bobwhites as influenced by 
season and year.  
 
II. SUMMARY OF PROGRESS 
 1. Procedures 
Survival and Cause-Specific Mortality of Adults 
 
This analysis provided descriptive information on seasonal and annual survival rates and estimated so4rces of 
mortality by sex and age classes. Our general approach was to focus on the magnitude of effects rather than 
statistical sigflifical:1ce. The reason for this approach was that we expect a priori that survival will differ among 
seasons and years so significance testing was pointless; the issue of concern is the magnitude of the differences. 
Likewise, estimated sources of mortality were analyzed from a magnitude-of-effects perspective. 
 
We used the Kaplan-Meier staggered entry procedure (Pollock et al., 1989) to estimate monthly survival rates, 
extrapolate these to annual survival rates, and esti~ate the variance associated with annual survival estimates. 
October 1991 was the first month to provide at-risk individuals starting in November 1991. The annual survival 
rates we report are based on November-October periods inclusive (e.g., Nov 1991-Oct 1992). Based on analysis 
not reported here, we used a 14-day conditioning period (time for recovery from capture and handling and 
adjustment to the .transmitter) because it provided higher estimates of annual survival than 0-,7-, or 21-day 
conditioning periods. We tested different conditioning periods because longer periods might reduce the negative 
bias associated with telemetry-generated estimates of quail survival (Baker, 2002). In a given month, birds that 
lost their collars or that disappeared from radio contact were not included in the analyses. 
 
To further evaluate survival rates, we aged birds taken during the hunting season and estimated the proportion 
of adults in the population. We used this proportion as an independent check on the radiotelemetry-based 
survival estimates. The average proportion over years provides an estimate of the annual survival rate in a 
population that is not trending; the annual survival also can be derived from age ratios if a population is 
trending at a known finite rate. A further assumption is that age classes juv, ad) are equally vulnerable to 
harvest. We assumed a non-trending population for estimation. Because of past evidence that juveniles may be 
more vulnerable to harvest than adults (Shupe etal., 1990; Roseberry and Klimstra, 1992), we calculated the 
mean proportion of adults with the raw data and with the data adjusted for juvenile vulnerability juv 1.24x more 
vulnerable than ad; Roseberry and Klimstra, 1992). 
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We used the pooled dataset to assess variation in survival among sex-age classes. The dataset was truncated to 
individuals with known fates (not censored) that survived >14 days. The conditioning period was deducted from 
total days lived for analysis (birds started at day a after surviving >14 days). We calculated descriptive statistics 
for days lived by sex-age class, which we considered an index of comparative survival. We also constructed 
relative frequency distributions by 10-day survival classes (proportion surviving vs. 10-day class) and modeled 
these data with a negative exponential model:  
 

y = aexp(-bx) 
 
We assessed cause-specific mortality in 2 ways. On an annual basis, we obtained an index of the isolated rate of 
mortality due to a cause (rate in the absence of other losses) using Kaplan-Meier analysis. Isolated annual rates 
for hunting (OH), mammal (OM), and raptor (QR) mortality were estimated by calculating survival and 
mortality rates for a specific cause and censoring individuals lost to other causes (Pollock et al" 1989, Lee and 
Wang, 2003:354). To estimate total mortality (Qt) based on these results, we used the additive theorem of 
probability (Gharhamani, 1996:19-20):  
 

Qr = QH + QM+ QR- QHQM- QHQR- QMQR + QHQMQR 
 
Failure to apply the additive model would result in Qt > 1, which is impossible. We could not assess losses to 
other causes in this fashion because of their low frequency in the data.  
 
To assess the contribution of mortality sources on a monthly basis, we determined cause-specific loss per 
known- fate individual. These individuals were the total at risk in any month less the number censored in that 
month. For example, if hunters took 10 of 100 known-fate birds in a given month, loss/known-fate individual to 
hunting would be 0.1. We determined the loss-per-known-fate index for each mortality source for each month 
of study; we present monthly means and 95% CLs for each fate for the duration of the study.  
 
To assess possible interactions between fate and sex-age class, we conducted Chi-squared analysis at an 
arbitrary dichotomy (Bumham and Anderson, 2002) of P= 0.05: 4 sex-age classes by 4 fates (hunting, mammal, 
raptor, other). This analysis was conducted using data pooled over the 10-year study.  
 
To assess the nature (compensatory, additive) of harvest mortality, we obtained a sample of radioed birds each 
year that were captured during 1 June-31 October, that were alive on 1 November, and that had known fates. 
We determined the fate of these birds for the period 1 November-30 April (6 months) with fates partitioned 
among survival (8), natura1 mortality (V), and harvest mortality (K). The relationship between natural and 
harvest mortality may be described (Anderson and Burnham, 1976) as  
 

v= Vo + bK, 
 
where Vo = the natural mortality rate in the absence of harvest. Anderson and Bumham (1976) show how to 
estimate the slope parameter (b) and its uncertainty under the additive model of harvest mortality .We used the 
empirical sample to estimate b from the data using simple linear regression. Anderson and Burnham (1976) 
warned that direct estimation of this relationship was inappropriate for band-recovery data because of sampling 
correlation. However, we were dealing with known-fate individuals (a population of marked individuals) and 
we felt justified in conducting regression analyses. Our approach followed Roseberry and Klimstra (1984:141 ), 
who dealt with approximately known populations.  
 
 
Survival Based on Band-Return Data  
 
Band-return data provided a useful check on the reliability of survival rates as estimated with radiotelemetry 
data. Hence, survival based on band returns as collected during the hunting season were based on birds that 
were banded, but not radiotagged. This check was necessary because there is evidence that radiotransmitters 
negatively affect the transmittered birds.  
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Our general approach to survival analysis from band-return data was to use maximum likelihood in an 
information- theoretic venue (Burnham and Anderson, 2002). We used the program MARK (White and 
Burnham, 1999), available from the Cooperative Wildlife Research Unit, Colorado State University J for the 
band-retum analysis.  
 
An additional 233 chicks were banded but not radiotagged during the study. Banding occurred in a manner 
analogous to the method for attaching radiotransmitters (see above), and bands were recovered during the 
hunting season and as incidental recoveries during the execution of radiotelemetry.  
 
Following Parry et al. (1997) and expanding their results, we report first-year (direct) recovery rates, an index of 
harvest rate, for birds banded or radio-marked in November. We calculated the simple binomial probability of 
recovery not adjusted for unretrieved loss. The reporting rate was approximately 100% because hunters were 
required to check in and out of the area.  
 
Survival and Cause-Specific Mortality of Chicks  
 
This report covers the results of an extension of the work done by DeMaso et al. {1997) initiated in 1997. It 
differs from the work of DeMaso et al. (1997) in that rather than estimate chick survival by following 
radiomarked adults, we monitored radio marked chicks continuously during 1997-2002 until death, 
disappearance, or entrance into the adult population. Nests, found by following radiomarked adults, were 
monitored to determine hatch date, and chicks were caught 1-5 days after hatching. This was done by first 
triangulating the radiomarked adult's position at night around the suspected hatch date. After being located, the 
adult and brood were trapped by placing a 121-L canister over  them. The canister had a 30-cm diameter hole 
cut into the bottom that was covered with mesh netting with a slit in it to allow access to the chicks. Each chick 
was weighed to the nearest 2 g using a 200-g finger scale and marked with patagial bands (National Band and 
Tag Co., Newport, Kentucky, USA). Age was recorded as days from hatch. Chicks were recaptured at 12-23 
days post-hatch, reweighed, and radiomarked with a 30-35-day transmitter (0.7- 0.9 g, American Wildlife 
Enterprises, Monticello, Florida, USA; 1.2 g, Holohil Systems, Inc., Carp, Ontario, Canada). Most transmitters 
were necklace-style transmitters, but 2-3 chicks received backpack-style transmitters during the  
first year of the study. In "some cases, all recaptured birds from the same brood were radiomarked. Therefore, 
fates of some individuals (i.e., those from the same brood) were not independent, but such non-independence 
should only bias estimates of variability in survival rate {Pollock et al., 1989). After radiomarking, chicks were 
released and were relocated ≥5 days/week, including the day immediately after tagging.  
 
We used the Cox proportional hazards model in SYSTAT version 10.2 (SYSTAT Software, Inc. Richmond,  
California. USA) to estimate survival which allowed us to incorporate covariates into models. Of the 200 chicks 
in the database, 119 were suitable for survival analysis. In addition to a model with no covariates, we also tested 
models with mass at time of capture, Julian day of capture. and mass and Julian day of capture included as 
covariates. Because we were unable to achieve convergence for models including year as a covariate, we tested 
for year effects using ANCOVA with year as treatment and mass as covariate.  
 
The Cox proportional hazard model is based on the assumption that covariates are not time-dependent (Lee and 
Wang,2003). That is, the effect of the covariate (e.g., mass) on survival is independent of time at which it is 
measured. Therefore, we tested this assumption by including an interaction term between the covariates and 
time. If the interaction term is not significant, then the covariate is not time-dependent and the Cox model is 
appropriate for the data (Lee and Wang, 2003:326-327).  
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We divided the overall dataset into 2 subsets based on mass: masses ≤30 g (n = 45) and those >30 g (n = 74). 
We selected the cut-off in mass classes to minimize the overlap in ages between the 2 groups. We calculated the 
mass- adjusted survival estimates for these 2 subsets separately using the median mass for each group. If the 
temporal dependence of survival estimates was due to mass-age effects, then we expected survival to become 
independent of time since capture sooner for the >30-g group.  
 
 
Because our results (see below) indicated that mass, and therefore age, was a significant covariate in the 
survival model, we modeled growth rate as a function of age to better understand the dynamics involved in this 
relationship. We used the nonlinear modeling module in SYSTAT version 10.2 to develop the growth model. 
We used a logstic function 

 
y= A 

 
1 +e(-K(t-t,) 

 
 
where A = the asymptotic mass, K = the growth-rate constant of the equation, t = the inflection point in the 
growth curve, and y = mass of chick at age t (Starck and Ricklefs, 1998). The growth-rate constant is directly 
related to the rate at which the chick mass approaches the asymptotic mass (Starck and Ricklefs, 1998). The 
asymptotic mass need not be equal to mean adult mass, but instead is the mass of the bird at the end of the 
growth curve (Starck, 1993). We used all chicks for which we had mass and age records (n ::: 136) in order to 
increase our chances of achieving convergence. We estimated all parameters from the data using the Marquardt 
technique, as recommended by Starck and Ricklefs (1998:381). We differentiated the resulting equation with 
respect to tto obtain the growth rate as a function of age.  
 
Because ourwithin-year sample sizes were insufficient to estimate cause-specific mortality for particular 
intervals in a competing-risks milieu following either Heisey and Fuller (1985) or Kaplan-M'eier (Pollock et al. 
1989), we'report cause-specific losses as the proportional losses attributable to a particular mortality category, 
expressed as a simple percentage, during the study period. We used all cases for which a fate was determined (n 
= 162), excluding only missing chicks and those that slipped collars. We recognize that the mortality estimates 
might be biased because survival rates vary between years and because chicks were added to the dataset 
throughout the study.  
 
We recognized 9 loss classes: capture and handling, collar-related, hunting, mammal, raptor, snake, weather-
related, mjssing (i.e., those chicks that were never found after initial tagging), and unknown. Because 
individuals that lost collars might have been recaptured and collared later, we excluded individuals that lost 
radios from the analysis to avoid double counting chicks. Losses were assigned to the various categories 
following DeMaso et al. (1998), based on evidence at recovery site and the condition of the transmitter.  
 
Breeding Behavior and Demographics  
 
We used radio-tagged bobwhites to locate nests, as judged from consecutive locations of a bird at the same 
point. When a nest was found, we counted the numbers of eggs and estimated the date of initiation and hatch. 
Initiation date was estimated by subtracting 1.2c from the nest-location date, where c was the number of eggs 
upon location (Burger et al., 1995). As date of hatch neared, a subject was monitored >2 times/day.  
 
Reproduction Performance  
 
We arbitrarily defined the nesting season as 15 April-15 September. To assess reproduction performance within 
this period, we created 3 datasets: (1) all bobwhites that entered and survived the nesting season, whether or not 
they incubated, (2) bobwhites that entered and survived the nesting season and incubated, and (3) bobwhites 
that entered the nesting season, incubated, and either survived or died. The first dataset was necessary to 
estimate true  reproduction performance in the population by analyzing birds that did and did not incubate. The 
second dataset provided complete nesting histories for birds that entered and survived the nesting season: we 
did not analyze data from birds captured during the nesting season because there was no way to identify the 
incubation attempt (1, 2, or 3). The third dataset provided a means of assessing the reproduction effort relative 
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to surviving birds. Bobwhites that reproduced and died before the end of the nesting season influenced the 
demographic nature of the standing population at the end of the period.  
 
The sample started with 2,012 bobwhites (1.1 males/female) that were radiomarked and that survived a 14-day 
conditioning period after capture (Cox et al., 2004). The restrictions that bobwhites were alive at the beginning 
of the nesting period and that birds captured during the nesting season were excluded from analysis of 
reproduction performance (though not from estimation of clutch size and nest success) severely truncated that 
resulting sample size for analyses of reproduction performance. In some years, certain sex-age classes were not 
represented in the sample. Accordingly, we pooled over the study period and present simple, descriptive 
statistics on these data. In some cases, we could not estimate uncertainty associated with point estimates of 
demographic variables (e.g., attempts/hen) because of pooling.  
 
Data for estimating nest success ~ 1 chick fledged) came ~1 nesting attempt with a known fate. We did not 
attempt identifying cause of loss based on evidence at a nest site knew approximate nest initiation dates, we 
report the binomial probability of success for incubated rather than invoking time considerations (Mayfield, 
1961).  
 
For descriptive analysis of clutch size (means, percent hatch of eggs within clutch), we limited data to clutches 
that hatched, regardless of whether the individual responsible for the hatch survived the nesting season. In 
estimating trends in clutch size as a function of Julian day I we truncated the data to clutches that hatched for 
hens that survived the nesting season. These truncations ensured that we knew the number of an incubation 
attempt and that we had data on complete clutches. We then regressed clutch size on Julian day for first and 
second incubation attempts (the sample size was too small for third attempts).  
 
Phenological analyses were based on data pooled over all nesting seasons (1992-2001) and were limited to 
female bobwhites with complete nest histories (alive during 15 Apr-15 Sep inclusive). Bobwhites captured at 
any time in April were included in the sample. The data were segregated into first, second, and third incubation 
attempts. Then the cumulative frequency of nest initiations as a function of Julian day was modeled with 
polynomials for each attempt, The polynomials were differentiated and scaled to probability density functions 
(pdf) to portray frequency distributions of nest starts in time (Guthery and Kuvlesky, 1998). The resulting pdfs 
were scaled by multiplying each function by the proportion of first, second, and third incubations in the total 
sample (e.g.  the proportion of first starts in the sample x the pdf for first starts). These transformations provided 
an estimate of the relative importance of incubation attempts to the total nest-incubation effort.  
 
Mobility and Range  
 
We used a conservative, 30-day cut-off point for inclusion of bobwhites in the analyses. That is, only birds with 
≥30 locations in a particular year were included in analyses of home range and mobility. We chose this cut-off 
point to ensure that the negative effects of radiotransmitter attachment (Guthery and Lusk, 2004) were 
negligible and minimallyaffected bobwhite space-use, and to minimize bias in home-range estimation (Seaman 
et al., 1999).  
 
Home range.-We used ArcView 3.3 with Spatial Analyst (ESRI, Redlands, California, USA) and the Animal 
Movement extension (Hooge and Eichenlaub, 1997). We used the adaptive kernel estimator for determining 
home- range size (Worton, 1989; Seaman and Powell, 1996). We estimated annual home ranges based on 
calendar year (1 Jan-31 Dec) and seasonal home ranges on natural seasons (winter = 1 Dec-28 Feb [29 Feb in 
leap years], spring = 1 March-31 May, summer = 1 Jun-31 Aug, and fall = 1 Sept-30 Nov).  
 
We verified all locations for bobwhites with home ranges >290 ha. We selected this cut-off based on the upper 
limit ofhome-range size reported by Brennan (1999). We compared the UTM coordinates for all location for 
bobwhites with home ranges >290 ha against the original data sheets and corrected any errors. We then re-
estimated home range size for those bobwhites with corrected UTM coordinates.  
 
To assess the influence of sample size on the kernel home-range estimator, we regressed home-range size on 
sample size. The absence of a linear dependency between sample size and home range size implies that sample 
size did not bias our home-range estimates. The minimum sample size of 30 for inclusion in the database also 
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ensured that home ranges were not biased by small numbers of locations (Seaman et al., 1999) while making 
the most use of the available data.  
 
Even given our attempts to assess data accuracy, some home ranges were extremely large (see results), which 
biased our estimates of mean home-range size. We attempted to overcome this bias in several ways. First, we 
used the median home-range size instead of means. The median is less affected by the extreme outliers in the 
dataset (Sokal and Rohlf, 1998). Second, we report the frequency distribution of home-range sizes to aid in 
interpreting the results. Third, we censored home ranges that were >500 ha to eliminate the influences of the 
outliers. These outliers are likely due to inflation in home-range size resulting from long-distance dispersers.  
 
Daily movement.-Because UTM coordinates are measured in meters, we calculated the distance between 
consecutive UTM locations using the distance equation  
 

d =  √(x2 –x1)2 + (y2 -y 1)2 

 
where d = the distance between two consecutive locations, Xt and yt are the UTM coordinates of the first 
location and X2 and y2are the UTM coordinates of the next location. We used SYSTAT 10.2 (Systat Software, 
I.nc.; Chicago, Illinois, USA) to calculate and summarize daily movement distances. We estimated mean daily 
movement distances for each bobwhite and report means for year, and age and sex classes.  
 
 Dispersal.—-We defined dispersal as any long-distance movement away from a bobwhite's center of 
activity. As such, our definition encompassed exnatal (dispersal from natal area) and extranatal (among areas 
outside natal area) movements (Kenward et al., 2002). To estimate dispersal distances and frequencies, we first 
estimated the arithmetic means of the UTM coordinates for each bobwhite in the sample to determine each 
bird's center of activity. The arithmetic mean has been criticized because it is susceptible t.o bias from outlying 
locations and for sometimes lying outside the used areas of a home range (White and Garrot, 1990). However, 
use of the harmonic mean method (Dixon and Chapman, 1980) was problematic because some locations, 
especially those of incubating birds, were the same very close together, which resulted in undefined reciprocals 
(i.e., 1/0) in the equation (Worton, 1989; Kenward et al., 2002). Further, because we were not interested in 
describing aspects of the bobwhites' home ranges in this analysis, but merely in defining a common point from 
which to measure dispersal, we believe that the arithmetic mean was appropriate. To determine whether the 
arithmetic means fell outside the space used by the birds, we plotted the arithmetic mean location against the 
observed locations for 10 randomly selected birds. The means were then used to estimate the distance between 
each location and the center of activity (mean UTM coordinates) using the distance equation above. In this case, 
X1 and y1 are the coordinates of the center of activity .  
 
There are no definitive criteria for establishing whether a dispersal event has occurred (Kenward, 2002). Rather 
than base our dispersal threshold on previous empirical work- which, for bobwhites, is sparse-we defined a 
dispersal threshold with respect to the dispersal data. We estimated the mean dispersal distance and SD across 
years and birds. For the purposes of estimating dispersal frequencies, we considered any movement >2 SD of 
the mean distance from the center of activity to be a dispersal event.  
 
We estimated dispersal frequencies within year and season. Annual dispersal frequencies were also summarized 
by age and sex classes. However, because of small sample sizes within seasons, we were not abie to estimate 
seasonal dispersal frequencies by age or sex. To avoid double counting individuals, we considered dispersal as a 
binary trait (0, 1) of the individual: if 1 or more movements exceeded the dispersal threshold we considered that 
individual dispersed, otherwise the bird did not disperse. We then estimated annual dispersal frequency as the 
number of dispersed bobwhites per bird in the sample. Seasonal dispersal frequency was estimated in a Similar 
manner, except that dispersed status was assigned within seasons. Therefore, if a bird dispersed in spring and 
fall, it would be counted as dispersed in both seasonal estimates. Since the seasonal pattern of dispersal was the 
point of interest in this analysis, it was necessary to consider such multiple, within year movements. As a result, 
total sample size across seasons will be larger than that for annual frequencies. 
We also estimated dispersal distance for all bobwhites, here defined as the mean distance traveled away from 
the center of activity for each bobwhite. For this analysis, we considered all bobwhites and not just those who 
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moved >2 SD from the mean center of activity .A dispersal-distance function was plotted showing the 
frequency distribution of dispersal distances for the Packsaddle bobwhites. We summarize dispersal distanced 
by season, age, year, and sex classes. 
 
We elected not to engage in null-hypotheses significance testing for differences among year, age, and sex 
classes. We made this decision for 2 reasons. First, the large number of birds and locations in our sample (see 
results) ensured that even small mean differences would be statistically significant (Johnson, 1999; Guthery et 
al., 2001 ). Second, in most cases, the null hypothesis of no difference between or among groups is known to be 
false a priori (Gutheryet al., 2001) and the rote application of a statistical test serves no purpose. Instead, we 
chose a magnitude- of-differences approach, reporting means or medians, their accompanying SDs or CLs, and 
sample sizes for all estimates and drawing inferences therefrom. We estimated confidence intervals for medians 
using bootstrapping (Mooneyand Duval, 1993). Because this method only gives an approximation of confidence 
intervals, they should be interpreted with greater caution than normally warranted. 
 
 2. Results 
 
Survival and Cause-Specific Mortality of Adults 
 
We radiotagged 2,647 bobwhite adults: After deducting birds that did not survive the 14-day conditioning 
period, the sample Included 231 adult males, 827 juvenile males, 149 adult females, 792 juvenile females, and 
13 juveniles of unknown sex. Sample sizes provided below may differ from the number that survived the 
conditioning period because of incomplete records (e.g., cause of mortality unknown). 
 
Estimated annual survival (Nov-Oct) pooled over sex-age classes ranged between 0.019+ 0.048 (SE) in 2000-
2001 and 0.211+ 0.038 in 1996-1997 (Table 1; Kaplan-Meier estimates). The mean (n = 10) of annual Kaplan-
Meier estimates was 0.068+ 0.018. Monthly survival was relatively low and variable during cooler months 
(Nov-Feb) and relatively high and less variab1e during warmer months (Mar-Oct; Fig. 1). 
 
The raw proportion of adults in the Packsaddle harvest (Table 1) averaged 0.16+ 0.011 (n = 12) during 1989-
1990- 2000-2001 (n ≥ 405 birds aged in any year). Upon adjustment for vulnerability Juveniles 1.24x more 
vulnerable than adults; Roseberry and Klimstra, 1992), the proportion of adults averaged 0.19+ 0.013 during the 
same period. This analysis suggested average annual survival rates >2.3 times higher than estimated with radio 
telemetry data. 
 
We observed little variation in post-conditioning-period, known-fate survival of sex-age classes as indexed with 
average days lived. Means during the study were 115.0+ 9.27 (SE) days for adult males (n = 182), 103.0+ 4.11 
days for juvenile, males (n = 692), 98.2+9.23 days for adult females (n = 125), and 101.5+3.79 days for juvenile 
females (n = 650). Relative frequency distributions of survivors by sex-age classes were decidedly skewed (Fig. 
2). Negative exponential models provided acceptable descriptions of the proportion surviving with elapsed time 
for each sex-age class (0.66 ≤r2≤ 0.93). The negative exponential model indicated a constant fraction surviving 
10-day intervals for each sex-age class. This fraction (exp[-b]) ranged between 0.89 and 0.90 for all sex-age 
classes. These results further translate to daily survival rates ranging between 0.9884 and 0.9895.  
 
Isolated rates of annual mortality, as indexed, were highest for raptors (Fig. 3) at a mean of 0.63+0.027 over the 
10 years of study. Means were 0.45+0.043 for hunting mortality and 0.45 +0.021 for mammal mortality. Under 
the additive model, these isolated rates translated into total annual mortality rates that averaged 0.88  +0.017 
,which were uniformly high except in the biological year ending in October 1997 (Fig. 3).  
 
Monthly trends in total losses per known-fate individual revealed a relatively stable and precise loss rate from 
April through October (Fig. 4). From November through February, total loss rates increased and became 
noticeably variable during January-February. This annual trend was due largely to the dynamics and variability 
of hunting and raptor losses. Hunting and raptor loss rates were independent (r= 0.016, n = 30) for months in 
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which both occurred Loss rates to mammals were relatively stable throughout the year, with slightly higher 
rates and more variability during June-August than during other months.  
 
We detected an interaction effect (X2 = 19.6, 9 df, p < 0.025) between fate and sex-age class (Table 2). The 
effect arose primarily because more adult males were lost to raptor predation than expected and fewer were lost 
to other causes than expected, leading to relatively high cell Chi-squares. The proportion of adult male losses to 
raptors was higher during the 6-month period December-May (0.72+0.043) than during June-November(0.28 + 
0.043). Otherwise, observed and expected frequencies of losses were similar among sex-age classes, as apparent 
from cell Chi-square values (Table 2).  
 
Data used to assess the nature of harvest mortality (Table 3) suggested a theoretical slope (Anderson and 
Burnham 1976) of -0.57+0.046 (95% CL = -0.662- -0.478) for the relation between natural mortality 
(dependent variable) and harvest mortality (independent variable) under the fully additive model. The 
regression-generated estimate of natural mortality in the absence of harvest was Vo = 0.83 (95% CL = 0.53-1.0) 
and the slope was -0.90 (95% CL = - 1.93-0.13). Fully compensatory harvest would have a slope of -1 
(Anderson and Burnham, 1976). The regression estimated slope was closer to -1 than to -0.57 but the variation 
of the slope was so large as to render the results meaningless concerning compensation and additive of harvest 
over a November-April period.  
 
Details from this objective were recently published in the Journal of Wildlife Management: Cox, S. A., A. D. 
Peoples S. J. DeMaso, J. L. Lusk, and F. S. Guthery. 2004. Survival and cause-specific mortality of northern 
bobwhites in western Oklahoma. Journal of Wildlife Management 68:663-671.  
 
Survival Based on Band-Return Data  
 
Based on the sample of birds banded in November, direct recovery rates averaged 0.38+ 0.046 (n = 7; Table 4). 
We were unable to analyze band-recovery data for chicks because only 14 of the 233 bands were recovered over 
the study period.  
 
Because of the limited data obtained from band-returns, no submission-ready manuscript will result from this 
objective alone.  
 
Survival and Cause-Specific Mortality of Chicks  
 
Over the study period, 200 bobwhite chicks were radiomarked: 32 (16%) males, 28 (14%) females, and 140 
(70%) unknown sex. Therefore, we could not conduct sex-specific analyses for survival and cause-specific 
losses. Of the 200 chicks in the sample, 119 were suitable for survival analysis. We were also unable to analyze 
band-recovery data because only 14 of the 233 bands were recovered over the study period.  
 
There was no statistical year effect (P = 0.312), despite the significant covariate in the ANCOVA. The results of 
the Cox proportional hazards model indicated that mass was the only significant covariate (P = 0.005), and this 
covariate was independent of time (P > 0.05). Given the coefficient for the significant covariate we can adjust 
the survival estimates to account for the effect of chick mass by applying the correction 
S(t) = So (t)(exp(-0.021X)), where So (t) is equivalent to the Kaplan-Meier survival estimate without covariates 
(Steinberg et al., 2000; Fig. 5) and x = mass. Given the range of masses in the data (12-75 g) and using the daily 
survival rate for day 1 (0.924) we found that estimated survival would range between 0.940 and 0.984 using the 
above correction for mass. Mean survival time for the model without covariates was 30.02 days. Survival in the 
>30- and ≤30-g groups tended to flatten out at around 30 days after capture (Fig. 5), suggesting that adjustment 
to transmitter attachment was affecting survival during this time period. 
 
The survival curve indicated that survival leveled out at approximately 30-35 days after capture (Fig. 5). This 
means that survival for chicks ≤30days after capture was a function of time since capture. How much of this 
temporal dependence was due to chicks adjusting to transmitters is unknown. 
 
The logistic growth model provided an excellent fit to the data (r2 = 0.98). The parameterized logistic model 
was  
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Y = 1533.5/1+e(-0.074(t-33.7)) 

 
 
The derivative of the model indicated that the maximum growth-rate for chicks on the Packsaddle was 2.83 
g/day and was achieved on day 35 post-hatching (Fig. 6). Growth rate became 0 at approximately 145 days post 
hatching. 
 
Of 200 radiomarked chicks, 32 (16%) slipped their collars and were not considered in this analysis. Of the 9 
loss categories considered here, predation by raptors was the greatest proportional cause of loss for chicks on 
the Packsaddle over the study period (Table 5). Considered together, capture- and collar-related losses (27 and 9 
chicks, respectively) accounted for 23% of the total losses. Mammalian predators accounted for the third largest 
number of losses at the Packsaddle (Table 5). 
 
Two manuscripts were submitted during the grant period: Lusk, J. J., S. A. Cox, S. J. DeMaso, A. D. Peoples, 
and F . S. Guthery, Survival and cause-specific mortality of northern bobwhite chicks, and Lusk, J. J., S. A. 
Cox, S. J. DeMaso, A. D. Peoples, and F. S. Guthery, Field estimation of age of northern bobwhite chicks. The 
first manuscript was submitted to The Condorand the second to Journal of Field Ornithology; both were 
rejected. Subsequently, the two papers were combined and are currently "in press" in the American Midland 
Naturalist.  
 
Breeding Behavior and Demographics  
 
Sixty-four bobwhites entered the nesting season, survived, and incubated, and 155 bobwhites entered the 
nesting season, survived, and either did or did not incubate (91 bobwhites did not incubate). For the pooled data, 
64 + 6.5% of juvenile females (n = 56), 90+ 10.0% of adult females (n = 9), 13 + 4.1% of juveniles males (n = 
68), and 41 + 10.7% of adult males (n = 22) incubated ≥1 nest. 
 
Bobwhites that entered and survived the nesting season and incubated (n = 65) accumulated 92 nesting 
attempts. Most of these attempts were by juvenile females (67 + 4.9% ; n = 62), followed by adult females (13+ 
3.5%; n = 12) and males (10 +  3.1% and n = 9 each for juvenile and adult males). On a per-hen basis with male 
incubations allocated to hens, there were 2.0 attempts/hen conditional on incubation (1.6 attempts/hen including 
females that did not incubate).  
 
The 229 bobwhites that entered the reproduction period, including those that did not survive it, accumulated 203 
nesting attempts. This total translates to 1.7 attempts/hen (n = 117) that entered the season and 3.1 attempts/hen 
(n = 65, including hens that did not incubate) that survived the season.  
 
For hens that started and survived the nesting season (n = 65), we observed 21 (32+ 5.8%) that incubated 2 
clutches and 4 (6+ 3.0%) that incubated 3 clutches. Five double-clutching hens and 2 triple-clutching hens 
hatched 2 broods. We did not observe a hen hatch >2 broods.  
 
The overall probability of success for incubated nests was 48 :t. 2.8% (n = 331). We observed similar success 
rates for nests incubated by juvenile females (49 + 3.6%, n =191), adult females (48 + 6.2%, n = 65), juvenile 
males (43 + 7.3%, n = 47), and adult males (57 + 9.5%, n = 28). Likewise, nest success appeared independent of 
incubation attempt for nests where the attempt number was known (individuals that started and survived the 
nesting season). Estimates were 56 + 6.3% for first attempts (n = 64),54+ 10.4% for second attempts (n = 24), 
and 50 + 28.9% for third attempts (n = 4). Nest success (y) declined (Fig. 7) during the 10 years (x) of study 
according to  
 

y= 4,777- 2.37x (r2 = 0.70) 
 
Confidence intervals (95%) on the rate of decline were 1.10-3.64%/year,  
 
We observed 161 completed (hatched) clutches. The average clutch contained 13.6+ 0.22 eggs, of which 12.2 + 
0.29 hatched. The percent hatch rate for eggs within clutches was 90.2+  1.4%.  
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Clutch size (yi, j = attempt 1 or 2) for females that started and survived the nesting season declined with 
Julian day (x) for first and second nesting attempts (Fig. 8). The relations were  
 

y1 = 21.8- 0.05x (n = 59, (r2 = 0.30) and 

y2 = 26.0- 0.07x (n = 21, (r2= 0.30). 
 
The rates of decline for first and second attempts were similar based on overlap of 95% confidence intervals. 
The rates suggested an average loss of 1 egg/clutch for every 14-20 days that elapsed in the laying season, and 
this rate was independent of first or second nesting attempt.  
 
We obtained 81 complete nesting histories for female bobwhites, including 56 first attempts, 21 second 
attempts, and 4 third attempts. Within this dataset, which was truncated to birds alive during April-15 
September, initiation of incubation for first nests was observed over a 133-day period (23 Apr-2 Sep), initiation 
for second nests over an 86- day period (2 Jun-26Aug), and for third nests over a 51-day period (12 Jul-31 
Aug). Observed initiation dates.. pooled over all nesting attempts (n =331), encompassed 140 days (23 Apr-2 
Sep); hatching occurred over 129 days (26 May-2 Oct).  
 
Cubic polynomials provided satisfactory models of the cumulative frequency of female incubation initiations 
(yi, i = 1, 2 attempts) as a function of Julian day (x) within the observed range of x values:  
 

y1 = -39.66- 0.3089x + 0.00875x2 -0.00002x3 (n = 56, (r2 = 0.99), 
y2 = 727.24 -11.67x + 0.0610x2 -0.0001-x3 (n = 21, (r2 = 0.97). 

 
The data were too few (n = 4) to model third nest initiations. The quadratic pdfs derived from the cubic 
polynomials (Fig. 3) suggested peak rate of nest initiation occurred on about 30 April for first attempts. 
Initiation of first nests was a threshold-like phenomenon; i.e., the rate of nest incubation initiation went from 
zero to its highest value in ~3 weeks. The peak rate of initiation for second attempts occurred around 17 July.  
 
Collapsing the pdfs (Fig. 9A) to account for proportion of initiations (Fig. 9b) revealed the importance of first 
initiations relative to second or third initiations. First incubation initiations accounted for 69 + 5.2% of total 
initiations compared with 26 + 4.9% for second initiations and 5:!: 2.4% for third initiations. The area under the 
2 curves in Fig. 9A is 2.0, whereas the area under the 2 curves in Fig. 9b is 0.95 (the curve for third initiations is 
not given). Thus, Fig. 9b provides an image of relative importance of incubation attempt in the total nest-
incubation effort.  
 
Details from this objective are "in press" in the Journal of Wildfire Management: Cox, s. A., F. S. Guthery , J. J. 
Lusk A. D. Peoples, S. J. DeMaso, and M. Sams, Reproduction by northern bobwhites in western Oklahoma.  
 
Mobility and Ranges  
 
Between 1991 and 2002, 1 ,264 bobwhites had ≥30 locations in a given year. The database used in this analysis 
contained 106,302 locations. Of the 1,924 pairs of UTM locations checked, 92.7% were accurate. An additional 
104 errors were discovered by checking locations for birds with estimated home ranges >290 ha. Several (138) 
home ranges were large (>500 ha), and they were excluded from calculation of home range medians below.  
 
There was no linear relationship between home-range size and the number of locations (≥30) in the sample (P 
=0.578; n= 1264). Therefore, sample sizes ≥30 did not affect our estimates of home-range size. The distribution 
of home-range sizes was strongly right skewed (Fig. 10), so we report the median + 95% CLs. Over years, the 
95% kernel home-range size for bobwhites on the Packsaddle was 47.2 ha (95% UCL=49.8, LCL=44.8). Home-
range size varied with year (Fig. 11 ), ranging between 68.8 ha (95% UCL = 74.1, LCL = 59.67) in 1999 and 
32:4 ha (95% UCL=37.7, LCL = 23.3) in 1994. Adults had slightly larger home ranges than juveniles (Fig. 12), 
and males had larger home ranges than females (Fig. 13). These patterns were repeated when age and sex 
classes were considered together (Fig. 14), except that female juveniles (43.8 ha; 95% UCL = 48.1, LCL=39.6) 
had larger home ranges than female adults (39.5 ha; 95% UCL, = 49.1, LCL+ 29.5).  
 
Home-range size varied among seasons (Table 6, Fig. 15). The 95%-kernel home-range estimate was largest for 
the spring, summer, and fall class (Table 6; 90.4 ha, n = 46, 95% CLs = 125.9,69.1) and was smallest for the 
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spring class (33.2 ha; n = 70, CLs = 42.6, 25.6). Looking at spring, summer, fall and winter classes 
separately, home ranges were smallest in the spring and largest in the summer (Table 6).  
 
We interpreted the 50% kernel as an estimate of the core range of the bobwhites on the Packsaddle. Across 
years, median core-range size was 6.1 ha (n = 1126, 95% UCL = 6.6, LCL = 5.7). Annual core-range size 
(Table 7) varied between a high of 11.6 ha (n = 102, 95% UCL= 14.2, LCL =9.6) in 1999 and a low of 3.2 ha (n 
= 137, 95% UCL = 4.1, LCL = 2.9) in 1994. Core-range size did not vary by age (Fig. 16), but varied by sex 
class (Fig. 17). Seasonal core areas also varied in size (Table 7, Fig. 18). Like home-range size, median core 
areas were largest in the spring summer, and fall class (Table 7; 14.4 ha, n = 46, 95% CLs = 18.8, 7.7), but was 
smallest during the summer class (3.9 ha, n = 21, CLs = 10.7, 2.9). Considering single-season classes 
separately, core areas were smallest in summer and Jargest in spring (Table 6).  
 
Mean daily bobwhite movement over the 12-year study was 328. + 19.8 m (n = 1331). The sample size is larger 
here because some birds (n = 67) survived between years and, therefore, have movement records in multiple 
years. Mean daily movement of juveniles (337 + 24.4 m, n = 254) was greater than for adults (290.2 + 9.7 mi n 
= 1077). Males and females move approximately the same mean daily distance (336 + 23.4 m, n = 708 vs. 318 
+ 33.2 m, n = 620). The same pattern was apparent when sex and age classes were considered together (Table 
8): juvenile male and females moved farther each day than did male and female adults, but males and females 
moved similar distances regardless of age class.  
 
Mean daily movement varied among years (Table 9, Fig. 19), and ranged between 548.2 + 242.5 m in 1991 (n = 
101) to 249.5 + 15.2 m in 2002 (n = 11). Within years, seasonal mean daily movement distances also varied 
(Table 10). Considering all season classes together, mean daily movements were shortest in winter (242.7 + 
12.2 m, n = 47) and longest in fall-winter (442.9 + 109 m, n = 224). Considering winter, spring, summer, and 
fall classes separately, mean daily movement in the fall was greater (292.9 +  25 m, n = 66) than in winter, 
spring, or summer (Table 10, Fig. 20).  
 
Bobwhites traveling >3350 m (2SD) from their center of activity were considered to have dispersed. Dispersal 
frequency was independent of density measured as annual fall harvest (R2 = 0.0171 p = 0.68). Across years, 
dispersal frequency was 17.4 +  0.01 %' but varied annually (Table 11 I Fig. 21 ). Annual dispersal frequency 
ranged from a low of 0.9+  0.98% (n = 101) in 1991 to a high of 28.1 + 4.96% (n = 82) in 2001 (Table 11). 
There were no differences between male and female dispersal frequencies (17.2+ 1.5% vs. 17.1+ 1.6%), but 
juveniles (17.8 + 1.2%) dispersed more frequently than adults (14.2+  2.3%). Considering age and sex classes 
together, adult males (15.4+  3.0%) dispersed more often than adult females (12.2:!: 3.6%), but juvenile males 
and females dispersed at similar rates (17.6:!: 1.7% and 18.0+  1.7%, respectively). Dispersal was most frequent 
during summer (16.6+  1.4%) and least frequent in winter (5.1 +  0.8%) (Table 12).  
 
Dispersal distance averaged 736.4 + 44.5 m (n = 1329) over the entire study period, but most dispersal distances 
were smaller than the average (Fig. 22). The mean overall dispersal distance and those reported subsequently 
are based on all movements away from the center of activity and not only on those distances >2SD. We chose to 
use all movements from the center of activity because it provides more information on the movement behavior 
of bobwhites. Mean dispersal distance varied among years (Fig. 23), ranging between 190.4 + 8.1 m (n = 100) 
in 1991 and 1223.6 + 247.7 m (n = 82) in 2001. Juveniles dispersed farther than adults (784.9 + 52.5 m, n = 
1076 vs. 530.2 :t 67.6 m, n = 253), but males and females dispersed similar distances (696.4 + 55.6 m, n = 708 
vs. 782.5 + 71.2 m, n:= 618). Considering age and sex classes together, adult males dispersed shorter distances 
than juvenile males, and adult and juvenile females (Table 13).  
 
Mean seasonal dispersal distances varied between 231.8 + 14.5 m (n = 159) for the winter-spring class to 
1313.9 + 216.2 m (n = 119) for the summer-fall-winter class (Table 14). Considering winter, spring, summer, 
and fall classes separately, mean dispersal distance was shortest in the summer (266.7 +  28.1 m, n = 21) and 
longest in the fall (411.0 + 95.6 m, n = 67).  
 
A submission-ready manuscript is being developed but was not completed during the grant period  
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IV. RECOMMENDATIONS 
 
The purpose of this project was to provide basic natural history and demographic data on bobwhite home 
ranges, movement and mobility, survival, and breeding. As such, the results do not lend themselves to making 
specific management recommendations. The data will provide managers with the information that will allow 
them to make more informed management decisions. We make several observations below that might be useful 
for bobwhite managers. 
 
Our results suggest that raptors and harvest caused the most mortality of bobwhite, relatively to other types of 
loss, on the Packsaddle Wildlife Management Area. Presumably; these results should hold, at least 
approximately, for other semi-arid rangelands subject to public hunting in the central plains. Accordingly, 
management aimed at increasing survival is best directed at these loss sources. Whereas harvest is directly 
manageable through regulations, the management of losses to raptors is problematic. However, if disturbance 
by harvest exacerbates mortality to raptors, as has been speculated (Curtis et al. 1988, Robinnette and Doerr 
1993, Smith and Willebrand 1999), then reduced harvest pressure might reduce losses to raptors. The data 
suggested that raptor and harvest losses were independent in months when both occurred.  
 
The survival rates of bobwhite chicks reported herein were relatively low and reflected the combined effects of 
adjustment to the radio package and changes in survival with increasing mass (i.e., age). We have little doubt 
that, the radiotransmitters influenced chick survival; our results showed that some portion of the temporal 
dependency of survival time was likely due to radio attachment. However, we believe that these results can still 
shed light on the early stages of the bobwhite's life cycle, given appropriately cautiou~ interpretation. For 
example, several lines of evidence suggest that the first 30-40 days post hatching were a critical time in the 
chicks' lives, suggesting that management aimed at this life stage might have the greatest impact on fall 
harvestable populations. 
 
The results from the breeding behavior and demographics analysis primarily represented descriptive biology on 
reproduction in a mid-latitude bobwhite population and from a management perspective, they lead to better 
understanding of bobwhite demographics. However, managers might take note of the importance of first nest 
linitiations relative to second and third initiations (Burger et al. 1995). 'This importance might imply that 
management of nesting cover should focus on its availability in the early nesting season. Finally, our results 
provide an empirical example of high nest success rates, especially during the early years of the study, in the 
absence of any form of nest predator suppression. Leopold (1933:240) observed provision of food and escape 
cover was "one of the most effective forms of 'predator control'" for wintering bobwhites. In that the Packsaddle 
Area had large quantities of nesting cover, Leopold's conjecture might hold for nesting as well as wintering 
bobwhites. However, this observation is correlational and it does not preclude the possibility that high nest 
success accrued because of low populations of nest predators or some other factor. 
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Knowledge of home-range size, dispersal frequency and distance, and daily movement patterns is an 
important component of bobwhite habitat management. These characteristics of mobility and range can be used 
to estimate usable space, because home-range size is known to vary with habitat quality, which can be defined 
as the amount of usable space in time (Guthery 1997). As usable space-time increases, home-range size 
declines. Therefore, a goal of management should be to maximize usable space-time and minimize home-range 
size. 
 
 
V. SIGNIFICANT DEVIATIONS  
 
None.  
 
VI. APPENDIX   
Packsaddle Access Database CD, which should be cited as follows  
 
Lusk, J. J., F. S. Guthery, S. A. Cox, A. Peoples, S. J. DeMaso, and M. G. Sams. 2004. Analysis of bobwhite 
demographics, ranges, and mortality on the Packsaddle Wildlife Management Area: Data. Federal Aid in 
Wildlife Restoration project W-149-R-3.  
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