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bobwhites (Colinus virginianus; hereafter, bobwhite) to obtain information applicable in understanding and
managing mid-latitude populations. We report on aspects of chick ecology (survival, cause-specific mortality,
and growth rates) during 1997 -2002. Survival estimates were sensitive to censor-period length. Survival
became time independent at around 30 days post capture. Annual survival with a 30-day censor period was
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recaptures. That is, 26% of bobwhite chicks that succumbed to radio attachment did so after having their
radios replaced upon recapture. Twelve percent of bobwhite chicks were never relocated after transmitter
attachment and were assumed to have dispersed. Mammals killed 14.5% of radioed bobwhite chicks over the
span of the study. Mass was a logistic function of age. Differentiating this function revealed that bobwhite
growth rate peaked at 2.96 g/day at 36 days of age. The extremely low annual survival estimate obtained in
this study suggests that radiotagging might adversely affect survival. Therefore, when applying the results of
radiotelemetry studies to wildlife-population management, it would be prudent to use caution when interpreting
the results.
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The number of bobwhites in the fall population, and therefore available for harvest, is the sum of the
number of adults and juveniles surviving through the breeding season. To date, adult survival has received the
most research attention and the survival rate of bobwhite chicks is among the least investigated aspects of
bobwhite ecology (Roseberry and Klimstra 1984: 87, Guthery 2002:51). However, knowledge of the
demography of bobwhite chicks during the first few weeks of life is essential for understanding fluctuations in
the fall population. Management activities employed with the aim of maximizing the harvestable population of
bobwhites will be more effective if based on models incorporating demographic information, under a theory-
based management paradigm (Guthery 2002: 7).

Bobwhite chicks are precocial upon hatching and have a mass of -6 g (Stoddard 1931, Brennan
1999). However, they cannot effectively regulate body temperatures until they reach the age of -30 days
(Borchelt and Ringer 1973). Chicks are fully grown by -105 days (Stoddard 1931). Recorded growth rates
range between 0.5 g/day for ages <10 days and -2.0 g/day for ages up to 100 days (Stoddard 1931: 72).
Life expectancy during the first year after hatching is between 8.5 and 11.7 mo, with the -80% living
<1 yr (Lehmann 1984, Brennan 1999). Pollack et al. (1989) reported that survival rates for juvenile bobwhites
did not differ significantly from adults. However, differential over-winter survival of chicks is a hypothesized
cause of male-biased sex ratios observed among breeding populations (Leopold 1945). Most estimates of chick
survival are based on observations of brood-size reductions over time (Roseberry and Klimstra 1984:
87). Based on assumptions of nest success rates, Klimstra and Roseberry (1975) estimated that chick
survival within the range 53-75% would result in empirically observed summer gains (%) on their study area in
Illinois. Losses are greatest during the first 2 weeks post-hatching, when reported survival ranges between
38.0 and 50.7% (DeVos and Mueller 1993, DeMaso et al. 1997).

For short-lived species such as the bobwhite, population growth rate is most sensitive to changes in
fecundity (Lebreton and Clobert 1991) and, in as much as it is related to fecundity, recruitment. For bobwhites,
66% of the variation in recruitment was explained by the number of chicks hatched per hen (fecundity)

, (Klimstra and Roseberry 1975). Increasing juvenile mortality by 45% (from 15 to 60% mortality) had a 2.5x
greater impact on recruitment than a 60% increase (from 20 to 80% mortality) in adult mortality (Roseberry
1974). Roseberry and Klimstra (1984: 88) suggested that, because of this relationship between fecundity and
recruitment, juvenile survival might playa secondary role in determining fall population size. However, the
effect of juvenile survival on recruitment and fall population size is still considerable; Roseberry (1974)
reported that fecundity and juvenile survival were equally important to recruitment. Predation might affect
recruitment via density-dependent processes acting on nest success (Hurst et al. 1996).

Chick mortality obviously affects fall population size. Roseberry and Klimstra (1984: 83) reported that
fecundity must equal 5.2 juveniles/hen in the spring breeding pool to account for the observed percent summer
gains. However, Roseberry and Klimstra (1984: 82-83) believed that adult mortality over the breeding
season resulted in an inflation of the inferred productivity from fall age ratios. This may be so, but their
argument does not consider the effects of chick mortality over the same period, which would tend to reduce
the fall age ratio. If juvenile survival is low, then fecundity must be > 5.2 juveniles/hen in the spring breeding
population to produce the observed percent summer gains. Using Klimstra and Roseberry's (1975) estimated
range of juvenile survival rates given above (0.53-0.75), we find that actual production must range between
6.9 and 9.8 juveniles/hen in the spring breeding population to observe a fall age ratio of 5.2 juveniles/hen alive
at the start of the breeding season.

Given the mission of maximizing fall harvestable populations, an understanding of juvenile survival
and cause-specific mortality is essential for proper management planning. Further, such information will
provide scientists with a better understanding of the ecology of the bobwhite. Therefore, our objectives were
to determine survival and cause-specific mortality of northern bobwhite chicks in western Oklahoma. We used
radiotelemetry to track individually marked chicks in 1997 through 2002. This allowed us to follow survival of
individual chicks past the brood-rearing stage. We also used these data to estimate age-specific growth rates



using non-linear modeling. These models can be used to estimate chick age from mass and reduce the amount
of handling' of chicks in the field.

METHODS
Study Area

This research was conducted as part of a long-term (1991-2002) study on the Packsaddle Wildlife
Management Area in southern Ellis County, 40 km north of Cheyenne, Oklahoma. The Packsaddle
encompassed 6,475 ha of mixed-grass prairie. DeMaso et al. (1997; and references therein) provided a
detailed description of the Packsaddle. Major avian predators known to use the area include Cooper's hawk
(Accipiter cooperil), sharp-shinned hawk (A.straitus), red-tailed hawk (Buteo jamaicensis), and northern harrier
(Circus cyaneus; DeMaso et al. 1998). Major mammalian predators include bobcat (Lynx rufus), coyote (Canis
latrans), gray fox (Urocyon cinereoargenteus), raccoon (Procyon lotor), swift fox (Vulpes velox), and striped
skunk (Mephitis mephitis; DeMaso et al. 1998).

Trapping and Telemetry

This study was initiated in 1997 as an extension of the work done by DeMaso et al. (1997) .Rather
than estimate chick survival by following radiomarked adults, we monitored radiomarked chicks continuously
during 1997 -2001 until death, disappearance, or entrance into the adult population. Nests, found by locating
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. Once 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 5 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 of age, 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). Transmitters were attached either with a neck loop or a body loop (backpack style) or
by gluing them to the chicks' backs. In some cases, all recaptured birds, including those from the same brood,
were radiomarked without signifying that they were from the same brood. Therefore, the fates of some
individuals (i.e., those from the same brood) were not independent (DeMaso et al. 1997) and could lead to
biases in estimates of variability in survival and cause-specific mortality. After radiomarking, chicks were
released and were relocated ~5 days/week, including the day immediately after tagging.

Chick Survival Curves

The database consisted of 200 chicks. We deleted entries if information was incomplete (e.g., mass
or age was not recorded), and if the radioed individual lost its transmitter. The age of chicks was known for
122 of the remaining chicks in the database, based on association with marked adults. The ages of remaining
individuals were estimated (Stoddard 1931: 43; and Plate XVII).

We pooled chicks with ages <28 days (n = 152) over all years of the study for the survival analysis.
This pooling resulted in a confounding of potential age, month of breeding season, and year effects, but it was
necessary to obtain a reasonable sample size for analysis. We used 2 methods for determining the
appropriate censor-period length (i.e., the time required for captured and radiomarked individuals to recover
from handling and adjust to the transmitter). First, we evaluated censor periods of 0, 3, 7, 11, and 14 days to
test the sensitivity of survival estimates to censor period. We arbitrarily moved birds <28 days old that
survived each censor period to a common starting time and then determined the simple binomial probability of
survival as a function of time in days. Survival time (days) was set to zero after an individual survived the



censor period. We plotted survival as a function of elapsed time (from end of censor period) with +1 SE.

We also plotted the 3-point moving average (Kendall and Ord 1990: 28) of surviving chicks through
time and numerically determined the derivative of the resulting survival curve using PROST AT (Poly
Software, Inc., Salt Lake City, Utah, USA). This gave us the rate of change in the survival (daily rate of decline)
as a function of time. The plot of the derivative vs. time was then used to determine the optimal censor period
length for determining survival. That is, it showed where rate of decline was no longer a function of time since
initial capture. Using data truncated by the appropriate censor period determined above, we modeled
survivorship using a negative exponential model (Engelman 2000).

An additional 233 chicks were banded but not radiotagged during the 5 years of this study. Banding
occurred in a manner analogous to method for attaching radiotransmitters (see above), and bands were
recovered during the hunting season and as incidental recoveries during the execution of radiotelemetry.

Cause-Specific Mortality

We recognized 9 loss classes for analysis: capture and handling, collar-related, hunting, mammal,
raptor, snake, weather-related, missing (i.e., they were never relocated after initial tagging), and unknown or
unidentifiable causes of loss. Because individuals that slipped their collars might have been recaptured and
collared later, we excluded individuals who lost their radios from the analysis to avoid double counting chicks.
Losses were assigned to various categories following DeMaso et al. (1998), based on evidence at recovery
site and the condition of the transmitter.

We report cause-specific mortality as the crude percent of mortality for each of the above-listed
causes over the entire study period. Within-year samples sizes were insufficient to estimate cause-specific
mortality for specific intervals after Heisey and Fuller (1985). 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. However, these estimates can still be used to describe proportional loss to each source
over the study period.

We calculated proportional loss of chicks by loss category overall and for chicks grouped into 2 age
classes based on age at first capture: <28 and >28 days. We used a G-test for independence of elements in
an r x ¢ matrix (Sokal and Rohlf 1995: 737- 739) to test whether frequency of loss to a particular category
was independent of censor-period length. As in the analysis of survival rates, we used censor periods of 0,3,

7, 11, and 14 days in length, giving a 9 x 5 matrix. Because the ages for some chicks were not determined (n
= 13), the sum of the number of chicks across age classes was smaller (n = 147) than the number of chicks in
the overall sample.

Growth Rate

We used data on mass and age at first capture to model the growth rate of bobwhite chicks for which
exact ages were known (n = 136). We fit a logistic function to the data, because mass must be a decelerating
function of age as chicks approach adult mass and the logistic function is asymptotic. The logistic function is
of the form

a/y=1+ bexp(-cx)

where a, b, and ¢ are parameters estimated from the data, and y is the mass of the chick at age x. To reduce
the number of parameters to be estimated, we set the asymptote, a, at the maximum mass observed in the
dataset (167 g). Setting x = 0 and a= 167, we solved the equation for b and obtained b = 12.9. Therefore, the
only parameter we had to estimate was c. We estimated ¢ using a least-squares, non-linear regression
(Engelman 2000). We then differentiated this equation to obtain the growth rate as a function of age,

Dy/dt=cy-(c/a)y2
We solved the logistic model for age to derive an equation to predict age (days) based on mass (g) and



compared the prediction with the estimated ages (n = 44). This allowed us to test the accuracy of the age
estimates of chicks and to test the generality and validity of the model.

RESULTS

Over the 5-year study, 200 bobwhite chicks were radiomarked. Of this number, 32 (16%) were
identified as males, 28 (14%) as females, and the remaining 140 (70%) as unknown sex. Therefore, we could
not conduct sex-specific analyses for survival and cause-specific mortality. We were also unable to analyze
band-recovery data because only 14 of 233 bands were recovered over the 5 years of the study.

Chick Survival Curves

The estimated probability of survival for 120 days more than doubled, subject to uncertainty, as the
censor period increased from 0 to 14 days (Table 1). Survival curves were qualitatively similar under different
censor periods (Fig. 1). All curves revealed relatively steep declines from 0 to 21 days post censor (lower
survival rate) with an apparent increase in survival after 21 days, which was somewhat expected because
curves for censor periods >0 days were simply different segments of the 0-day-censor curve. For example, of
119 chicks in the 0-censor group, an estimated 78 + 4.0% of chicks perished in the first 3 weeks after capture.
For the subsequent period (22-120 days), the mortality rate was 72 + 0.08% (n = 33). These rates translate
into a daily survival rate of 0.978 during the first 3 weeks of life and 0.987 during days 22-120. The latter
survival rate extrapolates to an annual survival of 0.8% under the assumption of constant daily survival.

The numerical derivative of the 3-point moving average of survival indicated that chick survival
became insensitive to time since capture after day 30 (Fig. 2). This means that a 30-day censor period
appeared to be most appropriate for determining juvenile survivorship, at least at the Packsaddle. The
negative exponential model (Fig. 3) of survivorship after a 30- day censor period had 12 = 0.998 (n =91 ). The
exponentiated coefficient gave a daily survival rate of 0.9899 over the 90-day period following the 30-day
censor period. Assuming constant daily survival throughout the year, this daily survival translated into an
annual survival rate of 0.9899365 = 0.025, or 2.5%.

Cause Specific Mortality

The interpretation of the relative importance of each loss source did not depend on the length of the
censor period ( G =21.9, df =32, p > 0.05), which indicated that the relative vulnerability of chicks to loss
sourced was independent of adjustment to capture and handling. Therefore, we report results without
consideration of censor period. Of 200 radiomarked bobwhite chicks, 32 (16%) slipped collars and were not
considered in the analysis of cause-specific mortality. Of the 9 loss categories considered (Table 2), predation
by raptors was the greatest proportional cause of loss for bobwhite chicks on the Packsaddle over the 5-year
study. Considered together, capture-and collar-related losses (27 and 9 chicks, respectively) accounted for
22.2% of the total losses. Mammalian predators were the third largest source of loss on the Packsaddle.

For chicks grouped by age-class, classification of mortality source was independent of censor-period
length for chicks within the <28-day group (G = 15.5, df = 32, P > 0.05). However, there were too many empty
cells in the dataset to calculate a G-statistic for chicks in the >28-day group. Losses of chicks to various
causes in the <28 day group followed the same general pattern as overall losses (Table 2), except that capture-
and collar-related losses combined accounted for the most losses followed by raptor predation. Chicks >28 days
when first captured suffered mortality from 5 of the 9 mortality sources recognized in this study. Raptor
predation, again, was the largest source of loss for bobwhite chicks, and hunting and mammal predation each
accounted equal shares of the remaining losses (Table 2).

Growth Rate



The logistic model for predicting mass from age provided an excellent fit (r2 = 0.976, n = 136; Fig. 4).
The derivative of the logistic equation,

Dy/dt=0.072y — (0.071/167)y2

indicated that the maximum growth rate was 2.96 g/day at age 36 days (Fig. 5). This growth rate became 0
g/day at approximately age 145 days. Solving the logistic equation for x,

x=In(167/12.9y-0.78)/0.071

we were able to predict age from mass for chicks with estimated ages. These predictions compared well with
the estimated ages (12 = 0.814, Fig. 6). This equation, therefore, can be used to predict chick age from body
mass, provided mass is <167 g (the value we set as the asymptote, or maximum mass, of the logistic model),
and age is <145 days (the age at which growth stopped).

DISCUSSION

The survival rate of chicks is generally thought to be lowest during the first 2 (preflight) to 4 (pre-
thermogenesis) weeks of life and to increase subseguently. DeVos and Mueller (1993) reported daily survival
during the first 2 weeks of life as 0.9332. Daily survival increased during the second 2 weeks of life to 0.9596.
DeMaso et al. (1997) observed daily survival of 0.9526 during the first 20 days and 0.9983 during days
21-39. Our results were not directly comparable to those reported above, because we pooled birds of different
ages. However, we observed increasing survival rates as time after the censor period and initial age increased,
but whether the effect was due to age, recovery from capture and handling, or season remains problematic. We
cannot rule out a combination of these effects. Our analysis indicated that survivorship became time-invariant
30 days after initial marking. Therefore, a 30-day censor period seemed appropriate for bobwhite chicks on the
Packsaddle. This result has >4 interpretations. First, the result could reflect, to some degree, expected low
survival rates for younger chicks (DeVos and Mueller 1993, DeMaso et al. 1997). In other words, if we had a
simultaneous sample consisting of similar-aged chicks that were not captured, handled, and tagged, we
conceivably could have obtained survival and rate-of-decline curves like those observed (Fig. 2). Second, the
result could reflect a simple scaling effect of radiotagging on survival (a proportionate reduction in survival,
independent of age). If such a scaling effect held, then the survival and rate-of-decline curves are acceptable,
relative images of chick dynamics. Third, age and variable transmitter effects (effect varies with age) could
interact to result in the curves we observed (Fig. 2). Finally, the observed curves could result from a
combination of the three previously mentioned factors plus other unknown factors.

The relatively low daily survival rates previously reported (DeVos and Mueller 1993, DeMaso et al.
1997) and observed in this study are not consistent with general expectations for bobwhite populations.
Roseberry and Klimstra (1984: 87) reported typical survival rates of 53- 75% for the first 16 weeks. These rates
translate into daily survival rates of 0.9943-0.9974. Guthery (2002: 51) derived chick survival rates from better-
known aspects of breeding season demography (e.g., age ratio, survival of adults) and concluded that daily
survival rates of 0.993-0.997 were consistent with the empirical observations of bobwhite populations. Suchy
and Munkel (2000) monitored radiotagged chicks between ages 21 and 59 days. Their reported survival rates
extrapolate to a daily survival rate of 0.9943, or an annual survival rate of 0.1260 (12.6%; Suchy and
Munkel2000). These results are more reasonable, and support the authors' contention that the transmitters did
not significantly bias survival estimates in their study. However, these authors radiotagged older birds than in
the present study. Given a 30-day censor period, our analysis indicated a daily survival rate at the Packsaddle of
0.9899, less than that derived from empirical observations (DeVos and Mueller 1993, DeMaso et al. 1997).



The use of radiotelemetry in assessing the survival of chicks might be biasing results relative to general
expectations. DeVos and Mueller (1993) and DeMaso et al. (1997) did not radiotag chicks directly, but rather
monitored the broods of radiomarked adults. We used radiomarked chicks and our analysis suggests
that, subject to uncertainty, most chicks would become extinct within 1 year if the estimates of daily survival we
obtained were to hold throughout the year. If we take the highest estimated 120-day survival and add 2 standard
errors (Table 1), we derive a 120-day survival rate of 0.279, which gives a daily survival rate of 0.9894 and an
annual survival rate of 0;02 (2% annual survival). If this optimistic rate (+2 SE) held at the Packsaddle, the
bobwhite population there would likely have gone extinct before the end of this study.

Given our estimate of juvenile daily survival and a 152-day survival window between the appearance
of chicks (1 June) and the start of the hunting season (1 November), we can estimate the actual production
necessary to achieve the observed mean age ratio of 5.37 juveniles/adult in the Packsaddle harvest (12-year
mean). Although the observed age ratio is higher than expected for this part of the country (Guthery et al. 2000:
Fig. 1), we have no reason to suspect that the estimates are unreliable. The estimate of daily survival with a 30-
day censor period was 0.9899, giving a 152-day survival rate of 0.2137. Making the simplifying assumptions
that juvenile survival was constant over the 152-day period, that adults survived at a high rate, and that the
observed age ratio in the harvest bag was the simple product of the period-specific survival rate and the number
of juveniles produced per adult, we find that, on average, each adult would have had to produce 25.1 juveniles
to obtain the observed harvest age ratio. Given this age ratio and assuming multiple brooding, we can estimate
the average clutch size necessary to maintain a stable population (Guthery 2002: 73) as,

c=Ry/nwz(1-q)

where c is clutch size, Rt is the age ratio (25.1 juveniles/adult), n is the number of nesting attempts, w is the
proportion of hens in the breeding population, z is the proportion of hens that lay, and q is the probability of
nest failure on any given nesting attempt. Using the values reported by Guthery (2002:70- 71) from the
literature, we find that each clutch would have to consist of 62.1 eggs. This is obviously impossible for
bobwhite hens. Therefore, radiotelemetry results should be used with caution when making management
decisions and should be considered highly conservative. Burger et al. (1995A) assumed that the inordinately
low survival estimates obtained from radiotelemetry studies were true, and posited that it was the bobwhite
breeding system that allowed them to maintain stable populations. Whereas this may be true to some extent, the
production demanded based on Burger et al. (1995A) is inconsistent with the production capabilities of
bobwhites (ca. 38 chicks/hen; Guthery 1997).

The weight of evidence indicated that capture, handling, and radio attachment impaired the survival of
the marked sample, and this conclusion raises questions about the interpretation of cause-specific losses. We
argued earlier that cause-specific losses were independent of censor period. This outcome does not imply,
however, that cause of loss was independent of radiotagging. If it is not, then the relative importance of cause-
specific loss sources for radioed birds does not reflect the relative importance of these sources for the unmarked
population. This outcome seems likely because one has to assume scaling by a constant factor across all loss
sources for mortality structure in the tagged population to identically reflect this structure in the unmarked
population (e.g., tagging renders a chick identically more vulnerable to raptors, mammals, snakes and so on).
We discuss cause-specific losses below, but urge readers to recognize that we regard the estimates as mildly
biased at best and crude approximations at worst.

Predation has been speculated as a reason for population declines of b9bwhites (Hurst et al. 1996).
Predation had the highest relative loss during the 5 years of this study, accounting for 46.3% of all losses (75
chicks). This estimate is lower than the cause-specific chick mortality due to predation reported by Burger et al.
(1995). They reported total losses to mammalian and avian predators of 62.0% (318 chicks). DeMaso et al.
(1998) reported that chick losses were greatest to raptors and mammals. In a study of red grouse (Lagopus
lagopus scoticus) demography on Scottish moorlands Thirgood et al. (2000) reported that raptor predation could
reduce fall density by 50%. Chick losses to raptors over the period between May and July was 45% (Thirgood



et al. 2000). Stoddard (1931) early on advocated the extermination of bobwhite predators, especially known nest
predators, as a method of maintaining a harvestable surplus, although he later recanted.(Stoddard 1969: 261).
Errington (1934) thought that predators in and of themselves had relatively little effect on the carrying capacity
of the landscape. That is, the number of bobwhites supported in an area did not vary

with the number of predators present. Errington (1934) instead emphasized the vulnerability of bobwhites to
predation, which was a function of habitat composition. Roseberry and Klimstra (1984: 68-69) agreed in part,
arguing that the increased predation they observed as bobwhite density increased was due to increasing
vulrierability of bobwhites as their density increased. However, they did not find evidence of Errington's
threshold of security, below which bobwhite populations are immune to predation. Although Thirgood et al.
(2000) found that predation was a limiting factor for red grouse, the lack of vertical structure inherent in
moorland habitats (Fielding and Haworth 1999) might result in a high proportion of the red grouse population
being vulnerable to avian predation. This would Occur because of the large cone of vulnerability that would
Occur in such habitats. The cone of vulnerability represents the volume of air space through which an avian
predator has direct and unimpeded access of attack to a bird on the ground (Guthery 2000: 168).

Harvest was a relatively minor source of mortality compared to other sources; contributing 6.8% to
total losses. However, the chicks were not exposed to harvest for the same extent of time as they were to |
other sources of loss. Further, most chicks were lost to other causes before the start of the hunting season
and were, therefore, unavailable for harvest. Burger et al. (1995) reported harvest losses of 24.0% for .
juveniles during a 3-year study in Missouri. To get a better idea of harvest on the Packsaddle, over the period
1990-2002, 10,371 juvenile bobwhites were harvested in a total, 12-year harvest of 12,304 bobwhites, and
the mean annual harvest was 1,025 juveniles. If proportional mortality due to harvest was 6.8% for the entire
juvenile population at the Packsaddle, then mean annual production at the Packsaddle should be, 1,025/0.068
= 15,074 juveniles. Given an observed mean age ratio of 5.37 the mean annual adult population at the
Packsaddle was 15,073.5/5.37 = 2,807.0 bobwhites. However, Roseberry and Klimstra (1992) report that
bobwhite chicks were 1.2x more susceptible to harvest than .adults. Therefore, the observed age ratio may
.be positively biased. Correcting for differential harvest vulnerability, the actual age ratio of the Packsaddle
population was -4.48 juveniles/adult. This age ratio gives an estimate of the adult population of 15,074/4.48 =
3,365 adults.

Relative losses that can be attributed to the radiotelemetry technique (handling-related and collar-
related losses) was relatively high over the 6 years of this study, accounting for 22.2% of all recorded losses.
Captu.re and handling loss was higher than collar-related loss (16.7% [27 chicks] vs. 5.6% [9 chicks]). Of their
total sample of adults and juveniles (n = 904), Burger et al. (1995) censored 9 birds because of capture-related
death and 19 birds for collar-related death (i.e., they did not consider these as sources of loss). We do not
know, however, what proportion of these bobwhites were juveniles. We believe that these technique-related
losses, along with our analysis of survival estimates, clearly indicated that radiotagging has a great impact on
the species being studied. However, it may be argued that the effect of transmitter attachment was an artifact
of using chicks, because chicks may be more impaired or traumatized by the process than adult birds.
However, the literature is replete with examples of equally low annual survival estimates obtained for adult
bobwhites using radiotelemetry. However, adult annual survival rate reported by Burger et al. (1995a) from
their Missouri study was 4.6% for adults and 5.3% for juveniles (overall, 5.3%). That is, they reported higher
annual survival for juveniles than for adults. Using the age ratio of the radiomarked birds in the fall harvest at
their study sites (4.73 juveniles/adult), we find that the production necessary to achieve this fall age ratio given
their estimate of overall survival is 89.3 juveniles/adult. Using adult survival only, the estimate of the
production necessary to achieve the observed fall age ratio is 102.8 juveniles/adult. Note, however, that an
age ratio of 4.73 juveniles/adult is less than that necessary to maintain a stable population (Guthery 2002: 46),
which is 5.85 juveniles/adult. Actual production necessary to achieve this stabilizing age-ratio in the fall
population would be 127.2 juveniles/adult, which would require a staggering 313.6-egg mean clutch size. This
is obviously impossible, which leads one to conclude that the survival estimates reported in the literature are
spurious. It seems, contrary to Burger et al. (1995b), that low survival estimates cannot be explained away
with recourse to their breeding system. As mentioned above, Suchy and Munkel (2000) reported a period-



specific survival that extrapolates to a daily survival rate of 0.9943. But again, these authors radiotagged
chicks >21 days old. This is around the time at which survival rate became independent of time in the present
study (>30 days).

Our model of the growth rate indicated that bobwhite chicks achieved a maximum growth rate of 2.96
g/day at 36 days post-hatching. This age milestone is also around the time that bobwhite chicks become
capable of full, autonomous thermoregulation at 30 days post-hatching (Borehelt and Ringer 1973). However,
our estimate of maximum growth rate is higher than that reported by Stoddard (1931) of 0.5-1.75 g/day
between hatching and 55 days of age. Stoddard (1931) did not observe groWth rates as high as those we
report until around 100 days of age. However, Stoddard(1931: 71-72) used captive chicks in making
estimates and believed that, as such, his estimated growth rates were below what would be expected in the
field.

Bobwhite chicks at the Packsaddle stopped growing (i.e., their growth rate approached zero) at
around 145 days. This is considerably longer than the 105 days needed to reach 90% of adult mass reported
by Roseberry and Klimstra (1971). The body mass we used as the asymptote in the logistic model was
comparable to the 162.4 g mean for south Texas (Lehmann 1953), the 166.7 g mean for South Carolina
(Rosene 1969), and the 165.1 g mean for Mississippi (Hood 1955) bobwhite populations. Note that South
Carolina is at roughly the same latitude as Oklahoma and their mean bobwhite mass is closest to the value we
used in our model. However, information from Guthery (2000: 117) indicated that the 167-g asymptote we
used was a bit low for western Oklahoma, and that we should have expected adult mass of -180 g.

The logistic model was used to predict the ages of bobwhite chicks whose ages were not directly
determined but were estimated. This analysis served both to validate the model with data collected in a
different manner from the data used to develop it (direct vs. estimated ages) and to test the accuracy of .the
ages estimated by ODWC field personnel. Results suggested that the model accurately described the
relationship between bobwhite mass and age, at least for bobwhite chicks under similar environmental
conditions as those at the Packsaddle. Further, ODWC personnel accurately estimated age of bobwhite
.chicks in the field when direct determination was not possible. However, given this model, field researchers
may be able to save time and resources by determining the age of only a subset of the bobwhite chicks they
capture, if the masses of the chicks are accurately recorded. Data from the subset can be used to
reparameterize the logistic model for different latitudes and habitat types, which can then be used to predict
the age of the remaining chicks.

MANAGEMENT IMPLICATIONS

Knowledge of survival rates and cause-specific losses of bobwhite chicks could be used to invoke
management action and predict responses from the action. The management action would involve the
reduction of mortality sources through practices that suppress predation (e.g., habitat management),
predators, or both. Prediction of response is not straightforward, because removal of a major source of loss,
e.g., avian predation, makes other sources of loss stronger in a competing-risk setting. That is, the expected
increase in survival with removal of a major loss source is not proportional to the impact of the source.

The complexity of the competing-risk setting must be viewed from the perspective of other data
obtained during the study, especially age ratios and the apparent bias from the telemetry methodology. The
average age ratio on the Packsaddle area (5.37 juveniles/adult) is quite high for the latitude (Guthery 1997,
2000: 116). If this high mean production does not indicate bias in the estimate owing to juvenile vulnerability to
harvest (Shupe et al. 1990, Roseberry arid Klimstra 1992) or unexpected values for adult survival, then the
age ratio suggests that there is no problem with chick survival on the Packsaddle. Put more explicitly, if the
estimated mean age ratio is approximately correct, then it would be pointless to invoke management to
increase chick survival because the probability of increasing the age ratio through management is low.



The second issue of perspective is whether the data on cause-specific losses provide an unbiased
image of the factors reducing chick survival on the Packsaddle. Estimates of daily and annual survival in the
present study were unrealistically low and would either have led to the extinction of the species within the
study period or would have required production well beyond the physiological capacity of bobwhite hens.
Since neither of these options was true, we must conclude that the survival estimates obtained from the
radiomarked bobwhite chicks were biased and do not represent the actual survival rates of unmarked chicks in
this population.

This conclusion brings into doubt some other reported survival rates in the literature, not only those
for chicks, but those of adults, as well. We do not believe that the reason for these results lies solely in that
chicks were more affected by the radiotransmitters than would have been adults or other species. Rather, we
believe that radiotransmitters do affect survival of some species. We suggest that future studies of the survival
of radiomarked populations investigate the demographic consequences of the estimated survival rate. Doing
so, as was done in the current study, will allow researchers to better evaluate their results and ferret out those
that are improbable or impossible given the biology of the species with which they are dealing. A failure to do
so would be turning a blind eye on potential misinformation that will be provided to wildlife scientists and
managers.

Our analysis of censor-period length indicated that the customary 7 -day censor period (Curtis et al.
1988, Pollock et al. 1989, Robinette and Doerr 1993, Suchy and Munke11993; Burger et al. 1995a) was
inadequate for bobwhite chicks. In an early study of the effects of radiotransmitter attachment on adult
bobwhites, Percival and Webb (1971) reported that it did not appear that bobwhites adjusted to the presence
of the radiocollars. The actual censor period for the Packsaddle population was 30 days. Survival during the
first 30 days post-capture was not constant and, therefore, will not provide accurate estimates of period-
specific survival. We suggest that future researchers determine the appropriate censor-period length for their
data in a manner similar to. the one we employed, and not rely on standard, arbitrary censor periods.
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