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Impact of reproductive effort on survival of Rio Grande wild turkey hens in Texas
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Abstract

The southeastern portion of the Edwards Plateau of Texas, historically a stronghold of Rio
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Grande wild turkeys (Meleagris gallopavo intermedia), has seen the numbers of turkeys
declining since the 1970s. Because hen survival is a key parameter affecting turkey
population dynamics, we monitored radio-tagged Rio Grande wild turkey hens on the
Edwards Plateau during 2001-2007 to compare survival during the breeding season in areas
where turkey abundance has declined versus areas with stable populations. Breeding season
survival was best predicted by a model that allowed variation during different periods of the
reproductive season (initial nesting; 25 March—21 April, renesting; 22 April-12 June, and
post-nesting; 13 June-2 July) and differences between stable and declining regions. Model-
averaged estimates of breeding season survival were higher in the stable region (0.88, 95% CI
= (0.78-0.94) than in the declining region (0.67, 95% CI = 0.55-0.78). Data collected on
nests and hens during the intensive monitoring portion of the study conducted during 2005—
2007 indicated that breeding season survival was negatively affected by the amount of
reproductive effort each season; that is, the number of days a hen spent incubating a nest.
Breeding season (25 March to 2 July) survival (0.86) was higher for non-nesting hens than
for hens that nested (0.68; average of 15 days spent nesting). Our results suggest differences
in productivity between stable and declining Rio Grande wild turkey populations in the
Edwards Plateau of Texas were associated with differences in breeding season survival due to
variable reproductive effort, which, when combined with precipitation-dependent boom-bust
dynamics common to galliforms in this region, could limit long-term population productivity

and maintenance.

Introduction
Wildlife conservation is grounded on an understanding of how variation in biotic and abiotic
factors influence dynamics of populations of interest. Identifying demographic patterns is

central to understanding how survival and recruitment contribute to life history variation and
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population dynamics in avian populations (Montgomerie and Weatherhead 1988, Martin
1995, Ghalambor and Martin 2001). The interaction between individual reproductive effort
and mortality of breeding individuals underlies population dynamics research and
management of populations (Stearns 1976). Under this perspective, high mortality of
breeding individuals favors increased reproductive effort whereas high mortality of offspring
favors lower reproductive efforts (Martin 2002). Determining the relationship between
population trajectory and population demography is necessary for conservation planning and
implementation of management actions.

The Edwards Plateau of Texas has long been the historic stronghold for Rio Grande
wild turkeys (Walker 1954, Beasom and Wilson 1992). Since the late 1970s, however,
surveys conducted by the Texas Parks and Wildlife Department, as well as anecdotal
observations by landowners, documented a decline in wild turkey numbers in the
southeastern portion of the Edwards Plateau (Randel et al. 2005, Collier et al. 2007a). The
reason for this decline was unknown, so we initiated a research program in 2001 to determine
whether population demography differed between areas characterized by stable vs. declining
turkey abundance.

Variability in abundance of a wide variety of avian populations often is attributed to
changes in reproductive output. Based on 7 years of research on the reproductive ecology of
Rio Grande wild turkeys in this region, we found limited variation between populations
classified as stable vs. declining in such reproductive parameters as clutch size (¥ =10.9 +
344 SEand * =10.8 +2.73 SE), daily nest survival (0.92 = 0.02 SE and 0.94 + 0.005 SE),
nesting rates (65% and 58%), rates of nest predation (65 and 67%) nest abandonment (18 and
22%) and poult survival (18% survival for first 2 weeks across sites) (Melton 2007,
Dreibelbis et al. 2008). Breeding season survival of both male and female Rio Grande wild

turkeys was lower than non-breeding season survival and there was preliminary evidence that



78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

differences might exist between populations classified as stable vs. declining (Collier et al.
2007a).

Avian reproduction is physiologically and behaviorally expensive, thus optimal life
history strategies must maximize survival of adults relative to reproductive output (Stearns
1976). Mortality of wild turkey hens typically is higher during the breeding season as
compared to the rest of the year (Vangilder 1992, Vangilder et al. 1987, Palmer et al. 1993)
due to increased predation during reproductive activities (incubation and brooding; Palmer et
al. 1993). Loss of hens during reproductive activities influences populations in 2 ways:
reduction in the number of females producing offspring and reduction in population size.
Thus, while reproductive parameters were similar between regions characterized of stable vs.
declining turkey abundance, it is plausible that differences in adult female mortality during
the reproductive period could contribute to differences in population size and trajectory.
Precocial, ground-nesting species (e.g., Orders Galliformes and Anseriformes) exhibit both
high reproductive output and high mortality of breeding birds, suggesting an advantageous
life-history strategy would be to delay or limit breeding until conditions are optimal for
reproduction (Murdoch 1966; but see Jonsson et al. 1991, Sandercock et al. 2005). Collier et
al. (2007a) found that breeding season survival of adult wild turkeys differed between stable
and declining populations on the Edwards Plateau of Texas. Because survival of breeding
female galliforms is intrinsically tied to recruitment (Stearns 1976, Alerstam and Hogstedt
1984, Martin 2002), we hypothesized that population declines in the southeastern portion of
the Edward Plateau could be due to comparatively low breeding season survival of females.

We used radio-telemetry to study female Rio Grande wild turkeys captured on the
Edwards Plateau before each breeding season to evaluate factors that could contribute to
differences in breeding season survival between areas characterized of stable vs. declining

turkey abundance. Specifically, was evaluated whether precipitation-based environmental
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variation drove hen nesting intensity, whether hen survival differed between stable and
declining populations, how differences between juvenile and adult nesting rates affected hen
survival, how reproductive phenology and timing of reproductive events (e.g., nesting,
renesting, reproductive senescence) affected hen survival, and what affect increasing the
amount of time incubating on a seasonal basis have on mortality.
Species and study area

The breeding season of Rio Grande wild turkeys in Edwards Plateau of Texas begins
during late February and continues through mid-July/early August, with the majority of
reproductive activities occurring April through June. After breeding, hens typically search
out clumps of grass or brush offering visual obstruction for use as nest sites (Randel et al.
2005). Clutch sizes average 11 eggs (range = 8—16 eggs) (Melton 2007). Hens commonly
renest when initial nests are destroyed. Two nesting attempts are common, but we have
documented as many as 4 renesting attempts (5 total nesting attempts). Incubation lasts ~28
days. Poults are restricted to ground roosting at night until approximately 2 weeks post-hatch
when flight feathers replace natal down. Consequently, poult mortality is much higher during
this flightless period as young are much more vulnerable to predators (Hubbard et al. 1999b).

We conducted our breeding season study from January 2001 through August 2007 at
four research sites on the Edwards Plateau of Texas (Fig. 1). Two sites were located in
regions where declines in turkey abundance had occurred (Bandera and Medina counties),
and two sites were located in areas where there was no trend in abundance (Kerr and Real
counties) (Randel et al. 2005, Collier et al. 2007a). Each site was characteristic of Edwards
Plateau topography—rolling divides with limestone bedrock and outcrops with rocky soils
(Gould 1975). Our study sites (private ranches or public areas) individually ranged from 9.84
to 88.58 km”and all were managed for native and exotic ungulate hunting; livestock grazing

occurred on three of the sites (Kerr, Medina, Bandera Counties). Limited turkey hunting
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occurred on one study site (Real County), and while several properties bordering each site
allowed male turkey hunting, harvest over the study was minimal (8 females harvested from

>400 radio-tagged individuals).

Methods

We captured wild turkeys in each study region between December and March, 2001—
2007, using walk-in funnel traps (Davis 1994, Peterson et al. 2003) or drop nets (Glazener et
al. 1964) baited with cracked corn (Zea spp.) and milo (Sorghum spp.). Age was determined
for captured individuals as juveniles (individuals entering first breeding season) or adults
(second year of breeding or older); sex was determined according to primary molt pattern and
feather coloration (Pelham and Dickson 1992). Turkeys classified as juveniles were 6—10
months of age at capture. Each individual was weighed and fitted with a uniquely numbered
Texas Parks and Wildlife Department aluminum leg band. We radio-tagged turkeys with
mortality-sensitive radio-transmitters (69.0-95.0 g; Advanced Telemetry Systems, Isanti,
Minnesota, USA), using a modified backpack harness around the wings (Kenward 1987). We
tracked radio-tagged individuals daily for the first 2 weeks post-capture to evaluate capture-
related loss and located birds visually twice weekly during this period to ensure that radio-
tags remained attached.

We monitored radio-tagged individuals >3 times per week from January through
August throughout the study (2001-2007) using triangulation, homing, and visual
observation (White and Garrott 1990) employing vehicle-mounted 4-element Yagi antennas
or a 3-element handheld Yagi antennas. We increased radio tracking to >5 times per week
beginning 1 April to monitor reproductive activities (Randel et al. 2005, Melton et al. 2008).
During this period we monitored all individuals until transmitter failure, mortality, or

emigration to properties with access restrictions. During the 7 years of radio tracking, we did
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not observe any adult or juvenile radio-tagged individuals moving between study populations,
thus we considered each population demographically distinct.

We used data from 2001 through 2007 collected as part of a larger study on Rio
Grande wild turkey population dynamics (Collier et al. 2007a,b; Randel et al. 2005, Melton et
al. 2008, Dreibelbis et al. 2008) to evaluate spatial, seasonal, and annual variation in hen
survival. Randel et al. (2005) evaluated basic reproductive parameters for hens (e.g., nest
success); however, we collected more intensive reproductive data (e.g., nest survival, clutch
size, poult survival) during 2005-2007 based on additional research objectives. For each hen
we determined date of initiation by hen movement patterns (Ransom et al. 1987, Paisley et al.
1998, Nguyen et al. 2004) and located nests <3 days after hens had begun incubating to
determine nest location and approximated nest age in days by floating eggs (Westerskov
1950). We monitored nesting hens by triangulating >3 times weekly from a distance of >100
m to prevent nest disturbance and assumed the nest was still active if hen locations remained
constant. We approached the nest to determine fate only when the hen was no longer in the
general area of the nest and used these data to determine time hens spent incubating. In
addition, we used motion activated trail cameras (Game Spy 100 and Outfitter Cam, Moultrie
Feeders, Alabaster, Alabama, USA) to assist with documentation of nest fate on 21 of 47 and
31 of 71 active nests during 2006 and 2007, respectively (Dreibelbis et al. 2008).

Statistical Analyses

For analysis, we considered our known-fate data as ragged telemetry data (Rotella et
al. 2004) because our interest was to model changes in survival probabilities over time and
across the range of individual-level data (Dinsmore et al. 2002, Rotella et al. 2004). Thus, we
estimated probability of daily survival for Rio Grande wild turkey hens during the breeding
season using the nest survival approach (Dinsmore et al. 2002), which is a general model for

known fate data as implemented in program MARK (White and Burnham 1999). This
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approach to analyzing known-fate data has increased recently (Hartke et al. 2006, Mong and
Sandercock 2007) given its flexibility and ability to incorporate groups and individual
covariates that vary over time (Rotella et al. 2004). When estimating survival, we based
encounter histories on reproductive phenology. We coded our encounter histories for each hen
in the dataset using a 118-day period equivalent to the breeding season (25 March—-20 July)
based on our 7 years of radio-tracking data. We entered each radio-tagged hen into the
dataset at the start of the breeding season (if alive) on 25 March each year (k=1). We
recorded the last day each radio-tagged hen was known to be alive (1), the final date that
either 1) we checked the hen and found mortality had occurred, or 2) a transmitter failure
occurred or the hen was lost (e.g., censoring), or 3) the hen was still alive at the end of the
study (m), the fate of the hen where 1 = mortality and 0 = survived to end of each breeding
season or were censored (f), and the number of unique individual birds that had the same
exact encounter history (n). We used an information theoretic approach to model selection
and assessed model strength based on AIC, and Akaike weights (wi; Burnham and Anderson
2002). When we found evidence of model selection uncertainty (w; < 0.8; Mong and
Sandercock 2007), we used multimodel inference and provide model-averaged estimates of
survival (Burnham and Anderson 2002).

We developed models (Table 1) for the entire period (2001-2007) that focused on
broad scale assessment of trends in survival. Production in gallinaceous birds in the semi-
arid regions of Texas typically is characterized by regular boom—bust cycles (e.g., quails;
Bridges et al. 2001, Hernandez and Peterson 2007, Lusk et al. 2007). During our study, we
characterized 2001 and 2007 as good years for Rio Grande turkey production based on
precipitation amount and timing in the region (Schwertner et al. 2007, Texas Parks and
Wildlife Department, unpubl. data). To evaluate whether survival would decline based on

increased reproductive activities (days incubating, nesting attempt; Miller et al. 1995), we
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developed competing models; one model with good years (2001 and 2007) versus poor years
(2002-2006) for comparison with models evaluating variation across all years and a model
with no variation among years (Table 1). Based on work by Melton (2007), we divided the
breeding season into three unequal segments based on nesting chronology of hens on the
Edwards Plateau to evaluate seasonal variation in survival due to hen nesting frequency
(number of hens actively nesting at any given time). The first period was from 25 March to
21 April (28 days), which represented 61% (63/103) of initial nesting attempts (Melton
2007). The second period was from 22 April to 12 June (51 days), which represented fewer
initial nesting (39% [40/103]), but a majority (89% [53/59]) of renesting attempts for hens
available to renest. The final period was from 13 June to 2 July (38 days), representing
breeding senescence when hen nesting/renesting attempts declined. We also developed
models to evaluate whether there was evidence for regional differences in seasonal survival.
In addition, as we hypothesized that juveniles were more likely to nest a single time and then
forego renesting attempts (hence reducing overall mortality risk associated with nesting), so
we evaluated models to test for this contingency. We used the delta method to calculate
standard errors for the model-averaged estimates from the 2001 through 2007 data (Seber
1982).

We used data collected from 2005 to 2007 to evaluate hen- and nest-specific effects on daily
survival of hens. We developed a candidate model set (Table 2) to evaluate individual level
factors we hypothesized would explain variation in hen survival. As nesting has been shown
to influence hen survival (Martin 1995, Miller et al. 1998), we evaluated impact of the
number of days spent incubating using an approach akin to nest-age models (Dinsmore et al.
2002). For each individual in our study, in addition to the information required by program
MARK, we included covariates for hen age (Juv=1, Ad=2), hen age since initial capture (0—7

years), nesting event (nested that year =1, did not nest that year=0), and the cumulative (total)
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number of days a hen spent incubating within a breeding season, followed by 118 individual
covariates for the number of days spent actively nesting and the number of nesting attempts
by that hen. We labeled the covariate for days nesting (DN) and nesting attempt (NA) as
DNI1, DN2,..., DN118 and NA1, NA2,..., NA118 for use in the design matrix in MARK
(Dinsmore et al. 2002). As an example (following Dinsmore et al. 2002), we coded an
encounter history' for a single hen for 1 season ,where the commented section included the
bird’s unique information, followed by values for k, I, m, f, and the number of birds with that
unique encounter history and our individual covariates. Because of our a priori expectation
of age and regional variation, we incorporated both into the best fitting model—after
analyzing our initial model set—in an attempt to optimize model selection procedures
(Norman et al. 2004). If addition of these variables, however, did not change AAIC, >2 units,
we considered that model non-competitive and focused interpretation on the best fitting
model without inclusion of age or regional variation (Burnham and Anderson 2002:131). In
addition, for the data collected from 2005 though 2007, we computed odds ratios estimating
the likelihood of nest initiation between study regions, hen ages, and good vs. poor
precipitation years to evaluate our using these variables in our candidate models.
Results

We captured and radio-tagged 304 Rio Grande wild turkey hens between 2001 and
2007, with more hens captured in the region characterized by stable (170) versus declining

(134) turkey abundance. Due to mortalities, transmitter failures, or transmitter loss before the

! Example encounter history: /*RGWT-2274-0.204-A%*/ 6118 1180125152000000000000000000
0123456789101112131415161718192021222324252600000000000000000000000
0000000000000000272829303132333435363738394041424344454647484950515253
54000000000000000000000000011111111111111111111111111000000000
0000000000000000000000000000002222222222222222222222222222000

00;



248 breeding season, 241 individual hens were radio-tagged and available during >1 breeding
249 season. We tracked 55, 73, 91, 34, 56, 55, 45 hens during the reproductive season each year
250 (2001-2007). We tracked 135 hens for 1 year, 61 for 2, 32 for 3, 10 for 4, and 3 for 5. No
251 hens were tracked consecutively for >5 breeding seasons, although several hens were

252 recaptured after transmitter failure and were re-entered in the dataset the year following

253 capture.

254 The odds of a Rio Grande wild turkey hen initiating a nest during 2007 (good year)
255 were 4.55 (95% CI = 1.78-11.66) times higher than the odds of a hen initiating a nest during
256 20052006 (poor years). We found no evidence of differences in odds of a hen initiating a
257 nest between stable versus declining regions (odds ratio: 1.51, 95% CI = 0.587-3.857) and no
258 difference in the odds that adult hens initiated more nests that juveniles during good vs. poor
259 years (odds ratio: 2.92; 95% CI = 0.907-3.69).

260 The best-approximating model indicated that hen survival varied according to a 3-
261 period trend within the breeding season (Table 1). Model averaged daily survival estimates
262 (with unconditional standard errors) for the first period (daily survival within initial nesting
263 period; 25 March-21 April) were 0.9992 (0.00058) and 0.9971 (0.00093) for stable and

264 declining regions, respectively. Daily survival estimates for the second (daily survival within
265 the renesting period; 22 April—12 June) and third (daily survival within senescence period; 13
266 June—20 July) were 0.9986 (0.00061) and 0.9990 (0.00040) for the stable, and 0.9968

267 (0.0010) and 0.9961 (0.00099) for the declining regions. Model-averaged breeding season
268 survival was much higher for birds in the stable region (0.88, 95% CI = 0.78-0.94) than birds
269 in the declining region (0.67, 95% CI = 0.56-0.78).

270 Using data collected during the intensive reproductive study focused on nest- and hen-
271 specific variation (2005-2007), we documented 31 mortality events and the best fitting model

272 was one where hen survival was associated with the number of days spent incubating (Table
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2). While we tested for both age and regional differences based on this model, none were
evident based on the AAIC, values. Based on our fixed breeding period of 118 days, hens that
did not nest (e.g., DN = 0) had a daily survival estimate of 0.99, with expected breeding
season survival of 86%. The number of non-nesting juveniles and adults varied during 2005—
2007 across the total number of hens radio-tracked for breeding season (Table 3). Average
number of days per nesting attempt during this period was 13 (SE = 1.01) for the stable
region vs. 18 (SE = 1.24) for the declining region. Juvenile and adult hens in the stable
region spent an average of 22.31 (SE =10.12) and 21.26 (SE = 11.96) total days on nests,
while juvenile and adult hens in the declining region spent 16.50 (SE = 15.96) and 28.56 (SE
= 14.71) total days on nests.
Discussion

Our results indicate that differences in breeding season survival of female Rio Grande
wild turkeys on regions of the Edwards Plateau of Texas that exhibited stable vs. declining
turkey abundance since the late 1970s are due to the amount of time each hen spends
incubating. Variation in hen survival was best accounted for by partitioning the breeding
season into general periods of nesting activity (initial nesting, renesting, and post-nesting
periods; Melton 2007). Differences in breeding season survival over these periods were
largely attributable to our regional classification, as those regions characterized by
historically stable populations had much higher breeding season survival (0.88) than locations
where abundance had declined since the late 1970s (0.67). Our definition of the breeding
season (25 March-20 July; 118 days)—based on 7 years of data—was shorter than that
defined by Miller et al. (1995), who included the pre-breeding dispersal period through the
end of brooding activities (15 March—15 August; 154 days). Using the period from Miller et
al. (1995), and assuming the daily survival from our study, survival in our declining region

(0.59) was similar to that (0.62) documented by Miller et al. (1995), whereas our estimate for



298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

the stable region (0.87) was much higher. Survival of hens during the breeding season on our
stable region is among the highest reported for Rio Grande wild turkeys (Miller et al. 1995),
but is similar to values reported for eastern wild turkeys (M. g. silvestris) [e.g., 0.81 (Palmer
et al. 1993), 0.74—0.86 (Roberts et al. 1995), 0.72 (Wright et al. 1996)].

Life history theory predicts that in variable environments, such as the semi-arid
regions of Texas (Riskind and Diamond 1988), limiting or foregoing reproduction (i.e.,
environmental constraint hypothesis; Gasparini et al. 2006) may in turn decrease mortality
risk (Stearns 1976). Exposure of turkeys to potential causes of mortality is highest during the
reproductive season due to nesting activities (Vangilder 1992, Vangilder et al. 1987, Vander
Haegen et al. 1988, Palmer et al. 1993). Speake (1980) identified the period of incubation
and the first 2 weeks of brooding as the most likely time for hen predation to occur; however,
Hubbard et al. (1999a) and Vangilder and Kurzejeski (1995) found no relationship between
eastern wild turkey hen survival and nest-specific activities. We found that differences in hen
survival within a study area, but not between regions, were attributable to hen-specific
characteristics (e.g., days spent incubating).

During good years for reproduction (2001 and 2007), we predicted that the number of
breeding individuals would increase, and that survival would subsequently decline (Murdoch
1966, Charnov 1993). Although the number of Rio Grande wild turkey hens that nested
during 2005-2007 followed this general pattern, our prediction that hen survival would differ
between unproductive and productive seasons was not supported by data. We found that hens
were more likely to nest during years with higher precipitation than in years with limited
precipitation, as did Miller et al. (1995). Adult females also had a higher probability of
nesting than juveniles across all years. Juvenile hens may forego the physiological expense
of renesting in favor of increasing their likelihood of survival (Stearns 1976, Martin 2002),

and this contention was supported by our modeling results (w; = 0.332). Thus, we suggest
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that maximizing survival of breeding hens relative to reproductive output on the Edwards
Plateau of Texas seems to be driven by the reproductive season phenology; these differences
in turn are driven by environmental variation related to precipitation timing and amount
(Moran 1953, Miller et al. 1995, Schwertner et al. 2007).

Although further research is needed to determine exactly why these differences in hen
survival exist, it is likely that these answers ultimately will be tied to differences in habitat
and related land uses as climatic and edaphic factors are essentially identical across our study
sites. Because the oak-juniper savannah in the Edwards Plateau is a disturbance-maintained
community (Fuhlendorf et al. 2008, Taylor 2008), creating and maintaining ample usable
space for reproductive activities (Badyev 1995, Guthery 1997) should diminish nest
predation, hence reducing the need for long distance movements by hens between nesting
attempts. Should managers wish to implement habitat management practices designed to
increase hen survival during the reproductive season prior to completion of further research,
we suggest long-term monitoring of population responses to these habitat changes. Because
precipitation cannot be experimentally controlled, but can provide suitable habitat nearly
anywhere within our study regions during good years, it is critically important to evaluate
management practices over the long term in these semiarid regions so that population
responses to habitat manipulation can be differentiated from those caused by the boom-bust
dynamics common to galliforms in this region.

Acknowledgements

Texas Parks and Wildlife Department, the Texas Parks and Wildlife Upland Game
Bird Stamp Fund, and the Texas State Chapter of The National Wild Turkey Federation
funded our research. We are grateful to the landowners and land managers who allowed us
access to their properties over the 7 years of this study and we are indebted to M. N. Peterson,

D. A. Jones, C. J. Randel, J. N. Schaap, and B. J. Willsey for contributions made while



348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

completing related aspects of the larger study of Rio Grande wild turkeys in the Edwards

Plateau. Special thanks to R. Aguirre from Texas Parks and Wildlife Department for his

assistance with field operations for the duration of this project. We are indebted to B. Watts,

J. Harrell, J. H. Waligura and the Waligura family, and T. Kneese (deceased) for assistance

with study operations at each of our primary research sites. In addition, we are grateful to the

staff of the Kerr Wildlife Management Area (D. B. Frels, E. F. Fuchs, C. T. Meadows, W. E.

Armstrong, D. F. Prochaska, F. O. Gutierrez, M. J. Edinburgh (deceased), and E. E. Gray) for

logistical support throughout the course of the research project. We thank S. J. Dinsmore, B.

K. Sandercock, and J. J. Rotella for constructive comments during development of this

manuscript and E. G. Cooch and J. L. Laake for helpful discussions on derivation and

calculation of the variance estimates for our survival estimates.

References

Alerstam, T., and G. Hogstedt. 1984: How important is clutch size to dependent adult
mortality. — Oikos 43:253-254.

Badyaev, A. V. 1995: Nesting habitat and nesting success of eastern wild turkeys in the
Arkansas Ozark Highlands. — Condor 97:221-232.

Beasom, S. L. 1974: Intensive short-term predator removal as a game management tool. —
Transactions of the North American Wildlife and Natural Resources Conference
39:854-859.

Beasom, S. L., and D. Wilson. 1992: Rio Grande turkey. In: J. G. Dickson (Ed.). The wild
turkey: biology and management. — Stackpole Books, Mechanicsburg. Pennsylvania,
USA, pp. 306-330.

Bridges, A. S., M. J. Peterson, N. J. Silvy, F. E. Smeins, and X. B. Wu. 2001: Differential
influence of weather on regional quail abundance in Texas. — Journal of Wildlife

Management 65:10—18.



373 Burnham, K. P., and D. R. Anderson. 2000: Model selection and multimodel inference: a
374 practical information-theoretic approach. 2" Edition. — Springer-Verlag, New York,
375 USA, 488 pp.

376 Charnov, E. L. 1993: Life history invariants. — Oxford University Press, Oxford, UK, pp.
377 167.

378 Collier, B. A., D. A. Jones, J. N. Schaap, C. J. Randel, III, B. J. Willsey, R. Aguirre, T. W.

379 Schwertner, N. J. Silvy, and M. J. Peterson. 2007a: Survival of Rio Grande wild
380 turkeys on the Edwards Plateau of Texas. — Journal of Wildlife Management 71:82—
381 86.

382 Collier, B. A., K. B. Melton, J. Z. Dreibelbis, W. P. Kuvlesky, G. A. Proudfoot, R. Aguirre, D.

383 G. Hewitt, T. W. Schwertner, S. J. DeMaso, N. J. Silvy, and M. J. Peterson. 2007b:
384 Variation in brood sex ratios of Texas Rio Grande wild turkeys. — Journal of Wildlife
385 Management 71:1793—-1799.

386 Davis, B. D. 1994: A funnel trap for Rio Grande turkey. — Proc. Ann. Con. Southeastern
387 Assoc. Game and Fish Agencies 48:109-116.

388 Dinsmore, S. J., G. C. White, and F. L. Knopf. 2002: Advanced techniques for modeling
389 avian nest survival. — Ecology 83:3476-2488.

390 Dreibelbis, J. Z., K. B. Melton, R. Aguirre, B. A. Collier, J. Hardin, N. J. Silvy, and M. J.
391 Peterson. 2008. Predation of Rio Grande wild turkey nests on the Edwards Plateau,
392 Texas. — Wilson Journal of Ornithology 120:906-910.

393 Fuhlendorf, S. D., S. A. Archer, F. E. Smeins, D. M. Engle, and C. A. Taylor, Jr. 2008. The

394 combined influences of grazing, fire, and herbaceous productivity on tree—grass
395 interactions. In O. W. Van Auken (Ed.). Western North American Juniperus
396 communities: a dynamic vegetation type. — Springer, New York, USA, pp. 219-238.

397 Gasparini, J., A. Roulin, V. A. Gill, S. A. Hatch, and T. Boulinier. 2006: Kittiwakes



398 strategically reduce investment in replacement clutches. — Proceedings of the Royal
399 Society London Series B 273:1551-1554.

400 Ghalambor, C. K., and T. E. Martin. 2001: Fecundity-survival trade-offs and parental risk-
401 taking in birds. — Science 292:494—-497.

402 Glazener, W. C., A. S. Jackson, and M. L. Cox. 1964: The Texas drop-net turkey trap. —
403 Journal of Wildlife Management 28:280-287.

404 Gould, F. W. 1975: Texas plants: a checklist and ecological summary. — Texas Agricultural
405 Experiment Station Bulletin, MP-585/Revised, College Station.

406 Guthery, F. S. 1997. A philosophy of habitat management for northern bobwhites. — Journal
407 of Wildlife Management 61:291-301.

408 Hartke, K. M., J. B. Grand, G. R. Hepp, and T. H. Folk. 2006: Sources of variation in

409 survival of breeding female wood ducks. — Condor 108:201-210.

410 Hernéndez, F., and M. J. Peterson. 2007: Northern bobwhite ecology and life history. In: L.
411 A. Brennan(Ed.). Texas quails: ecology and management. — Texas A&M University
412 Press, College Station, Texas, USA, pp. 40—64.

413 Hubbard, M. W,, D. L. Garner, and E. E. Klass. 1999a: Factors influencing wild turkey hen
414 survival in southcentral lowa. — Journal of Wildlife Management 63:731-738.

415 Hubbard, M. W,, D. L. Garner, and E. E. Klass. 1999b: Wild turkey poult survival in

416 southcentral lowa — Journal of Wildlife Management 63:199-203.

417 Jonsson, K. 1., P. K. Anglestam, and J. S. Swenson. 1991: Patterns of life history and habitat
418 in Palaeartic and Neartic forest grouse. — Ornis Scandinavica 22:275-281.

419 Kenward, R. E. 1987: Wildlife radio tagging. Academic Press, London, UK, 311 pp.

420 Lusk, J. J., F. S. Guthrey, M. J. Peterson, and S. J. DeMaso. 2007: Evidence for regionally
421 synchronized cycles in Texas quail population dynamics. — Journal of Wildlife

422 Management 71:837-843.



423 Martin, T. E. 1995: Avian life history evolution in relation to nest sites, nest predation, and
424 food. — Ecological Monographs 65:101-127.

425 Martin, T. E. 2002: A new view of avian life-history evolution tested on an incubation

426 paradox. — Proceedings of the Royal Society London Series B. 269:309-316.

427 Melton, K. B. 2007: Reproductive ecology of Rio Grande wild turkeys in the Edwards
428 Plateau, Texas. — Thesis, Texas A&M University, College Station.

429 Melton, K. B., J. Z. Dreibelbis, R. Aguirre, B. A. Collier, T. W. Schwertner, M. J. Peterson,
430 and N. J. Silvy. 2008: Documentation of abnormal eggs in Rio Grande wild turkey
431 on Edwards Plateau, Texas. — Wilson Journal of Ornithology 120:226-228.

432 Miller, D. A., L. W. Burger, B. D. Leopold, and G. A. Hurst. 1998: Survival and cause-
433 specific mortality of wild turkey hens in central Mississippi. — Journal of Wildlife
434 Management 62:306-313.

435 Miller, M. S., D. J. Buford, and R. S. Lutz. 1995: Survival of female Rio Grande turkeys
436 during the reproductive season. — Journal of Wildlife Management 59:766—771.
437 Mong, T. W., and B. K. Sandercock. 2007: Optimizing radio retention and minimizing radio
438 impacts in a field study of upland sandpipers. — Journal of Wildlife Management
439 71:971-980.

440 Montgomerie, R. D., and P. J. Weatherhead. 1988: Risks and rewards of nest defense by
441 parent birds. — Quarterly Review of Biology 63:167-187.

442 Moran, P. A. P. 1953: The statistical analysis of the Canadian lynx cycle. II.

443 Synchronisation meteorology. — Australian Journal of Zoology 1:291-298.

444 Murdoch, W. W. 1966: Population stability and life history phenomena. — American

445 Naturalist 100:45-51.

446 Nguyen, L. P., J. Hamr, and G. H. Parker. 2004: Nest site characteristics of eastern wild

447 turkeys in central Ontario. — Northeastern Naturalist 11:255-260.



448 Norman, G. W., M. M. Conner, J. C. Pack, and G. C. White. 2004: Effects of fall hunting on
449 survival of male wild turkeys in Virginia and West Virginia. — Journal of Wildlife
450 Management 68:393—404.

451 Paisley, R. N., R. G. Wright, J. F. Kubisiak, and R. E. Rolley. 1998: Reproductive ecology of
452 eastern wild turkeys in southwestern Wisconsin. — Journal of Wildlife Management
453 62:911-916.

454 Palmer, W. E., G. A. Hurst, J. A. Stys, D. R. Smith, and J. D. Burk. 1993: Survival rates of
455 wild turkey hens in loblolly pine plantations in Mississippi. — Journal of Wildlife

456 Management 57:783—789.

457 Pelham, P. H., and J. G. Dickson. 1992: Physical characteristics. In: J. G. Dickson (Ed.).
458 The wild turkey: biology and management. — Stackpole Books, Mechanicsburg,

459 Pennsylvania, USA, pp. 32-45.

460 Peterson, M. N., R. Aguirre, T. A. Lawyer, D. A. Jones, J. N. Schaap, M. J. Peterson, and N.

461 J. Silvy. 2003: Animal welfare-based modification of the Rio Grande wild turkey
462 funnel trap. — Proceedings of the Annual Conference Southeastern Association of Fish
463 and Wildlife Agencies 57:208-212.

464 Randel, C. J., III, D. A. Jones, B. J. Willsey, R. Aguirre, J. N. Schaap, M. J. Peterson, and N.
465 J. Silvy. 2005: Nesting ecology of Rio Grande wild turkeys in the Edwards Plateau
466 of Texas. — Proceedings of the National Wild Turkey Symposium 9:37-243.

467 Ransom, Jr., D., O.J. Rongstad, and D. H. Rusch. 1987: Nesting ecology of Rio Grande
468 turkeys. — Journal of Wildlife Management 51:435-439.

469 Riskind, D. H., and D. D. Diamond. 1988: An introduction to environments and vegetation.
470 In: B. B. Amos and F. R Gehlbach (Eds.). Edwards Plateau vegetation: plant

471 ecological studies in central Texas. — Baylor University Press, Texas, USA, pp 1-15.

472 Roberts, S. D., J. M. Coffee, and W. F. Porter. 1995: Survival and reproduction of female



473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

wild turkeys in New York. — Journal of Wildlife Management 59:437-447.

Rotella, J. J., S. J. Dinsmore, and T. L. Shaffer. 2004: Modeling nest-survival data: a
comparison of recent developed methods that can be implemented in MARK and
SAS. — Animal Biodiversity and Conservation 27:187-205.

Sandercock, B. K., K. Martin, and S. J. Hannon. 2005: Life history strategies in extreme
environments: comparative demography of artic and alpine ptarmigan. — Ecology
86:2176-2186.

Schwertner, T. W., M. J. Peterson, and N. J. Silvy. 2004: Raccoon abundance and Rio Grande
wild turkey production in central Texas. — Proceedings of the Annual Conference
Southeastern Association of Fish and Wildlife Agencies 58:238-247.

Schwertner, T. W., M. J. Peterson, and N. J. Silvy. 2005: Effect of precipitation on Rio
Grande wild turkey production in Texas. — Proceedings of the National Wild Turkey
Symposium 9: 127-132.

Seber, G. A. F. 1982: The estimation of animal abundance. 2nd Edition. — Griffin, London,
UK, 654.

Speake, D. W. 1980: Predation on wild turkeys in Alabama. Proceedings National Wild
Turkey Symposium 4:86—101.

Stearns, S. C. 1976: Life-history tactics: a review of the ideas. — Quarterly Review of
Biology 51:3-47.

Taylor, C. A., Jr., and F. E. Smeins: 1994. A history of land use of the Edwards Plateau and
its effect on the native vegetation. In Taylor, C. A.(Ed). — Proceedings of the Juniper
Symposium. Texas Agricultural Experiment Station Technical Report 94-2. College
Station, Texas, USA. pp.1-8.

Vander Haegen, W. M., W. E. Dodge, and M. W. Sayre. 1988: Factors affecting productivity

in a northern wild turkey population. — Journal of Wildlife Management 52:127-133.



498 Vangilder, L. D. 1992: Population dynamics. In: Dickson, J.G., (Ed). The wild turkey:

499 biology and management. — Stackpole Books, Pennsylvania, USA. pp 144-164.

500 Vangilder, L. D., and E. W. Kurzejeski. 1995: Population ecology of the eastern wild turkey
501 in northern Missouri. — Wildlife Monographs 130.

502 Vangilder, L. D., E. W. Kurzejeski, V. L. Kimmel-Truitt, and J. B. Lewis. 1987:

503 Reproductive parameters of wild turkey hens in north Missouri. — Journal of Wildlife
504 Management 51:535-540.

505 Walker, E. A. 1954: Distribution and management of the wild turkey in Texas. — Texas

506 Game and Fish 12:12-14, 22, 26-27.

507 Westerskov, K. 1950: Methods for determining the age of game bird eggs. — Journal of

508 Wildlife Management 14:56—67.

509 White, G. C., and K. P. Burnham. 1999: Program MARK: survival estimation from

510 populations of marked animals. — Bird Study (Supplement) 46:120—138.

511 White, G. C., and R. A. Garrott. 1990: Analysis of wildlife radio-tracking data. — Academic
512 Press, San Diego, California, USA, 383 pp.

513 Wright, R. G, R. N. Paisley, and J. F. Kubisiak. 1996: Survival of wild turkey hens in

514 southwestern Wisconsin. — Journal of Wildlife Management 60:313-320.

515



516

517

518

519

Table 1. Candidate models used to examine the effects of region (stable or declining), age (juvenile or adt
on 3 delineated periods of breeding activity; initial nesting; 25 March—21 April, renesting period; 22 April-
June-2 July) in breeding chronology on daily survival of radio-tagged Rio Grande wild turkey hens on the
between 2001-2007. Numbers in each model (1, 2, 3) denote the 3 breeding period above and models wh

denoted at the end of each equation otherwise are considered constant across those factors.

No. of
Model notation parameters
S [uv(1) =Ad(1); Juv(2) =Ad(2); Juv(3) =Ad(3)] Different by Region 6
S [Juv(1) =Ad(1); Juv(2) #Ad(2); Juv(3) =Ad(3); Juv(2)=Juv(3)] Different by Region 6
S [uv(1) =Ad(1); Juv(2) #Ad(2); Juv(3) =Ad(3); Juv(2)=Juv(3); Ad(1) = Ad(2)] Different by Region 4
S [Juv(1) =Ad(1); Juv(2) #Ad(2); Juv(3) =Ad(3)] Different by Region 8
S [uv(1) =Ad(1); Juv(2) =Ad(2); Juv(3) =Ad(3)] 2001=2007, 2002=2003=2004=2005-2006 (Good versus Bad Years) 6
S (Constant) 1
S [uv(1) =Ad(1); Juv(2) =Ad(2); Juv(3) =Ad(3)] 3
S [ruv(1) =Ad(1); Tuv(2) ZAd(2); Juv(3) =Ad(3)] 4
S [uv(1) #Ad(1); Juv(2) #Ad(2); Juv(3) =Ad(3)] Different by Region 5
S [Juv(1) =Ad(1); Juv(2) =Ad(2); Juv(3) =Ad(3)] Different by Year 18

a. Minimum -2InL = 730.4868



520
521
Table 2. Candidate models used to examine the effects of nest- and hen-specific information on daily

survival of radio-tagged Rio Grande wild turkey hens on the Edwards Plateau of Texas between

2005-2007.
No. of
Model notation parameters Deviance AAIC?, Wi

S Days on Nest 2 237.11 0 0.420
S [Juv (Days on Nest) # Ad (Days on Nest)] 3 235.82 0.71 0.297
S [Stable (Days on Nest) # Declining (Days on Nest)] 3 236.28 1.17 0.236
S [Nest Attempt] 2 242 .53 5.42 0.028
S (Constant) 1 247.89 8.78 <0.01
S [Hen Age] 2 246.77 9.66 <0.01
S [Age Since Capture] 2 246.80 9.69 <0.01
S [Cumulative Days on Nest] 2 247.61 10.50 <0.01
S [Nested] 2 247.88 10.77 <0.01

522 a. Minimum -2InL =237.1138
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525
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527
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Table 3. Percentage of Rio Grande wild turkey hens that nested (N) by age class (Juv, Ad) of 156

total radio-tagged hens tracked on the Edwards Plateau of Texas during 2005-2007.

Population status Age Class 2005 2006 2007 Pooled

Stable Juv 47 (30) 100 (1) 50 (2) 48.5 (33)
Ad 68.8 (16) 84.8 (26) 88.9 (18) 81.7 (60)

Declining Juv 0(0) 40 (15) 100 (4) 52.6 (19)
Ad 60 (10) 33(12) 85 (20) 64.3 (42)
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537 Figure 1: Study site locations in the Edwards Plateau of Texas, USA.
538 Black areas shown on the state map represent the 4 counties in the
539 southeastern Edwards Plateau where research on Rio Grande wild

540 turkey survival was conducted from 2001 through 2007.
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