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EXECUTIVE SUMMARY 

The North American Great Plains biome has experienced precipitous human-induced 

habitat losses exceeding 90% of its original distribution over the last century. These 

alterations are due to European expansion and concomitant land use practices. As a 

result, numerous grassland bird species have experienced continued declines throughout 

their endemic ranges. Not surprisingly, prairie-grouse have experienced range-wide 

declines and some extant populations persist in highly fragmented landscapes 

uncharacteristic of their evolutionary history. Such landscapes may limit populations by 

constraining vital rates (i.e., nest and brood survival). Furthermore, management 

practices may have unintended negative consequences. The Greater Prairie-Chicken 

(Tympanuchus cupido) population in Wisconsin persists in a highly fragmented landscape 

where management practices are under review (i.e., disturbance types and intervals); 

however, current demographic information regarding limiting vital rates for the 

Wisconsin Greater Prairie-Chicken (GRPC) population is lacking. Aside from apparent 

nest success estimates provided for the Buena Vista Grassland Management Area 

(Hamerstrom 1939, Hamerstrom and Hamerstrom 1973, Golner 1997, Toepfer 2006), 

minimal data on nest or juvenile survival is available. Thus, we sought to investigate the 

relative effects of environmental characteristics at local-, edge-, and patch-levels on 

GRPC nest and brood survival to inform future management of GRPC in Wisconsin. 

During the breeding season (March-May) of 2014 and 2015 we captured and radio-

tagged 62 individual female GRPC using walk-in style traps. We subsequently located 

and monitored 74 GRPC nests of which 23 successfully hatched (i.e., ≥ 1 hatched egg). 

We used information theory (IT) with Akaike’s Information Criterion adjusted for small 
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samples (AICc) and the nest survival option in Program MARK to analyze the 

relationship between nest daily survival rate (DSR) and visual obstruction of the nest, 

residual cover at the nest and nest area, distance to nearest edge, patch shape, patch size, 

and percent core area in grass cover. We considered models competitive if ∆AICc values 

were ≤ 2 AICc units of the top model. The most parsimonious model, S(residual), considered 

nest DSR a function of residual vegetation at the nest and surrounding area (Ŝ = 0.9763, 

SE = 0.003, [95% CI = 0.9685, 0.9822], wi = 0.28) and was ~ 2.5 times more likely than 

the second competing model (S(.)). The mean residual cover at successful and 

unsuccessful nests was 31.9% and 44.1%, respectively. There was some model 

uncertainty because the null (S(.); Ŝ = 0.9762, SE = 0.003, [95% CI = 0.9684, 0.9820], wi = 

0.11) was competitive (∆AICc = 1.83). The top two models estimate success of ~ 43 

percent. 

We tracked females of successful nests ≥5 days/week (n = 23) via radio telemetry 

from hatch to 90 days of age and performed weekly flush counts of broods until 70 days 

of age, collar shedding, transmitter failure, hen mortality, or brood loss. We considered a 

brood lost if 2 consecutive flushes yielded zero counts. We used the Young Survival 

model in Program MARK which is based on the Lukacs model of young survival. This 

particular model accounts for imperfect detection during counts. Using this model we 

employed an IT approach with AICc to compare the importance of each a priori model. 

GRPC survival was best explained when detection (p) and survival (Phi) estimates varied 

across 3 and 4 intervals, respectively. Detection probability was considered different 

across 3 intervals: p1 (count 1), p2 (counts 2-7), and p3 (count 8-10). Conversely, survival 

(Phi) was best explained using 4 age intervals: Phi1 (0-14 days), Phi2 (15-21 days), Phi3 
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(22-28 days), and Phi4 (29-70 days). Juvenile survival estimates were best explained by 

additive effects of residual and forb cover estimates at flush locations (Phi1 = 0.96, SE = 

0.02; Phi2 = 0.84, SE = 0.04; Phi3 = 0.66, SE = 0.08; Phi4 = 0.82, SE = 0.03). We 

estimate survival probability during the study at ~ 0.16 (95% CI = 0.11, 0.22). Contrary 

to other studies, juvenile survival at our sites declined from hatch until 28 days of age 

which suggests predation may be a limiting factor. Vegetation characteristics best 

explained juvenile survival in our study and may exacerbate or mediate mortality from 

abiotic (i.e., extreme weather events) or biotic (i.e., predation) events. We recommend 

spatially and temporally altering current management practices (e.g. prescribed fire and 

grazing) that best mimic historical disturbances and promote desirable local-level 

vegetation characteristics. 
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CHAPTER I: THE RELATIVE IMPORTANCE OF HABITAT 

CHARACTERISTICS AT MULTIPLE SPATIAL SCALES: GREATER 

PRAIRIE-CHICKEN NEST SURVIVAL IN FRAGMENTED AGRICULTURAL 

LANDSCAPES OF WISCONSIN 

Abstract: Once the largest biome in North America, the Great Plains region is the most 

altered ecosystem in the United States. Habitat loss, degradation, and fragmentation 

likely have negative effects on population vital rates (i.e., nest and brood survival). 

Greater Prairie-Chickens (Tympanuchus cupido; GRPC) in Wisconsin persist in highly 

fragmented landscapes where nest survival may limit populations. Thus, we sought to 

identify environmental characteristics limiting GRPC nest survival. We trapped, radio-

tagged, and monitored 62 female GRPC throughout the breeding, nesting and brood 

rearing seasons (April-September) of 2014 and 2015. Subsequently, we monitored 74 

GRPC nests and derived nest DSR estimates with respect to environmental variables at 

multiple spatial scales (e.g., local-, edge-, and patch-level) using an IT approach in 

Program MARK. We considered models with ∆AICc values ≤ 2 AICc units of the top 

model to be competitive. The most parsimonious model S(residual) considered nest DSR a 

function of residual vegetation at the nest and surrounding area (Ŝ = 0.9763, SE = 0.003, 

[95% CI = 0.9685, 0.9822], wi = 0.28) and was ~ 2.5 times more likely than the next most 

competitive model. The relationship of nest DSR and residual cover was negatively linear 

(β= -0.011, SE = 0.005, [95% CI = -0.0233, -0.0002]). Some model uncertainty exists 

because the constant model (S(.); Ŝ = 0.9762, SE = 0.003, [95% CI = 0.9684, 0.9820], wi = 

0.11)) was competitive (∆AICc = 1.83). Edge- and patch-level covariates did not explain 

nest DSR. Management and conservation activities should better mimic ecological 
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processes historically present at the local scale by spatially and temporally altering 

management practices (e.g., prescribed fire, grazing, etc.). 

Key words: Greater Prairie-Chicken, Tympanuchus cupido, Great Plains, grassland, 

grassland birds, fragmentation, vital rates, nest survival, daily survival rate 

INTRODUCTION 

Prairie biomes depend on regular periodic disturbances supporting spatially and 

temporally heterogeneous floral mosaics conducive to life-histories of grassland bird 

assemblages (Anderson 1990, Fuhlendorf and Engle 2001, Powell 2008). However, 

despite once being the most expansive vegetative communities in North America, native 

prairie ecosystems are now the most altered in North America (Klopatek et al. 1979, 

Johnsgard 2002) experiencing precipitously range declines following European 

expansion (Samson and Knopf 1994, Svedarsky et al. 2000). The intensification of 

concomitant land use practices caused ubiquitous landscape changes, habitat loss, and 

degradation (Sampson and Knopf 1994, Fuhlendorf et al. 2002). Not surprisingly, 

grassland bird communities have experienced population declines throughout endemic 

ranges (Taylor and Guthery 1980, Knopf 1992, Herkert 1994, 1995; Vickery et al. 1999).  

Specifically, Greater Prairie-Chicken (Tympanuchus cupido) declines attributed to habitat 

loss, degradation, and fragmentation associated with anthropogenic disturbance are well 

documented throughout historic ranges (Johnsgard and Wood 1968, Svedarsky et al. 

2000, 2003; Johnson et al. 2011). 

The range-wide history of Greater Prairie-Chicken (GRPC) abundance and 

distribution also reflects that of Wisconsin, where populations became isolated after 

extensive agrarian expansion and forest succession simultaneously fragmented suitable 
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habitat (Hamerstrom and Hamerstrom 1961, Svedarsky et al. 2000). Currently, the extant 

GRPC population in Wisconsin occupies the southern portion of the Central Wisconsin 

Grassland Conservation Area (CWGCA; Figure 1). This peripheral Wisconsin population 

suffered significant inbreeding depression before supplementing populations via 

translocations (Bateson et al. 2014). However, successfully integrating unique genetic 

material may not release populations from other demographic limitations. Nest survival is 

a limiting demographic parameter of prairie-grouse populations (Peterson and Silvy 

1996, Wisdom and Mills 1997). Additionally, nest survival is a commonly studied 

population possibly impacted by fragmentation (Wilcove 1985, Paton 1994, reviewed in 

Stephens et al. 2005). 

Fragmentation defines the process of landscape change or the resultant spatial 

pattern (Wiens 1995) and can negatively impact wildlife populations via formation of 

novel spatial physiognomies and patterns (Wilcove 1985, Andrén and Angelstem 1988, 

Faaborg et al. 1999). Those patterns are determined by size, shape, and spatial 

arrangement of dissimilar cover-types. Patch size may be important for area-dependent 

grassland birds serving as viable umbrella species, such as the GRPC (Samson 1980, 

Poiani 2001). However, patch-size incompletely describes multidimensional landscape 

features where area equivalent habitat patches may still be incongruent (i.e., same size, 

but different shapes). Thus, irregularly shaped patches creating edge quantities 

disproportionate to area may be better predictors of nest survival than area alone (Helzer 

and Jelinski 1999, Shake et al. 2012). The juxtaposition of suitable habitat and 

surrounding matrix form corollary ecotones that may influence predator behavior 

(Johnson and Temple 1990, Winter et al. 2000, Chalfoun et al. 2002, Hilty and 
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Merenlender 2004). These ‘edge-effects’ are well documented on forest nesting birds 

(Wilcove et al. 1986, Andrén and Angelstam 1988) and Fuhlendorf et al. (2002) found 

edge density was an important determinant of prairie-grouse population trends. Indeed, 

fragmentation has negative consequences on prairie-grouse occupancy (Samson 1980), 

movement and distribution (Pruett et al. 2009, Hovick et al. 2014, Shaffer et al. 2015), 

and population dynamics (Ryan et al. 1998, Hagen et al. 2003, McNew et al. 2012). 

Furthermore, local-level vegetation characteristics likely influence site selection 

(Ryan et al. 1998, McNew et al. 2013) and nest survival rates. For example, available 

residual cover (Hamerstrom and Hamerstrom 1957, Kirsch 1974, Buhnerkempe et al. 

1984, but see McKee et al. 1998), forb cover (McKee et al. 1998, Fields et al. 2006), 

vegetation height (Riley et al. 1992, Lutz et al. 1994), and visual obstruction (Pitman et 

al. 2005, Davis 2009) are considered conducive to quality nesting cover for prairie-grouse 

and may supersede, or obscure, the importance of immediate landscape characteristics. 

Indeed, grassland bird conservation requires simultaneous consideration of multiple 

spatial scales (Weins 1989, 1995; Bakker et al. 2002, Bissonette and Storch 2003). 

Therefore, the Wisconsin DNR implemented the Central Wisconsin Grassland 

Conservation Area (CWGCA; Figure 1.1) to address grassland habitat management for 

GRPC and other grassland obligates at multiple spatial scales; however, no site-specific 

research elucidates the influence of spatial physiognomies on GRPC demographics in 

Wisconsin. Thus, our objectives were to determine the relative importance of local-, 

edge-, and patch-level characteristics best explaining nest daily survival rates (DSR) of 

the Wisconsin GRPC population by employing a multi-model selection technique and an 

information-theoretic approach. Previously, apparent nest success estimates have been 
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provided for one study area (Hamerstrom 1939, Hamerstrom and Hamerstrom 1973, 

Golner 1997, Toepfer 2006); however, apparent nest success estimates are subject to 

inherent bias (Mayfield 1961, 1975). Thus, we provide the first nest DSR estimates while 

considering environmental covariates for the Wisconsin population. Our research results 

provide insight to GRPC conservation at multiple spatial scales by considering the 

relative importance of local-, edge-, and patch-level spatial characteristics in a highly 

fragmented landscape where the state-threatened GRPC is a conservation priority. 

METHODS 

Study Site 

Our study was conducted in the 3,600 km2 Central Wisconsin Grassland Conservation 

Area in central Wisconsin, USA (N 516877, W 466134) and included sampling two 

distinct populations in close geographic proximity (i.e.,, 15 km). Both prairie-chicken 

populations are associated with two state-owned and managed wildlife areas, the Paul J. 

Olson Wildlife Area and Buena Vista Grassland Management Area (Figure 1.1). Paul J. 

Olson Wildlife Area (PJOWA) is located in eastern Wood and northwestern Portage 

Counties and is approximately 1,236 ha constituted by scattered parcels from 6.5 ha to 

347 ha (mean = 59 ha). The Buena Vista Grassland Management Area (BVGMA) is 

located in southwestern Portage and northern Wood Counties. The BVGMA includes 

5,140 ha owned and managed by the Wisconsin Department of Natural Resources. State-

owned parcels range from 4.4 ha to 1,253 ha in size (mean = 178 ha). The BVGMA site 

is formerly a tamarack swamp and the result of a failed drainage project and some 

PJOWA properties are seasonally wet. Descriptions of plant communities are provided in 
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Niemuth (2000). Soil characteristics and topography are described by Otter and Fiala 

(1978). 

Study sites are bisected by landscape features including urban development, 

forest, and the Wisconsin River which likely contribute to their physical separation. The 

mean daily maximum and minimum temperatures during January are ~ -4°C and -14°C. 

In July, those temperatures change to ~ 15°C and 26°C, respectively. The median 

growing season is approximately 145 days (range=123-159 days). Average annual 

precipitation averages 32.7 (BVGMA) and 31.9 cm (PJOWA), respectively. Climate data 

were retrieved from the National Oceanic and Atmospheric Administration (available at 

http://www.ncdc.noaa.gov/). 

Capture and Monitoring 

We captured female Greater Prairie-Chickens using walk-in style traps (Schroeder and 

Braun 1991) on established leks from March-May 2014 and 2015. We opened traps at 

astronomical dawn (available from the National Oceanic and Atmospheric 

Administration at http://www.esrl.noaa.gov/gmd/grad/solcalc/glossary.html) and 

continued trapping each day until lek dispersal or male activity ceased for ≥45 minutes. 

We captured and marked individuals with a serial-numbered metal state-band and aged 

via characteristics of primaries 9 and 10 (Johnson et al. 2011). We weighed females with 

a Pesola© spring scale to the nearest ± 5 grams, determined morphometrics of the tarsus 

(±0.01 mm) with digital calipers and wing chord (± 1 mm) using a Universal Standard 

Wing Ruler (30cm, Avinet, Inc., Dryden, New York). We radio-tagged female prairie-

chickens with a 16g necklace-style VHF transmitter (Model #A3960, 796 day battery, 
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Advanced Telemetry Systems, Inc., Isanti, MN) equipped with a 6 hour mortality switch. 

We immediately released individuals at the capture location after processing. 

We monitored hens via triangulation of VHF radio signals and homing techniques 

using portable receivers and hand-held Yagi antennas throughout the nesting (April-June) 

and brood rearing seasons (June-September). We calculated error ellipses and location 

coordinates using Program Radio-Tracker which utilizes methods from Lenth (1981). 

Sampling intervals were ≤ 30 minutes between first and third azimuth readings of marked 

individuals and bearing accuracy was recorded to ± 1° with a handheld compass. We 

used homing techniques to locate nesting females after hens localized based on previous 

locations and we flushed hens from nests after 3 consecutive equivalent locations. 

Nest processing and monitoring. We flushed females from nests during early 

incubation to determine clutch size and incubation stage via egg floating techniques 

(McNew et al. 2009). Observers wore rubber boots and sterile nitrile gloves to reduce 

scent deposition during nest processing. We recorded nest locations with handheld GPS 

units to ±3 m in Wisconsin Transverse Mercator and affixed Thermochron iButton data-

loggers (Model DS 1921G, iButtonLink, Whitewater, WI, USA) in nest bowls to record 

temperatures every 30 minutes; a second data-logger was secured to the ground ≤ 100 m 

from the nest to simultaneously record ambient temperatures. We monitored nesting 

females via triangulation and homing ≥ 5 times/week from distances exceeding 100 

meters (McNew et al. 2012) unless nests were ≤100 meters from a road. Observers 

monitored hens via homing of radio signals ~ 20 meters away on the projected hatch date 

and every other day until females hatched or failed (Augustine and Sandercock 2011). If 

a hen was relocated away from her respective nest on 2 consecutive occasions, we visited 
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nests immediately to determine reproductive status. Nest fates were classified as failed 

abandoned, failed destroyed, or successful (i.e., hatching ≥ 1 egg). We used differences 

between nest and ambient Thermochron data loggers to determine timing of nest failures 

to ± 30 minutes (Hartman and Oring 2006). 

Nest data. We recorded local-level vegetative characteristics at the nest and 

paired random points within 7 days of nest fates. Local-level covariates were obtained 

using variations on digital imagery techniques. Specifically, we estimated visual 

obstruction of the nest bowl by vegetation from taking digital images of a red sphere of 

known pixel count placed in the nest. We took digital photos of the sphere from each 

cardinal direction at a distance of 4 m and a height of 1 m. The visible red pixels in each 

photo were totaled. That number was then divided by 4 times the pixel count of the 

unobstructed spherical object, or 

 

𝑉𝑂 =  
𝑃𝑁 + 𝑃𝑊 + 𝑃𝑆 + 𝑃𝐸

4(𝑃𝑈)
 

 

where Pi equals the number of visible red pixels from each cardinal direction (N, W, S, E), 

or the unobstructed spherical object (U). 

We processed obstruction photos using GNU Image Manipulation Program 

(GIMP) (Kimball and Mattis 2006, open software package). Further use of digital 

imagery was employed to acquire photos of the nest area. We visually estimated percent 

residual cover (i.e., dead vegetation remaining from previous growing season) from 

digital images of 1 m2 frames (Daubenmire 1959) centered on nest bowls and 5 meters in 

each cardinal direction. We did not distinguish between ground-level horizontal and 
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standing vertical vegetation strata within plots (Aldridge and Brigham 2002). 

Subsequently, we derived mean residual cover estimates across all nest area photos. 

Landscape characteristics at the edge- and patch-levels include percent grassland 

cover in female core area (i.e., 13 ha; McNew et al. 2013), patch-size, patch perimeter-

area ratio (Helzer and Jelinksi 1999, Shake et al. 2009), and distance to nearest edge 

regardless of edge-type. We aggregated land-cover types that were structurally similar 

(i.e., hay/alfalfa, idle grasses, CRP) where predators likely do not perceive an edge 

(Winter et al. 2000). We defined patch size based on the total contiguous area of 

analogous cover-types. The perimeter-area ratio was a function of these aggregations and 

was calculated using methods equivalent to Shake et al. (2012). All distance measures 

were acquired using the Near tool in ArcToolbox in ArcGIS (ver. 10.3; Environmental 

Systems Research Institute, Redlands, CA). We extracted spatial information using the 

2013 Central Wisconsin Grassland Conservation Area data layer (WDNR 2013). This 

vector data layer is remotely sensed and satellite imagery informed using National 

Agriculture Imagery Program (NAIP; U. S. Department of Agriculture 2013) of the 

CWGCA supplemented with ground-truthing methods to provide ~ 85 % accuracy of 

land cover classifications. Further, we visually inspected areas surrounding nest locations 

and corrected any polygon misclassifications according to site-specific knowledge and 

ground-truthing methods. Consequently, we reclassified agriculture cover types if they 

differed temporally from data layer production years. 

Model Selection and Analyses 

We determined biologically relevant a priori models using aforementioned covariates at 

multiple spatial scales to explain variation in nest DSR at each site. We constructed a 
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model lacking covariates (i.e., null) as our simplest model, single-variable, and 

interactive models investigating effects of local-level habitat and surrounding landscape 

attributes on nest survival. We used arcsin-transformations if mean covariate values 

approached theoretical limits (<0.3, >0.7; Zar 1999). We assumed an average exposure 

period of 36 days based on average female reproductive characteristics in our study. 

Specifically, we assumed a laying rate of 1 egg/day, average clutch size of 12 (range: 6-

19, x = 11.55, n = 70), and an incubation period of 24 days (range: 21-29 days, x = 24.5, n 

= 23). We generated maximum likelihood estimates of GRPC nest daily survival rate 

(DSR) using the Nest Survival Model in Program MARK Version 7.1 (White and 

Burnham 1999). Unlike previous methods used to model nest survival, the nest survival 

model in Program MARK allows consideration of biologically relevant covariates 

(Dinsmore et al. 2002). We used an information-theoretic (IT) approach to quantify the 

relationship between nest survival and univariate and 6 independent variables as well as 

interactions thereof (Table 1.1). We considered the top model (i.e., that with the lowest 

AICc value) and models with ∆AICc values ≤ 2 as competitive. We calculated relative 

importance values for each variable based on the cumulative model weights in which a 

particular variable was present (Burnham and Anderson 2002). We provide the statistical 

results of our study (± SE). 

RESULTS 

Descriptive Data 

We captured 62 (20, PJOWA; 42, BVGMA) female GRPC during the breeding seasons 

(March-May of 2014, 2015) and monitored individuals via radio-telemetry until 

mortality, collar shedding, or transmitter failure. We detected and monitored 74 nests 
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from radio-tagged females and opportunistically found 2 nests from unmarked females 

that were included in analyses. We pooled nest data across sites and years (n = 74) 

because we included yearly (S(year)) and site (S(site)) models in analyses. The mean clutch 

size (11.56 eggs/clutch, range: 6-19) and mean hatching success (~ 85%) were similar to 

those reported by others (Hamerstrom and Hamerstrom 1973, Johnson et al. 2011, 

McNew et al. 2012). We estimated apparent nest success rates to 34% and field evidence 

suggests the majority of nest failures were mammalian depredations (57.7%). Other nest 

failures appeared to be caused by avian (7.7%) and reptilian (1.9%) depredations, 

trampling (1.9%), abandonment (1.9%), and mechanical implements (3.8%; e.g., haying 

or mowing implements). One nest was censored after being incidentally flushed early in 

laying because the observer suspected the female abandoned in response to i-Button 

placement (M.S. Broadway personal observation). 

Nest Survival 

Model S(residual) was the most parsimonious model (Table 1.1; Ŝ = 0.9763, SE = 0.003, 

[95% CI = 0.9685, 0.9822], wi = 0.28) and was approximately 2.5 times more likely than 

the next competing model. However, there was some model uncertainty with S(.) 

(constant model) being the second most competitive (∆AICc = 1.83, Ŝ = 0.9762, SE = 

0.003, [95% CI = 0.9684, 0.9820], wi = 0.11). The mean percent residual cover at the nest 

and nest area was negatively related to nest DSR (β = -0.011, SE = 0.005, [95% CI = -

0.0233, -0.0002]; Figure 1.2). The mean residual cover at successful and unsuccessful 

nests was 31.9% and 44.1%, respectively (Figure 1.2; Table 1.2). No interactive models 

were competitive and those including edge- and patch-level covariates generally received 

less support than models including local-level covariates (Table 1.3). Also, residual cover 
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alone received more support than all edge- and patch-level variables combined. The 

extrapolated apparent nest success estimate using a 36 day exposure period and Ŝ from 

model S(residual) is ~ 42% suggesting our apparent nest success estimates are biased low for 

these populations. 

Likewise, nest survival (Ŝ) parameter estimates (0.9762) for the S(.) model were 

similar and extrapolated to ~ 42% apparent nest success. Aside from residual cover 

estimates at the nest and nest area, no other environmental covariate explained variation 

in nest survival data better than the null model. The second best environmental covariate 

(third-ranked model) quantified visual obstruction of the nest bowl (i.e., S(vo); Table 1.1). 

Furthermore, model performance decreased with inclusion of interactive terms and 

variation in nest survival was not explained by site or year effects. 

DISCUSSION 

The results of our study suggest local-level quantities of residual vegetation reliably 

predict nest DSR in the Wisconsin GRPC population. The negative relationship between 

nest DSR and residual cover surrounding nests is consistent with previous research and 

suggestions that grasslands with excessive residual cover from previous growing seasons 

may provide poor prairie-chicken nesting cover (Hamerstrom et al. 1957, Yeatter 1963, 

McKee et al. 1998). McKee et al. (1998) showed excessive quantities of residual cover at 

GRPC nests predicted failure beyond a maximum threshold of ~ 25 percent. Additionally, 

Mathews et al. (2013) demonstrated decreased nest survival below the recommended 

50% success rate (Westemeier 1973) when standing dead vegetation exceeded 25 

percent. Nest DSR estimates in our study declined below ~ 0.98 (i.e., 50%) when residual 

cover exceeded the maximum threshold identified by McKee et al. (1998; Figure 2). 
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There are several possible mechanisms whereby residual cover influences nest survival. 

Excessive residual cover may catalyze failure events through indirect effects. For 

example, copious litter accumulation may reduce available sunlight to grasses and forbs 

thereby delaying spring vegetation growth and effectively limiting vertical vegetative 

cover for nests (Westemeier 1973). For example, Coates and Delahanty (2008) found 

incubation constancy increased with visual obstruction of Greater Sage-Grouse 

(Centrocercus urophasianus) nests and nest areas (i.e., 25 meter radii). Additionally, 

vegetation cover at nests may influence thermal conditions at nest sites and therefore 

metabolic demands on incubating females (Ar and Sidis 2002). Hovick et al. (2014) 

attributed significant differences in operative temperatures between nest sites and random 

locations within 2 meters of nests to thermal elasticity of adequate vegetation structure. 

Additionally, Guthery et al. (2005) showed nesting Northern Bobwhite Quail (Colinus 

virginianus) respond to thermal stress via gular flutter at approximately 30° Celsius. 

Incubating females may respond to such abiotic conditions (i.e., thermal environments) 

by increasing recess frequency (Afton 1980). Larger-bodied galliforme species may 

experience thermal stress at lower temperatures than Northern Bobwhite Quail (Hovick et 

al. 2014). Thus, female GRPC selecting nest sites with superfluous residual cover and 

minimal vertical and aerial cover may be exposed to thermal extremes requiring similar 

thermoregulatory behavior possibly contributing to nest detection by predators. 

Furthermore, delayed or limited vegetation growth may reduce food availability 

near nests, thereby requiring incubating females to engage in more frequent or longer 

incubation recesses (Rastogi et al. 2006, Chalfoun and Martin 2007, Smith et al. 2007). 

During our study, mean incubation periods were similar to other reports (Johnson et al. 
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2011, McNew et al. 2013) but incubation ranged from 21-27 days based on nest bowl 

temperatures from iButton Thermochron data-loggers (M.S. Broadway personal 

observation). Extended incubation recesses may induce embryo cooling requiring longer 

incubation periods to hatch (Martin et al. 2007) and longer incubation periods may 

expose nesting females to increased predation rates. Behavioral responses to abiotic and 

biotic factors may increase predator detection of nests. These relationships may be 

exacerbated by plant community effects on alternative prey species. For instance, the 

presence of residual cover may attract opportunistic predators that incidentally depredate 

nests (Vickery et al. 1992). While the effect of litter accumulation varies among small 

mammal species (Kaufman et al. 1989), increased litter accumulation may provide high 

quality small mammal habitat (Svedarsky 1979, Westemeier and Buhnerkempe 1983) 

consequently attracting mesocarnivores that could opportunistically depredate GRPC 

nests. Local-level effects of vegetation structure may influence predator searching 

behavior resulting from increased prey availability and evidence suggests local-level 

characteristics supersede the importance of edge- and patch-level characteristics on 

GRPC nest survival at our study sites. 

Our results corroborate those of McKee et al. (1998) and Pitman et al. (2005) who 

detected no edge-effect on GRPC nest survival. Additionally, Renfrew et al. (2005) 

detected no edge-effect and reported consistently low grassland bird nesting success. 

Furthermore, Walk et al. (2010) demonstrated that proximity to edge had no negative 

influence on Dickcissel (Spiza americana) and Eastern Meadowlark (Sturnella magna) 

nest success. Likewise, we found no effect of patch-size on GRPC nest survival; 

however, the importance of patch-size is arbitrated by spatial arrangement (Lefkovitch 
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and Fahrig 1985, Wiens 1989, Dunning et al. 1992) or patch quality (Dunning et al. 1992, 

Davis 2004). Thus, the lack of support for edge- and patch-level spatial physiognomies in 

our results should not negate their potential importance to GRPC and other grassland 

birds over broader temporal and spatial scales because study duration and scale of 

investigation may influence the detection of fragmentation effects (Stephens et al. 2003) 

and these effects may be species dependent (Johnson and Temple 1990, Winter and 

Faaborg 1999).  

Conclusion 

The results of our analyses suggest local-level nest vegetation characteristics are the best 

predictor of GRPC nest DSR at our sites. This further supports the importance of regular, 

intense management, such as prescribed fire and other disturbance mechanisms that 

reduce residual cover. Greater Prairie-Chickens evolved under selective pressures and 

ecological processes that were driven by regular disturbance and intense grazing by large 

ungulates (i.e., pyric herbivory; Fuhlendorf and Engle 2001). Although, discrepancies 

exist between minimum habitat recommendations for prairie-grouse (Hamerstrom et al. 

1957, Taylor and Guthery 1980, Fuhlendorf et al. 2002), there is little disagreement 

regarding the necessity of management practices to duplicate the suite of vegetative 

characteristics conducive to life-history (Samson and Knopf 1994). We recommend 

limiting mowing practices that accelerate litter accumulation (McCoy et al. 2001) and 

suggest disturbance intervals of ~ 3 years (Millenbah et al. 1996, McCoy et al. 2001). We 

recommend practices more effective at removing residual cover and litter accumulation, 

such as discing (Greenfield et al. 2003) and burning (King and Savidge 1995) which may 

improve plant community structure and diversity (Collins and Gibson 1990). However, 
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plant communities may interact differentially with soil, climate, topography, and timing 

of fire (Gibson and Hulbert 1987, Sparks et al. 1998, Brockway et al. 2002). For 

example, forb and C4 grass net primary production (NPP) may be limited by soil 

moisture or other abiotic factors (Briggs and Knapp 1995). Because soil characteristics of 

these sites are dissimilar to tallgrass prairie regions, caution should be exercised on when 

implementing fire to avoid promoting undesirable plant species or vegetation structure 

characteristics. Future research at our sites should focus on the effects of variable 

disturbance intervals and types on GRPC nest site selection. Additionally, we suggest 

projects focused on the effects of disturbance type and intervals on vegetation structure, 

diversity and species richness, and insect and plant food availability. 
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FIGURES 

 

 

Figure 1.1. The Central Wisconsin counties comprising the Central Wisconsin Grassland 

Conservation Area (CWGCA). The CWGCA Interior represents the Wisconsin 

Department of Natural Resources priority grassland management areas where the 

remaining Greater Prairie-Chicken population persists in low numbers. 
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Figure 1.2. The raw estimates for visual obstruction (VO) and residual cover at successful 

and unsuccessful nests with 95% confidence intervals. 
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TABLES 

Table 1.1. Model selection using AICc adjusted for small samples shown in descending order of 

AICc value. Model statistics include ∆AICc, model weight (wi), model likelihood, number of 

parameters (K), and deviance. 

 Model Statistics 

Model Structure AICc ∆AICc wi Model Likelihood K Deviance 

S(residual) 430.86 0.00 0.28 1.00 2 426.86 

(.) 432.69 1.83 0.11 0.40 1 430.69 

S(VO) 432.99 2.12 0.10 0.35 2 428.98 

S(site) 433.72 2.86 0.07 0.24 2 429.72 

S(shape) 433.89 3.02 0.06 0.22 2 429.88 

S(residual x year) 434.34 3.48 0.05 0.18 4 426.32 

S(VO x year) 434.56 3.70 0.04 0.16 4 426.54 

S(nearest) 434.59 3.72 0.04 0.16 2 430.58 

S(VO x residual) 434.61 3.75 0.04 0.15 4 426.59 

S(core) 434.63 3.77 0.04 0.15 2 430.63 

S(size) 434.64 3.78 0.04 0.15 2 430.63 

S(year) 434.68 3.81 0.04 0.15 2 430.67 

S(site x size) 436.76 5.90 0.01 0.05 4 428.74 

S(site x shape) 437.00 6.13 0.01 0.05 4 428.98 

S(site x nearest) 437.03 6.17 0.01 0.05 4 429.01 

S(site x year) 437.52 6.66 0.01 0.04 4 429.50 

S(size x nearest) 437.59 6.72 0.01 0.03 4 429.57 
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Table 1.2. The mean values of each environmental covariate ± SE. 

  Mean ±SE 

Visual Obstruction 89.49 0.20 

Residual Cover 33.95 490.43 

Distance to Nearest Edge (m) 98.88 6037.04 

Patch Size (ha) 216.12 27820.50 

Patch Shape 2.64 40.84 

Percent Core Grass 0.74 0.06 
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Table 1.3. Relative importance values for each covariate used in analysis of GRPC nest 

DSR estimates. 

Covariate RI Value 

Residual 0.36 

Year 0.15 

VO 0.13 

Site 0.11 

Patch Shape 0.08 

Nearest Edge 0.07 

Patch Area 0.07 

Core Grass 0.05 
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CHAPTER II: THE RELATIVE IMPORTANCE OF HABITAT 

CHARACTERISTICS AT MULTIPLE SPATIAL SCALES TO JUVENILE 

GREATER PRAIRIE-CHICKEN SURVIVAL IN WISCONSIN 

Abstract: Grassland bird species have declined throughout their endemic ranges, 

especially in the Midwest. Similarly, Greater Prairie-Chickens (GRPC) have experienced 

precipitous declines for the last century throughout its range, including the state of 

Wisconsin. Several authors have identified nest and brood survival as limiting vital rates 

of prairie-grouse. However, little current information on brood survival during early 

ontogeny exists at our study sites. Hence, we sought to identify environmental variables 

contributing to juvenile survival. We used radio-tagged female Greater Prairie-Chickens 

in 2014 and 2015 to locate, flush, and count broods (n = 23) at weekly intervals until 70 

days of age. We used the Young Survival option in Program MARK which estimates 

survival rates and accounts for detection probability. Further, we employed an 

information theoretic (IT) approach using AICc to compare the relative importance of our 

a priori models. Preliminary analyses suggested GRPC juvenile survival was best 

explained when detection (p) and survival (Phi) estimates varied across 3 and 4 intervals, 

respectively. After employing covariates, juvenile survival estimates (± SE) were best 

explained with the addition of residual and forb cover estimates at flush sites (Phi1= 0.96, 

±0.02; Phi2 = 0.84, ±0.04; Phi3 = 0.66, ±0.08; Phi4 = 0.83, ±0.03). We estimate the 

probability of a juvenile surviving the study at ~ 0.16 (± 0.03). Brood survival was 

strongly positively related to increases in residual and forb cover during the first survival 

period (Phi1). Additionally, juvenile survival continued to decline from hatch to 28 days 

of age suggesting predation may be a limiting factor. We recommend management 
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practices promoting heterogeneous mixtures of forbs that maximize trade-offs between 

mobility and cover availability. 

Key words: Grassland, Greater Prairie-Chicken, Tympanuchus cupido, prairie-grouse 

Program MARK, juvenile survival, detection probability 

INTRODUCTION 

Grassland ecosystems of the Great Plains are perhaps the most degraded in North 

America following agriculture expansion and modern land use practices contributing to 

habitat fragmentation (Klopatek et al. 1979, Samson and Knopf 1994). Effects of 

landscape change are evident in grassland bird species which have declined precipitously 

since the mid-20th century (Herkert 1995, Powell 2008). For example, pinnated grouse 

populations have declined throughout their range (Griffon et al. 1997, Fuhlendorf and 

Engle 2001, Johnsgard 2002) with Lesser Prairie-Chickens (Tympanuchus pallidicinctus) 

declining in near proportion to habitat loss (Taylor and Guthery 1980). Likewise, 

European settlement and intensification of concomitant land use practices caused 

extensive contraction and isolation of Greater Prairie-Chicken (Tympanuchus cupido; 

GRPC) populations have occurred (Hammerstrom and Hammerstrom 1961, Applegate 

and Horak 1999, Svedarsky et al. 2000). Currently, peripheral populations persist in 

fragmented landscapes with novel landscape matrix characteristics that influence prairie-

grouse population demographics (Ryan et al. 1998, Fuhlendorf et al. 2002, Herkert et al. 

2003, Hovick et al. 2014). 

Fragmented landscapes may limit populations through tangential effects. For 

instance, fragmentation may intensify predator searching behavior proximate to ecotones 

(Wiens 1995, Winter et al. 2000, Chalfoun et al. 2002, Hilty and Merenlender 2004) and 
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such behavioral adaptations may negatively influence grassland bird demography 

(Wilcove 1985, Andrén and Angelstem 1988, Burger et al. 1994). 

Juvenile survival and recruitment to subsequent breeding seasons is an important 

demographic metric in avian species (Saether and Bakke 2000, Hannon and Martin 

2006). Further, several authors suggest nest and brood survival as limiting vital rates in 

GRPC populations (Bergerud and Gratson 1988, Peterson and Silvy 1996, Wisdom and 

Mills 1997; but, see McNew et al. 2012). Estimates of GRPC apparent nest success are 

available over a broad temporal scale in Wisconsin (Hamerstrom 1939, Hamerstrom and 

Hamerstrom 1973, Golner 1997, Toepfer 2006); however, no published estimates of 

juvenile survival parameters are available. 

This necessitates additional information to direct management and conservation 

practices targeting extant GRPC populations in the highly fragmented landscapes of 

Wisconsin. Here only ~ 250 breeding males occupy the southeastern portion of the 

Central Wisconsin Grassland Conservation Area (Figure 2.1) (CWGCA; Wisconsin 

Department of Natural Resources 2015). The landscape matrix surrounding surrogate 

grassland patches in central Wisconsin is dominated by agricultural production, pine-

barrens, early succession forests, wetlands, and shrublands (Sample et al. 2003). These 

fragmented landscapes may have negative effects on grassland bird population 

demographics, such as nest survival (Winter et al. 2000, Renfrew et al. 2005, Mathews et 

al. 2013). Similar ecological effects on brood survival are possible. However, few studies 

report the simultaneous relative effects of local-, edge-, and patch-level habitat 

characteristics and documentation of cause-specific mortality is minimal (Hannon and 

Martin 2006). 
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Our objectives were to 1) better understand temporal patterns in juvenile survival 

during the first 70 days and 2) identify environmental covariates best explaining juvenile 

survival during the aforementioned period in the Wisconsin GRPC population. 

METHODS 

Field Sites 

Our study sites were state-owned and managed wildlife areas located within the 3,600 

km2 CWGCA (N 516877, W 466134) and included sampling two genetically distinct 

populations, Buena Vista Grassland Management Area (BVGMA) and Paul J. Olson 

Wildlife Area (PJOWA; Figure 2.1). Specifically, sites were approximately 15.5 km 

apart. The BVGMA boundary includes nearly 19,000 ha with 5,140 ha owned and 

managed by the Wisconsin Department of Natural Resources and located in southwestern 

Portage County, Wisconsin. State-managed grassland areas range from 4.4 ha to 1,253 ha 

(mean = 178 ha) and are surrounded by commercial row-crop production and forest 

cover. The PJOWA is comprised by scattered parcels ranging from 6.5 ha to 347 ha 

(mean = 59 ha) in eastern Wood and northwestern Portage counties. The landscape 

matrix around PJOWA consists of forested tracts, small-scale private grain and forage 

production, as well as small dairy operations. Detailed descriptions of plant communities 

are available in Niemuth (2000). Additionally, Otter and Fiala (1978) provide accounts of 

regional soil type and topography. We selected these sites because they represent the last 

remaining GRPC populations in Wisconsin. 

BVGMA and PJOWA are bisected by landscape features including urban 

development, forest, and the Wisconsin River. Climate is typically continental with 

distinct seasonal changes. The estimated annual precipitation at each site is ~ 32 cm/year 
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and mean daily maximum and minimum temperatures during January are -4°C and -

14°C. In contrast, mid-summer (i.e., July) mean daily maximum and minimum 

temperatures are 26°C and 15°C, respectively. Growing seasons at our sites are 

approximately 145 days (range=123-159 days). Climate data were retrieved from the 

National Oceanic and Atmospheric Administration (available at 

http://www.ncdc.noaa.gov/). 

Capture and Monitoring 

Our study was conducted March-September of 2014 and 2015. We captured female 

Greater Prairie-Chickens using walk-in style traps (Schroeder and Braun 1991) on leks 

that maintained an average male lek attendance ≥ 5. We marked all captured individuals 

with serial numbered metal state-bands and aged via characteristics of primaries 9 and 10 

(Johnson et al. 2011). We weighed females with a Pesola© spring scale to the nearest ± 5 

grams, recorded morphometrics and radio-tagged female prairie-chickens with a 16g 

necklace-style VHF transmitter with a 796 day battery (Model #A3960, 6hr mortality 

switch, Advanced Telemetry Systems, Inc., Isanti, MN). We released individuals at the 

capture location immediately after processing. 

We located females via triangulation of VHF radio signals and homing techniques 

using hand-held Yagi antennas and portable receivers ≥ 5 per week. Error ellipses and 

location coordinates were calculated in the field using Program Radio-Tracker (Lenth 

1981). Intervals were ≤ 30 minutes between first and third and azimuth readings. We 

recorded bearings with handheld compasses to ± 1° accuracy. We began using homing 

techniques after a hen was believed to have localized based on triangulated locations. 
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We determined female reproductive status by flushing hens from nests early in 

laying after 3 consecutive homing locations. After flushing females, we counted clutches 

and used floating techniques to back-date the onset of incubation (McNew et al. 2009) 

and project hatch dates based on a 24-day incubation period. During nest processing we 

anchored Thermochron iButton data-loggers (Model DS 1921G, iButtonLink, 

Whitewater, WI, USA) inside and flush with the contour of nest bowls to record 

temperatures every 30 minutes. We also anchored iButtons synchronized with the 

associated nest iButtons within 100 meters of each nest to record ambient temperatures. 

We consulted temperature data from iButton data-loggers to determine timing ± 30 

minutes of hatch (Hartman and Oring 2006) and dates of successive flush events. 

We used homing of female radio signals to locate brood hens within 30 minutes 

of sunrise at regular weekly intervals (Goddard and Dawson 2009) from hatch to 70 days 

of age. We cautiously approached when flushing females and counted as many chicks as 

possible immediately after brood hens flushed. Observers wore rubber boots to reduce 

scent deposition, recorded brood locations with handheld GPS units (±3 m in Wisconsin 

Transverse Mercator), and marked flush locations with orange survey flags. After, 

observers exited the area in the opposite direction of broods and the attending female. A 

brood was considered lost if two consecutive flushes produced zero counts and was 

corroborated by female behavior (e.g., excessive flight distances without return). If hen 

behavior was inconclusive a third flush was used to confirm brood status. Additionally, 

we captured broods at night with nets and hand-held lights at 45 and 90 days of age. We 

randomly selected chicks in each brood to affix 7 g necklace-style collars (ATS, Inc., 

Isanti, MN, Model #3930, 221 day battery) at 45 days of age. We subsequently 
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recaptured collared chicks at approximately 90 days of age to replace collars with adult-

sized models equipped with 6 hour mortality switches (Model #A3960, 16g, 796 day 

battery, Advanced Telemetry Systems, Inc., Isanti, MN). Chick processing, 

morphometric measurements, and body condition assessment was identical to adult 

captures. We monitored radio-tagged brood hens and juveniles ≥7 days/week until 90 

days of age, collar shedding, or mortality occurred. 

Vegetation sampling. We visually estimated residual and forb cover at weekly 

brood-flush locations (local-level) until 28 days of age. We delayed vegetation sampling 

if a hen was ≤ 50 meters of a flush location to minimize disturbance and completed 

sampling within 7 days of each flush. These vegetation measures were obtained using 

variations on digital imagery techniques. We sampled vegetation surrounding the brood 

location using digital images of 1 m2 frames (Daubenmire 1959) centered at the brood 

flush location and at 5 meters from center in four cardinal directions. We visually 

estimated the percent cover of vegetation classes in each frame similar to Aldridge and 

Brigham (2001), subsequently deriving a mean percent cover estimate of residual cover, 

forb cover, and bare ground. The latter was discarded from analyses because it rarely 

contributed values >0. Our vegetation cover data were non-normally distributed near 

upper and lower extremes (i.e., < 0.3, >0.7) and required arcsin transformations (Zar 

1999). 

Landscape covariates. We selected metrics at multiple spatial scales (local-, 

edge-, and patch-level independent variables) that could potentially explain variation in 

juvenile survival in Wisconsin. Spatial covariates at edge- and patch-levels included 

distance to nearest edge (ϕ(edge)), patch-shape (ϕ(shape); Shake et al. 2012), and patch-size 
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(ϕ(size)) respective of brood flush locations. Although, predator use may increase near 

particular edges (Winter et al. 2000, Hilty and Merenlender 2004) we assumed edge-

effects were similar regardless of edge-type. We defined patch size based on the total 

contiguous area of analogous cover-types (e.g., hay/alfafa, warm and cool season 

grasses). We also considered the possibility that brood movement may expose young to 

increased metabolic demands or predation risk, thus we considered the distance moved 

between flush counts as a predictor of survival. We acquired all spatial data using 

ArcMap (ver. 10.2; Environmental Systems Research Institute, Redlands, CA) and the 

Central Wisconsin Grassland Conservation Area data layer (WIDNR 2013). This data 

layer was used in combination with 2013 National Agriculture Imagery Program (NAIP) 

data layers (U. S. Department of Agriculture 2013) and ground truthing methods. 

Accuracy assessment of the layer showed strong agreement between field observations 

and cover-type classifications (>85 %). Additionally, we corrected disagreements and 

modified the data layer via ground-truthing methods to account for temporal 

disagreement in crop-types between data-layer production (2013) and study years (2014 

and 2015). 

Statistical Analyses 

We explored juvenile survival (ϕ) and detection (p) in two stages. In the first stage, we 

considered 10 a priori models that allowed for various levels of biologically reasonable 

temporal variation in survival and detection using AICc (Table 2.1; Akaike 1973, 

Burnham and Anderson 2002). We considered models that included survival periods 

paralleling those previously used (Pitman et al. 2006, Fields et al. 2006, Goddard and 

Dawson 2009). Specifically, we hypothesized juvenile survival would follow 1 of 3 
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trends: juvenile survival would 1) be constant (null) through time (ϕ(.); 1 estimate);  2) 

would remain equal among but different in two 2 week intervals through the first 4 

weeks, stabilizing and climaxing at different estimates thereafter (ϕ(t3); 3 estimates); 3) 

would be constant from hatch to week 2, different in week 3, different in week 4 and then 

different but constant thereafter (ϕ(t4); 4 estimates). Detection probability (p) was 

modeled in combination with the aforementioned ϕ models. We hypothesized p would 

either 1) be constant in time p(.), or 2) follow a pattern corresponding to juvenile growth 

and development (p(t3)). In the latter model (p(t3)), we anticipated lower detection 

probabilities at 7-day flush counts when not all chicks are capable of flight and/or may be 

obstructed by vegetation. The Young Survival Model in Program MARK uses hatch 

counts as the initial brood size and derives detection probability estimates (p) at prior 

counts (pi) based on the number of individuals detected on subsequent counts (pi + 1) 

(Lukacs et al. 2005). Thus, we included counts conducted at 7 days of age and beyond 

where not all individuals are necessarily detectable. Further, we assumed detection would 

increase and remain constant from 14-49 day flush counts as chicks acquired flight 

capability and detection would decrease at 56-70 day flush counts as chicks became more 

independent (Robel et al. 1970) and less likely to be detected. This resulted in 3 

parameter estimates for detection probability. To avoid confounding between the final ϕ 

and p parameter estimates, we fixed final p estimates equal to the proportional average of 

p parameter estimates in the top model. We considered site and year effects and fully 

time varying models in stage 1. However, fully time varying models were discarded 

because they failed to provide viable estimates ϕ and p. We included the model best 
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explaining variation in ϕ and p without environmental variables as a base (i.e., ϕ(ti)•p(ti)) 

in stage two. 

Stage 2 focused on determining which environmental covariates most influenced 

survival during the 4 periods identified in stage one. In stage 2 we continued to employ 

an information theoretic approach using Akaike’s Information Criterion adjusted for 

small samples (AICc; Akaike 1973, Burnham and Anderson 2002). We ranked models 

based on AICc weights (wi) and considered models within 2 AICc units of the most 

parsimonious model as competitive. To account for site and year effects on survival, we 

included a site (ϕ(site)), year (ϕ(year)), and site-year interactive model (ϕ(site x year)) in 

our analyses. We also included a null or (constant) model lacking covariates. When 

allowing survival to remain constant, or vary by site and/or year, we continued to employ 

the best detection probability model structure (i.e., p(t3)) from stage one. Finally, we 

constructed a priori additive and interactive models that considered the aforementioned 

vegetation, movement, and spatial characteristics associated with broods we thought were 

biologically reasonable predictors of juvenile survival and mortality. We provide results 

of model parameter estimates (± SE). 

RESULTS 

We captured, radio-tagged, and monitored 62 females on leks March-May of 2014 and 

2015. Subsequently, we monitored 74 nests until success or failure, including renests. 

Mean clutch size during our study was ~ 12 and mean incubation period of successful 

nests was ~ 24 days. We monitored 23 broods (2014: 6; 2015: 17) during the brood 

rearing seasons of our study (June-September) consequently estimating survival from 68 

and 154 chicks in 2014 and 2015, respectively (total = 222). Two females with broods 
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shed their collars prior to monitoring period end (2015) and one brood female was 

depredated when chicks were 38 days old (2014). Consequently we censored the 

remaining flush encounters for those broods. In total, 8 broods survived to 10 weeks 

(2014: 5; 2015: 3). We detected one whole-brood failure (4.3%) before 14 days of age in 

2014 and 7 whole-brood failures (30.4%) before 7 days of age during the 2015 season. 

Base model. The best fit model (ϕ(t4)•p(t3)) allowed survival to differ between 4 

intervals (Phi1-4) and detection probability to differ across 3 intervals (p1-3; Table 2.1). 

The probability of surviving the study was estimated at ~ 13% (± 0.02; [95% CI = 0.09, 

0.18], wi = 0.99). Using our base model lacking covariates, we estimated weekly survival 

at 0.701 (± 0.019), 0.903 (± 0.031), 0.624 (± 0.045), and 0.852 (± 0.023) for intervals 1-4, 

respectively. Detection probability estimates considered week 1 counts (p1), weeks 2-7 

(p2), and weeks 8-10 (p3) different from one another (Figure 2.2). Again, because the last 

survival and detection parameters are confounded in this and other population models 

(e.g., Cormack-Jolly-Seber Model) we fixed the last detection probability estimate based 

on the proportional mean of our other detection estimates in the top model. Additionally, 

ϕ and p parameters were inestimable using fully time-varying models and were therefore 

removed from the final model set. There was no support for site or year effects after 

preliminary modeling of survival and detection probability and no model uncertainty. 

Juvenile Survival and environmental covariates. We analyzed survival through 

4 distinct periods using 11 a priori models including individual environmental covariates. 

One model, an interaction between forb and residual cover, was discarded because it 

failed to produce mathematically reasonable estimates for multiple survival periods. The 

top model (ϕ(t4 residual + forb)•p(t3); Table 2.2) considered survival a function of the 
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additive relationship between residual and forb cover at flush locations during survival 

period 1 (Phi1= 0.96, SE = 0.02, [95% CI = 0.90, 0.98]), period 2 (Phi2 = 0.84, SE = 0.04, 

[95% CI = 0.74, 0.91]), and period 3 (Phi3 = 0.66, SE = 0.08, [95% CI = 0.49, 0.79], wi = 

1.00). The β estimates of each covariate in the top model were strongly positive during 

survival period 1 (Phi1) but weakened in subsequent survival periods (Table 2.3). The top 

model showed a decline in juvenile survival estimates between survival intervals 1-3 

(Phi1-3) of brood rearing but increased thereafter (Figure 2.3). Forb cover estimates 

increased slightly across each survival period; however, residual cover estimates 

increased from survival period 1-2 and decreased in the third survival period (Phi3; 

Figure 2.4). Because we did not collect vegetation data beyond 28 days, vegetation 

characteristics were not considered in the final survival period (i.e., Phi4). The weekly 

survival probability during the post-fledging period was low (i.e., 29-70 days; Phi4 = 

0.82, SE = 0.03, [95% CI = 0.76, 0.87]) and the probability of a chick surviving the 

duration of our study was 0.16 (± 0.03, [95% CI = 0.11, 0.22). There was no model 

uncertainty and no other model received support. 

DISCUSSION 

Our results suggest juvenile survival during the first 4 weeks is best explained by 

additive positive effects of local-level habitat characteristics (i.e., forb cover and residual 

cover). The effects were strongest during the first survival period and strength of effects 

weakened during the second and third survival periods (Table 2.2). There are several 

potential mechanisms by which residual and forb cover could impact juvenile survival. 

First, some residual cover in our study was primarily horizontal at ground level 

thereby functioning as bare ground (M.S. Broadway personal observation). If this 
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allowed for easier juvenile mobility, then increased residual cover may facilitate escape 

from predators, increase foraging efficiency, and decrease energy expenditures associated 

with movement. This could be especially important during the first 2 weeks of ontogeny 

when chicks are flightless (Johnson et al. 2011). Other studies have addressed the 

relationship between chick foraging ecology and vegetation structure. For example, 

Doxon and Carroll (2010) demonstrated increased foraging rates and diet breadth of ring-

necked pheasant and bobwhite chicks in CRP fields with less dense vegetation. 

Furthermore, Anderson et al. (2015) demonstrated GRPC brood hens used sites with 

greater and more homogeneous litter depth but also with heterogeneous structure and 

intermediate obstruction estimates suggesting females select areas compromising 

tradeoffs between food and cover. 

Second, increased forb cover may provide vegetable foods to chicks during early 

growth and development. For example, Blomberg et al. (2013) demonstrated through 

stable isotope analysis of Greater Sage-Grouse (Centrocercus urophasianus) chick 

plumage that individuals with diets comprised of both plant and animal biomass exhibited 

higher growth rates than those with diets dominated by arthropods. These vegetable foods 

may be crucial as young grouse transition through early ontogeny (i.e. 0-28 days). Other 

studies also have demonstrated that brooding female prairie-grouse, including GRPC, use 

areas with greater forb abundance (Jamison et al. 2002, Fields et al. 2006, Goddard et al. 

2009, Mathews et al. 2011, Anderson et al. 2015). Finally, forb communities may support 

a more abundant arthropod population (Jones 1963, Jamison et al. 2002). Insects are 

important dietary components to precocial gallinaceous chicks (Rumble et al. 1988, 

Savory 1989, Griffon et al. 1997) and provide nutrients necessary for plumage 
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development and muscular growth (Aulie 1976). Higher chick growth rates likely have a 

positive impact on survival in grouse (Erikstad 1985) as young are capable of more 

efficient foraging, independent thermoregulation, and escape from predators. Again, we 

did not measure individual juvenile movements, foraging efficiency, diet preference, or 

arthropod abundance. However, we posit these as potential mechanistic explanations 

from other studies possibly explaining the strong relationship between survival, residual 

cover, and forb cover in our study. Regardless of the mechanism, residual and forb cover 

were the only covariates associated with juvenile survival in our study. 

Conclusion 

Juvenile survival of prairie-grouse is consistently a limiting factor of population 

growth rates (i.e., λ; Wisdom and Mills 1997). Our results suggest that GRPC brood 

survival in Wisconsin is low and may be limiting the population growth rate (i.e., λ). 

Specifically, our results suggest that local vegetation communities are more important 

than edge- and patch-level characteristics to juvenile survival. GRPC evolved under 

mechanistic abiotic factors creating heterogeneous plant communities through periodic 

disturbance and management practices should emulate the spatial and temporal variation 

of historic disturbance patterns in mixed and tallgrass prairie ecosystems. Currently, the 

Wisconsin DNR limits active management to ≤ 20% of grassland area at each site and 

management practices may be constrained by abiotic conditions at our sites (i.e., soil 

organic matter, weather). However, disturbance intervals of ≥ 5 years may be insufficient 

based on our findings. Future management prescriptions should focus on promoting 

vegetation structure providing overhead cover while simultaneously minimizing ground-

level obstruction. We recommend the spatial and temporal variation of current 
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management practices that increase forb production and bare ground while reducing 

woody encroachment such as prescribed burning (Wright and Baily 1982, Collins and 

Gibson 1990). McCoy et al. (2001) observed twice the bare ground in warm season CRP 

plantings compared to cool season CRP and mowing practices accelerated litter 

accumulation. Alternatively, Greenfield et al. (2003) demonstrated that increased strip-

discing positively increased plant species richness and bare-ground while decreasing 

litter. Historic disturbances (i.e., fire and grazing) likely occurred in grassland prairies 

between 3-5 years (Knapp et al. 1998). Similar disturbance intervals have been suggested 

for CRP lands (Millenbah et al. 1996, McCoy et al. 2001). While we cannot extricate the 

exact mechanism determining brood survival, we recommend future research focus on 

the impacts of insect abundance, plant species composition, and cause-specific mortality 

of juvenile Greater Prairie-Chicken in Wisconsin. 
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FIGURES 

 

Figure 2.1. The central Wisconsin Grassland Conservation area (CWGCA) is comprised 

of 7 central Wisconsin Counties. The CWGCA interior was defined by the Wisconsin 

Department of Natural Resources in 2004 and contains ~ 8,900 hectares of managed 

public lands. 
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Figure 2.2. Juvenile detection probabilities for the top model (ϕ(t4) p(t3)) from 

preliminary analyses of juvenile survival and detection probability. Intervals (p1-3) 

correspond to flush day 7, 14-49, and 56-70, respectively. The final p estimate was fixed 

to avoid confounding with the last survival estimate (Phi4). 
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Figure 2.3. Greater Prairie-Chicken Juvenile average survival estimates from the top 

model (ϕ(t4 + residual + forb)•p(t3)are shown for each survival period (Phi1-4) 

corresponding to days 0-14 (Phi1, 0.95 ±0.02), 15-21(Phi2, 0.84 ±0.04), 22-28(Phi3, 0.66 

±0.03), and 29-70(Phi4, 0.83 ±0.03), respectively. Residual and forb cover were not 

measured during the Phi4 survival period. 
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Figure 2.4. The mean percent residual cover and forb cover with 95% confidence 

intervals. Residual cover estimates were 25% (±4.77), 29% (± 4.68), and 22% (± 3.05) 

for Phi intervals 1-3, respectively. Estimates of forb cover at Phi intervals 1-3 were 27% 

(±5.06), 31% (±5.83), and 32% (±6.65), respectively. 
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TABLES 

Table 2.1. Preliminary models of survival and detection probability (p) ranked by AICc 

value and ordered according to their ∆AICc (difference in AICc from the top-ranked 

model). The number of parameters (K), model likelihood, and deviance also are included. 

 MODEL STATISTICS 

Model Structure AICc ∆AICc wi 
Model 

Likelihood 
K Deviance 

ϕ(t4) p(t3) 1046.9 0.00 0.99 1.00 6 796.53 

ϕ(t3) p(t3) 1056.3

2 

9.41 0.01 0.00 5 808.07 

ϕ(.) p(t3) 1067.6

8 

10.78 

 

0.00 0.00 3 823.63 

ϕ(t3) p(.) 1085.4

9 

38.58 0.00 0.00 4 839.35 

ϕ(.) p(.) 1086.6

5 

39.74 0.00 0.00 2 844.66 

ϕ(site) p(site) 1086.9

5 

40.04 0.00 0.00 4 840.81 

ϕ(year) p(year) 1087.4

2 

40.52 0.00 0.00 4 841.29 

ϕ(site x year) p(site x year) 1090.4

6 

43.55 0.00 0.00 6 840.08 
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Table 2.2. Model statistics include AICc (Akaike’s Information Criterion adjusted for 

small samples), ∆AICc, model weight (wi), model likelihood, number of parameters (K), 

and deviance. 

 Model Statistics 

Model Structure AICc ∆AICc wi Model Likelihood K Deviance 

ϕ(t4 + residual + forb)•p(t3) 782.93 0.00 1.00 1.00 12 757.24 

ϕ(t4 + distance x forb)•p(t3) 885.83 102.9 0.00 0.00 16 850.81 

ϕ(t4 + residual)•p(t3) 886.77 103.8 0.00 0.00 9 867.81 

ϕ(t4 + shape + distance)•p(t3) 908.47 125.5 0.00 0.00 14 878.17 

ϕ(t4 + distance)•p(t3) 908.98 126.0 0.00 0.00 10 887.79 

ϕ(t4 + size)•p(t3) 948.26 165.3 0.00 0.00 10 927.08 

ϕ(t4 + hatch)•p(t3) 954.07 171.1 0.00 0.00 8 937.30 

ϕ(t4 + forb)•p(t3) 954.78 171.8 0.00 0.00 9 935.82 

ϕ(t4)•p(t3) 967.26 184.3 0.00 0.00 6 954.82 

ϕ(t4 + shape)•p(t3) 969.28 186.3 0.00 0.00 10 948.10 

ϕ(t4 + edge)•p(t3) 971.51 188.6 0.00 0.00 10 950.32 

ϕ(year)•p(t3) 999.89 216.95 0.00 0.00 4 991.68 

ϕ(site)•p(t3) 1001.98 219.05 0.00 0.00 4 993.77 

ϕ(.)•p(.) 1036.67 253.7 0.00 0.00 2 1032.61 
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Table 2.3. Beta (β) estimates of each environmental covariate (i.e., residual and forb 

cover) in the top model (i.e., ϕ(t4 + residual + forb)•p(t3) are ordered chronologically. 

Survival (Phi) periods 1-3 consider days 0-14, 15-21, and 22-28 days. 

    95% Confidence Interval 

    Beta SE Lower Upper 

Residual Phi1 0.454 0.064 0.328 0.580 

Forb Phi1 0.212 0.031 0.151 0.273 

Residual Phi2 -0.043 0.024 -0.091 0.005 

Forb Phi2 -0.048 0.022 -0.090 -0.005 

Residual Phi3 0.045 0.030 -0.013 0.103 

Forb Phi3 0.027 0.018 -0.009 0.062 

 


