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Abstract 

The mourning dove (Zenaida macroura) is an important North American gamebird, yet 

contemporary demographic information needed to guide management remains limited at the 

spatial scales where management occurs. In Kansas, USA, mourning doves occupy landscapes 

that vary substantially in climate, vegetation, urbanization, and management intensity, providing 

an opportunity to evaluate how demographic rates change across broad ecological and land-use 

gradients. My goal was to quantify variation in movements, space use, and vital rates of 

mourning doves in Kansas to improve understanding of the processes shaping recruitment and 

population dynamics. 

First, I estimated egg- and nestling-stage daily survival, period survival, and nest-site selection 

during 2023–2025 across 4 study locations representing 3 BCRs and urban, rural, and wildlife 

management area treatments. Egg-stage survival varied across location and treatment, with egg-

stage period survival lowest in rural treatments (0.28, 95% CI = 0.09–0.82) compared to urban 

(0.76, 95% CI = 0.71–0.81) and wildlife management areas (0.71, 95% CI = 0.61–0.83). In 

contrast, nestling-stage survival varied primarily by year and was greatest in 2024 (0.99, 95% CI 

= 0.98–0.99). Mourning doves selected trees with larger diameters than available trees, but tree 

species selection was generally weak and ground-nest selection showed little relationship with 

measured cover variables. Together, these findings suggest that egg and nestling stages may be 

influenced by different processes and that selected nest-site features do not necessarily 

correspond to greater survival. 

Second, I quantified space use, land-cover associations, and weekly apparent survival of after-

hatch-year mourning doves fitted with radio transmitters during 2023–2025. I marked 396 

individuals, relocated 112 at least once, and recorded 431 detections. Among individuals with 

more than 20 detections, average 95% home range area was 70.83 ± 97.83 ha and average 50% 

core area was 16.30 ± 25.60 ha, although variation among individuals was considerable. Across 

all detections, urban low-intensity and urban high-intensity land cover accounted for the largest 

proportions of observations (25.55% and 14.32%, respectively), though dominant land-cover 

classes differed among locations. Cormack-Jolly-Seber models supported location-specific 

differences in weekly apparent survival and detection probability, with weekly apparent survival 

ranging from 0.55 ± 0.13 to 0.93 ± 0.02 and detection probability ranging from 0.07 ± 0.02 to 

0.50 ± 0.04. 

Finally, I evaluated statewide variation in annual survival and recovery rates of mourning doves 

banded in Kansas from 2003–2023 using dead recovery models. Survival and recovery varied 

across Bird Conservation Regions (BCR), land-use contexts, and age classes. This gradient was 

strongest for hatch-year birds, with annual survival declining from 0.52 ± 0.05 in BCR 18 to 0.31 

± 0.02 in BCR 22, whereas after-hatch-year survival varied less among BCRs. Mourning doves 

banded in urban areas had lower survival and greater recovery than birds banded in rural areas, 



 

  

and hatch-year birds banded in urban areas showed 51% lower survival and 40% greater 

recovery than those banded in rural areas. These results indicate substantial within-state 

heterogeneity in demographic rates and suggest that banding design and landscape context can 

influence inference. 

Collectively, this dissertation demonstrates that mourning dove demographic rates and space use 

vary substantially across Kansas and across life stages, land-use contexts, and regions. These 

results provide an important field-based foundation for interpreting broader population trends 

and suggest that locally informed, spatially explicit management will be necessary to effectively 

conserve and manage this widely harvested species. 
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Abstract 

The mourning dove (Zenaida macroura) is an important North American gamebird, yet 

contemporary demographic information needed to guide management remains limited at the 

spatial scales where management occurs. In Kansas, USA, mourning doves occupy landscapes 

that vary substantially in climate, vegetation, urbanization, and management intensity, providing 

an opportunity to evaluate how demographic rates change across broad ecological and land-use 

gradients. My goal was to quantify variation in movements, space use, and vital rates of 

mourning doves in Kansas to improve understanding of the processes shaping recruitment and 

population dynamics. 

First, I estimated egg- and nestling-stage daily survival, period survival, and nest-site selection 

during 2023–2025 across 4 study locations representing 3 BCRs and urban, rural, and wildlife 

management area treatments. Egg-stage survival varied across location and treatment, with egg-

stage period survival lowest in rural treatments (0.28, 95% CI = 0.09–0.82) compared to urban 

(0.76, 95% CI = 0.71–0.81) and wildlife management areas (0.71, 95% CI = 0.61–0.83). In 

contrast, nestling-stage survival varied primarily by year and was greatest in 2024 (0.99, 95% CI 

= 0.98–0.99). Mourning doves selected trees with larger diameters than available trees, but tree 

species selection was generally weak and ground-nest selection showed little relationship with 

measured cover variables. Together, these findings suggest that egg and nestling stages may be 

influenced by different processes and that selected nest-site features do not necessarily 

correspond to greater survival. 

Second, I quantified space use, land-cover associations, and weekly apparent survival of after-

hatch-year mourning doves fitted with radio transmitters during 2023–2025. I marked 396 

individuals, relocated 112 at least once, and recorded 431 detections. Among individuals with 

more than 20 detections, average 95% home range area was 70.83 ± 97.83 ha and average 50% 

core area was 16.30 ± 25.60 ha, although variation among individuals was considerable. Across 

all detections, urban low-intensity and urban high-intensity land cover accounted for the largest 

proportions of observations (25.55% and 14.32%, respectively), though dominant land-cover 

classes differed among locations. Cormack-Jolly-Seber models supported location-specific 

differences in weekly apparent survival and detection probability, with weekly apparent survival 

ranging from 0.55 ± 0.13 to 0.93 ± 0.02 and detection probability ranging from 0.07 ± 0.02 to 

0.50 ± 0.04. 

Finally, I evaluated statewide variation in annual survival and recovery rates of mourning doves 

banded in Kansas from 2003–2023 using dead recovery models. Survival and recovery varied 

across Bird Conservation Regions (BCR), land-use contexts, and age classes. This gradient was 

strongest for hatch-year birds, with annual survival declining from 0.52 ± 0.05 in BCR 18 to 0.31 

± 0.02 in BCR 22, whereas after-hatch-year survival varied less among BCRs. Mourning doves 

banded in urban areas had lower survival and greater recovery than birds banded in rural areas, 



 

  

and hatch-year birds banded in urban areas showed 51% lower survival and 40% greater 

recovery than those banded in rural areas. These results indicate substantial within-state 

heterogeneity in demographic rates and suggest that banding design and landscape context can 

influence inference. 

Collectively, this dissertation demonstrates that mourning dove demographic rates and space use 

vary substantially across Kansas and across life stages, land-use contexts, and regions. These 

results provide an important field-based foundation for interpreting broader population trends 

and suggest that locally informed, spatially explicit management will be necessary to effectively 

conserve and manage this widely harvested species. 
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Chapter 1 - Introduction 

The mourning dove (Zenaida macroura) is one of the most abundant bird species in 

North America, found in a wide range of habitat types from urban backyards, farmsteads, and 

croplands to grasslands, forest edges, riparian areas, and many others. Commonly found 

associated with humans, mourning dove populations are adaptable and prolific. The mourning 

dove is the most abundant and widespread North American gamebird, with harvest opportunity 

in 39 of the 48 conterminous states (Baskett et al. 1993, Seamans 2025).   

As a migratory gamebird, the mourning dove is cooperatively managed among the U.S. 

Fish and Wildlife Service (USFWS) and state agencies, with harvest regulations developed based 

on 3 Mourning Dove Management Units (MUs)– Western (WMU), Central (CMU), and Eastern 

(EMU; Figure 1.1). Annual abundance estimates and population trends for mourning doves were 

historically derived from the Mourning Dove Call-count Survey, an index of abundance 

conducted from 1966 to 2013 (Dolton 1993). In 2003, a national mourning dove banding 

program was established, followed by the U.S. Fish and Wildlife Service adopting a harvest 

strategy in 2013 based on estimates of absolute abundance derived from band-recovery data 

(Otis 2006). More recently, in 2024, the U.S. Fish and Wildlife Service implemented an 

integrated population model (IPM) to estimate harvest and harvest rates, abundance, population 

growth, nonharvest mortality, and recruitment (Koons et al. 2024, Seamans 2024).  

The IPMs for mourning doves jointly analyze multiple data streams and incorporate 

random effects and spatial fixed effects to account for heterogeneity in demographic parameters 

among U.S. states within each MU (Koons et al. 2024, Seamans 2025). Capture-recovery data 

from known-age mourning doves banded during July and August of 2007–2024 were used to 

estimate annual survival, harvest rate, and age-specific vulnerability to harvest using only hunter-
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shot recoveries during the legal hunting season. State-specific estimates of nonhunting and 

harvest mortality were then combined into weighted annual means based on Breeding Bird 

Survey (BBS) indices and relative dove habitat, and band recovery probabilities were derived 

from harvest rates and band reporting rates (Sanders and Otis 2012; Seamans, U.S. Fish and 

Wildlife Service, unpublished data). Parts Collection Survey data from the first 14 days of 

September were used to estimate recruitment, defined as the number of chicks recruited into the 

hunting season per adult, with recruitment adjusted for differential harvest vulnerability between 

hatch-year (HY) and after-hatch-year (AHY) birds (Miller and Otis 2010, Seamans 2025). 

Absolute abundance was then estimated by combining Lincoln index-based abundance estimates 

derived from harvest and harvest-rate data with BBS indices through shared year-to-year 

population growth rates. Under the pre-IPM framework, the estimated number of mourning 

doves in the United States prior to the 2022–2023 hunting season was 161 million, the lowest 

estimate across management units since 2003 (Seamans 2023). Following implementation of the 

IPM framework, estimated abundance prior to the 2024–2025 hunting season was 337 million 

(Seamans 2025); however, because these estimates were derived from different modeling 

approaches, they should be compared cautiously.  

Independent indices also suggest regional and temporal differences in mourning dove 

status. Based on BBS results, long-term trends since 1966 indicate increasing abundance in the 

EMU but decreasing abundance in the CMU and WMU. During the most recent 10 years, 

mourning dove populations declined in the EMU and CMU but remained relatively unchanged in 

the WMU, with annual percent changes of -0.71, -0.47, and -0.10, respectively (Seamans 2025). 

Estimated total annual harvest has also shown an overall downward trend across all MUs since 

2007, although substantial interannual peaks remain evident. During the 2024–2025 hunting 
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season, approximately 14.6 million mourning doves were harvested in the United States by about 

950,000 hunters. Since 2007, 788,287 mourning doves have been banded in the United States, of 

which 39,044 were recovered and reported (5%). The band recoveries indicated greater harvest 

of HY than AHY birds. Together, these patterns emphasize the importance of understanding 

factors influencing population and harvest trends across local, regional, MU, and national scales.  

Kansas, USA, lies within the CMU and actively contributes to mourning dove 

management through annual BBS routes, banding efforts, and habitat management on state 

wildlife areas. Similar to the broader CMU pattern, short-term BBS results indicate a -0.55% 

annual decline in Kansas over the past 10 years (Seamans 2025). At present, however, there is no 

state-specific abundance estimate available for Kansas. The CMU accounted for 54% of total 

U.S. mourning dove harvest in 2024–2025, with 7,954,500 birds harvested, and estimated 

harvest in Kansas was 638,400 birds, or about 7% of CMU harvest. Although harvest rate in the 

CMU has remained relatively constant since 2007, estimated total harvest declined from nearly 

10 million birds in 2004 and 2005 to approximately 8 million birds in 2024 and 2025, 

corresponding with a substantial decline in hunter effort.  

Kansas banding data provide additional demographic context. The number of preseason 

mourning doves banded annually in Kansas from 2003–2024 ranged from 1,099 to 3,739 birds 

(mean = 2,537; Seamans 2025). Based on pooled banding and recovery data from 2007–2024, 

estimated average annual survival was 0.268 for HY birds and 0.455 for AHY birds, whereas 

estimated harvest rate was 0.058 and 0.048, respectively. However, these estimates combine 

bandings and recoveries across years and do not provide annual or spatially explicit inference 

within Kansas. Even so, they are broadly similar to previous banding-based survival estimates 

reported elsewhere in the United States since the late 1960s (Hayne 1975, Haas 1978, Dunks 
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1977, Dunks et al. 1982, Tomlinson et al. 1988, Martin and Sauer 1993, McGowan and Otis 

1998). Interpretation of CMU population dynamics has also shifted with the change in estimation 

framework. Under the previous framework, abundance in the CMU appeared to decline in a 

pattern broadly similar to harvest (Seamans 2023). In contrast, more recent IPM-based estimates 

suggest greater interannual fluctuation, which may be more consistent with density-dependent 

population dynamics than with a simple directional decline (Seamans 2025; Figure 1.2). 

Although mourning dove populations are not considered to be in any danger of 

extirpation at any spatial scale, recent 10-year trends of declining population abundance, harvest, 

and hunter participation are of concern to managers.  It is unlikely that the current harvest rate is 

contributing significantly to the population decline.  However, harvest opportunity in terms of 

increasing season length (EMU, CMU) and bag limits (WMU) have been enacted for each MU 

during the past decade.  The Kansas hunting season for mourning doves is from 1 September – 

29 November (90 days) with a daily bag limit of 15. Because current harvest rates are unlikely to 

be driving population dynamics, attention has increasingly shifted toward other demographic 

mechanisms, especially recruitment.  

Recruitment for mourning doves has received particular attention because age ratios from 

harvested birds have long provided a practical large-scale index of production. Earlier 

interpretations based on harvest age ratios suggested that recruitment may be relatively low in 

portions of the Great Plains, raising concern about possible limitations in reproductive output 

(e.g., nest success or chick survival; Muñoz and Miller 2020, Seamans 2023). Under the IPM, 

however, recruitment estimates are more nuanced. Average annual recruitment was similar 

among MUs, and in 2024, age-ratio estimates in all MUs were above their long-term averages 

(Seamans 2025). These results suggest that broad-scale recruitment patterns are temporally 
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dynamic and should be interpreted cautiously. Discrepancies among large-scale estimation 

frameworks suggest that independent demographic data are needed to ground-truth broad-scale 

population assessments and clarify mechanisms underlying observed trends. This is particularly 

important for reproductive processes, because commonly used indices such as recruitment or 

nest success may not fully capture variation in productivity. For example, Meyers et al. (2006) 

found that nest success did not change significantly over a 40-year period in Utah, USA, yet 

reproductive output in terms of chicks fledged declined.  

This complexity is especially pronounced in mourning doves, whose reproductive 

strategy involves relatively low metabolic investment per nesting attempt (e.g., 2 eggs per clutch) 

spread across a long breeding season, with multiple nesting attempts possible within a single 

year. In Kansas, breeding may extend from February through September, and individuals may 

attempt as many as 4–5 nests per season, with incubation lasting about 14 days and the nestling 

period lasting 14-15 days (Westmoreland et al. 1986). As a result, estimating total productivity, 

either per female or within a defined area, is difficult (Westmoreland et al. 1986, Otis 2003).  

Mourning doves are generally thought to select nests sites in trees along woodland–

grassland edges, but where trees are limited, they also commonly nest on the ground in more 

continuous landcover types such as grasslands and crop fields (Soutiere and Bolen 1976, Eng 

1986, Howe and Flake 1989, Tomlinson et al. 1994, Drobney et al. 1998).  In a nationwide study 

conducted during 1979 and 1980, Geissler et al. (1987) reported that 80% of nests occurred 

between 22 April and 4 September, although 4.5% of annual nesting activity occurred in 

September and October, potentially overlapping with the hunting season. They reported no 

differences in daily survival rates of eggs and nestlings in nonhunted (95.8%) and hunted zones 

(95.0%), although Kansas was not included in that study. Using contemporary analytical 
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approaches, Snyder et al. (2016) confirmed Geissler et al.’s (1987) conclusion that mourning 

doves are habitat generalists. They also reported that nest success increased with nest height and 

was generally greater in northern states relative to southern states (Snyder et al. 2016). Schulz et 

al. (2019), using the same data set analyzed with Bayesian hierarchical models, estimated 

slightly greater daily nest survival than Geissler et al. (1987) reported using the Mayfield method 

for both nonhunted zones (0.972 vs 0.963) and hunted zones (0.969 vs 0.955). These estimates 

corresponded to overall nest survival of 48.1% (95% CI: 36.9-59.8%) in nonhunted zones and 

44.3% (95% CI: 35.3-53.9%) in hunted zones, leading Schulz et al. (2019) to conclude that 

harvest likely has limited or no effect on mourning dove populations, although continued 

monitoring remains warranted. 

Regional studies have likewise shown substantial and temporal variation in nesting 

outcomes. In Missouri, USA, Drobney et al. (1998) found that mourning doves selected woody 

vegetation edge in or adjacent to grasslands for nest sites with an apparent nest success of 31%, 

although success varied considerably among land cover types. In riparian areas of central New 

Mexico, Smith et al. (2012) reported an apparent nest success of 33%, but annual estimates from 

logistic-exposure models ranged from 2.3% to 24.2% among years. These studies suggest that 

although mourning doves are flexible in nesting habitat use, nest survival and productivity can 

vary substantially across regions, habitats, and analytical approaches. 

Other factors that may contribute to mourning dove population declines include land-use 

change, agricultural intensification, competition with other dove species, disease, and exposure 

to spent lead shot. Among these, changes in land use may be especially important. Agricultural 

intensification can reduce early successional (“weedy”) habitat patches that provide food and 

cover resources for mourning doves (Ostrand et al. 1998). Accordingly, Muñoz and Miller 
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(2020) reported that reproductive output was lowest in regions where mourning dove declines 

were the steepest, particularly in human-dominated landscapes, and that areas dominated by 

intensive corn and soybean production were associated with 41–57% reductions in reproductive 

output. They recommend further evaluation of fine-scale land cover features important to 

mourning dove persistence, including edge habitats. Other proposed influences include 

competition with the exotic Eurasian collared doves (Streptopelia decaocto) and expanding 

native white-winged doves (Zenaida asiatica), although white-winged doves remain rare in 

Kansas. Green et al. (2020) did not find evidence of direct competition with Eurasian collared-

doves in the western Great Plains. Mourning doves may also be affected by disease and lead 

exposure to spent lead shot in areas managed for hunting (Schulz et al. 2002, 2005, 2006).  

Estimates of annual survival in mourning doves are typically derived from band recovery 

data and therefore, depend on rates of banding, recovery, and reporting. In contrast, seasonal or 

period-specific survival is more often estimated using radiotagged birds. Using both approaches, 

Schulz et al. (2017) reported relatively low annual and seasonal survival for mourning doves 

captured and marked on public lands in Missouri that were intensively managed for dove 

hunting. Across all ages, sexes, and years combined, spring–summer survival prior to the hunting 

season was 0.447, and overall survival during May–October, which included the hunting season, 

was 0.252. Mean annual survival was 0.214 for after-hatch-year (AHY) birds and 0.041 for 

hatch-year (HY) birds, whereas recovery rates were 0.165 for AHY birds and 0.179 for HY 

birds. These estimates were substantially lower than an earlier estimate of 0.716 spring–summer 

survival in Missouri (Schulz et al. 1996), leading Schulz et al. (2017) to suggest that locally 

intensive harvest management practices may negatively affect local populations. Accordingly, 
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they concluded that lands subject to intensive harvest management warrant continued monitoring 

to ensure long-term population sustainability. 

Kansas lacks baseline information on breeding mourning doves and has not previously 

been the focus of dedicated research on breeding-season ecology in this species. However, the 

Kansas Department of Wildlife and Parks intensively manages dove fields on numerous public 

lands throughout the state. Banding efforts in Kansas are distributed among wildlife areas 

managed for dove hunting, other rural locations, and urban sites, and recaptures of previously 

banded birds are also recorded. Despite these efforts, important information remains lacking on 

reproductive output, seasonal vital rates, habitat and space use, and movements of mourning 

doves using wildlife areas managed intensively for dove hunting relative to those using other 

rural and urban areas. 

Effective management of mourning doves in Kansas depends on understanding how 

breeding effort, nest survival, adult survival, space use, and movements vary across intensively 

managed public lands, other rural lands, and urban areas. Measures such as egg-stage and 

nestling-stage period survival, adult survival, harvest and recovery rates, and patterns of habitat 

and space use can help identify how land management, harvest pressure, landscape 

characteristics, and other disturbances influence local populations. Accordingly, this project 

focused on evaluating survival, harvest and recovery rates, space use, and movements of 

mourning doves across intensively managed public lands, other rural areas, and urban landscapes 

in Kansas. 

 Objectives and Hypotheses 

The objectives of Chapter 2 were to estimate breeding vital rates of mourning doves 

among intensively managed public lands, other rural public and private lands, and urban 
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landscapes in Kansas. Specifically, I estimated nest success, fledgling success, and stage-specific 

nest period survival across habitat types and throughout the breeding season. I also evaluated 

whether variation in these parameters was associated with study location, land-use treatment, 

timing within the breeding season, and fine-scale nest-site features. I expected adult survival, 

nest survival, and fledging survival to differ among land-use contexts. Further, I expected period 

survival to vary across the breeding season and in relation to fine-scale nest-site characteristics. 

Objectives of Chapter 3 were to quantify breeding-season space use, home range area, 

movements, and weekly apparent survival of adult mourning doves across intensively managed 

public lands, other rural lands, and urban landscapes in Kansas. Using VHF telemetry, I 

evaluated whether patterns of space use and survival differed among land-use contexts and 

across the breeding season. I expected breeding-season movements to be relatively localized 

because adult mourning doves provide parental care and maintain breeding activity over an 

extended period, but I also expected space use and weekly apparent survival to vary among 

landscapes. 

The objectives of Chapter 4 were to estimate annual survival and recovery rates of 

mourning doves banded in Kansas using band recovery data and evaluate how these parameters 

varied through time, among Bird Conservation Regions, and across contrasting land-use 

contexts. Specifically, I assessed temporal trends in survival and recovery rates and compared 

estimates between urban and rural landscapes and between wildlife management areas and other 

rural areas. I expected recovery rates to remain relatively constant through time, whereas annual 

survival would vary temporally and spatially across Kansas. 
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 Dissertation Outline 

This dissertation is organized into 3 research chapters that examine key demographic and 

ecological components of mourning dove populations in Kansas across intensively managed 

public lands, other rural lands, and urban landscapes. Chapter 2 evaluates breeding ecology by 

estimating nest success, fledgling success, and stage-specific nest period survival in relation to 

land-use context, timing within the breeding season, and fine-scale nest-site features. Chapter 3 

examines breeding-season space use, home range size, movements, and weekly apparent survival 

of adult mourning doves using VHF telemetry. Chapter 4 estimates annual survival and recovery 

rates from band recovery data and evaluates how these parameters vary through time, among 

Bird Conservation Regions, and across contrasting land-use contexts. Together, these chapters 

provide a broader understanding of how demographic rates and spatial behavior vary across 

managed and human-modified landscapes in Kansas.  Chapters 2-4 were written as independent 

manuscripts and formatted for submission to scientific journals. 
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Figure 1.1. Mourning dove management units in the United States. Grey shading indicates 

the Central Management Unit. 
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Figure 1.2. Estimated absolute abundance of mourning doves in the Central Management 

Unit, 2007–2024. The shaded ribbon represents posterior standard deviation for each 

annual estimate. 
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Chapter 2 - Stage-Specific Patterns of Mourning Dove Nest Survival 

Across Kansas 

Large-scale monitoring programs provide extensive information on abundance trends for 

many common and widespread species, but demographic data remain comparatively sparse or 

spatially limited for many migratory avian species, constraining inference about potential 

mechanisms influencing population change (Sauer et al. 2013, Robinson et al. 2014). Without 

complementary demographic information, trend estimates may not reflect underlying changes in 

survival and reproduction that drive population trajectories (Van Horne 1983, Pulliam 1988, 

Johnson 2007). This limitation can be amplified when long-term indices undergo methodological 

updates, because shifts in estimation can introduce discontinuities that complicate interpretation 

of apparent change through time. In these contexts, demographic rates are especially valuable 

when paired with fine-scale habitat or nest-site information that can help identify ecological 

patterns associated with spatial and temporal variation in survival and reproductive performance 

(Johnson 2007).  

Mourning doves (Zenaida macroura) provide a clear example of this challenge. Annual 

Mourning Dove Population Status reports produced by the U.S. Fish and Wildlife Service 

(USFWS) provide estimates of harvest, harvest rates, abundance, population growth rates, non-

harvest related mortality, and recruitment that are used to track population status across 3 

spatially explicit management units (Eastern, Central, and Western; U.S. Fish and Wildlife 

Service 2024, Seamans 2025). According to estimated recruitment (i.e., adjusted age ratios; 

Miller and Otis 2010) in the Central Management Unit, production was lowest in the Great 

Plains states compared with states in the EMU and WMU (Seamans 2023). Following the 
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implementation of an integrated population modeling approach in 2024, inferred recruitment 

trends differed from those reported previously, highlighting the need for independent 

demographic data on production in the Great Plains (Yates et al. 2018, Seamans 2025). Because 

apparent nest success and daily nest survival are key components of reproductive output, they 

can help contextualize regional patterns in recruitment (Brown et al. 2013). However, estimating 

demographic rates typically requires intensive field effort and is therefore costly, constraining 

the spatial and temporal scope of such studies (Lieury et al. 2017). 

Accordingly, published estimates of mourning dove apparent nest success and daily nest 

survival within the CMU are drawn from a relatively small number of locations and indicate 

strong context dependence across habitats and study systems. Most are site-specific and designed 

for testing management actions (e.g., prescribed fire, U.S. Department of Agriculture 

Conservation Reserve Program enrollment, selected habitat types, etc.; Nelson 1976, Soutiere 

and Bolen 1976, Bivings and Silby 1994). Consequently, reported estimates of mourning dove 

nest success vary widely across study systems within the CMU. For example, lower nest success 

has been reported in urban settings (~20-27%) compared to Conservation Reserve Program fields 

(~50-60%) and intermediate in agricultural and edge-dominated landscapes (~37-43%; Yahner 

1983, Drobney et al. 1998, Hughes et al. 2000, Muñoz et al. 2008). Similarly, estimates of daily 

survival rate (DSR) show context dependence, ranging from 0.869 in New Mexico to 0.972 in 

Texas, USA (Smith et al. 2011, Mote et al. 2020). Importantly, observed differences in DSR 

between hunted and non-hunted areas were small, indicating that harvest likely does not strongly 

affect nest survival (Schulz et al. 2019). Taken together, these estimates indicate that nest 

success and survival exhibit substantial variation among habitats and study systems, but there are 
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few contemporary studies on mourning dove production in the CMU that can be considered 

alongside published population trends. 

Within the CMU, Kansas is characterized by environmental and anthropogenic gradients 

that are likely to contribute to substantial variation in nesting conditions. Several prior studies 

have reported mourning dove nesting outcomes in the state, providing a limited but valuable 

baseline for comparison (Schroeder 1970, Rodgers 1983, Hughes 2000, Hamilton 2011). 

Additionally, Kansas spans three Bird Conservation Regions (BCRs), providing a useful regional 

framework for stratifying sampling and inference. These features make Kansas a strong setting 

for evaluating spatial variation in nest survival relevant to management of mourning dove 

populations in the CMU, while also allowing fine-scale nest-site patterns to be considered as 

complementary context for interpreting demographic variation. My first objective was to 

estimate mourning dove DSR during nesting and brood-rearing and evaluate whether DSR varied 

among geographic locations, land-use contexts (urban, rural, and wildlife managed areas), years, 

across the breeding season, and in relation to fine-scale nest-site covariates. My second objective 

was to estimate egg-stage, nestling-stage, and overall nesting-period survival across land-use 

contexts to facilitate comparison with previously published studies. My third objective was to 

quantify fine-scale nest-site selection for both tree and ground nests. These data will be directly 

relevant to mourning dove management in the CMU and provide context for interpreting broader 

population trends. 

 Study Area 

To explore variation in mourning dove production across broad environmental gradients 

and land use categories, I established four study sites across Kansas (Figure 2.1). Study sites 

were stratified by BCRs and included 3 treatments: urban, rural, and wildlife managed areas 
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(WMAs). Rural areas were defined as areas with limited or no public hunting access, whereas 

WMAs provided advertised public hunting access. Some WMA treatments included managed 

dove fields, or food plots mowed prior to the September 1 hunting season to improve hunting 

opportunity (Schulz et al. 2023, Bonnot et al. 2011). Each site was centered on a city, which 

served as the urban treatment. Sites spanned environmental and anthropogenic gradients, 

including increasing precipitation from western to eastern Kansas, spatial variation in woody 

encroachment, and differences in the intensity of human development. Sites also spanned 

management and vegetation gradients relevant to predator communities in the Great Plains, 

including prescribed fire, which is especially prevalent in the Flint Hills, and variation in woody 

encroachment (Klug et al. 2009, Doherty et al. 2022, Verheijen et al. 2022).  

Garden City (BCR 18; Shortgrass Prairie) was our westernmost study area during 2023–

2024. It was the most arid study area, receiving <50 cm mean annual precipitation and 

surrounded primarily by row-crops (Brooks 1985, Rohweder 2022). We established the rural site 

at Concannon Wildlife Area and the WMA site at Sandsage Bison Range Wildlife Area. 

Vegetation was dominated by shortgrass prairie species including buffalograss (Bouteloua 

dactyloides) and blue grama (B. gracilis), with common forbs such as heath aster 

(Symphyotrichum ericoides), Engelmann daisy (Engelmannia peristenia), slimflower scurfpea 

(Psoralidium tenuiflorum), and yarrow (Achillea millefolium; Rohweder 2022).  

McPherson (BCR 19; Mixed-Grass Prairie) occurred in an intermediate precipitation 

zone (50–75 cm annually) and a mixed row-crop–grazing landscape, with prairie grasses 

including buffalograss, blue grama, big bluestem (Andropogon gerardii), Indiangrass 

(Sorghastrum nutans), switchgrass (Panicum virgatum), and little bluestem (Schizachyrium 

scoparium), with scattered woody cover (e.g., hackberry [Celtis occidentalis], sand plum 
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[Prunus angustifolia], smooth sumac [Rhus glabra]; Rohweder 2022).  Both rural and WMA 

sites in McPherson study area were located within McPherson Valley Wetlands. The rural site 

was within the McPherson Valley Wetlands Wildlife Refuge, an area closed to public access, 

whereas the WMA site was within publicly accessible areas near Inman, Kansas, and included a 

managed dove field. McPherson was surveyed during 2023–2025. 

In eastern Kansas (BCR 22; Tallgrass Prairie), I sampled Topeka (2023–2024) and 

Emporia (2025), where precipitation was highest (75–115 cm annually) and greater moisture 

supported increased woodland cover east of the Flint Hills (Brooks 1985). Tallgrass vegetation 

was dominated by big bluestem, little bluestem, and Indiangrass, with diverse forbs (e.g., Viola, 

Echinacea, Penstemon, Helianthus spp.; Rohweder 2022) within the most densely populated and 

urbanized region of the state. In Emporia, the WMA site was located at Melvern Wildlife Area. 

In Topeka, the WMA site was located at Perry Lake Wildlife Area, and the rural site was located 

on a private farm in Jefferson County, Kansas. 

 Methods 

 Nest and Chick Monitoring 

I located mourning dove nests during March-October 2023–2025 through a combination 

of systematic transect searches and opportunistic encounters (Rodewald 2004). Within each 

treatment area at each site, I overlaid a grid composed of 750-m2 cells in ArcGIS Pro (v.3.1.0). 

Using the Kansas Ecological Mapping Systems landcover layer, I randomly selected grid cells to 

ensure representation of all landcover types present within each treatment area (Diamond et al. 

2021). This process resulted in 427 selected patches. I then randomly generated survey points 

within selected patches to serve as starting locations for transect searches. I aimed to place >2 

per patch, but the final allocation varied among patches, with some containing 1 point and others 
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up to 3, for a total of 709 survey points. I searched 20 x 500-m transects using crown searching, 

and where substrate allowed, rope-dragging methods to locate ground nests (Higgins et al. 1969, 

Peterson and Best 1985). I attempted to complete the full 500 m at each transect but recorded the 

distance surveyed when barriers or site conditions prevented transect completion. I also recorded 

nests encountered opportunistically (e.g., incidental bird flushing or crown searching while 

conducting other field activities).  

I aged eggs in accessible nests (i.e., nests reachable with a step ladder) upon discovery 

using candling (Lokemoen and Koford 1996).  I estimated expected hatching dates based on the 

expected incubation period of 14 days (Hanson and Kossack 1957, Westmoreland et al. 1986). 

All nests were monitored approximately every 3 days until success or failure. Egg success (i.e., 

nest success) and fledgling success were defined as the successful fledging of at least 1 egg and 

young from the nest and brood, respectively. When a nest failed between visits, we assumed 

failure occurred midway between checks (i.e., the nest survived for half of the interval; Mayfield 

1961). Nests beyond reach by a step ladder were monitored using a telescopic inspection mirror 

(Telescopic Inspection Mirror, Forestry Suppliers).   

 Nest Vegetation 

For each tree nest, data were collected on 5 tree features: tree height, tree circumference, 

nest height, horizontal distance of nest from trunk, and tree species. Tree height, tree 

circumference, and tree species were also recorded at a paired (available) point within 50 m of 

each used location. Tree height and nest height were measured using either a telescopic 

measuring pole (CMR-25 Measuring Ruler, Seco Manufacturing) or a laser hypsometer (Nikon 

Forestry Pro II Rangefinder/Hypsometer, Forestry Suppliers). Distance from trunk was measured 

using a laser hypsometer (Nikon Forestry Pro II Rangefinder/Hypsometer, Forestry Suppliers) or 



 

19 

 

a laser rangefinder (Rangemaster CRF-R, Leica). Tree circumference was measured using a 

measuring tape and converted to diameter at breast height (DBH). 

I collected ground cover and visual obstruction data for ground nests and paired 

(available) points. Ground cover was estimated to functional group within a Daubenmire frame 

using Daubenmire cover classes, and visual obstruction readings (VOR) were measured in 

decimeters using a Robel pole (Daubenmire 1959, Robel 1970). 

 Statistical Analysis 

To evaluate spatial, temporal, and habitat-related variation in mourning dove DSR, we fit 

5 candidate model sets addressing 3 primary questions: whether DSR varied among geographic 

locations, land-use contexts, or years; whether DSR varied within the breeding season; and 

whether fine-scale nest-site covariates influenced DSR. To address these questions, I used nest 

survival models in Program MARK implemented in RMark and used Akaike’s Information 

Criterion adjusted for small sample sizes to compare models (AICc; Akaike 1973, Burnham and 

Anderson 2002, Laake 2013). All models within <2 AICc of the top-ranked model were 

considered competitive. To address my first 2 questions, we estimated DSR separately for the 

egg and nestling stages, whereas to evaluate the relationships between fine-scale nest-site 

covariates and DSR, I fit a single candidate model set for overall nest survival (egg and nestling 

stages combined) because sample sizes within stages were insufficient to support analysis of 

multiple fine-scale tree covariates (Stanley 2000). 

For my first question, I fit stage-specific candidate model sets to evaluate broad 

geographic and land-use variation in DSR. Candidate models evaluated effects of year, location, 

and treatment. My second question evaluated within-season variation in DSR using stage-

specific candidate model sets. Models included a within-season time covariate (day of season) 
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while retaining location and treatment effects. I evaluated both linear and quadratic effects of day 

of season to test for constant versus nonlinear trends. Because nest initiation and monitoring 

began on different calendar dates among years, I re-zeroed day of season within each year (day 0 

= the first monitoring day for that year) and scaled this covariate to assess variation across years. 

I used a baseline model structure that included location and treatment, and candidate covariates 

included DBH, nest height, and distance from trunk. After evaluating collinearity, I excluded 

models with nest height and distance from trunk, but I retained additive models combining DBH 

with either nest height or distance from trunk.  

To estimate period egg-stage, nestling-stage, and overall nesting-period survival across 

land-use contexts (treatments), I raised DSR estimates to the duration of each stage (14 days for 

both the egg and nestling stages) and calculated overall nesting-period survival as the product of 

egg-stage and nestling-stage period survival (Hanson and Kossack 1957, Westmoreland et al. 

1986). Uncertainty for derived period-survival estimates was propagated using the delta method 

(Dinsmore et al. 2002, Powell 2007). 

Additionally, I evaluated fine-scale nest-site selection using a used-available design in 

which observed nest sites were contrasted with paired available points measured within 50 m of 

each nest location. For these analyses, nest sites were coded as used (1) and paired points as 

available (0). I standardized tree- and nest-site variables across datasets prior to analysis. Tree 

species recorded <20 times between used and available points were pooled into an “Other” 

category (n = 115), and nest-height values were standardized to meters. Any implausible nest 

heights (i.e., heights that exceeded tree height) after correction were treated as missing. Location 

was included as a fixed effect to account for broad geographic differences among study areas, 

and continuous covariates were centered and scaled prior to modeling. I then fit binomial logistic 
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regression models to assess associations between nest use and tree characteristics (Keating and 

Cherry 2004). Candidate models included location, DBH, tree height, and tree species, as well as 

additive combinations of these variables. I used AICc for model comparison.  

 Results 

Across all study years and sites, we surveyed 813.12 ha for nests (2023: 159.68 ha; 2024: 

288.12 ha; 2025: 365.31 ha). Nests were found across a broad portion of the breeding season, 

from 26 March to 15 September, indicating that the observed nesting activity in Kansas spanned 

at least 174 days (Figure 2.2). Nesting activity peaked between June and August (Figure 2.3). In 

total, we located 592 mourning dove nests and monitored 553. Of the monitored nests, 17 (3%) 

were ground nests; the remaining 536 were in trees or human-made structures (e.g., barns, 

windowsills). Most nests were found in urban treatments (62%), with fewer in rural (28%) and 

WMA treatments (10%).  

Egg-stage DSR was best supported by the model including location and treatment; no 

competing models received comparable support (all ΔAICc >2; Table 2.1). In this additive 

model, the reference levels were Emporia and Urban. Predicted DSR was lower in Topeka than 

Emporia (β = -1.64, 95% CI = -2.51 to -0.77), whereas coefficients for Garden City and 

McPherson overlapped zero at the 95% confidence interval, indicating no clear difference. 

Relative to urban treatments, rural treatments had lower predicted DSR (β = -1.61, 95% CI = -

2.65 to -0.58), whereas the coefficient for WMA overlapped zero, indicating no clear difference 

from urban treatments (Figure 2.4). Across observed site-treatment combinations, DSR of eggs 

ranged from 0.91 (95% CI = 0.77 to 0.96) in rural McPherson to 0.99 (95% CI = 0.98 to 0.99) in 

urban Emporia (Figure 2.4), although this distribution was influenced by sparse data in some 

combinations.  
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Nestling stage DSR was best supported by the model including year (Table 2.1). Additive 

models including year + treatment and year + location received less support, with ΔAICc values 

of 2.03 and 3.53, respectively (Table 2.1).  Nestling-stage DSR was 0.97 (95% CI = 0.96 to 0.98) 

in 2023, increased to 0.99 (95% CI = 0.98 to 0.99) in 2024, and was 0.96 (95% CI = 0.94 to 

0.98) in 2025 (Figure 2.5). The DSR in 2024 (β = 3.58; 95% CI = 3.23 to 3.92) was larger than in 

the reference year, 2023, whereas DSR in 2025 (β = -0.35; 95% CI = -0.95 to 0.24) did not 

clearly differ from 2023. 

For within-season variation in DSR, the best supported models for both egg and nestlings 

included location + treatment + day of season (Table 2.2). However, the linear within-season 

covariate overlapped zero for both eggs (β = 0.06; 95% CI = -0.27 to 0.39) and nestlings (β = -

0.02; 95% CI = -0.40 to 0.36), indicating no clear within-season trend in DSR after accounting 

for geographic location and land-use context (Figure 2.6). Similarly, the top-ranked model 

evaluating fine-scale nest-site covariates and DSR included location + treatment + distance to 

trunk (Table 2.3), but coefficients for all nest-site covariates overlapped zero (βdistance to trunk = 

0.30; 95% CI = -0.09 to 0.68; βDBH = -0.10; 95% CI = -0.35 to 0.16; βnest height = 0.08; 95% CI = -

0.10 to 0.27), indicating no clear relationships between these covariates and DSR after 

accounting for location and treatment (Figure 2.7).  

In addition to DSR, I estimated period survival across land-use contexts for the egg stage, 

nestling stage, and the full nesting period. Egg stage survival was lowest in rural treatments at 

0.28 (95% CI = 0.09 to 0.82), compared with 0.76 (95% CI = 0.71 to 0.81) in urban treatments 

and 0.71 (95% CI = 0.61 to 0.83) in WMAs. Nestling stage survival was lowest in WMAs at 

0.65 (95% CI = 0.53 to 0.80), compared with 0.73 (95% CI = 0.67 to 0.80) in urban treatments. 

Because sparse data prevented reliable estimation of nestling stage period survival in rural 
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treatments, those treatments were excluded from calculations of overall nesting-period survival. 

Overall nesting-period survival was greater in urban treatments at 0.55 (95% CI = 0.49 to 0.62) 

than in WMA treatments at 0.47 (95% CI = 0.36 to 0.60), although this was not statistically 

significant (Figure 2.8). 

Finally, I evaluated nest-site selection for tree and ground nests separately. The top 

supported tree-nest selection model included location + DBH + tree species (Table 2.4). Larger 

trees were more likely to be selected for nesting, with odds of use increasing by approximately 

25% for each 1 standard deviation increase in DBH (β = 0.22, SE = 0.08, P = 0.007; Figure 2.9). 

Relative to eastern red cedar (Juniperus virginiana), bur oak (Quercus macrocarpa; β = -1.01, 

SE = 0.51, P = 0.048) and trees grouped as “Other” (β = 0.22, SE = 0.08, P = 0.007) had lower 

odds of use, whereas coefficients for most other species overlapped zero (Figure 2.10). Location 

effects were weak, with no clear differences between study sites. For ground nests, I found no 

clear effects of percent bare ground (β = 0.30, 95% CI = -1.20 to 1.80, P = 0.70), litter cover (β = 

-0.22, 95% CI = -1.87 to 1.44, P = 0.80), or VOR (β = 1.61, 95% CI = -2.86 to 6.08, P = 0.48; 

Figure 2.11). 

 Discussion 

As an important gamebird in the United States, mourning dove population trends and 

demographic rates are of interest to migratory bird managers. Annual Mourning Dove Population 

Status reports provide an essential synthesis of monitoring information, but population models 

are most informative when interpreted alongside independent demographic evidence (Yates et al. 

2018). Because nest success is commonly used as an index of avian productivity, it provides an 

important demographic benchmark for evaluating whether model-based interpretations are 

consistent with observed demographic patterns (Mayfield 1961, 1975; Mattsson and Cooper 
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2007).  My results showed that mourning dove DSR varied across geographic locations and land-

use contexts in Kansas but exhibited little evidence of consistent within-season or fine-scale 

nest-site effects. Period survival estimates further suggested relatively similar estimates between 

urban and WMA treatments, whereas rural treatments tended to be lower or were not estimable. 

Resource selection analyses likewise suggested limited evidence for fine-scale selection, 

although larger trees were more likely to be selected for nesting. 

I estimated DSR separately for the egg and nestling stages and found that egg-stage DSR 

varied by location and treatment, whereas nestling-stage DSR primarily varied by year. These 

contrasting patterns suggest that egg and nestling survival may be influenced by ecological 

processes operating at different spatial and temporal scales. Variation in survival across locations 

and treatments suggest that local conditions shaped egg-stage survival, a finding that has been 

reported in previous studies, although stage-specific DSR has rarely been presented in the 

mourning dove literature (Morrow and Silvy 1983, Geissler et al. 1987, Armbruster 1994, and 

Meyers et al. 2006). Local factors, including predation, land cover, disturbance, and agricultural 

practices, have all been linked to variation in mourning dove reproductive success (Soutiere and 

Bolen 1976, Rodgers 1983, Yahner 1983, Westmoreland and Best 1985, Drobney et al. 1998, 

Hughes 2000, Muñoz et al. 2008, Becker and Weisberg 2015, Schulz et al. 2019, Muñoz and 

Miller 2020). My analyses revealed strong local-scale patterns, most notably lower egg-stage 

survival in rural treatments than in urban or WMA treatments. This result suggests that 

productivity may be more constrained in working landscapes and aligns with broader evidence 

that corn and soybean systems can be associated with reduced mourning dove reproductive 

output in parts of the United States (Muñoz and Miller 2020).   
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Importantly, egg-stage DSR and period survival of nests were similar between urban and 

WMA treatments, with no clear statistical difference detected between these land-use contexts. 

Although studies of mourning dove reproduction in urban landscapes remain limited, previous 

work suggests that anthropogenic settings can have contrasting effects on reproductive 

performance (Baskett et al. 1993, Muñoz et al. 2008, Becker and Weisberg 2015, Muñoz et al. 

2020). Muñoz et al. (2008) documented relatively low apparent nest success in an urban 

landscape, whereas other work has linked developed landscapes and certain urban-associated 

features to increased reproductive output (Becker and Weisberg 2015, Muñoz and Miller 2020). 

Despite previously reported variation in reproductive performance across anthropogenic 

landscapes, my results indicated relatively high egg-stage, nestling-stage, and overall period 

survival in both urban and WMA treatments. These estimates were similar to or larger than many 

Kansas and CMU-based values, although differences in study design and survival metrics 

warrant caution in direct comparison (Schroeder 1970, Hughes et al. 2000, Hamilton 2011, Mote 

et al. 2020).  However, I found very few ground nests in WMAs, so my estimates for that 

treatment primarily reflect tree nests.  

Interannual variation in nestling-stage survival may reflect broader-scale drivers that 

operate across regions and shared among sites within a year (e.g., precipitation patterns, climate-

linked shifts in vegetation, and predator communities). However, fewer studies have evaluated 

these mechanisms (Coon et al. 1981, Miller at al. 2010, Hamilton 2011, Smith et al. 2012). 

Consequently, broad-scale drivers of mourning dove reproductive success remain under-

described, despite their potential to influence recruitment. Within-season timing of production is 

also important but has received comparatively less attention in the context of DSR. Mourning 

doves are capable of extended breeding and multiple brooding during the relatively long, nearly 
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6-month reproductive period in Kansas; previous work has shown that nesting activity is 

concentrated within distinct portions of the breeding season, with most nests occurring from late 

spring through summer (Westmoreland et al. 1986, Giessler et al. 1987). My results were broadly 

consistent with that pattern, as nests were found across a broad portion of the season but most 

numerous in mid-summer. After accounting for location and treatment, however, I found little 

evidence that DSR changed consistently across breeding season. This contrasts with Smith et al. 

(2011), who identified date as an important predictor of mourning dove nest survival and 

described a mid-season decline in DSR across the nesting period. This difference suggests that 

within-season signals in mourning dove nest DSR may be system-specific and were weak in my 

study. 

Fine-scale nest-site characteristics have received somewhat more attention in studies of 

mourning dove nesting ecology, particularly in the context of nest-site selection, but they have 

been less commonly linked to DSR (Muñoz et al. 2008, Smith et al. 2012). Although none of the 

fine-scale tree covariates received clear statistical support, predicted DSR increased with greater 

distance from the trunk, smaller DBH, and greater nest height. These patterns may nevertheless 

reflect tradeoffs in nest placement (Latif et al. 2012). For example, nests placed farther from the 

trunk could reduce accessibility to some predators, although this could also increase exposure to 

wind and precipitation (Coon et al. 1981, Muñoz et al. 2008). In contrast, the negative trend with 

DBH was weak and did not align with our resource selection results, which indicated that 

mourning doves selected trees with larger DBH relative to available trees. This pattern suggests 

that DBH may be more important to nest-site selection than to subsequent survival. Likewise, 

tree-species selection was relatively weak overall, with little evidence that most species differed 

strongly from eastern red cedar, suggesting that species identity may have been less important 
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than broader structural features of nest trees. The positive trend between DSR and nest height 

was also weak but may indicate that higher nests were somewhat less vulnerable to ground-based 

predators, a pattern that has been reported in broader avian nest-survival studies (Best and 

Stauffer 1980). Ground-nest selection similarly showed no clear relationships with bare ground, 

litter, or visual obstruction, although the small number of ground nests limited inference. 

My data span multiple years, regions, and land-use contexts, providing an important 

baseline for mourning dove DSR in Kansas. These estimates complement CMU-level findings 

and suggest generally high reproductive success, increasing confidence that broader assessments 

are capturing biologically realistic nesting outcomes while also highlighting meaningful variation 

across locations and land-use contexts. Management actions aimed at improving mourning dove 

productivity should account for the possibility that egg and nestling stages are influenced by 

different processes and therefore, may not respond to the same interventions. My results also 

suggest that nest-site selection does not necessarily correspond to greater DSR, indicating that 

habitat use alone may provide an incomplete basis for management decisions. Accordingly, 

management and monitoring efforts would benefit from pairing resource selection analyses with 

stage-specific demographic estimates so that habitat features associated with use can be 

evaluated in the context of their contribution to reproductive performance. Continued estimation 

of state-specific DSR of nests across land-use contexts could help identify which portion of the 

nesting cycle is most limiting in a given system and better target actions intended to increase 

recruitment. 
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 Tables 

Table 2.1. Candidate model set for mourning dove egg- and nestling-stage daily survival 

rates across Kansas, USA, during 2023–2025 breeding seasons. 

Stage 
Modela Kb AICc

c ΔAICc
c wi

d Deviance 

Egg Location + Treatment 6 643.63 0 0.77 631.61 

Location 4 647.51 3.88 0.11 639.50 

Year + Location 6 648.72 5.10 0.06 636.71 

Treatment 3 649.74 6.11 0.04 643.73 

Location * Treatment 12 651.36 7.73 0.02 627.30 

Year + Treatment 5 653.47 9.84 0.01 643.45 

1 1 654.24 10.61 0.00 652.24 

Year 3 657.04 13.41 0.00 651.03 

Nestling Year 3 416.80 0 0.57 410.78 

Year + Treatment 5 418.83 2.04 0.21 408.81 

Year + Location 6 419.86 3.06 0.12 407.82 

Location + Treatment 6 420.72 3.93 0.08 408.69 

Location 4 424.71 7.91 0.01 416.69 

1 1 424.82 8.03 0.01 422.82 

Treatment 3 427.02 10.23 0.00 421.01 
aLocation: Garden City, McPherson, Emporia, or Topeka; Treatment: urban, rural, wildlife 

managed areas; Year: 2023–2025. 
bK: number of parameters in the model. 
cAICc/ΔAICc: Akaike’s Information Criterion corrected for small sample sizes and the difference 

between each model and the highest ranked model. 
dwi: model weight. 
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Table 2.2. Candidate model set for within-season mourning dove egg- and nestling-stage 

daily survival rates across Kansas, USA, during 2023–2025. 

State Modela 

K
b AICc

c ΔAICc
c wi

d 

Deviance 

Egg Location + Treatment + Season 7 645.49 0 0.80 631.46 

 Location + Season 5 649.02 3.53 0.14 639.01 

 Treatment + Season 4 651.31 5.81 0.04 643.30 

 1 1 654.24 8.75 0.01 652.24 

 Season 2 654.53 9.04 0.01 650.53 

 Season2 3 655.99 10.5 0.00 649.99 

Nestling Location + Treatment + Season 7 422.73 0 0.56 408.68 

 1 1 424.82 2.0965 0.20 422.82 

 Season 2 426.26 3.5315 0.10 422.25 

 Location + Season 5 426.67 3.9453 0.08 416.65 

 Treatment + Season 4 428.00 5.2752 0.04 419.99 

 Season2 3 428.22 5.4967 0.04 422.21 
aLocation: Garden City, McPherson, Emporia, or Topeka; Treatment: urban, rural, wildlife 

managed areas; Season: within-season day of year covariate. 
bK: number of parameters in the model. 
cAICc/ΔAICc: Akaike’s Information Criterion corrected for small sample sizes and the difference 

between each model and the highest ranked model. 
dwi: model weight. 
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Table 2.3. Candidate model set for mourning dove daily survival rates relative to fine-scale 

nest-site covariates across Kansas, USA, during 2023–2025. 

Modela Kb AICc
c ΔAICc

c wi
d Deviance 

Location + Treatment + 

Distance to Trunk 

7 881.62 0.00 0.27 867.58 

Location + Treatment 6 882.16 0.55 0.21 870.14 

Location + Treatment + 

DBH + Distance to Trunk 

8 882.40 0.79 0.19 866.36 

Location + Treatment + 

Nest Height 

7 883.31 1.70 0.12 869.28 

Location + Treatment + 

DBH + Nest Height 

8 883.36 1.75 0.11 867.32 

Location + Treatment 

+DBH 

7 883.62 2.00 0.10 869.59 

aLocation: Garden City, McPherson, Emporia, or Topeka; Treatment: urban, rural, wildlife 

managed areas; Distance to trunk: distance of nest from main tree trunk (cm); DBH: diameter at 

breast height (cm); Nest Height: height of nest within tree (m). 
bK: number of parameters in the model. 
cAICc/ΔAICc: Akaike’s Information Criterion corrected for small sample sizes and the difference 

between each model and the highest ranked model. 
dwi: model weight. 
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Table 2.4. Candidate model set for mourning dove fine-scale tree-nest site selection across 

Kansas, USA, during 2023–2025. 

Modela Kb AICc
c ΔAICc

c wi
d Deviance 

Location + DBH + Tree Species 16 1479.11 0.00 0.40 1447.11 

Location + Tree Height + DBH 

+Tree Species 

17 1479.48 0.37 0.34 1445.48 

Location + Tree Height + Tree 

Species 

16 1480.65 1.53 0.19 1448.65 

Location + Tree Species 15 1484.50 5.37 0.03 1454.48 

Location + DBH 5 1484.85 5.74 0.02 1474.85 

Location + Tree Height + DBH 6 1486.26 7.15 0.01 1474.26 

Location + Tree Height 5 1487.14 8.03 0.01 1477.14 

Location 4 1488.45 9.34 0.00 1480.45 
aLocation: Garden City, McPherson, Emporia, or Topeka; Distance to trunk: distance of nest 

from main tree trunk (cm); DBH: diameter at breast height (cm); Nest Height: height of nest 

within tree (m); Tree Height: maximum tree height (m).  
bK: number of parameters in the model. 
cAICc/ΔAICc: Akaike’s Information Criterion corrected for small sample sizes and the difference 

between each model and the highest ranked model. 
dwi: model weight. 
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 Figures 

 

Figure 2.1. Mourning dove study sites in Kansas, USA, 2023–2025. Study sites were 

stratified across Bird Conservation Regions (BCRs) and included 3 treatment areas at each 

site: urban, rural, and wildlife managed areas (WMA). Sites were centered around Garden 

City (BCR 18), McPherson (BCR 19), Emporia (BCR 22), and Topeka (BCR 22). 
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Figure 2.2. Cumulative number of mourning dove nests found across the breeding season 

(April-September) in Kansas, USA, by year, during 2023–2025. 
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Figure 2.3. Number of mourning dove nests found by stage (egg or nestling) across the 

breeding season (April-September) in Kansas, USA, by year, during 2023–2025. 



 

35 

 

 

Figure 2.4. Daily survival rate (DSR) of mourning dove eggs in Kansas, USA, during 2023–

2025 by treatment (rural, urban, and wildlife managed area [WMA]) and study site 

(Garden City, McPherson, Emporia, and Topeka). Error bars represent 95% confidence 

intervals. 
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Figure 2.5. Daily survival rate (DSR) of mourning dove nestlings during 2023–2025 

breeding seasons in Kansas, USA. Error bars represent 95% confidence intervals. 
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Figure 2.6. Predicted mourning dove (A) egg daily survival rate (DSR), (B) nestling DSR, 

and (C) 28-day nesting-period survival across the breeding season in Kansas, USA, during 

2023–2025. Season day is shown on a common relative time scale within years. For egg-

stage DSR, day 0 corresponded to 11 April 2023, 22 April 2024, and 26 March 2025. For 

nestling-stage DSR, day 0 corresponded to 25 April 2023, 10 May 2024, and 10 April 2025. 

Combined nesting-period survival used the same starting days as the egg-stage model. 

Ribbons represent 95% confidence intervals.  
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Figure 2.7. Predicted mourning dove daily survival rate (DSR) in Kansas, USA, during 

2023–2025 relative to fine-scale nest-covariates. A) Distance of nest to trunk, B) Diameter 

at breast height (DBH), and C) nest height. Ribbons represent 95% confidence intervals. 
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Figure 2.8. Mourning dove nest period survival (28 days) across treatments (urban and 

wildlife managed areas [WMAs] in Kansas, USA, during 2023–2025. Error bars represent 

95% confidence intervals. 
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Figure 2.9. Predicted probability of tree use for mourning dove nest-site selection across 

study sites in Kansas, during 2023–2025. Colors represent study sites, and ribbons 

represent 95% confidence intervals. 
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Figure 2.10. Odds ratios of mourning dove tree use by tree species in Kansas, USA, during 

2023–2025 relative to eastern red cedar (Juniperus virginiana). Points represent estimated 

odds ratios and horizontal bars represent 95% confidence intervals on the log scale. Species 

with confidence intervals not overlapping 1 are highlighted in blue. 
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Figure 2.11. Comparison of percent bare ground, litter, and visual obstruction between 

mourning dove ground nests and paired sites in Kansas, USA, during 2023–2025. Boxplots 

show medians with interquartile ranges, and nests and paired points are distinguished by 

color. 
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Chapter 3 - Patterns of Space Use and Survival of Breeding 

Mourning Doves 

Large-scale wildlife monitoring efforts are often focused on abundance and density as 

indicators of habitat quality and population persistence (Van Horne 1983, Johnson 2007, Gilroy 

and Edwards 2017). However, independently these measures do not always reflect whether a 

population is self-sustaining and may therefore lead to misleading interpretation regarding the 

status of a population (Gilroy and Edwards 2017). Accordingly, approaches that quantify 

individual demographic rates, space use, and movement may help clarify how animals use 

available habitats and whether those habitats are likely to support population persistence (Börger 

et al. 2008, Nathan et al. 2008, Fischer 2024). Movement data are particularly important for 

wildlife management because they shape understanding of how animals acquire food, survive, 

reproduce, and are distributed across the landscape (Kays et al. 2015).  

Very-high-frequency (VHF) telemetry provides one means of quantifying these behaviors 

because it allows for repeated relocation of individuals throughout time (Kays et al. 2015). These 

observations can be used to estimate home range area, characterize space use, and quantify 

apparent survival from marked individuals. These metrics complement abundance indices by 

yielding a more direct view of how animals interact with heterogeneous landscapes.  

Human modification of landscape composition, structure, and function exposes animals 

to novel environmental conditions and variation in available resources. Differences in movement 

patterns between natural and modified habitats have been well studied in birds (Dayananda et al. 

2021, Doherty et al. 2021, Carter et al. 2025, Gomez et al. 2025). These modifications can affect 

how animals move, areas they use, and extent to which altered landscapes support long-term 

persistence. Because the distribution of resources differs among modified environments, 
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responses measured by movement and space use are frequently context-dependent (O’Donnell 

and delBarco-Trillo 2020, Dayananda et al. 2021). This may be especially true for widespread 

generalists such as the mourning dove (Zenaida macroura), which occupies a wide range of 

natural and developed landscapes across North America. 

The mourning dove is a migratory gamebird managed cooperatively by the U.S. Fish and 

Wildlife Service and state agencies. Management-relevant metrics such as harvest, abundance, 

population growth rates, nonharvest related mortality, and recruitment are estimated annually for 

management units and individual states using data collected from the North American Breeding 

Bird Survey, Mourning Dove National Banding Program, Harvest Information Program, and 

Parts Collection Survey (Seamans 2025). Although these efforts provide valuable information for 

population monitoring at broad spatial scales, they do not capture how individual mourning 

doves move through and use landscapes at finer spatial scales. Although mourning dove 

populations have been monitored for decades, contemporary studies of movements, space use, 

and survival at finer scales remain relatively sparse, despite ongoing large-scale land cover 

conversion (Lark et al. 2020). Therefore, my objectives were to (1) estimate home ranges of 

adult mourning doves, (2) assess space use at multiple scales, and (3) estimate apparent weekly 

survival throughout the breeding season. 

 Methods 

 Study Area 

I established four study sites across Kansas, USA, that spanned the Shortgrass Prairie, 

Mixed-grass Prairie, and Tallgrass Prairie ecoregions (Figure 3.1). Study sites were located near 

Garden City, McPherson, and Topeka in 2023-2024, and in McPherson and Emporia in 2025.  
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The westernmost study location was Garden City, which was the most arid study site and 

occurred within a landscape dominated by row-crop agriculture and shortgrass prairie, receiving 

<50 cm mean annual precipitation (Brooks 1985, Rohweder 2022). Vegetation was dominated by 

shortgrass prairie species including buffalograss (Bouteloua dactyloides) and blue grama (B. 

gracilis), with common forbs such as heath aster (Symphyotrichum ericoides), Engelmann daisy 

(Engelmannia peristenia), slimflower scurfpea (Psoralidium tenuiflorum), and yarrow (Achillea 

millefolium; Rohweder 2022).  

McPherson was my central Kansas study site, occurring in an intermediate precipitation 

zone (50–75 cm annually) within a mixed agricultural–grazing landscape. Dominant vegetation 

consisted of prairie grasses including buffalograss, blue grama, big bluestem (Andropogon 

gerardii), Indiangrass (Sorghastrum nutans), switchgrass (Panicum virgatum), and little 

bluestem (Schizachyrium scoparium), with scattered woody cover (e.g., hackberry [Celtis 

occidentalis], sand plum [Prunus angustifolia], smooth sumac [Rhus glabra]; Rohweder 2022).  

I sampled mourning doves in eastern Kansas at Topeka (2023–2024) and Emporia 

(2025), the most mesic of the study locations (75–115 cm annual precipitation). Emporia lies 

within the Flint Hills, where the surrounding landscape was primarily grassland, whereas Topeka 

had the greatest proportion of urban land cover among study locations. Greater moisture in 

eastern Kansas supported increased woodland cover relative to the western and central study 

sites (Brooks 1985). Vegetation was dominated by big bluestem, little bluestem, and Indiangrass, 

with diverse forbs such as Viola, Echinacea, Penstemon, and Helianthus spp. (Rohweder 2022). 

 Capture 

During April-August 2023–2025, mourning doves were trapped at >3 sites at each study 

location. Trap sites spanned three land-use contexts: urban, Wildlife Management Areas 
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(WMAs), and rural areas with limited public hunting access. These categories were used to 

stratify sampling effort, but I did not evaluate treatment-specific differences. Black oil sunflower 

(Helianthus annuus) or safflower (Carthamus tinctorius) seed were used to bait trap sites at least 

1 week prior to trapping using modified Kniffin traps (Reeves et al. 1968). I aged and sexed all 

captured mourning doves using plumage and molt characteristics and attached standard, uniquely 

numbered United States Geological Survey Bird Banding Laboratory aluminum leg bands 

(Baskett 1993, Mirarchi 1993, Schulz et al. 1995). After-hatch-year doves (AHY) were fitted 

with VHF backpack radio transmitters (Model A1065; Advanced Telemetry Systems, Isanti, 

MN, USA), weighing 1.9 g (<3% of the mean body mass; Braun et al. 2015). Transmitters 

operated at frequencies between 164-167 MHz and had an expected battery life of 115 days. I 

attached transmitters to AHY mourning doves using a backpack-style harness constructed from 

nylon micro-paracord (0.75-mm diameter). Procedures followed the guidelines for handling wild 

animals required by Kansas State University Institutional Animal Care and Use Committee 

(IACUC #4766), State of Kansas Scientific, Education, or Exhibition Wildlife Permits (KDWP 

#980122569), and Bird Banding Lab Permit (BBL #07339). 

I located marked birds using ground-based VHF telemetry. Field crews systematically 

drove roads at least 3 times each week within and around each study area while scanning 

transmitter frequencies using handheld receivers (model R4000; Advanced Telemetry Systems, 

Isanti, MN, USA; model R410; Advanced Telemetry Systems; and model TR-8; Telonics, Mesa, 

AZ, USA) equipped with omnidirectional whip antennas. Upon detecting a signal, crew 

members obtained directional bearings using a 3-element Yagi antenna to estimate locations via 

triangulation. They attempted to obtain >3 bearings separated by 20° when triangulating 
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locations to reduce positional error. When feasible, field crews subsequently homed to 

transmitters to obtain precise locations. 

 Statistical Analysis 

I estimated triangulated locations and error ellipses using maximum likelihood methods 

in the software LOAS version 4.0 (Ecological Software Solutions LLC, Hegymagas, Hungary). 

Locations obtained through homing were recorded directly using handheld GPS units. Prior to 

analysis, telemetry locations were screened to remove triangulated fixes with unreliable error 

estimates. I evaluated triangulated locations using error ellipse area and comparisons to same-

day homing locations from the same transmitter. Triangulated points with error ellipses of zero 

were excluded. I retained triangulated positions with positive error ellipse areas <1,000 m2 for 

analyses.  

With the cleaned dataset, I estimated individual home ranges using kernel density 

estimation (KDE) for birds with >20 telemetry detections (Worton 1989). All KDE estimation 

was done in Program R using the package adehabitatHR (R Core Team 2024). To ensure 

accurate area calculations, telemetry locations were projected to Universal Transverse Mercator 

(UTM) coordinates based on study location. Locations from Garden City were projected to UTM 

Zone 13N, whereas locations from McPherson, Emporia, and Topeka were projected to UTM 

Zone 14N. Kernel utilization distributions were estimated for individuals with sufficient 

detections using the reference bandwidth estimator (href). From the resulting utilization 

distributions, I derived 95% KDE polygons representing overall home ranges and 50% KDE 

polygons representing core-use areas.  

Next, I classified landcover at multiple scales using R and ArcGIS Pro (v.3.6.1). Using 

ArcGIS Pro, I assigned each telemetry location to a land cover class by spatially intersecting 
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point locations with the Mapping Kansas Ecosystems raster (Kansas Applied Remote Sensing 

[KARS], University of Kansas 2022). Then, for individuals with sufficient locations to estimate 

KDE, I quantified land cover composition in the 95% and 50% KDE contours in R. I 

summarized the number of raster cells in each land cover class and converted them to 

proportions of the total area within each contour.  

Finally, I constructed weekly encounter histories for transmittered mourning doves and 

estimated apparent survival using Cormack-Jolly-Seber models in RMark (Laake 2013). I 

modeled each study year independently because transmitter batteries lasted approximately 115 

days and did not span annual monitoring periods. Models estimated weekly apparent survival (Φ) 

and weekly detection probability (ρ). I used Akaike’s Information Criterion adjusted for small 

sample sizes (AICc) for model comparison (Anderson et al. 1994). 

 Results 

During 2023–2025, I fitted 396 AHY mourning doves with VHF transmitters. My sample 

included 266 males (67%), 86 females (22%), and 44 AHY mourning doves of unknown sex 

(11%). Transmitters were relatively evenly distributed between urban (n = 162), rural (n = 114), 

and WMAs (n = 120). Following transmitter attachment, I subsequently relocated 112 

individuals at least once, of which 34% were from urban sites, 18% were from rural sites, and 

48% were from WMAs. I recorded 431 detections overall. 

After filtering to individuals with >20 detections, 5 individuals remained for home range 

estimation: 3 from Garden City and 2 from Emporia. The average home range area (95% 

contour) was 70.83 + 97.83 ha, and average core area (50% contour) was 16.30 + 25.60 ha; 

however, variation among individuals was high, with one substantially larger estimate. Estimated 
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95% home range contours ranged from 9.3-237 ha; estimated 50% contours ranged from 1.8-

61.3 ha.  

Next, I classified land cover within the estimated home ranges. For the 95% contours, the 

top 3 land cover classes were the same for both doves in Emporia: Urban high intensity, urban 

low intensity, and urban grasses. Top land cover classes for the 3 doves in Garden City included 

sandhills prairie, saline grassland and marsh, western lowland grassland, and urban high 

intensity. Land cover composition within 50% contours was broadly similar to that observed 

within overall home ranges with a slight increase in the proportion of urban cover types (e.g., 

urban high intensity, urban low intensity, urban grasses, and urban trees and shrubs; Figure 3.2). 

To observe broad patterns in land use, I then assigned all detections (n = 431) to a land 

cover class. When all study locations were combined, urban low-intensity and urban high-

intensity accounted for the largest proportion of all mourning dove detections (25.55%, n = 116; 

14.32%, n = 65, respectively), although dominant land cover types varied among locations 

(Figure 3.3). Of relocated mourning doves, 39.73% were detected at least once in urban low 

intensity areas and 20.55% were detected at least once in urban high intensity areas. Other 

commonly used land cover types included urban grasses, saline grassland and marsh, sandhills 

prairie, Arkansas River tallgrass prairie/pasture (ark river tallgrass prairie/pasture), cropland, 

urban trees and shrubs, and western lowland grasslands (Table 3.1). 

Finally, I used CJS models to estimate weekly apparent survival for each year. The most 

parsimonious model for all 3 years included location-specific group effects on both apparent 

weekly survival (Φ) and probability of detection (ρ; Table 3.2). Among 2023 study areas, only 

Topeka yielded estimable survival and detection parameters, Φ = 0.84 (SE = 0.10) and ρ = 0.11 

(SE = 0.05). In 2024, Φ ranged from 0.55 (SE = 0.13) in Topeka to 0.89 (SE = 0.02) in Garden 
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City, and ρ ranged from 0.07 (SE = 0.02) in McPherson to 0.34 (SE = 0.04) in Garden City. In 

2025, Φ ranged from 0.54 (SE = 0.16) in McPherson to 0.93 (SE = 0.02) in Emporia, and ρ 

ranged from 0.08 (SE = 0.06) in McPherson to 0.50 (SE = 0.04) in Emporia. The number of 

individuals included in CJS models varied among years and study locations (Table 3.3). 

 Discussion 

Despite its popularity as a gamebird, there are relatively few contemporary studies 

assessing mourning dove movements, space use, and survival in the midst of ongoing landscape 

conversion. The goal of this study was to complement existing broad-scale estimated vital rates 

with local-scale data on home range area, space use, and survival. my findings indicate that 

mourning doves utilized small home ranges during the observation period, were often detected in 

urban land cover types, and had survival rates that differed by location across Kansas. 

Among the mourning doves for which home ranges could be estimated, most used 

relatively small areas (9.3-237 ha). My results are consistent with previous studies that found 

limited breeding season movements by AHY individuals, although mourning doves have been 

shown to travel large distances between capture sites and nesting areas (Tomlinson et al. 1960, 

Howe and Flake 1988, Drobney et al. 1998). Thus, the detections included in my analyses likely 

represented movements after individuals had established nests (Drobney et al. 1998). Within 

estimated home ranges and core areas, all 5 individuals used urban land cover types to varying 

degrees. This is notable because animal home ranges in human-modified landscapes are often 

expected to expand when resources are fragmented or dispersed, whereas urban environments 

may support smaller home ranges when resources are spatially concentrated (O’Donnell and 

delBarco-Trillo 2020, Dayananda et al. 2021). This pattern is consistent with the idea that 

generalist species, including mourning doves, may be well adapted to urban landscapes 
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(Callaghan et al. 2019, Muñoz and Miller 2020). However, my results should be interpreted with 

caution due to the coarse spatial resolution of VHF telemetry and small sample size of estimable 

home ranges.  

At a broader scale, I assessed mourning dove space use in terms of land cover classes. I 

initially evaluated whether telemetry locations could support formal use–availability analyses of 

habitat selection; however, these models were unstable for some habitat categories and provided 

little evidence of differential use relative to availability. Most transmittered doves were relocated 

at least once in urban land cover types (i.e., urban high intensity and urban low intensity), but 

overall space use varied by location. Interestingly, Topeka, the most urbanized study area, did 

not yield the greatest number of urban detections, but variation in the total detections among 

locations prevents strong inference from raw counts alone. In Garden City, saline grassland and 

marsh appeared to be an important component of mourning dove space use. In this region, that 

cover type was concentrated along the dry Arkansas River, where sandy substrate, open ground, 

and scattered woody vegetation provided heterogeneous, edge-like habitat. Importantly, saline 

grassland and marsh accounted for more detections than sandhills prairie or cropland, despite 

those cover types comprising a substantial proportion of the surrounding landscape. This pattern 

suggests that doves may have used saline grassland and marsh disproportionately in Garden City; 

however, because use and availability were not directly compared in these analyses, I interpret 

this result as evidence of space use rather than formal selection. In this context, the 

comparatively limited use of cropland is notable, particularly because previous work has 

reported negative associations between mourning doves and intensive agriculture (Muñoz and 

Miller 2020, Dinges et al. 2022). However, mourning doves often concentrate feeding activity 

during crepuscular periods, and tracking did not include evening periods, which may have 
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reduced the ability to detect cropland use during peak feeding times (Losito et al. 1990). 

Additionally, patterns in space use alone do not necessarily reflect patterns in demography 

(Gilroy and Edwards 2017). 

To complement my space use data, I estimated weekly apparent survival and detection 

probabilities. Unlike previous mourning dove studies that estimated survival using known fate 

Kaplan-Meier methods, I used Cormack-Jolly-Seber models because so few mortalities were 

observed during monitoring (Schulz et al. 1996, 2017). Consequently, my results only report 

estimates of apparent survival. Nonetheless, they indicate relatively high survival across most 

study sites and years. Two exceptions were Topeka 2024 and McPherson 2025, where estimated 

apparent weekly survival was comparatively low. In both cases, the estimated detection 

probability was also low, and confidence intervals were wide, indicating that these data should 

be interpreted cautiously, as limited detections provided weak information for separating 

mortality from non-detection. Even so, the McPherson 2025 result is notable because there were 

more detections in cropland in McPherson than any other site. Because the surrounding 

landscape was dominated by row crops, mourning doves may have had fewer opportunities to 

shift to alternative cover types, or mortality risk may have been greater in crop-dominated 

foraging areas. Low detection probability at this site also raises the possibility that individuals 

dispersed farther from bait sites than birds at other locations, which are surrounded by more 

grassland and edge-associated cover, including eastern floodplain ruderal grassland, unglaciated 

easter upland grassland, eastern floodplain forest, saline grassland, and marsh. 

Despite limitations of VHF telemetry relative to newer tracking technologies such as 

GPS, my results provide insight into the finer spatial scales than what is possible with broad-

scale monitoring alone. Although my data are comparatively coarse, they offer information on 



 

53 

 

breeding season movements, use of particular cover types, and differences in survival and 

detection across Kansas. As such, these results provide meaningful context for interpreting large-

scale monitoring efforts and contribute to a more mechanistic understanding of how mourning 

doves interact with modified landscapes. 
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 Tables 

Table 3.1. Summary of very-high-frequency telemetry detections of breeding mourning 

doves in Kansas, USA, during 2023–2025, by land cover class, including the number of 

individuals detected, percentage of individuals detected more than once, and total 

detections. 

 

Land Cover Class 

 

# Individuals % Individuals Detected >1 Total Detections 

Urban Low Intensity 58 39.73 116 

Urban High Intensity 30 20.55 65 

Urban Grasses 29 19.86 47 

Saline Grassland and 

Marsh 

18 12.33 51 

Sandhills 15 10.27 42 

Ark River Tallgrass 

Prairie/Pasture 

14 9.60 15 

Cropland 14 9.60 17 

Urban Trees and 

Shrubs 

14 9.60 27 

Western Lowland 

Grasslands 

9 6.16 20 
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Table 3.2. Ranking of Cormack-Jolly-Seber survival models based on Akaike Information 

Criterion (AICc) used to estimate apparent survival (Φ) and detection probabilities (ρ) of 

radio-tagged mourning doves during the breeding season in Kansas by study year (2023–

2025). 

Year Model Ka AICc
 ΔAICc

 Deviance 

 

2023 

Φ(group)ρ(group) 6 156.8044 0.00 88.22 

Φ(1)ρ(1) 2 190.7523 33.95 130.81 

Φ(1)ρ(time) 10 199.2482 42.44 121.41 

Φ(time)ρ(1) 10 204.9941 48.19 127.15 

 

2024 

Φ(group)ρ(group) 6 823.8821 0.00 507.05 

Φ(time)ρ(1) 20 938.5755 114.69 591.44 

Φ(1)ρ(1) 10 939.8659 115.98 631.24 

Φ(1)ρ(time) 20 942.1197 118.24 595.00 

 

2025 

Φ(group)ρ(group) 4 451.3687 0.00 354.70 

Φ(time)ρ(1) 20 523.0866 71.72 389.64 

Φ(1)ρ(time) 20 538.4440 87.08 405.00 

Φ(1)ρ(1) 2 548.8214 97.45 456.31 
a number of parameters 
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Table 3.3. Summary of the number of breeding mourning dove detections by year and 

study location in Kansas, USA, during 2023–2025, including the number of tagged 

individuals, the number of individuals located more than once, and the total detection 

events. 

 

Year 

 

Location # Individuals # Individuals detected >1 # Detection events 

2023 Garden City 6 6 13 

2023 McPherson 55 1 1 

2023 Topeka 39 10 18 

2024 Garden City 39 28 146 

2024 McPherson 102 31 53 

2024 Topeka 78 6 14 

2025 Emporia 26 24 178 

2025 McPherson 45 6 8 
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 Figures 

 

Figure 3.1. Mourning dove study sites across Kansas, USA. Symbols represent the years in 

which study sites were used: triangles represent 2023–2024, squares represent 2023–2025, 

and circles represent 2025. The background layer represents landcover (Kansas Applied 

Remote Sensing, University of Kansas (2022).  Kansas Applied Remote Sensing (KARS), 

University of Kansas. 2022. 
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Figure 3.2. Proportional land cover composition within the 95% and 50% kernel density 

estimate contours of five radio-tagged mourning doves. The top two panels represent 

individuals in Emporia, Kansas, USA, and the bottom three represent individuals in 

Garden City, Kansas. 
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Figure 3.3. Percentage of unique relocated mourning doves detected in each land cover 

type within study sites in Kansas during 2023-2025. Individuals could contribute to more 

than one land cover class within a site. 
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Figure 3.4. Weekly apparent survival (Φ) and detection probability (ρ) estimated using 

Cormack-Jolly-Seber models by study year and location for very-high-frequency-tagged 

mourning doves in Kansas, USA, during 2023–2025.  
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Chapter 4 - Spatiotemporal Variation in Annual Survival Rates for 

Mourning Doves in Kansas 

 Despite its pervasiveness in the United States, the mourning dove (Zenaida macroura) is 

declining across most of its breeding range (Seamans 2023). As a migratory gamebird, mourning 

dove populations are jointly managed by the United States Fish and Wildlife Service (USFWS) 

and state agencies in 3 Management Units across the United States (USFWS 2017). Kansas, 

USA, is in the Central Management Unit (CMU), which has experienced an estimated decline of 

-0.6% annually from 1966-2022 (-0.2% annually in Kansas; Seamans 2023). The rate of decline 

in both Kansas and the broader CMU increased from 2013 to 2022, necessitating investigation 

into mechanisms of decline (Seamans 2023). Hypothesized drivers of population change include 

low recruitment rates and reproduction, changes in land use, agricultural intensification, 

competition, disease, and lead poisoning (Ostrand et al. 1998; Schulz et al. 2005, 2006; Muñoz 

and Miller 2020; Seamans 2023). Although current harvest rates are unlikely to be a primary 

contributor to population declines, the mourning dove is the most harvested gamebird in the 

United States (Baskett and Sayre 1993). Consequently, annual survival and recovery rates remain 

of interest to managers, particularly given the expansion of harvest opportunities (i.e., increased 

season length) in the CMU over the past decade (Seamans 2023).  

 Declines in mourning dove populations have highlighted a lack of information to inform 

harvest regulations and management strategies at state or local scales. Until recently, this was not 

a major concern due to the abundance and broad distribution of mourning dove populations. 

However, recent population declines have prompted reevaluation of harvest opportunities 

because their generalist habitat use complicates targeted habitat management. The only recent 

(<50 years ago) monitoring effort specific to mourning doves was the Call-Count Survey (Dolton 
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1993, U.S. Fish and Wildlife Service 2003). This survey provided an index to abundance, which 

was helpful for identifying broad trends in population status but did not allow for estimation of 

individual demographic rates. Harvest was monitored through a combination of state agency 

surveys and the implementation of the Hunter Information Program in 1998 (Dolton 1993, Ver 

Steeg and Elden 2002, U.S. Fish and Wildlife Service 2003). In 2003, a national banding 

program was initiated with the goals of estimating annual survival and harvest rates. By 2023, 

state agencies in the CMU had banded 320,021 mourning doves and reported 16,022 recoveries 

of banded birds (Seamans 2023). These data have been used to estimate survival and harvest 

rates at state and Management Unit scales annually (Seamans 2023).  

 Even though harvest opportunity has expanded recently in the CMU, estimated total 

annual harvest has decreased since the early 2000s (Seamans 2023). Harvest rates exhibit annual 

fluctuations but do not show a consistent long-term trend; however, apparent declines in harvest 

are more likely attributable to populations declines than to reductions in harvest pressure with 

clear declines of hunter participation over time (Seamans 2023). The increasing urbanization of 

the United States population has raised concerns among wildlife professionals about declining 

interest in sport-hunting, a key source of funding for wildlife conservation and management 

(Schulz et al. 2003, Henderson et al. 2021). Recommendations for improving hunter participation 

have included management strategies such as planting fields for mourning dove harvest and 

creating harvest opportunities close to urban areas (Schulz et al. 2003, Bonnot et al. 2011). 

Because banding is stratified more broadly than management is often implemented, estimated 

rates may overlook important within-population variation.  

 Because survival and recovery rates vary across spatial and temporal scales, estimation of 

demographic parameters at the state or management unit level may obscure important patterns 
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occurring at finer spatial scales (Calvert et al. 2017). Annual survival and recovery may fluctuate 

over time for several reasons including changes in habitat quality, regional land use, hunter 

participation, and management (Otis 2006, Schulz et al. 2013). Kansas spans important 

ecological gradients including human population density, vegetation communities, annual 

precipitation, and dominant land use types. Notably, portions of 3 Bird Conservation Regions 

(BCRs) encompass the state, each representing distinct ecological and management contexts. 

Without accounting for this local variation, statewide or management unit level survival and 

recovery rate estimates may be biased towards areas with disproportionate banding or 

management effort, which could limit their generalizability. Understanding how survival and 

recovery vary across ecological and anthropogenic conditions is essential for managing game 

species including the mourning dove. While large-scale (i.e., CMU and state scales) survival and 

recovery estimates have been made since the initiation of the mourning dove banding program, 

less is known about how demographic rates differ in relation to land cover and management 

practices. My goal was to evaluate variation in survival and recovery of mourning doves banded 

in Kansas, over a 20-year period. Specifically, I aimed to 1) estimate survival and recovery of 

doves at the statewide scale, 2) examine how these rates varied by BCR, 3) compare 

demographic rates between birds banded urban and rural land use types, and 4) assess differences 

in rates between managed mourning dove fields and other rural areas.  

 Study Area 

This study encompassed the entire state of Kansas, which comprised approximately 2,130,100 

km2 of land area and spanned several ecologically relevant gradients, including human 

population density, precipitation, and land-use types. To account for this heterogeneity, I 

stratified our data by BCR, ecologically distinct areas defined by dominant vegetation types and 
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distinct bird communities (North American Bird Conservation Initiative [NABCI] n.d.). Most of 

Kansas represents 3 BCRs: Short-Grass Prairie (BCR 18) in the west, Mixed-Grass Prairie (BCR 

19) in the central, and Tall-Grass Prairie (BCR 22) in the east. In Kansas, BCRs served as 

biologically meaningful stratification because their boundaries aligned closely with vegetation, 

precipitation, and land use gradients. 

 The Short-Grass Prairie Region (BCR 18), located in the western third of Kansas, within 

the rain shadow of the Rocky Mountains, was the driest region in the state, receiving <50 cm of 

precipitation annually (Kansas Department of Wildlife and Parks 2022, Lin et al. 2022). Despite 

arid conditions, western Kansas was among the most intensively farmed regions in the state 

(Brooks 1985). Large farms produced wheat, corn, soybeans, and grain sorghum, a land use 

pattern that supported the few small towns and contributed to low population density in the 

region. Remaining short-grass prairie in Kansas was dominated by drought-resistant species such 

as buffalograss (Bouteloua dactyloides), blue grama (B. gracilis), heath aster (Symphyotrichum 

ericoides), Engelmann daisy (Engelmannia peristenia), slimflower scurfpea (Psoralidium 

tenuiforum), and yarrow (Achillea millefolium). Interspersed within this region was the Sandsage 

Shrubland, a unique cover type considered a high conservation priority (Kansas Department of 

Wildlife and Parks 2022).   

 East of the Short-Grass Prairie Region was the Mixed-Grass Prairie Region (BCR 19), 

which represented a transitional zone between the semi-arid west and the tallgrass prairie and 

savannas to the east. Characterized by rolling hills, open plains, and large wetlands, the region 

received 50–75 cm of precipitation per year (Savage 2004, Kansas Department of Wildlife and 

Parks 2022). Driven by gradients in precipitation and temperature, the mixed-grass prairie 

supported both short-grass and tall-grass species, including buffalograss, blue grama, big 
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bluestem (Andropogon gerardii), Indian grass (Sorghastrum nutans), switchgrass (Panicum 

virgatum), little bluestem (Schizachyrium scoparium), tall dropseed (Sporobolus asper), and 

side-oats grama (Bouteloua curtipendula). Native woody species such as hackberry (Celtis 

occidentalis), sand plum (Prunus angustifolia), and smooth sumac (Rhus glabra) were also 

present. Land use in this region was divided primarily between row-crop agriculture and 

rangeland grazing.  

 Eastern Kansas, within the Tall-Grass Prairie Region (BCR 22), was the most densely 

population region in the state and included several major metropolitan areas. The largest 

remaining contiguous tract of tallgrass prairie in North America fell within the Flint Hills in 

eastern Kansas (Duncan 1978, Scholtz and Twidwell 2022). The Flint Hills consisted of flat-

topped hills with shallow, rocky soils that limited large-scale agricultural conversion. The Flint 

Hills supported an economically significant beef industry, with land management practices that 

included early intensive stocking and frequent prescribed burning (Smith and Owensby 1978). 

Dominant plant species included big bluestem, little bluestem, and Indian grass, along with a 

diverse assemblage of forbs such as violets (Viola spp.), coneflowers (Echinacea spp.), evening 

primrose (Oenothera spp.), lobelias (Lobelia spp.), beardtongues (Penstemon spp.), and 

sunflowers (Heliantheae tribe). Annual precipitation ranged from 75 and 115 cm, which made it 

the wettest part of the state and supported the development of woodlands and forests east of the 

Flint Hills (Brooks 1985).  

 Most of the mourning dove harvest in Kansas occurred on private lands. However, the 

Kansas Department of Wildlife and Parks (KDWP) managed fields annually for mourning dove 

harvest on public hunting lands. These fields, usually annual sunflowers (Helianthus annuus), 
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were planted mid-summer and mowed 2 weeks prior to the hunting season. Most managed 

mourning dove fields in Kansas were located east of BCR 18 (Figure 4.1).  

 Methods 

 Kansas Banding Program 

I considered all mourning doves banded within Kansas during 2003–2022 for our study. Kansas 

Department of Wildlife and Parks has participated in an annual operational banding program 

from 1 July–21 August since 2003. Mourning doves were captured in modified-Kniffen traps and 

equipped with uniquely numbered, butt-end U.S. Geological Survey, Breeding Bird Laboratory 

(BBL) bands. Between 2003–2022, 50,238 mourning doves (average annual bands = 2,644) were 

banded in Kansas (Seamans 2023). Band recoveries were submitted to the BBL via toll-free 

phone number or online reporting by participating hunters. State-specific band reporting rates are 

not available (except for Arizona and California, USA, in the Western Management Unit), but the 

reporting rates for toll-free and on-line band reporting in the central mid-south United States, 

including Kansas, have been reported as 0.41 and 0.44, respectively (Sanders and Otis 2012). 

The hunting season occurs from September 1 to January 15, with a daily bag limit of 15 doves 

(aggregate of all dove species). 

 Banding and encounter data for mourning doves banded in Kansas from 2003–2023 were 

downloaded from the BBL. For this study, I filtered out data pertaining to mourning doves other 

than normal, wild-caught birds (B_Bird_Status: ‘3’) that had been shot 

(E_How_Obtained_Code: 01’). Any mourning doves classified as unknown age (B_Age_Code: 

‘0’) or sex (B_Sex_Code: ‘0’) were also removed. Then, I used BCR and Kansas-specific 

landcover (KARS 2023) layers in ArcGIS Pro to classify mourning dove banding locations based 

on BCR, urban or rural, and <1 km from managed mourning dove fields.  
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 Data Analysis 

To examine spatiotemporal variation in survival and recovery for mourning doves banded in 

Kansas, I estimated annual survival (𝑆̂) and recovery rates (𝑓) using Brownie parameterization 

for dead recovery analyses in Program MARK (Brownie et al. 1985, White and Burnham 1999). 

Recovery rates estimated from these models represent the probability of an individual being shot, 

recovered, and reported.  

 Banding data were used to generate 4 encounter history files (Table 1).  The first analysis 

estimated annual survival and recovery probabilities of mourning doves at the statewide level 

across 3 groups: after-hatch-year (AHY) males, AHY females, and hatch-year (HY), which are 

not separated by sex during banding operations.  

  The second analysis evaluated variation in annual survival and recovery of mourning 

doves among the 3 major BCRs in Kansas. Each age-sex group (AHY male, AHY female, HY) 

was modeled within each BCR (BCR 18, 19, 22), resulting in 9 total groups.  

 The third analysis assessed differences in survival and recovery of mourning doves by 

land cover type (urban vs. rural). Urban areas were defined in ArcGIS Pro (v.3.1.0) as locations 

within a designated metropolitan boundary for urban sites; all other sites were classified as rural. 

Each age-sex group (AHY male, AHY female, and HY) was modeled by land cover type, 

resulting in a total of 6 groups. For this analysis, we did not explore variation in land cover use 

across the state. 

 Lastly, I compared survival and recovery for mourning doves banded in rural areas >1 km 

from managed mourning dove fields to those banded <1 km from a managed mourning dove 

field. Each age-sex group (AHY male, AHY female, HY) was modeled separately by banding 
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location, resulting in 6 groups total. Candidate model sets for all analyses included both null and 

global models to assess support for group-level effects. 

 For each analysis, I used Akaike Information Criterion adjusted for small sample sizes 

(AICc; Akaike 1973) to rank models from a priori model candidate lists. Models within ≤2 

∆AICc units of the top-ranked model were considered competitive. I examined results for all 

models that ranked higher than the null model and reported standard errors and 95% confidence 

intervals for parameter estimates from each selected model.  

 Finally, I calculated average harvest rate for each analysis to facilitate comparison with 

published values from other studies. Harvest rate (ĥ) was estimated from direct recoveries, 

defined as birds banded and reported within the same season. Estimates were calculated as the 

number of direct recoveries divided by the product of the assumed band reporting rate and the 

total number of mourning doves banded. I used a reporting rate of 0.425, the average toll-free 

and web-based estimate for the Central Mid-South region provided by Sanders and Otis (2012).  

Time (i.e., year) was included as a covariate in all candidate model sets to evaluate potential 

temporal variation in survival and recovery rates. Because harvest rate estimates were derived 

from models without time-varying recovery (except in the statewide analysis), they represent 

average harvest probabilities across all years (2003–2022) for each group. To assess whether 

statewide recovery rates changed over time, I fit a linear regression model to the annual 

estimates.  

 Results 

The goal of my first analysis was to assess whether survival and recovery rates of mourning 

doves varied over time in Kansas. Age-sex combinations (AHY males, AHY females, and HY 

doves) were used to group mourning doves for this analysis. The top-ranked model included 
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group effects on survival and annual variation in recovery (Table 4.1). My results indicate that 

AHY males had the largest probability of survival (Ŝ = 0.47 + 0.01 SE), while HY birds had the 

lowest probability of survival of all age-sex groupings (Ŝ = 0.37 + 0.01 SE). Annual recovery 

estimates ranged from 0.02 to 0.03 (Figure 4.2). I found no evidence for a directional trend in 

recovery rates over time (β = -0.44 + 0.34 SE, P = 0.21). 

 My second objective was to examine differences in annual survival and recovery rates 

among BCRs in Kansas. We stratified groupings from our first analysis by BCR (BCRs 18, 19, 

22; 9 groups total). The top-ranked model in this analysis included an interaction between age 

and BCR for both survival and recovery (Table 4.2). Results from this model indicate that 

survival and recovery rates varied by BCR for both AHY and HY mourning doves. Hatch-year 

mourning doves had greatest probability of survival in BCR 18 (Ŝ = 0.52 + 0.05 SE) and lowest 

in BCR 22 (Ŝ = 0.31 + 0.02 SE). Recovery rates of HY mourning doves followed an opposite 

gradient with the lowest probability of recovery in BCR 18 (f̂ = 0.015 + 0.002 SE) and largest in 

BCR 22 (f̂ = 0.037 + 0.002 SE). Survival probabilities for AHY mourning doves were similar in 

BCR 18 (Ŝ = 0.50 + 0.04 SE) and BCR 19 (Ŝ = 0.50 + 0.02 SE) but were lower in BCR 22 (Ŝ = 

0.43 + 0.01 SE). The probability of recovery for AHY mourning doves followed a gradient 

across the state with the lowest rates in BCR 18 (f̂ = 0.018 + 0.003 SE) and highest in BCR 22 (f̂ 

= 0.031 + 0.001 SE). 

 The aim of my third analysis was to test for differences in annual survival and recovery 

rates of mourning doves banded in urban versus rural locations (i.e., site type). Because urban 

areas and banding effort were unevenly distributed across Kansas, I conducted our third analysis 

at the scale of the state rather than stratifying by BCR to maintain sufficient sample sizes. My 

top-ranked model included group effects on both survival and recovery (Table 4.3). Five of the 
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top-ranked models (out of 9 candidate models) included banding site type as a predictor of 

survival. While AHY male survival was similar between banding site types (Rural: Ŝ = 0.48 + 

0.01 SE; Urban: Ŝ = 0.43 + 0.03 SE), survival estimates for AHY females and HY mourning 

doves differed between birds banded in urban and rural areas. After-hatch-year female survival 

was greater for birds banded in rural areas (Ŝ = 0.48 + 0.02 SE) compared to urban areas (Ŝ = 

0.30 + 0.05 SE). Similarly, HY mourning doves had greater survival for birds banded in rural 

areas (Ŝ = 0.38 + 0.01 SE) than in urban areas (Ŝ = 0.25 + 0.03 SE). Recovery rates of AHY 

males and females were similar between birds banded in urban and rural site types, but HY 

mourning doves had a larger recovery rate in urban locations (f̂ = 0.038 + 0.003 SE) versus rural 

locations (f̂ = 0.027 + 0.003 SE; Figure 4.3).  

 For the final analysis, I compared survival and recovery rates between mourning doves 

banded on and off managed mourning dove fields (MDF) within rural landscapes. I used the 

same age-sex combinations from previous analyses and classified mourning doves as banded on 

(MDF: within 1 km) or off (rural) managed mourning dove fields (>1 km). The top-ranked 

model for this analysis included an interaction between age and banding location category for 

both survival and recovery. Annual survival was slightly larger (13%) birds banded in rural areas 

(Ŝ = 0.49 + 0.01 SE) compared with those banded near a MDF (Ŝ = 0.43 + 0.03 SE) for AHY 

doves but similar between banding site types for HY birds (Rural: Ŝ = 0.38 + 0.01 SE; MDF: Ŝ = 

0.39 + 0.04 SE). Recovery rates were 75 and 32% greater for birds banded near managed 

mourning dove fields compared to rural areas for AHY (Rural: f̂ = 0.023 + 0.001 SE; MDF: f̂ = 

0.043 + 0.003 SE) and HY birds (Rural: f̂ = 0.026 + 0.001 SE; MDF: f̂ = 0.035 + 0.003 SE).  

Finally, I used direct recovery rates (i.e., the number of mourning doves recovered the same 

season in which they were banded) to estimate harvest rates (ĥ). For each of the 4 analyses, I 
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reported the number of direct recoveries, number of bands deployed, and estimated harvest rates 

corresponding to structured groupings (Table 4.5). Across Kansas, there were 1,545 direct 

recoveries during 2003–2023. In the first analysis, direct recoveries were more frequent for AHY 

males and HY mourning doves than AHY females, reflecting differences in the number of bands 

deployed across age-sex groups (AHY males: 20,689; HY: 24,268; AHY females: 8,092; Table 

4.5). Estimated harvest rates ranged from 0.060 for AHY females to 0.075 for HY mourning 

doves (Table 4.5). In our second analysis, we discovered that the number of bands deployed 

differed substantially across BCRs (BCR 18: 4,336; BCR 19: 24,912; BCR 22: 23,799; Table 

4.5). Estimated harvest rates ranged from 0.039 (HY mourning doves in BCR 18) to 0.095 (HY 

mourning doves in BCR 22; Table 4.5). In analysis 3, we found that more mourning doves were 

banded in rural areas (43,178) compared with urban areas (9,871) but estimated harvest rates 

were greater in urban areas across all age-sex groupings (Table 4.5). Notably, estimated harvest 

rates of HY mourning doves banded in urban areas were 34% larger than HY mourning doves 

banded in rural areas (HY urban: ĥ = 0.094; HY rural: ĥ = 0.070; Table 4.5). Finally, in the fourth 

analysis, estimated harvest rates were greater for birds banded near managed mourning dove 

fields than other rural areas for all age-sex groupings (Table 4.5). Among AHY males, estimated 

harvest rates for birds banded near managed mourning dove fields were 93% larger than those in 

other rural areas (AHY male MDF: ĥ = 0.11; AHY male rural: ĥ = 0.057).  

 Discussion 

Effective management of game species depends on a clear understanding of demographic 

parameters. Operational banding programs enable estimation of vital rates such as annual 

survival, a key indicator of population status (Caughley 1977, Lebreton et al. 1992, Paterson et 

al. 2022). Since 2003, data from the national mourning dove banding program have been used to 
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estimate survival and harvest rates that inform management decisions (i.e., harvest regulations). 

Although the banding program was designed to collect random spatial samples of mourning dove 

populations, variation among individual banding locations may capture real differences among 

local populations. To determine whether such differences existed in Kansas, Ifit dead recovery 

models to band recovery data from 2003–2023 and found evidence of among-population 

differences for mourning doves, indicating that statewide extrapolation of survival and recovery 

rates warrants caution.   

  As context for these models, I first estimated harvest rates and documented the number of 

direct recoveries and bands deployed by group for each of our analyses. While there was 

variation among land cover, management, and BCRs, all harvest rates fell within a range typical 

of the CMU (Dunks et al. 1982, Schulz et al. 2013, Seamans 2023). Similarly, the number of 

bands annually deployed in Kansas was comparable to other states in the CMU (Seamans 2023), 

but Ifound considerable variation in the distribution of bands deployed across the state and by 

age-sex group. Notably, more mourning doves were banded in BCRs 19 (24,912) and 22 

(23,799) than in BCR 18 (4,336). This disparity indicates spatial bias in the representation of 

mourning dove populations in Kansas, which could affect rates such as survival, recovery, and 

harvest. Although banding operations are limited by resources, including time and personnel, 

balanced spatial distribution of banding effort is critical for minimizing bias in demographic 

estimates. Substantially reduced effort in some regions may result in estimates that are 

disproportionately influenced by localized conditions, rather than reflective of statewide patterns. 

Additionally, I found that fewer AHY females were banded statewide (8,092) compared to AHY 

males (20,689) or HY doves (24,268), which could cause similar issues in data interpretation. 
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While selectively targeting AHY females may be impractical, improving spatial balance in 

banding would reduce potential bias in statewide demographic rates.  

 Nevertheless, statewide estimates of annual rates offer important population-level 

insights and serve as reference points for management and monitoring efforts. Results from the 

statewide analysis were consistent with those that have been published in prior studies (Pollock 

et al. 1989, Calvert et al. 2017, Seamans 2023). Male mourning doves (AHY) had the greatest 

probability of survival, followed by AHY females and HY doves. In the top-ranked model for 

this analysis, recovery varied with time rather than by age-sex groupings. However, annual 

fluctuations in recovery are typical with banding studies (Scott et al. 2010, Malanchuk et al. 

2021), and there was no evidence for a directional trend. This variability could reflect annual 

shifts in hunter effort, weather conditions, or reporting behavior rather than true changes in 

population dynamics (Otis 2006). Consequently, I interpreted statewide estimates as reference 

points and focused subsequent analyses on spatial structure and age-sex effects. 

 Next, I examined mourning dove demographic rates across BCRs as biologically 

meaningful strata that capture Kansas’ principal ecological gradients. Across age groups, survival 

was greatest in BCRs 18 and 19 and notably lower in BCR 22. Recovery followed the opposite 

pattern being greatest in BCR 22 and lowest in BCRs 18 and 19 for all age groups. Differences 

in recovery rates across BCRs likely reflected variation in harvest pressure, but that may not 

fully explain spatial patterns in survival. Other differences, such as the availability of small 

grains, predator abundance, annual precipitation, and number of major cities in each BCR could 

influence demographic rates of local populations (Loss et al. 2015, Loss and Marra 2017). These 

results reinforce that mourning dove demographic rates in Kansas are shaped by both ecological 

and anthropogenic factors, underscoring the need to assess additional sources of variation. 
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Given the concentration of banding efforts near urban areas, I evaluated differences in survival 

and recovery rates between urban- and rural-banded birds. Both HY and AHY female mourning 

doves banded in urban areas exhibited lower survival than those banded in rural areas. Effects of 

urbanization on the demographic rates of birds are highly variable and site-specific (Bukor et al. 

2025). Many factors could contribute to this pattern, including greater prevalence of disease, 

larger predation rates, response to the urban heat island effect, and collisions with anthropogenic 

structures (Bradley and Altizer 2007, Loss et al. 2015, Loss and Mara 2017, Pipoly et al. 2020). 

While these factors are commonly associated with urban environments, Idid not initially expect 

harvest to affect survival rates for birds banded in urban areas. Harvest opportunities in or near 

Kansas metropolitan areas are generally limited; however, mourning doves are frequently 

harvested on intensively managed fields (2-16 ha), many of which are small enough to be located 

within or adjacent to urban areas (Bonnot et al. 2011). Additionally, given recent declines in 

hunter activity for small game species, some state agencies have increased harvest opportunity 

through the management of fields for mourning dove harvest, emphasizing areas close to 

populated areas (Schulz et al. 2003, Bonnot et al. 2011). I observed that most of the mourning 

dove harvest in Kansas occurs near cities; recovery rates for HY birds banded in urban areas 

were 41% greater than for HY birds banded in rural areas. Although substantial urban harvest has 

been observed in sub-adults of other game species (Luukkonen et al. 2020), my results directly 

contrast with the findings of earlier studies that reported minimal harvest of mourning doves in 

urban areas (ĥ = ~1%; Scott et al. 2004, Small et al. 2021). This could be suggestive of 

underlying ecological processes that warrant closer examination. 

 One possibility is that managed mourning dove fields near urban areas may function as 

population sinks. Despite providing key resources like food and cover, survival rates for 
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mourning doves banded in these areas were lower than unmanaged rural areas, suggesting 

increased mortality risk partially due to harvest. If local productivity is insufficient to offset this 

mortality, persistence in these areas would depend on immigration from more productive 

populations (Pulliam 1988). Mourning doves are often considered to be urban-adapted and 

maintain high productivity in developed landscapes (Muñoz et al. 2008, Stoelb 2009, Muñoz and 

Miller 2020), which could lead to density-dependent competition in cities, particularly for HY 

mourning doves. Such conditions may create source populations capable of supporting sinks in 

managed mourning dove fields near urban areas. Alternatively, these results may reflect an 

ecological trap, in which high quality resources attract mourning doves, especially inexperienced 

HY individuals, to areas with disproportionately greater mortality (Schlaepfer et al. 2002). The 

consequences of either mechanism acting on managed mourning dove fields near urban areas 

could introduce bias into statewide rates produced by banding analyses.  

 Differences in survival and recovery rates were also evident between mourning doves 

banded near managed mourning dove fields and those banded in other rural areas. Although the 

survival rate of AHY mourning doves was slightly lower for birds banded near managed 

mourning dove fields than in other rural areas, the magnitude of this difference was small 

relative to the disparity in recovery rates. Relatively large recovery rates for birds banded near 

managed mourning dove fields were expected, but previous studies have also found substantial 

differences in period survival before and after the start of the hunting season on fields managed 

for mourning dove harvest (Schulz et al. 2017). Based on these findings, I expected to find 

meaningful differences in annual survival between mourning doves banded on managed dove 

fields and other rural areas. Furthermore, HY mourning doves showed little difference in survival 

or recovery between those banded near managed fields and those banded in unmanaged areas. 
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Given the finding that survival and recovery rates of HY doves varied between urban and rural 

areas and HY doves are most heavily harvested age-sex class statewide (7.5%) the lack of an 

effect of managed mourning dove fields on survival and recovery has important management 

implications. Because age ratios can serve as a proxy for recruitment, spatial variation in harvest 

vulnerability among age classes may bias demographic inferences, which would complicate 

management efforts, including the adjustment of harvest regulations.  

 Collectively, my findings highlight the importance of accounting for how age, sex, land 

cover, management, and spatial distribution interact to shape survival and recovery rates of 

mourning doves in Kansas. The unexpected patterns I documented across survival, recovery, and 

harvest rates suggest that findings from other time periods, management units, or even 

neighboring states may not accurately reflect the variation in demographic processes operating 

across Kansas. Ongoing population declines of mourning doves across the United States 

underscore the need for accurate demographic information to inform management decisions. As 

declines continue, regionally specific insights will be increasingly important for guiding 

sustainable harvest and conservation efforts. 

 Conservation Implications 

These results highlight important gaps in our understanding of how harvest influences mourning 

dove demographic rates in Kansas. The mourning dove national banding program provides a 

foundation for data-driven harvest management, but the spatial distribution of banding sites and 

managed mourning dove fields may introduce bias in demographic estimates, particularly when 

results are extrapolated across broad geographic areas. Banding site selection currently remains 

in the purview of state biologists but establishing a standardized framework for site selection that 

accounts for ecological and anthropogenic gradients could improve the comparability of 
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demographic estimates across states and over time. Implementing such a system would require 

coordination and flexibility at the state level, but it could substantially improve our 

understanding of how harvest regulations affect mourning dove populations – an important step 

in effectively managing a widespread generalist species. 

  



 

78 

 

 Tables 

Table 4.1. Model candidate list used to estimate annual survival (Ŝ) and recovery (f̂) for a 

statewide analysis of mourning doves banded in Kansas, USA, from 2003–2023. 

Model Model structurea Kb AICc
c ΔAICc

c wi
d 

1 S(g)f(t) 24 24977.9446 0.0000 0.99754 

2 S(g)f(g) 6 24990.4726 12.5280 0.00190 

3 S(g)f(.) 4 24992.8998 14.9552 0.00056 

4 S(.)f(t) 22 25017.6951 39.7505 0.0000 

5 S(t)f(t) 41 25021.6260 43.6814 0.0000 

6 S(.)f(g) 4 25031.6158 53.6712 0.0000 

7 S(t)f(.) 21 25032.1934 54.2488 0.0000 

8 S(.)f(.) 2 25033.2112 55.2666 0.0000 

a t: time (years); g: group (after-hatch-year male, after-hatch-year female, hatch-year). 

b K: number of parameters in the model.  

c AICc/ΔAICc: Akaike’s Information Criterion corrected for small sample sizes and its 

difference from the top-ranked model. 

d wi: model weight.  
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Table 4.2. Model candidate list used to estimate annual survival (Ŝ) and recovery (f̂) of 

mourning doves by Bird Conservation Region (BCR) in Kansas, USA, during 2003–2023. 

Model Model Structurea Kb AICc
c ΔAICc

c wi
d 

1 S(BCR*age)f(BCR*age) 12 24904.1799 0.0000 0.7408 

2 S(g)f(g) 18 24906.2799 2.1000 0.2592 

3 S(BCR)f(BCR) 6 24941.8256 37.6457 0.0000 

4 S(t)f(t) 41 24999.6320 95.4521 0.0000 

5 S(.)f(.) 2 25015.1482 110.9683 0.0000 

a t: time (years); g: group; BCR: Bird Conservation Regions; age: age grouping (after-hatch-

year, hatch-year). 

b K: number of parameters in the model.  

c AICc/ΔAICc: Akaike’s Information Criterion corrected for small sample sizes and its 

difference from the top-ranked model. 

d wi: model weight.  
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Table 4.3. Model candidate list used to estimate annual survival (Ŝ) and recovery (f̂) of 

mourning doves banded in urban versus rural land cover types in Kansas, USA, during 

2003–2023. 

Model Model Structurea Kb AICc
c ΔAICc

c wi
d 

1 S(g)f(g) 12 24942.4409 0.0000 0.6875 

2 S(cover*age)f(cover*age) 8 24944.0217 1.5808 0.3119 

3 S(g)f(.) 7 24956.6771 14.2362 0.0006 

4 S(cover)f(cover) 4 24986.9268 44.4859 0.0000 

5 S(cover)f(.) 3 24998.9375 56.4966 0.0000 

6 S(t)f(t) 41 24999.1460 56.7051 0.0000 

7 S(.)f(g) 7 25007.5381 65.0972 0.0000 

8 S(.)f(.) 2 25010.4812 68.0403 0.0000 

9 S(.)f(cover) 3 25011.1565 68.7156 0.0000 
a t: time (years); g: group; age: age grouping (after-hatch-year, hatch-year); cover: urban or 

rural land cover. 
b K: number of parameters in the model.  
c AICc/ΔAICc: Akaike’s Information Criterion corrected for small sample sizes and its 

difference from the top-ranked model. 
d wi: model weight.  
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Table 4.4. Model candidate list used to estimate annual survival (Ŝ) and recovery (f̂) of 

mourning doves banded in near a mourning dove field (MDF) versus banded in rural land 

cover types in Kansas, USA, during 2003–2023. 

Model Model Structurea Kb AICc
c ΔAICc

c wi
d 

1 S(MDF*age)f(MDF*age) 8 20284.1283 0.0000 0.94712 

2 S(g)f(g) 12 20289.8992 5.7709 0.05288 

3 S(.)f(MDF) 3 20311.2796 27.1513 0.0000 

4 S(MDF)f(MDF) 4 20311.5796 27.5796 0.0000 

5 S(MDF)f(.) 3 20350.0146 65.8863 0.0000 

6 S(.)f(.) 2 20354.8523 70.7240 0.0000 

7 S(t)f(t) 41 20356.3768 72.2485 0.0000 

a t: time (years); g: group; age: age grouping (after-hatch-year, hatch-year); MDF: managed 

dove field. 

b K: number of parameters in the model.  

c AICc/ΔAICc: Akaike’s Information Criterion corrected for small sample sizes and its 

difference from the top-ranked model. 

d wi: model weight.  
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Table 4.5. Direct recoveries, total bands, and harvest rates for mourning doves banded in 

Kansas, USA, during 2003–2023. Values are summarized based on 4 dead recovery 

analyses: 1) a statewide comparison of survival and recovery rates across age-sex 

combinations; 2) age-sex combinations grouped by Bird Conservation Region (18, 19, and 

22); 3) a statewide comparison of age-sex combinations of birds banded in urban versus 

rural cover types; and 4) a statewide comparison of age-sex combinations banded near 

(MDF) versus off (rural) managed mourning dove fields within rural areas. Harvest rates 

(ĥ) were calculated using a band reporting rate of 0.425. 

Analysis Group Direct Recoveries Total Bands Harvest Rate (ĥ) 

 

1 

AHY M 568 20689 0.065 

AHY F 208 8092 0.060 

HY 769 24268 0.075 

 

 

 

 

2 

AHY M 18 31 1673 0.044 

AHY F 18 11 623 0.042 

HY 18 34 2040 0.039 

AHY M 19 233 10246 0.054 

AHY F 19 85 3526 0.057 

HY 19 287 11140 0.061 

AHY M 22 304 8768 0.082 

AHY F 22 112 3943 0.067 

HY 22 449 11088 0.095 

 

 

 

3 

AHY M Rural 468 17260 0.064 

AHY F Rural 168 6595 0.060 

HY Rural 571 19323 0.070 

AHY M Urban 100 3429 0.070 

AHY F Urban 40 1497 0.063 

HY Urban 198 4945 0.094 

 

 

 

4 

AHY M MDF 108 2362 0.11 

AHY F MDF 33 944 0.082 

HY MDF 85 2208 0.091 

AHY M Rural 360 14898 0.057 
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AHY F Rural 135 5651 0.056 

HY Rural 486 17115 0.067 
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 Figures 

 

Figure 4.1. Banding locations, managed mourning dove fields, and boundaries of Bird 

Conservation Regions (BCR) 18, 19, and 22 in Kansas, USA. Mourning dove banding 

locations and managed mourning dove fields were active for at least one year between 

2003–2023. Circles represent the general location of managed mourning dove fields. Their 

size does not correspond to actual field area and should not be interpreted to mean spatial 

extent. 
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Figure 4.2. Annual estimates of survival (Ŝ) and recovery (f̂) for mourning doves in Kansas, 

USA. Survival estimates span 2003–2022; recovery estimates span 2003–2023. Estimates 

shown are from a time-varying model (S[time] f[time]) included in the statewide candidate 

model set (Table 1). The 95% confidence intervals are represented by shaded ribbons. 
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Figure 4.3. Estimates of survival (Ŝ; left) and recovery (f̂; right) of mourning doves grouped 

by age-sex combinations and cover type (urban or rural) of banding locations in Kansas, 

USA, during 2003–2023. Error bars represent standard error of each estimate. 
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Figure 4.4. Deployed bands and recoveries for mourning doves within Bird Conservation 

Region (BCR) boundaries for BCRs 18, 19, 22 in Kansas, USA, during 2003–2023. 
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Chapter 5 - Summary 

My dissertation provides a statewide evaluation of mourning dove demography and 

breeding season ecology in Kansas, USA, updating and expanding on earlier localized studies. 

Across 3 chapters, I examined breeding success, space use and movements, and annual survival 

and recovery to better understand how mourning doves respond to intensively managed public 

lands, other rural landscapes, and urban environments. Collectively, these results indicate that 

demographic rates and spatial behavior vary strongly across locations in Kansas, and that this 

spatial heterogeneity is important for interpreting local population performance and informing 

management. Broad-scale summaries of abundance, harvest, or habitat associations may 

therefore be insufficient on their own to characterize how mourning dove populations respond to 

land use and management within the state. 

Results from Chapter 2 showed that breeding success was not uniform across landscapes 

and different stages of the nesting cycle were likely influenced by processes acting at different 

spatial and temporal scales. Daily survival rates during the egg and nestling stages were strongly 

associated with location and treatment, with lower nest survival in rural working lands than in 

wildlife management areas and urban landscapes. Period survival was similar between wildlife 

management areas and urban sites, suggesting that breeding performance was relatively high 

outside of working lands. In contrast, nest survival was generally consistent across the breeding 

season, indicating that broad within-season changes were not a dominant source of variation. 

Fine-scale analyses further suggested that patterns of habitat selection did not fully align with 

patterns in nest survival, as selection analyses did not produce the same relationships as models 

of stage-specific daily survival. This mismatch implies that habitats selected by mourning doves 

may not always maximize reproductive performance and highlights the risk of interpreting 



 

89 

 

habitat use as a direct indicator of habitat quality. More broadly, Chapter 2 suggests that nest 

survival in Kansas is shaped by multiple processes operating simultaneously and that 

reproductive limitation may differ between egg and nestling stages. 

Chapter 3 showed that adult mourning doves remained relatively localized during the 

breeding season. Home ranges were generally small, consistent with expectations for a species 

that maintains repeated nesting attempts and biparental care over an extended breeding period. 

Despite differences among study sites, doves in all locations frequently used urban land-cover 

classes, particularly high- and low-intensity developed areas. These patterns suggest that urban 

environments may provide important resources during the breeding season, potentially including 

foraging habitat, cover, or loafing sites. Weekly apparent survival of adult mourning doves was 

generally high, with the exception of two isolated annual declines in Topeka and McPherson. 

Although these declines may reflect true increases in mortality, inference from Cormack–Jolly–

Seber models is limited by the difficulty of separating mortality from reduced detection or 

emigration. Accordingly, these lower estimates should be interpreted cautiously. Even so, 

Chapter 3 indicates that breeding-season mortality of adults was generally low and adult 

mourning doves used relatively small areas while repeatedly incorporating urban cover types into 

their space use. 

In Chapter 4, I extended these findings to an annual scale using band-recovery data. 

Annual survival and recovery rates did not vary substantially through time, suggesting that year-

to-year temporal change was less important than spatial differences across Kansas. In contrast, 

both annual survival and recovery varied among Bird Conservation Regions and between urban 

and rural landscapes. Surprisingly, neither parameter differed greatly between managed dove 

fields and other rural areas, suggesting that intensively managed hunting fields were not uniquely 
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associated with annual differences in these demographic rates. Age-specific patterns were also 

notable: hatch-year birds exhibited higher annual survival and lower recovery than after-hatch-

year birds. Most importantly, urban locations showed lower annual survival and higher recovery 

than rural locations. When considered together with Chapter 1, where urban sites also exhibited 

relatively high nest survival, this pattern suggests that some urban landscapes could function as 

population sinks. In these areas, local reproduction may be high, but survival after the breeding 

season may be too low to offset mortality. This possibility is especially important because urban 

areas could otherwise be interpreted as high-quality habitat if evaluated only during the nesting 

period. 

The combined takeaways of my dissertation chapters reveal strong location effects across 

nearly every component of mourning dove ecology that I evaluated. Nest survival, breeding-

season space use, weekly apparent survival, annual survival, and recovery all varied spatially, 

emphasizing that population processes in Kansas are not homogeneous. These results also 

demonstrate that different demographic metrics can lead to different conclusions about habitat 

quality. Urban areas, for example, appeared favorable during the breeding season based on 

nesting outcomes, but less favorable when annual survival and recovery were considered. 

Likewise, habitat selection did not consistently align with nest survival, indicating that space use 

alone may not reliably predict demographic performance. These patterns reinforce the need to 

evaluate multiple demographic stages and timescales when interpreting population responses to 

management and land use. 

From a management perspective, this dissertation suggests that spatially explicit 

demographic data are necessary for effective mourning dove management in Kansas. 

Management decisions based only on broad-scale abundance trends, harvest totals, or general 
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habitat associations may fail to capture substantial local variation in reproduction and survival. 

The lack of strong differences between intensively managed dove fields and other rural areas in 

annual survival and recovery also indicates that management effects may be more nuanced than 

expected and may depend on broader landscape context rather than management designation 

alone. At the same time, lower nest survival in working rural lands and the potential for urban 

sink dynamics suggest that management actions should consider how both local habitat 

conditions and post-breeding survival contribute to overall population performance. 

Overall, this dissertation demonstrates that mourning dove population ecology in Kansas 

is shaped by substantial spatial heterogeneity across breeding and annual timescales. By 

integrating nest monitoring, telemetry, and band -recovery analyses, this work establishes a 

baseline of demographic information that will be critical for future comparisons as land use, 

management practices, and climatic conditions continue to change in Kansas. These findings 

support the conclusion that locally grounded, spatially explicit demographic information will be 

essential for interpreting broader population patterns and for developing management strategies 

that reflect the diversity of landscapes used by mourning doves in Kansas. 
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