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ABSTRACT 

A thorough understanding of demographic parameters and their contribution to overall 

population growth is fundamental to effective conservation of small populations, but this 

information is often lacking. The Pacific Coast population of the Western Snowy Plover 

(Charadrius nivosus nivosus) is listed as threatened and has been the target of long-term, 

multi-pronged management in Oregon. The Oregon coastal population has been 

intensively monitored since 1990, and over 80% of the population is color banded, but a 

comprehensive analysis of demographic parameters and the effect of management on 

vital rates and population growth has been unavailable until now. Here, I used capture-

mark-resight techniques to document survival at each life stage and to explore 

environmental and management factors that best explained variation in survival over a 

25-year study period. I analyzed the effects of habitat restoration, exclosure use, and 

lethal predator management on survival at appropriate life stages and evaluated the 

effects of one management option, lethal predator control, on overall population growth. 

Chick survival to fledging improved dramatically after the chicks’ 5th day, was higher in 

years with lethal predator management, and was highest during the peak of the long 

brood-rearing season. Cold weather, particularly during the chicks’ first 5 days, had a 

negative effect on survival to fledging. Juvenile survival from fledging to the following 

spring declined over the study period, but rebounded after implementation of lethal 

predator management. Adult survival was lower in wetter-than-average winters and 

higher in years with predator management. I used the survival analyses and productivity 

data collected over 25 years in a matrix population model to reveal that population 
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growth is most sensitive to changes in adult survival, and that while predator 

management is important for continued growth, its use may be scaled back by as much as 

50% and still maintain a growing population. My results, encompassing all phases of this 

species’ life cycle, demonstrate that with holistic and thoughtful adaptive management, 

and with the cooperation of numerous agencies, a balance can be struck between 

protection and control of native species to bring about recovery of species threatened 

with (local) extinction.  
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CHAPTER 1. INTRODUCTION AND BACKGROUND 

Knowledge of the life history parameters that influence population growth is crucial to 

effective conservation, but this information is often lacking for species of conservation 

concern. Without a comprehensive understanding of a species’ demography, management 

actions can be directed towards improving life history parameters that may have 

negligible effects on population growth (Heppell et al. 1996, Johnson et al. 2010). Given 

the limited resources available for recovery of declining species, it is important that 

efforts be directed where they will be most effective. 

Population growth is a function of changes in recruitment, survival, and dispersal 

(Sibly and Hone 2002, Sandercock 2003, Anders and Marshall 2005, Stahl and Oli 2006). 

Recruitment of young in ground nesting birds is composed of nest success and survival of 

chicks to reproductive age. Recruitment may be poor in ground nesters because these 

species lose many nests to predators and fledge few young (Warriner et al. 1986, Fraga 

and Amat 1996). Conservation efforts often focus on improving nest success, because it 

is easier to monitor and affect nest fates than adult or fledgling survival and dispersal 

(Lebreton et al.1992, Sillett and Holmes 2002). However, without a clear understanding 

of these efforts’ effects on the overall population, management directed at one vital rate 

may have unintended negative consequences at other life stages that can negate the 

efforts’ benefits. Additionally, limited resources could be expended on ineffective 

management.  

Western Snowy Plovers (Charadrius nivosus nivosus) are a wide-ranging and 

patchily distributed species of conservation concern. Adapted to ephemeral coastal dune 

habitats, the Pacific Coast population occurs from Damon Point, Washington to Bahia 
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Magdalena, Baja California Sur, and is listed as Threatened (U.S. Fish and Wildlife 

Service 2007). Limiting factors include increasing predation from native and non-native 

predators (Neuman et al. 2004), human disturbance (Ruhlen et al. 2003, Lafferty et al. 

2006), and habitat loss to development, exotic vegetation, recreational use, and 

potentially, sea level rise (Page and Stenzel 1981, U.S. Fish and Wildlife Service 1993, 

2007, Page et al. 1995, Galbraith et al. 2002, Muir and Colwell 2010, Chu-Agor et al. 

2011). These factors are intertwined; for example, human-associated trash attracts 

predators, and exotic vegetation provides cover for non-native and invasive native 

predators.  

Along the Oregon coast, plovers have a long nesting seasons that extends from 

April through mid-August. Nests are simple depressions in the sand, occasionally lined 

with shell fragments or other beach debris, and are often placed near an object (e.g. a 

small plant or piece of driftwood) in an otherwise sparsely vegetated landscape (Wilson 

1980, Page et al. 1985). Nests are cryptic and adults depend on early detection of 

approaching threats to avoid predation (Muir and Colwell 2010). Clutch size among 

plovers is commonly 4, but in Western Snowy Plovers clutch size is typically 3 eggs 

(range 2 – 6); single egg clutches are rarely incubated (Warriner et al. 1986). Incubation 

is shared by the sexes, lasts 29 days, and begins when the clutch is complete. Snowy 

Plovers suffer high rates of nest failure, but renest readily (Warriner et al. 1986). In 

Oregon, American Crow (Corvus brachyrhynchos), Common Raven (Corvus corax), and 

red fox (Vulpes vulpes) are primary nest predators, but nests are also lost to weather, 

abandonment, and a host of other predators. 
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Snowy Plovers have a sequentially polyandrous breeding system. Males raise the 

precocial chicks for approximately 28 days to fledging while females typically abandon 

broods shortly after hatching and attempt an additional nest with a new mate. 

Occasionally – especially if it is late in the breeding season – females will stay with a 

brood. Sexes are distinguishable in alternate (i.e., breeding) plumage; juveniles cannot be 

visually identified to sex (Page et al. 2009). The serial polyandrous system and the long 

breeding season allows female plovers in Oregon time for up to three successful nests. 

Because males must attend to chicks they can, at most, rear two broods per season. 

However, given high nest failure rates, few birds are this productive. 

Snowy Plover populations along the Oregon coast have been heavily managed 

since they were listed in 1993 (U. S. Fish and Wildlife Service 1993, Oregon Department 

of Fish and Wildlife 2009). European beachgrass (Ammophila arenaria) was introduced 

along the Pacific coast in the early 1900s. Ammophila has since stabilized much of the 

ephemeral coastal dunes system, resulting in densely vegetated, steep dunes that are 

unsuitable for plover nesting and provide cover for predators (Wiedemann 1984, 1987, 

Muir and Colwell 2010). Habitat restoration projects have occurred at most Snowy 

Plover nesting sites in Oregon, and involve beachgrass removal and ongoing 

maintenance. Restrictions on recreation prohibit human use of active nesting areas from 

March 15 to September 15 (ICF International 2010); active nesting areas are roped off 

and marked with signs explaining the closure. 

Nest predation takes its toll on plover reproductive success, and protective nest 

exclosures have been used to improve Snowy Plover nest success along the Oregon coast 

since 1991. Nesting birds are able to enter and exit through the openings in the wire mesh 
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cages, but larger predators are excluded. Exclosures improve nest survival, but adult 

mortality has been documented at exclosed nests (Dinsmore et al. 2014).  

Human-altered habitats often result in an increase in synanthropic native and non-

native predators, and these human-subsidized predators can have an outsized effect on 

small prey populations. This is indeed the case along the Oregon coast, where plover 

habitat and human recreation intersect. In Oregon, an integrated predator management 

plan for Snowy Plovers includes trash and carcass removal from nesting areas, predator 

harassment, protective nest exclosures, and since 2002, lethal control of crows, ravens 

and other predators exhibiting focused attention on plovers on nesting areas (U.S. 

Department of Agriculture and U.S. Department of Interior 2002). Lethal predator 

control, intended to improve chick survival to fledging, began along Oregon’s south coast 

in 2002, and expanded to all regularly occupied nesting sites in 2004. Although the 

Oregon population has seen considerable growth since the implementation of lethal 

control, its effect across the life cycle is unknown. Predator removal is expensive, time 

intensive, and often controversial, so it is important to document its effect on different 

life stages and the overall demographic response (Lavers et al. 2010, Smith et al. 2010).  

Estimates of life stage-specific survival are critical to understanding population 

viability (Benton and Grant 1999, Sandercock 2003, Stenzel et al. 2007). The Oregon 

coastal population has been intensively monitored since 1990, and more than 80% of the 

population is color banded, but a comprehensive analysis of demographic parameters and 

the effect of management on vital rates and population growth has been lacking until 

now. Here, I analyze the effects of habitat restoration, exclosure use, and lethal predator 

management on appropriate life stages, identify relative importance of each life stage, 
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and evaluate the effects of one management option, lethal predator control, on overall 

population growth. I chose to explore the effects of predator management on population 

growth because of its effect on multiple life stages.  

This dissertation is a compilation of four papers intended for publication in peer-

reviewed journals. Chapters 2 through 4 use mark-resight analyses in Program MARK to 

document Snowy Plover survival and the factors affecting survival at each life stage 

during a 25-year study period (1990 – 2014; Figure 1). Chapter 2 updates a previous 

analysis (Dinsmore et al. 2017) to include 4 new years of data and additional covariates 

to document chick survival from hatching to fledging at 28 days. Chapter 3 uses an age-

specific model to estimate juvenile survival from fledging to the following spring, and 

identifies environmental and management covariates that influence survival during this 

period. Chapter 4 explores factors affecting adult annual survival. In Chapter 5, I pull 

information from the previous chapters together in a matrix population model to assess 

relative contribution of vital rates to population growth, project population viability 

through 2029, and investigate the effect of limiting lethal predator management on 

Snowy Plover population growth. The matrix model shows that the population growth 

rate is most sensitive to changes in adult survival, meaning improvements in this vital 

rate will have the largest effect on overall population growth. Previous work explored 

factors affecting nest survival to hatching using data from 1990 - 2011 (Dinsmore et al. 

2014). I re-ran this analysis using nest data through 2014, almost doubling the number of 

nests in the analysis. The results of this expanded analysis were identical to Dinsmore et 

al.’s original work (2014), so I do not include a separate chapter on nest survival here, but 



6 

used the nest survival estimates from the expanded analysis in the matrix population 

model.  

Age-specific survival and viability information from the Oregon population will 

help fine tune range-wide population analyses, direct effective local management, and 

inform allocation of conservation resources. Future modifications of the model could 

include adding spatial information to describe relative contributions of each site to overall 

growth. Additionally, Oregon data could be combined with information from other 

recovery units to analyze survival and population growth at a larger scale, explicitly 

accounting for dispersal. I did not find evidence of density-dependent variation in 

survival, but as the Oregon population grows, such effects are expected. Adding 

additional years of data (e.g., 2015 – 2019) could allow further exploration of interactions 

between population density and growth. I chose to focus on predator management 

because it affected survival across the life cycle, but the model could easily be modified 

to predict effects of altering other management strategies (e.g., recreation restrictions or 

habitat restoration) on plover population growth. Although management is best informed 

by comprehensive, local demographic data (Anders and Marshall 2005, McNew et al. 

2012), such data are lacking for most species, and thus this model could be generalized to 

other species with similar life histories but little available demographic data, to make 

informed a priori predictions about proposed management actions. 
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Figure 1. Dissertation organization showing survival transitions and matrix population 

model for Oregon Coast Snowy Plover Population. Nest survival reported in Dinsmore et 

al. (2014). Chick survival from hatching to fledging reported in Chapter 2, based on 

Dinsmore et al. (2017). Juvenile survival from fledging to Age 1 reported in Chapter 3. 

Adult annual survival reported in Chapter 4. Two stage matrix population model 

combining survival and productivity estimates covered in Chapter 5.  
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ABSTRACT  

Effective management of sensitive species requires accurate estimation of vital rates and 

a thorough understanding of the processes that drive them. We examined Western Snowy 

Plover (Charadrius nivosus nivosus) chick survival from hatching to fledging along the 

Oregon Coast to better understand factors influencing productivity in this federally 

threatened species. The mean probability of surviving from hatching to fledging at 28 

days was 0.61 (SE = 0.01, 95% CI: 0.58, 0.64). Chick survival improved with age, varied 

by site, and was higher in years with predator management. Survival was lowest in the 

chicks’ first 5 days of life. We found a quadratic trend in chick survival over the long 

brood-rearing season; chicks hatched at the peak of the season had highest survival to 

fledging. Chicks that experienced colder-than-average weather during their pre-fledging 

period also had lower survival, particularly during their first 5 days, suggesting that 

effectiveness of management efforts in early spring may be limited by unpredictable 

spring weather near the northern end of the species’ range.  

Keywords: Charadrius nivosus, chick survival, environmental effects, predator 

management 
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INTRODUCTION 

Avian productivity of precocial species can be parsed into nest survival, chick survival to 

fledging, and juvenile recruitment into the breeding population. Nest and brood predation 

or losses to extreme weather are often high in ground nesting birds and are often the 

target of management for species of conservation concern. Effective management 

requires a thorough understanding of the life history parameters that influence population 

growth, but this information is often lacking for rare and uncommon species. 

Furthermore, assessing survival of precocial young can be problematic because tracking 

mobile, often-cryptic offspring is difficult once they leave the nest. However, insight into 

the factors affecting survival from hatching to fledging (hereafter: fledging period) is 

critical to informing conservation decisions and discerning larger patterns of population 

growth.  

The Western Snowy Plover (Charadrius nivosus nivosus) breeds along the Pacific 

Coast from Baja California Sur, Mexico to Washington, U.S.A. and at disjunct interior 

sites (Page et al. 2009). Populations within 80 kilometers of the coast are listed as 

Threatened by U. S. Fish and Wildlife Service because of poor recruitment and survival 

(U.S. Fish and Wildlife Service 1993, 2007, Thomas et al. 2012). Limiting factors 

include increasing predation from native and non-native predators (Neuman et al. 2004), 

human disturbance (Ruhlen et al. 2003, Lafferty et al. 2006), and habitat loss to 

development, exotic vegetation, and recreational use (Page and Stenzel 1981, Page et al. 

2009, Muir and Colwell 2010). These factors are intertwined. For example, human-

associated trash attracts predators, and exotic vegetation provides cover for non-native 

and invasive native predators. In Oregon, intensive and coordinated management to 
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benefit Snowy Plovers addresses all these limiting factors and has been ongoing since 

1990. Management has been effective; Snowy Plover populations in Oregon have grown 

by nearly an order of magnitude during the last 25 years. Despite this success, managers 

need to know the effects of management actions on individual life stages to allow for 

effective decision-making as the Oregon population approaches recovery goals. Here, we 

examine temporal, environmental, and management factors influencing Snowy Plover 

chick survival to fledging using a well-studied, banded population and 25 years of data.  

Snowy Plover nests are cryptic and adults depend on early detection of 

approaching threats to avoid predation (Muir and Colwell 2010). Clutch size is typically 

3 eggs (range 1 – 6); single egg clutches are rarely incubated (Warriner et al. 1986). 

Incubation is shared by both parents, lasts 29 days, and begins when the clutch is 

complete (Page et al. 2009). Snowy Plovers have a sequentially polyandrous breeding 

system; males raise the precocial chicks for approximately 28 days to fledging. Females 

typically abandon broods shortly after hatching to attempt an additional nest with a new 

male. Broods remain with the tending parent until fledging. Occasionally – especially if it 

is late in the breeding season – females will stay with a brood. Chicks may succumb to 

exposure during inclement weather and a suite of predators including American Crows 

(Corvus brachyrhynchos), Common Ravens (Corvus corax), Great Horned Owl (Bubo 

virginianus), Northern Harrier (Circus hudsonius), Peregrine Falcon (Falco peregrinus), 

red fox (Vulpes vulpes), and coyote (Canis latrans). Snowy Plovers begin breeding at age 

1, and most breed annually for the remainder of their life (Warriner et al. 1986, 

Sandercock et al. 2005).  
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In Northern California, Colwell et al. (2007) found that Snowy Plover chick 

survival increased with age, varied by habitat and increased seasonally; chicks hatched 

later in the season were more likely to have fledged. In an analysis of the Oregon 

population between 1991 and 2011, Dinsmore et al. (2017) showed that chick survival in 

Oregon varied among sites and improved with chick age and predator management, but 

found no effect of season. Acknowledging these different findings, we were interested in 

further exploring the effect of season on chick survival in Oregon. We suspected that 

chick survival suffered during the frequent early spring storms along the Oregon Coast. 

Understanding seasonal effects on chick survival allows managers to effectively and 

efficiently time conservation actions to best benefit population growth.  

Productivity increases with parent age or experience in many bird species, 

through variable fertility, nest survival, or chick survival to fledging (Sydeman et al. 

1991, Martin 1995, Lepage et al. 1999, Sandercock et al. 1999, King et al. 2013). Snowy 

Plover broods are almost always raised by the male, thus we expected that older males 

would be associated with greater chick survival to fledging. Here we further expand on 

Dinsmore et al. (2017) by adding 4 years and 446 broods to the original analysis to test 

two hypotheses: 1) Snowy Plover chick survival in Oregon improves during the breeding 

season, and 2) male parent age has a positive effect on chick survival in this population.  

METHODS 

Study Area 

We studied survival of Snowy Plover chicks from hatch to fledging at nine sites along the 

Oregon Coast (Figure 1) between 1990 and 2014. Occupied habitat covered 

approximately 17.7 km2 along a 137 km stretch of the Oregon coast near the northern 
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weather or from broad scale climate conditions along the Pacific Coast. Although males 

had slightly better survival than females, this effect was not significant (Figure 3).  

DISCUSSION 

Because population growth of long-lived bird species is most sensitive to changes in 

adult survival (Sæther and Bakke 2000, Sandercock 2003, Stahl and Oli 2006), accurate 

estimates of this vital rate and the factors affecting it are crucial to effective conservation. 

However, vital rates may also vary across a species’ range (Hernández-Camacho et al. 

2015, Méndez et al. 2018) making it important for managers to have local estimates 

available. Because of the difficulty associated with monitoring adult survival and 

dispersal, conservation efforts often focus on improving more tractable nest or fledging 

success (Lebreton et al.1992, Sillett and Holmes 2002). However, without a clear 

understanding of these efforts’ effects on other vital rates and overall population growth, 

management directed at one vital rate may have unintended negative consequences at 

other life stages that can negate the efforts’ benefits. On the basis of our analysis, 

management intended to improve nesting productivity had apparent negative 

consequences for adult survival of Western Snowy Plovers, a threatened shorebird. 

By contrast, and surprisingly given the results of others (Stenzel et al. 2011, 

Colwell et al. 2013), survival appeared to be only minimally influenced by annual 

differences in winter weather. Some adults that breed in Oregon are resident, but others 

winter from Washington to Baja California, Mexico and it may be difficult to identify 

effects from poor weather when birds winter over a broad geographic range. Like Stenzel 

et al. (2007), we saw no effect of broad-scale Pacific climate conditions as measured by 

MEI. The MEI captures oceanic and atmospheric weather conditions across the Pacific 
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(Wolter and Timlin 2011), but El Niño events bring dry conditions to the Pacific 

Northwest and increased rainfall to Southern California. With Oregon birds wintering 

along much of the Pacific Coast, these opposing effects at opposite ends of their winter 

range may have cancelled each other out. Analyses that include weather conditions at 

individuals’ specific wintering locations may reveal effects of winter weather on adult 

survival, but our data are not well-enough defined to permit such an analysis. 

Our overall estimate of adult apparent survival (0.71 ± 0.01) is similar to those 

reported from other Pacific Coast populations (0.69 ± 0.03, Stenzel et al. 2007; 0.50 ± 

0.11 for females and 0.61 ± 0.08 for males, Mullin et al. 2010; 0.69 ± 0.03 for females 

and 0.73 ± 0.03 for males, Stenzel et al. 2011; Colwell et al. 2013; 0.68 ± 0.03 for 

females and 0.69 ± 0.03 for males, Eberhart-Phillips et al. 2017). Stenzel et al. (2011) 

estimated true survival, and while their overall estimates were similar to ours, they were 

driven by particularly low survival in 1998/1999. Excluding estimates for that cold 

winter, their adult true survival estimates were slightly higher (0.72 ± 0.01 for females 

and 0.76 ± 0.01 for males), but still statistically similar to ours. Unlike others (Stenzel et 

al. 2007, Colwell et al. 2013), our best-supported model showed a linear trend in adult 

survival during the course of our study. The observed improvement in adult survival in 

the Oregon population was likely due to management; adult survival benefited from 

implementation of a lethal predator management program and a reduction in use of 

exclosures.  

When human-subsidized predators use the same habitats as rare species, 

management must often control the subsidized species to maintain viable populations of 

the rare species (Boarman 2003, Martin et al. 2010). Lethal predator management is 
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expensive, often controversial, and results are temporary without continued investment, 

but management can help improve productivity and persistence of small populations 

threatened by predators (Fletcher et al. 2010, Lavers et al. 2010, but see Côté and 

Sutherland 1997) or brood parasites (Kirtland’s Warbler [Setophaga kirtlandii], Black-

capped Vireo [Vireo atricapilla], Wilsey et al. 2014; Southwestern Willow Flycatcher 

[Empidonax traillii extimus] and Least Bell’s Vireo [V. bellii pusillus], Kus and Whitfield 

2005). Thus managers need information assessing the effectiveness of such programs and 

identifying the vital rates affected. Lethal predator management has been shown to 

improve Snowy Plover nest and chick survival (Neuman et al. 2004, Dinsmore et al. 

2014, 2017), and the Oregon program was initiated to improve these life stages, focusing 

on corvid and fox removal. Fox, and many of the non-target species removed, are 

documented adult predators in Oregon (e.g., Great Horned Owl, Northern Harrier, and 

feral cat; Table 2). These non-target predators were taken only after non-lethal methods 

failed to eliminate focused hunting activity on nesting areas. Combined with our analyses 

of previous life stages, predator management benefits survival across the life cycle 

(Dinsmore et al. 2014, 2017, Gaines et al. in prep, Chapters 2 and 3). Although we think 

it unlikely, we nonetheless acknowledge the possibility that the observed increase in adult 

survival after implementation of predator management was the result of lower permanent 

emigration, falsely suggesting improved adult survival in the later years of our study. 

High predation pressure early in the study may have encouraged individuals to disperse 

outside of Oregon. Indeed, plovers will disperse when repeated nesting attempts are 

unsuccessful. However, our large study area and the bird’s demonstrated high breeding 
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site fidelity argue against such an effect. And even if true, predator management allowed 

birds to remain in Oregon, resulting in a growing local population. 

Many researchers have highlighted the need to weigh the benefit of increased 

productivity provided by exclosures against the potential cost of increased adult mortality 

because of the importance of adult survival for population growth in long-lived birds 

(Hitchcock and Gratto-Trevor 1997, Sæther and Bakke 2000, Murphy et al. 2003, 

Neuman et al. 2004, Dinsmore et al. 2010, Calvert and Taylor 2011; but see Sim et al. 

2011, Cohen et al. 2016). However, documenting the effect of exclosure use on adult 

survival can be difficult because adult mortality is rarely observed. Early in the study, a 

majority of nests were exclosed in an effort to improve nest success (Figure 2, Dinsmore 

et al. 2014). However, we found 18 adults associated with exclosed nests depredated 

based on feathers or body parts in or near the exclosures. Roche et al. (2010) found that 

most apparent nest abandonment in Piping Plovers (C. melodus) was actually due to 

death of an adult, and in our study, an additional 27 exclosed nests were abandoned 

during incubation or hatching and adults were never resighted; we assume they were 

depredated. Although exclosed nests were monitored more closely, the fact that no adults 

associated with unexclosed nests were confirmed or suspected of being depredated 

suggests a potential serious threat to adults from exclosing nests. As predator 

management resulted in improved nest success, we reduced exclosure use and the 

suspicion of negative effects of nest exclosure on adult survival was confirmed by our 

analysis (Table 3, Figure 2). 

The effect of exclosure use on adults has been intensively studied in Piping 

Plovers. Barber et al. (2010) documented significantly higher rates of adult predation and 
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abandonment at exclosed Piping Plover nests in Atlantic Canada as compared to 

unexclosed nests. Calvert and Taylor (2011) included these findings in a matrix model 

that showed improved productivity from exclosure use at best compensated for increased 

adult predation, and at worst exacerbated a population decline. However, in an analysis of 

the entire Atlantic Coast population, Cohen et al. (2016) found that improvements in 

productivity were enough to offset decreases in adult survival. Stringham and Robinson 

(2015) used a coupled predator-prey model to rank effectiveness of predator management 

and exclosure use on Piping Plovers. Although all scenarios predicted a declining 

population, a combination of predator control and exclosure use predicted the highest 

final plover abundance. However, when reduced adult survival associated with exclosure 

use was included, the model predicted the lowest final plover abundance of all options. In 

Oregon, exclosures have a strong positive benefit on productivity (Dinsmore et al 2014), 

but given the importance of adult survival to overall population growth, it is doubtful that 

the benefits of exclosures outweigh the costs. 

We did not look for a direct negative effect of nesting in an exclosure on 

individual adult survival. Rather, we compared effects of exclosure use over years and 

found that adult survival was higher in years with lower exclosure use. It is possible that 

selective, low levels of exclosure use may benefit population growth. Snowy Plovers 

exhibit high fidelity to sites where they have successfully hatched a nest, though not 

necessarily to sites where they have fledged young. Thus by increasing the likelihood of 

nests hatching, exclosures can help establish regular use of new sites. However, this is a 

double-edged sword. Exclosures may create an ecological trap if their use subjects adults 
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to lower survival and encourages adults to repeatedly expend resources incubating nests 

at sites with high predation, where they are unlikely to fledge young. 

The Snowy Plover is a heavily managed, federally threatened species, and effects 

of management on population growth are of immediate concern to conservation 

biologists in Oregon and beyond. Without intensive management, the plover population 

is likely to decline to an unsustainable size (U. S. Fish and Wildlife Service 2007), suffer 

local extirpations, or require captive breeding programs to remain viable. Adult survival 

is a key component of population growth, and insight into the effect of management 

actions on this vital rate will allow more informed management. We demonstrated that 

lethal predator management, while initiated to benefit productivity, resulted in improved 

adult survival whereas exclosure use had a negative effect. In addition, this study 

provides previously unavailable measures of adult survival from the northern edge of this 

species’ distribution to help hone range-wide estimates of population viability. A future 

analysis, based on all locally generated vital rate estimates, will explore the effects of 

exclosure use and predator management on overall population growth and viability.  
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TABLES AND FIGURES 

Table 1. Snowy Plover adult population estimates, percent of adult population banded, 

and percent of males in adult population along the Oregon Coast, 1990 – 2014. In some 

years, total population includes a small number of birds of unknown sex. From 1990 – 

1992 field crews did not report individuals observed by sex. 

Year Male Female 

Total adult 

population 

estimate 

% Adults 

banded % Males 

1990   75 0.16  
1991   44 0.36  
1992   50 0.78  
1993 36 36 72 0.68 0.50 

1994 42 41 83 0.75 0.51 

1995 60 60 120 0.83 0.50 

1996 69 65 134 0.74 0.51 

1997 68 72 141 0.65 0.49 

1998 55 41 97 0.74 0.57 

1999 45 50 95 0.85 0.47 

2000 50 59 109 0.87 0.46 

2001 54 57 111 0.86 0.49 

2002 46 50 99 0.88 0.48 

2003 50 52 102 0.93 0.49 

2004 68 68 136 0.89 0.50 

2005 73 80 153 0.90 0.48 

2006 83 95 178 0.79 0.47 

2007 84 97 181 0.71 0.46 

2008 87 100 187 0.73 0.47 

2009 98 101 199 0.78 0.49 

2010 110 122 232 0.82 0.47 

2011 125 122 247 0.84 0.51 

2012 145 145 290 0.88 0.50 

2013 164 140 304 0.88 0.54 

2014 188 150 338 0.80 0.56 
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Table 2. Number of predators removed at Snowy Plover nesting sites, 2002 – 2014.  

  Raven Crow 

Red 

fox 

Gray 

fox Raccoon 

Striped 

skunk 

Feral 

cat 

Virginia 

opossum Coyote 

Great 

Horned 

Owl 

2002a 12 14 6 2 12 5 1 1 0 0 

2003a 150 38 12 2 8 6 1 1 0 0 

2004 150 101 27 3 19 13 4 17 0 0 

2005 82 132 15 0 0 3 2 3 0 0 

2006 145 89 17 0 0 8 1 0 4 0 

2007 65 144 13 3 2 7 0 0 0 1 

2008 219 122 15 0 3 2 1 0 2 0 

2009 151 169 10 2 3 4 4 0 2 0 

2010 81 168 7 0 1 3 0 0 1 0 

2011 95 178 15 0 0 6 0 0 0 1 

2012 225 50 13 0 0 3 0 0 2 0 

2013 213 123 20 0 0 0 0 0 0 0 

2014 185 130 6 0 0 0 0 0 0 0 

Total 1773 1458 176 12 48 60 14 22 11 2 
a Predator removal occurred only at Coos Bay North Spit, Bandon, and New River in 2002 and 2003. 



 

102 

 

Table 3. Model selection results for apparent survival (φ) and detection probability (p) of 

adult Snowy Plovers along the Oregon coast, 1990 – 2014. Models are ranked by 

ascending ΔQAICc values and shown with the model weight (wi), number of parameters 

(K), and model deviance corrected for overdispersion (ĉ = 1.21). The QAICc of the best 

model was 3099.65. Final parameters included sex (Sex), lethal predator management 

(PM), % exclosure use (EX), wetter-than-average winter weather (Wet), and linear (T) 

and quadratic (TT) time trends. Only models with ΔQAICc less than 7 are shown. 

Model Δ QAICc wi K QDeviance 

φ(T) p(T+Sex) 0.00 0.48 5 3089.63 

φ(PM) p(T+Sex) 1.02 0.29 5 3090.65 

φ(EX) p(T+Sex) 1.68 0.21 5 3091.31 

φ(Wet) p(T+Sex) 6.03 0.02 5 3095.66 
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Figure 1. Snowy Plover breeding sites along Oregon coast, 1990 - 2014, and location of 

North Bend weather station used for weather data. 
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Figure 2. Effect of exclosure use on adult apparent survival, as estimated by model 

φ(EX) p(T+Sex)in Oregon, 1990 – 2014. 
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Figure 3. Adult male and female Snowy Plover apparent survival with 95% confidence 

intervals, in Oregon, 1990 – 2014, based on model φ(T+Sex) p(T+Sex). Although male 

survival was slightly higher than female survival, the difference was not significant.  
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ABSTRACT  

We modeled the population dynamics of the federally threatened Western Snowy Plover 

(Charadrius nivosus nivosus) along the Oregon coast in an effort to better understand 

local population dynamics and associated uncertainty. Our goals were to 1) assess 

relative contribution of demographic rates on population growth, 2) project population 

growth and viability 15 years into the future, and 3) compare expected population growth 

under varying levels of predator management. Elasticity analysis showed that population 

growth is most sensitive to changes in adult survival, followed by first year survival and 

adult productivity. Our model predictions tracked observed population growth through 

2018 and forecasted an adult male population of 473 in 2029 under current management 

conditions – nearly doubling the population in 10 years. Current management resulted in 

continued positive population growth, but a reduced management scenario that included 

lethal predator removal on only 50% of the current population was predicted to maintain 
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the population above recovery levels for at least the next 15 years. Alternative scenarios 

for population management should thus remain flexible and responsive to future trends in 

plover numbers. 

Key words: adult survival, Charadrius nivosus, matrix population model, population 

viability analysis, predator management 

INTRODUCTION 

Population growth is a function of recruitment, survival, emigration, and immigration. A 

thorough understanding of these population parameters is crucial to effective 

conservation (Sibly and Hone 2002, Sandercock 2003, Anders and Marshall 2005, Stahl 

and Oli 2006), but this information is often lacking for threatened species – the very 

populations that need it most. Without such knowledge, management actions can be 

directed towards improving life history parameters that may have negligible effects on 

population growth (Crouse et al. 1987, Heppell et al. 1996, Dinsmore et al. 2010, Johnson 

et al. 2010). Further, management directed at one vital rate may have unintended 

consequences at other life stages that can negate the efforts’ benefits. Given the limited 

resources available for recovery of declining species, especially when populations 

approach recovery goals, managers need information on how best to maintain populations 

so that efforts and resources can be directed where and when they will be most effective. 

For conservation-reliant species, removal of management is likely to result in population 

decline but for species with sufficient demographic data, population viability analysis 

(PVA) offers the opportunity to use quantitative measures to assess extinction risk, 

document progress towards recovery, identify relative importance of specific vital rates, 
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and predict expected response to changing management scenarios (Beissinger and 

Westphal 1998, Nur et al. 1999, White 2000, Morris and Doak 2002, Armstrong et al. 

2006, Servanty et al. 2014). PVA thus offers managers an opportunity to objectively 

assess future management actions by weighing population responses. 

Shorebird populations are experiencing alarming declines in the US and globally 

(Brown et al. 2001, International Wader Study Group 2003, Colwell 2010), and are often 

the target of intensive management. For example, the Pacific Coast population of the 

Western Snowy Plover (Charadrius nivosus nivosus) that occurs within 80 km of the 

Pacific Coast from Damon Point, Washington to Bahia Magdalena, Baja Sur California 

(Figure 1, U.S. Fish and Wildlife Service 2007, Page et al. 2009) is federally threatened 

because of poor recruitment and survival (U.S. Fish and Wildlife Service 1993, U.S. Fish 

and Wildlife Service 2007, Thomas et al. 2012). Limiting factors include increasing 

predation from native and non-native predators (Neuman et al. 2004), human disturbance 

(Ruhlen et al. 2003, Lafferty et al. 2006), and habitat loss to development, exotic 

vegetation, and recreational use (Page and Stenzel 1981, U.S. Fish and Wildlife Service 

1993, 2007, Page et al. 2009, Galbraith et al. 2002, Muir and Colwell 2010). After federal 

listing in 1993, land management agencies in Oregon implemented an intensive adaptive 

management program, including habitat restoration, seasonal recreation restrictions, and 

integrated predator management in an effort to recover Snowy Plovers in Oregon. 

Management has been effective; Snowy Plover populations in Oregon have grown by 

nearly an order of magnitude over the last 25 years (Table 1), although they remain a 

conservation-reliant species. Management actions improved survival at particular life 
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stages (Dinsmore et al. 2014, 2017, Gaines et al. in prep; Chapters 2 through 4), but their 

effect on overall population growth has not been comprehensively analyzed. With limited 

resources available for management of a species approaching recovery, information on 

the effects of individual management actions on population growth are needed.  

The Snowy Plover recovery plan identifies a recovery goal for Oregon and 

Washington of 250 birds (U. S. Fish and Wildlife Service 2007). Snowy Plovers are well-

studied along the Pacific Coast, but to date no PVA has focused on the Oregon 

population. Nur et al. (1999) conducted a range-wide metapopulation PVA of the coastal 

population, incorporating demographic and environmental stochasticity, as part of the 

Snowy Plover recovery plan (U.S. Fish and Wildlife Service 2007). In Nur et al.’s PVA, 

the Oregon birds were combined with the small population in Washington into Recovery 

Unit 1, one of six subpopulations. Nur et al. (1999) predicted that the range-wide 

metapopulation would gradually decline, but that all subpopulations were likely to persist 

for 100 years, albeit at low levels. However, few subpopulations in the range-wide 

analysis were intensively managed. Because of the intractability of improving adult 

survival, Nur et al. (1999) identified improvements in productivity as the most likely 

route to recovery, and recommended a minimum of 1.0 chick fledged per breeding male 

to maintain the range wide population size. Eberhart-Phillips and Colwell (2013) 

conducted a PVA of the small sink population in Northern California (Mullin et al. 2010) 

in the context of surrounding source populations in Oregon, San Francisco Bay, and 

Monterey Bay. They determined that under current management, the Northern California 

population was unlikely to reach recovery goals established in the Snowy Plover recovery 
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plan (U.S. Fish and Wildlife Service 2007), but identified lethal predator management 

and recreation management as options that could facilitate recovery.  

The Snowy Plover population along the Oregon coast is the largest north of the 

central California coast, and is at the northern end of the species’ range (a small 

population occurs farther north, along the Long Beach peninsula in Washington). 

Environmental and management conditions in Oregon differ from those elsewhere in the 

range. Furthermore, vital rates often vary spatially and temporally, and effective 

conservation requires a thorough understanding of local population dynamics (Anders 

and Marshall 2005, McNew et al. 2012, Eberhart-Phillips and Colwell 2013). The Oregon 

population has been intensively monitored since 1990 and approximately 80% of the 

population is color-banded (Table 1). Recent survival analyses across the life cycle 

(Gaines et al. in prep; Chapters 2 through 4) provide an excellent opportunity to explore 

the effect of management on population growth in a threatened species. Additionally, an 

integrated predator management program that includes lethal removal has been in place 

in Oregon since 2002. Our survival analyses (Gaines et al. in prep; Chapters 2 through 4) 

showed that lethal nest predator management benefited not just the targeted life stages 

(nest and chick survival), but also adult survival. On the other hand, widespread use of 

nest exclosures appeared to have adverse effects on adult survival (Gaines et al. in prep; 

Chapter 5). Thus, a synthetic analysis of Oregon Snowy Plover survival and productivity 

as a PVA is needed, and here we use a stage-based matrix population model to evaluate 

the relative contribution of vital rates to population growth using elasticity analysis, and 

analyze the effects of lethal predator control on predicted future population trajectories. 
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Our goals were to 1) assess relative contribution of demographic rates on population 

growth, 2) project population growth and viability 15 years into the future, and 3) 

compare projected population growth under different predator management scenarios. 

This model will inform Snowy Plover conservation in Oregon and allow mangers to 

efficiently maintain progress towards recovery. Additionally, the model could be 

modified to analyze other management effects, combined with information from other 

recovery units to explore metapopulation dynamics, or be used for species with similar 

life histories but less comprehensive demographic data. 

METHODS 

Study area  

As part of a long-term monitoring project, we studied breeding Snowy Plovers from 1990 

through 2014 at nine sites along a 137 km stretch of the Oregon coast (Figure 1). 

Although plovers occasionally nested (twice) at other Oregon beaches during the study 

period, these sites encompassed all regularly occupied coastal habitat in Oregon. Habitat 

included ocean beaches and sand spits, ocean overwash sites within sand dunes 

dominated by European beachgrass (Ammophila arenaria), open estuarine areas with 

sand flats, and several areas of restored habitat. Breeding season management for the 

Snowy Plover in Oregon was extensive and included habitat restoration and maintenance, 

recreation restrictions, and an integrated predator management plan that incorporated 

both lethal and non-lethal actions. Habitat restoration and maintenance involved removal 

of steep foredunes dominated by invasive European beachgrass to create wide, gently 

sloping, open nesting habitat. Public recreation was restricted in dry sand portions of 
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Snowy Plover nesting beaches to minimize disturbance to incubating adults and improve 

nest survival. Predator management in Oregon included passive measures such as hazing 

and removal of garbage and carcasses from nesting beaches, and active control ranging 

from protective nest exclosures to lethal removal of problem predators (Dinsmore et al. 

2014). Snowy Plovers exhibit high breeding site fidelity and natal philopatry (Page et al. 

1983, Warriner et al. 1986, Paton 1994, Stenzel et al. 1994, Powell and Collier 2000, 

Stenzel et al. 2007). Although some dispersal occurs between states, the Oregon 

population is geographically remote; the nearest nesting sites in California and 

Washington are over 220 km away. Thus, we treated the Oregon population as 

demographically closed.  

Field methods  

We observed all banded and unbanded plovers and located nests at all sites during at-

least-weekly surveys from early April until all broods fledged, typically mid-September 

each year (Dinsmore et al. 2014). We recorded sex of adults based on plumage and 

behavior (Page et al. 2009); sex was not identifiable in the birds’ first year. We located 

nests by observing adult behavior and following plover tracks, and estimated hatching 

date by counting 29 days from clutch completion (Warriner et al. 1986, Page et al 2009). 

When nests were found with complete clutches we estimated anticipated hatch date by 

floatation (Westerskov 1950, Rizzolo and Schmutz 2007). All known nests were checked 

at least weekly to determine fate, more frequently as the anticipated hatch date 

approached. All hatch-year birds seen at any point after 28 days post-hatch were 

considered fledged (Warriner et al. 1986, Page et al. 2009). We began color-banding 
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adults and chicks in 1990 and in most years approximately 80% of the adult population 

was banded (Table 1). See Dinsmore et al. (2017) for details of the banding program.  

Initial management to counter high levels of predation, short of lethal control (see 

above), began in 1990 (Dinsmore et al. 2014). Further steps to improve nest and fledging 

success began in 2002 with the initiation of an integrated predator management plan at 

Coos Bay North Spit, Bandon Beach, and New River that included lethal removal of 

plover predators (U.S. Department of Agriculture and U.S. Department of Interior 2002, 

Dinsmore et al. 2017). In 2004, lethal predator management was extended to all nine sites 

and continued for the duration of the study. Predator management was conducted by 

USDA APHIS-Wildlife Services in coordination with the Recovery Unit 1 Snowy Plover 

Working Team, and primarily targeted nest and chick predators, including American 

Crows (Corvus brachyrhynchos), Common Ravens (Corvus corax), nonnative red fox 

(Vulpes vulpes), and striped skunks (Mephitis mephitis). Other non-target predators, 

including Great Horned Owls (Bubo virginianus), Northern Harriers (Circus hudsonius), 

coyotes (Canis latrans), raccoons (Procyon lotor), and feral cats (Felis catus), were 

removed when they exhibited focused attention on plover nests through regular presence 

or hunting on a nesting area, and non-lethal control measures proved ineffective. Corvids 

comprised 90%, red fox accounted for 5%, and striped skunk made up 2% of the 

predators removed between 2002 and 2014. All other predator species accounted for less 

than 1% of the total removals (Table 2). Predator management activities began before 

plover nesting (typically in February each year) and continued through August.  
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This work was permitted by Portland State University IACUC number 

PSU13.11.25.1, U.S. Fish and Wildlife Service recovery permits TE839094 and 

TE39372B, U.S. Fish and Wildlife Service banding permits 21825 and 23854, and 

Oregon Department of Fish and Wildlife annual scientific take authorizations. 

Population model  

Snowy Plovers breed as second-year birds (~11-12 months), and most breed annually 

thereafter (Warriner et al. 1986). Our age-specific survival analysis found lower survival 

in the birds’ first year, but there was no support for age-related differences in survival 

after birds’ second year (Gaines et al. in prep; Chapter 3). Thus, we developed a two-

stage life cycle diagram for first year (Age0) and adult (Age1+) life stages (Caswell 

2001; Figure 2) based on a post-breeding census, birth-pulse population, and a one-year 

census interval. We used this diagram to produce a male-based matrix model (Caswell 

2001, Morris and Doak 2002; Equation 1). We saw no significant variation in survival as 

adults aged (Gaines et al. in prep; Chapter 3), and thus we assumed adult survival was 

constant beginning with Age1+. We accounted for variable survival in the birds’ first 

year by partitioning Age0 survival into chick survival from hatching to fledging and 

juvenile survival from fledging to the following spring (described more fully below). Our 

model is male-based because broods are typically reared by the male, and Snowy Plover 

demographic parameters can be estimated with greater certainty for males than for 

females (Warriner et al. 1986, Nur et al. 1999). Thus, the fecundity values in the matrix 

represent male offspring per male. Our model assumed that all males bred, an assumption 

largely supported by our field observations. Our study covered nine breeding beaches 
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(Figure 1), but because adult birds moved between these sites, we treated the entire study 

area as one site.  

Vital rates - We monitored banded Snowy Plovers during the breeding season 

from 1990 to 2014 (Dinsmore et al. 2014, Dinsmore et al. 2017, Gaines et al. in prep; 

Chapters 2 through 4) and vital rates derived from this work form the foundation of our 

population model (Table 3, Equation 1).  

𝑨 =  [
𝐹1 𝐹2

𝑃1 𝑃2
] =  [

𝜑𝑐 ∗ 𝜑𝑗 ∗ 𝑚 𝜑𝑎 ∗ 𝑚
𝜑𝑐 ∗  𝜑𝑗 𝜑𝑎

]  (equation 1) 

𝑚 = (𝑐𝑠 ∗ ℎ ∗ 𝑆𝑛 ∗ 𝑛 ∗ 0.5)  (equation 2) 

Survival parameters - First year survival (Age0) was the product of chick survival 

from hatching to fledging and juvenile survival from fledging to the following spring. We 

estimated mean daily chick survival (φc) using the young survival from marked adults 

model (Lukacs et al. 2004) implemented in Program MARK (version 8.2, White and 

Burnham 1999), and encounter histories of 4,058 chicks from 1,603 broods. This method 

estimates mean daily survival and detection probability during the 28-day brood-rearing 

period, based on repeated brood counts associated with individually marked adults. We 

estimated mean chick survival using our most parsimonious model for daily brood 

survival (φ(Age5+Site+PM+Hatch2+Cold) p(TT), extended to a 28-day brood-rearing 

period. In this model, brood survival improved significantly after the chicks’ fifth day, 

varied by site, was better with lethal predator management, was best during the peak 

breeding season, and was negatively affected by cold weather, particularly during the first 

five days of the brood period. We used the variance components procedure in Program 

MARK to separate process variance from sampling error in estimates of chick survival, 
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and used only the process variance in the matrix model. We evaluated the effect of lethal 

predator management on chick survival by running this model with and without predator 

management, holding all other covariates at their mean values.  

We estimated mean juvenile apparent survival (φj), accounting for detection 

probability, from fledging to the following spring using an age-specific Cormack-Jolly-

Seber (CJS; Cormack 1964, Jolly 1965, Seber 1965) model in Program MARK, with time 

dependence on the juvenile stage (φ(Age2 yr/.) p(Age2 yr/.)). We used encounter 

histories of 1,522 banded individuals hatched in Oregon that survived to fledge at 28 days 

to estimate juvenile survival, and corrected for slight overdispersion in the juvenile 

survival data by adjusting the variance inflation factor (ĉ) to 1.03. We used this model to 

estimate juvenile survival, but estimated Age1+ survival separately (see below) because 

this allowed us to include additional adults that were not initially banded as chicks in 

Oregon in our analysis. We did not include sex in the juvenile model because we were 

only able to determine the sex of birds returning to Oregon as adults. We used the 

variance components procedure in Program MARK to separate process variance from 

sampling error in annual estimates of juvenile survival and used only the process variance 

in the matrix model. We estimated the effect of predator management on juvenile 

survival using the most parsimonious model from our juvenile survival analysis (Gaines 

et al. in prep; Chapter 3) that contained predator management as an effect on juvenile 

survival (φ(Age PM/.) p(Age T/.)). This model explained variation in juvenile survival as 

a function of predator management, and in detection probability as a positive linear time 

trend. 
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We estimated mean adult (Age1+) apparent survival (φa), accounting for detection 

probability, using a fully time-dependent (φ(yr) p(yr)) live recaptures CJS model in 

Program MARK and encounter histories of 1,069 banded birds observed as adults at least 

once in Oregon. We corrected for slight overdispersion in the adult survival data by 

adjusting the variance inflation factor (ĉ) to 1.21. We did not include sex as a covariate in 

our adult survival analysis because previous analyses showed no significant difference in 

adult survival by sex for the Oregon population (Gaines et al. in prep; Chapter 4). We 

used the variance components procedure in Program MARK to separate process variance 

from sampling error in annual estimates of adult survival, and included only process 

variance in the matrix model. We estimated the effect of predator management on adult 

survival using the most parsimonious model from our adult survival analysis (Gaines et 

al. in prep; Chapter 4) that contained predator management as an effect (φ(PM) 

p(T+Sex)). This model estimated higher survival for adults exposed to predator 

management. Detection probability of adults was best explained by a positive linear trend 

over time, and was higher for males than females.  

 Fecundity parameters - Fecundity parameters included the mean number 

of male chicks hatched per male (m), and stage-specific survival to the following year. 

Productivity (m) was the product of the mean number of nests attended to per male 

annually (n), the mean clutch size (cs), the probability that a nest would survive the 29-

day incubation period (Sn), and the probability that an individual egg would hatch at a 

successful nest (h). We assumed an even sex ratio at hatch (Székely et al. 2004, Stenzel et 

al. 2007, Eberhart-Phillips et al. 2017, Que et al. 2019), and so multiplied productivity by 
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0.5. We used a fully time-dependent model (S(t)), the nest survival model (Dinsmore et 

al. 2002), and the Markov Chain Monte Carlo (MCMC) procedure in Program MARK to 

estimate mean daily nest survival for 3,456 nests across the 155-day nesting season, and 

extended that to a 29-day incubation period. We used the delta method (Powell 2007) to 

calculate mean process variance of nest survival from MCMC estimates. We used 

observed data from monitoring at these 3,456 nests between 1990 and 2014 to estimate 

the mean and total variance of the annual number of nests attended to per male, the clutch 

size, and the probability that an individual egg would hatch from a successful nest.  

Matrix model - To study the dynamics of the Oregon population, we first built a 

deterministic matrix model that included the mean values of the demographic parameters 

(Table 3). Initial stage abundances corresponded to the observed number of male chicks 

and adults in 1990 (12 chicks, assuming an equal sex ratio at hatch, and 37 adults). We 

calculated the matrix values from the vital rates as follows. We defined P1 as first year 

survival; the probability that a newly-hatched bird survives to the following spring 

(Equation 1). P1 is the product of chick survival to fledging (φc) and juvenile survival 

from fledging to the following spring (φj, Table 3). We defined P2 as adult annual 

survival of all birds Age1+ (φa). We estimated fecundity values based on the reproductive 

contributions of Age0 birds (F1) and Age1+ birds (F2) in the next year. Fecundity values 

included the stage-specific probability of surviving to the next year (φi) and per-capita 

male productivity (m, Equation 2). We did not have data to support separate productivity 

estimates for Age0 and Age1+ birds, so we used the same estimates across stages. We 

assumed all birds attempted breeding (probability of breeding = 1.0), which was largely 
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supported by observation of color-banded individuals (Institute for Natural Resources, 

unpublished data). We projected the deterministic model forward 25 years (1990 – 2014) 

using code modified from the package ‘popbio’ implemented in program R version 3.5.1 

(deKroon et al. 2000, Caswell 2001, Morris and Doak 2002, Stubben and Milligan 2007, 

R Core Team 2018). We used this model to estimate the deterministic growth rate (λd) 

with 95% confidence intervals, the stable stage distribution, and the elasticity of λd to 

variation in the matrix elements and individual vital rates.  

Elasticity analysis quantifies the proportional change in λ as a function of a small, 

proportional change in matrix elements and thus identifies matrix values that contribute 

most to population growth (deKroon et al. 2000, Caswell 2001). Thus, elasticity analysis 

can be used to identify life stages that should be a focus of management (Caswell 2000, 

Caswell 2001). Although we also report elasticities of the individual vital rates, unlike 

elasticity of the matrix values, they cannot be interpreted as contributions to λ, and do not 

sum to 1 (Caswell 2001, Zuidema and Franco 2001). However, we include them here 

because their relative values help identify important vital rates.  

We introduced environmental stochasticity to the model by allowing each vital 

rate to vary based on a probability distribution function described by the vital rates’ mean 

and variance. We used a beta distribution for adult, juvenile, chick, nest, and egg survival 

rates, and a stretched beta distribution (limits = 0 to 3) for the number of clutches per 

male and the clutch size (Morris and Doak 2002). We rarely observed clutch sizes > 3 

eggs, and these clutches were almost never successful. We assumed offspring sex ratio 

remained stable. We simulated 10,000 iterations of the stochastic model in R to estimate 
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the stochastic population growth rate (λs) from 1990 through 2014 with 95% confidence 

intervals. We then projected the model forward from 2014 through 2029 to estimate mean 

male population size in 2029 with 95% CI. We limit our projection to 15 years (2014 

through 2029), a reasonable time frame for management decision-making, to limit 

propagation of error in model results (Beissinger and Westphal 1998). When projecting 

forward, we used the numbers of male chicks and adults observed in 2014 (279 and 188, 

respectively) for an initial stage abundance. We used 100 iterations of the stochastic 

model to show estimated population trajectories from 1990 through 2029, and compared 

these model estimates to observed population counts through 2018 to informally assess 

model performance.  

The Snowy Plover recovery plan identifies a recovery goal for Oregon and 

Washington of 250 birds (U. S. Fish and Wildlife Service 2007). Assuming an equal sex 

ratio (Table 1), we report the percent of the 10,000 projections that fell below the 

recovery goal of 125 males. Small populations are more susceptible to extinction (Pimm 

et al. 1988, Morris and Doak 2002), so we identified a quasi-extinction threshold of 25 

males and report the percent of 10,000 iterations that fell below this level. Our model 

assumed vital rates were not strongly correlated with each other. We found no support for 

density dependence in survival rates (Gaines et al, in prep; Chapters 3 and 4), and thus 

did not include density effects in our model. Because we lacked comprehensive data, we 

did not include immigration in the model, but observed rates were low.  

We modified the stochastic model to predict the effects of varying levels of lethal 

predator management on population growth between 2015 and 2029, assuming other 
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management actions (habitat maintenance and seasonal recreation restrictions) continued 

as in the past. We identified the effect of predator management on 0, 25, 50, 75, and 

100% of the population by multiplying the predator management effect size for adult, 

juvenile and chick survival by 0.00, 0.25, 0.50, 0.75, and 1.00 and adding that to the 

respective vital rates estimated with no predator management. The effect of predator 

management on nest survival and mean number of nests per male were confounded with 

exclosure use (Dinsmore et al. 2014), and we saw no difference in clutch size or 

probability of individual eggs hatching at nests with or without predator management. 

Thus, we used the mean values and variances from the stochastic model for the 

productivity values when analyzing effects of predator management. When projecting 

forward, we used the numbers of male chicks and adults observed in 2014 (279 and 188, 

respectively) for an initial stage abundance. For each level of the predator management 

effects model, we ran 10,000 iterations and estimated mean λs and male population size 

in 2029. We report the percent of the iterations that fell below the U.S. Fish and Wildlife 

Service recovery goal and the quasi-extinction threshold. 

We built all survival models using the design matrix and the logit link function in 

Program MARK. We used an information-theoretic approach (Burnham and Anderson 

2002) and model selection by Akaike’s information criterion (Akaike 1992) corrected for 

small sample size and overdispersion (QAICc) to compare models for adult, juvenile, and 

chick survival. The nest survival model does not require correction for overdispersion so 

model selection was by AICc. We used the model with the lowest AICc/QAICc for 

inference and parameter estimation (Burnham and Anderson 2002), but removed from 
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consideration models within 2 AICc/QAICc units that added a parameter without 

improving model deviance to ensure that ΔAICc/QAICc values were not the result of 

uninformative parameters (Arnold 2010). To separate process variance from sampling 

error, we used fully time-dependent survival models, not necessarily the most 

parsimonious models. We report means ± standard error, and 95% CI unless otherwise 

specified.  

RESULTS 

Survival models for each stage class included annual variation, and the actual survival 

estimates (Table 3) closely matched those from our most parsimonious models that 

lacked time dependence (Gaines et al. in prep, Chapters 2 through 4). The deterministic 

population growth rate was 1.05 (95% CI 1.01, 1.10). The deterministic model quickly 

reached a stable stage distribution of 0.52 for Age0 birds and 0.48 for Age1+ birds. At 

the stable stage distribution, the standardized reproductive value of adults was 2.19, 

indicating that Age1+ birds were more than twice as valuable to the population in terms 

of future productivity as Age0 birds. Elasticity analysis of the deterministic matrix 

revealed that adult survival contributed most to population growth, followed by first year 

survival and adult productivity (Table 4).  

Our stochastic model projected a growing population at λs = 1.03 (95% CI 1.03, 

1.04), based on 10,000 iterations of the model (Figure 3). As expected, the stochastic 

growth rate was lower than the deterministic estimate, and the CI of the stochastic 

estimate was much narrower. Under current management practices and environmental 

conditions, we projected the mean male population in 2029 at 473 individuals (95% CI 
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466, 481). Seventeen percent of the 10,000 iterations resulted in the population declining 

below the Recovery Unit 1 goal of 125 males at any time between 2014 and 2029. Only 3 

(< 1%) of the iterations resulted in the population declining below our quasi-extinction 

level of 25 males during the same time period. A random sample of 100 iterations of the 

stochastic model showed predicted population growth through 2029 tended to fall below 

observed number of males from 1990 to 2018, suggesting our model was overly 

conservative (Figure 4). 

Predator management had a strong effect on population growth (Table 5). 

Complete removal of predator management resulted in a declining population (λs = 0.97, 

95% CI = 0.96, 0.97), but our analysis indicated that predator management reduced to 

just over 50% of current levels maintained a stable population (Table 5). With lethal 

predator management at 50% of current levels, 26% of the 10,000 iterations resulted in 

the population declining below recovery levels at any time between 2014 and 2029, and 

none reached quasi-extinction levels. At 50% predator management, the model predicted 

a mean male population of 372 (95% CI = 366, 378) individuals in 2029. More 

conservatively, with predator management at 75% of current levels, we estimated a male 

population of 524 (95% CI = 516, 532) individuals, and only 13% of iterations fell below 

recovery levels at any point during the projection period.  

DISCUSSION 

Our study documented the relative contribution of varying vital rates on population 

growth of Snowy Plovers in Oregon. We projected population growth through 2029 (15 

years after the end of our study), and compared predicted population growth under 
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different predator management scenarios. Below, we discuss these findings and their 

effect on future conservation decision-making.  

The Oregon population of Snowy Plovers grew over the last 30 years, as reflected 

in both observations and our models. Based on the stochastic model, under current 

management practices we expect Snowy Plovers in Oregon to continue to increase, 

expand their distribution to unoccupied beaches, and continue to serve as a source for 

smaller populations to the north and south (Colwell et al. 2007, Eberhart-Phillips and 

Colwell, 2013, Colwell et al. 2017, Scott Pearson pers. comm.). Indeed, in 2017 and 2018 

banded plovers nested at beaches that had been unoccupied since at least the 1970s 

(Oregon Parks and Recreation Department, Institute for Natural Resources, unpublished 

data). In 2018, Snowy Plovers nested in every county along the Oregon coast. Although 

population growth observed through 2018 fell well within our model’s projected values, 

our stochastic estimates were slightly low compared to observed population growth, 

particularly in later years (Figure 4). This may be because we did not include 

immigration in the model. We know there is limited dispersal between populations in 

WA, OR and CA, but did not have comprehensive immigration information to include in 

our model, and thus treated Oregon as a closed population. Although often overlooked in 

PVAs, immigration is a key vital rate in many populations (Beissinger and Westphal 

1998, Schaub et al. 2013, Tauler et al. 2015, Colwell et al. 2017). An integrated model 

coupled with a Bayesian population viability analysis could estimate immigration rates 

and is an avenue for future work (Schaub et al. 2007, Saunders et al. 2018). Our estimates 

of variance for productivity parameters may have also biased projections low. These 
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estimates included sampling variation, resulting in artificially high variance. High 

variances lead to suppressed population growth estimates (Beissinger and Westphal 1998, 

White 2000, Morris and Doak 2002). Finally, our adult and juvenile survival analyses 

report apparent survival and thus may be biased low. However, from a management 

perspective, if an error is to be made, it is better to be conservative and under- rather than 

overestimate growth.  

As is seen in most relatively long-lived species, elasticity analysis of the Oregon 

population revealed that population growth relied more on survival, particularly adult 

survival, than on productivity (Saether and Bakke 2000, Dinsmore et al. 2010, Murphy et 

al. 2017). When using elasticity analysis to inform management, it is important that the 

targeted vital rate be amenable to improvement through management (Hiraldo et al. 1996, 

Manlik et al. 2017). Often, few management alternatives exist to improve adult survival; 

in these cases, less elastic vital rates may be a better target (Beissinger and Peery 2007, 

Manlik et al. 2016). However, in Oregon, lethal predator management was a particularly 

effective management option because it improved both productivity, through increased 

nest success, and survival across the life cycle. 

Predator management was implemented in Oregon to improve nest and chick 

survival (U.S. Department of Agriculture and U.S. Department of Interior 2002, 

Dinsmore et al. 2014, 2017). However, predator management also benefited adult 

survival, the vital rate that contributed most to growth in this population (Gaines et al. in 

prep; Chapter 4). Our model demonstrated the effectiveness of the predator management 

program in Oregon; when lethal control was removed, the model predicted a rapidly 
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declining population (Table 5). Lethal predator management is costly, both in terms of 

staff resources and public perception, and weighing these costs against the population 

benefits is an important topic for discussion. The predator management program in 

Oregon was targeted; great effort was extended to ensure only individuals that preyed on 

plover nests were removed (U.S. Department of Agriculture and U.S. Department of 

Interior 2002). This specificity was labor-intensive for Wildlife Services technicians, and 

required comprehensive breeding season monitoring to inform predator removal and 

evaluate its success. Our stochastic model suggested that predator management could be 

reduced, perhaps to as much as 50% of the traditional nesting sites, while still 

maintaining population growth. Any reduction in predator management should be closely 

monitored to ensure the population maintains recovery goals. It is also important to 

emphasize that our model assumed that other management actions – habitat maintenance 

and recreation management – continued as they have in the recent past. Although we did 

not explore the effect of these actions on population growth, our model could be modified 

to analyze their input on the population. Certainly, having suitable habitat protected from 

disturbance is required before new sites can be occupied.  

Although our stochastic model incorporated demographic and environmental 

variation, we did not account for occasional bonanzas or catastrophes. Even growing 

populations are susceptible to extirpation from catastrophic events (Beissinger and 

Westphal 1998). Nur et al. (1999) assumed a catastrophe every 20 years causing a 50% 

reduction in reproduction in their range-wide population model of Snowy Plovers. 

Eberhart-Phillips and Colwell (2013) found that severe winter weather catastrophes, 
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specifically the intensity of cold winters rather than their frequency, strongly suppressed 

population growth in Northern California through decreased overwinter survival of Age0 

and Age1+ birds. In Oregon, we found no evidence that colder-than-average winter 

weather affected survival of Age0 or Age1+ birds, although wetter-than-average winters 

depressed survival of Age1+ individuals (Gaines et al. in prep; Chapters 3 and 4). Future 

analyses of Oregon’s long-term dataset could examine additional weather variables to 

assess the validity of incorporating weather as a catastrophe in future PVAs.  

Summary 

As a species approaches recovery goals, effective conservation requires the identification 

of key vital rates, the forces affecting them, and how they combine to predict population 

trajectories. Previous work has shown the importance of predator management to nest, 

chick, juvenile and adult survival (Dinsmore et al. 2014, 2017, Gaines et al. in prep; 

Chapters 2 through 4). Here, we combined vital rates estimated from multiple analyses 

into a population model for the well-studied Snowy Plover population in Oregon. We 

looked specifically at the effect of one management tool, lethal predator control, which is 

part of a comprehensive suite of management actions in Oregon. We documented a 

growing population and identified adult survival, followed by first year survival and adult 

productivity, as the vital rates to which λ is most responsive. Future analyses could add a 

spatial component to the model by examining site-specific movement, survival, and 

productivity, possibly incorporating similar data from Washington and California to 

update the Nur et al. (1999) metapopulation analysis. Additionally, our model could be 

used to explore effects of other management actions such as habitat restoration or 
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recreation management. Although management is best informed by comprehensive, local 

demographic data (Anders and Marshall 2005, McNew et al. 2012), this is not feasible 

for all populations or species. This model could be generalized to other species with 

similar life histories but little available demographic data, to make a priori predictions 

about proposed management actions. Our work showed that with concerted, sustained 

management, Snowy Plover populations can reach and exceed recovery goals, and that in 

Oregon, lethal predator removal was an important part of a suite of management actions.  
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TABLES AND FIGURES 

Table 1. Snowy Plover adult population estimates, percent of adult population banded, 

and percent of males in adult population along the Oregon Coast, 1990 – 2014. In some 

years, total population includes a small number of birds of unknown sex. From 1990 – 

1992 field crews did not report individuals observed by sex. 

Year Male Female 

Total adult 

population 

estimate 

% Adults 

banded % Males 

1990   75 0.16  
1991   44 0.36  
1992   50 0.78  
1993 36 36 72 0.68 0.50 

1994 42 41 83 0.75 0.51 

1995 60 60 120 0.83 0.50 

1996 69 65 134 0.74 0.51 

1997 68 72 141 0.65 0.49 

1998 55 41 97 0.74 0.57 

1999 45 50 95 0.85 0.47 

2000 50 59 109 0.87 0.46 

2001 54 57 111 0.86 0.49 

2002 46 50 99 0.88 0.48 

2003 50 52 102 0.93 0.49 

2004 68 68 136 0.89 0.50 

2005 73 80 153 0.90 0.48 

2006 83 95 178 0.79 0.47 

2007 84 97 181 0.71 0.46 

2008 87 100 187 0.73 0.47 

2009 98 101 199 0.78 0.49 

2010 110 122 232 0.82 0.47 

2011 125 122 247 0.84 0.51 

2012 145 145 290 0.88 0.50 

2013 164 140 304 0.88 0.54 

2014 188 150 338 0.80 0.56 
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Table 2. Number of predators removed at Snowy Plover nesting sites in Oregon, 2002 – 2014.  

  Raven Crow 

Red 

fox 

Gray 

fox Raccoon 

Striped 

skunk 

Feral 

cat  Opossum Coyote 

Great 

Horned 

Owl 

2002a 12 14 6 2 12 5 1 1 0 0 

2003a 150 38 12 2 8 6 1 1 0 0 

2004 150 101 27 3 19 13 4 17 0 0 

2005 82 132 15 0 0 3 2 3 0 0 

2006 145 89 17 0 0 8 1 0 4 0 

2007 65 144 13 3 2 7 0 0 0 1 

2008 219 122 15 0 3 2 1 0 2 0 

2009 151 169 10 2 3 4 4 0 2 0 

2010 81 168 7 0 1 3 0 0 1 0 

2011 95 178 15 0 0 6 0 0 0 1 

2012 225 50 13 0 0 3 0 0 2 0 

2013 213 123 20 0 0 0 0 0 0 0 

2014 185 130 6 0 0 0 0 0 0 0 

           

Total 1773 1458 176 12 48 60 14 22 11 2 
 

a Predator removal occurred only at Coos Bay North Spit, Bandon, and New River in 2002 and 2003. 
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Table 3. Snowy Plover mean vital rates and variances used in deterministic and 

stochastic models. Variance for φa, φj, φc, and Sn contain process variance only. Variance 

for n, cs, and h include both sampling error and process variation.  

Parameter Definition Mean (SE) Variance 

φa Annual survival after age 1 0.709 (0.014) 0.002 

φj Juvenile survival from fledging to age 1 0.531 (0.017) 0.002 

φc Chick survival from hatching to fledging 0.610 (0.004) 0.001 

n Number of nests per year 2.081 (0.083) 0.070 

cs Clutch size; eggs per clutch 2.671 (0.011) 0.452 

Sn Nest survival - 29 days 0.445 (0.004) 0.070 

h Hatch rate 0.864 (0.005) 0.044 

sex sex ratio at hatch 0.5 constant 
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Table 4. Elasticity of mean matrix values and underlying vital rates for deterministic 

matrix model for Snowy Plover population in Oregon. Although we display elasticities 

for lower level vital rates, these cannot be interpreted as contributions to population 

growth and do not sum to 1.  

  

Mean matrix 

value/vital 

rate Elasticity 

First year fecundity (F1) 0.35 0.11 

Adult fecundity (F2) 0.76 0.22 

First year survival (P1) 0.32 0.22 

Adult survival (P2) 0.71 0.45 

Nests per year (n) 2.08 0.33 

Eggs per clutch (e) 2.67 0.33 

29-day nest survival (Sn) 0.44 0.33 

Probability egg hatches (h) 0.86 0.33 

Adult annual survival (φa) 0.71 0.67 

Juvenile survival (φj) 0.53 0.33 

Chick survival (φc) 0.61 0.33 
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Table 5. Projected effect of variable levels of predator management on the Oregon 

Snowy Plover population, 2014 - 2029. Based on 10,000 iterations of the stochastic 

growth model, we report mean population growth rates with 95% confidence intervals, 

estimated number of males in population in 2029, the percent of iterations that fell below 

U.S. Fish and Wildlife Service recovery goal of 125 males at any point between 2014 and 

2029, and the percent of iterations that fell below a quasi-extinction threshold of 25 male 

during the same period.  

Management level λs (95% CI) 

Estimated 

male 

population 

size, 2029 

% 

Iterations 

below 

recovery 

goal 

% 

Iterations 

below 25 

males 

No predator management 0.97 (0.96, 0.97) 168 64% 2% 

25% predator management 0.99 (0.99, 1.00) 251 44% 0.4% 

50% predator management 1.02 (1.01, 1.03) 372 26% 0.1% 

75% predator management 1.04 (1.04, 1.05) 524 13% 0.0% 

100% predator management 1.07 (1.06, 1.08) 730 7% 0.0% 

 



 

146 

 

LIST OF FIGURES 

Figure 1. Map of Snowy Plover nesting sites in Oregon, 1990-2014. 

Figure 2. Life cycle diagram for Western Snowy Plover population in Oregon. 

Figure 3. Histogram of 10,000 iterations of Snowy Plover population growth rate (λs). 

Figure 4. 100 iterations of Snowy Plover stochastic growth model, 1990 – 2029. 
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Figure 1. Snowy Plover nesting sites in Oregon, 1990-2014. Black dots include all 

regularly occupied nesting habitat during study period. Gray shaded line in inset map 

shows extent of Pacific Coast population distribution. Black box indicates map extent.  
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Figure 2. Life cycle diagram for Western Snowy Plover population in Oregon with post-

breeding census and two life stages; first year birds (Age0) and adult birds (Age1+). 

Survival rates are shown for Age0 birds (P1 = probability that a first-year bird survives 

from hatching to age 1) and Age1+ (P2+ = probability that an adult survives to the 

following year). Fecundity values represent the reproductive contribution of Age0 birds 

(F1) and Age1+ (F2) within the next 12 months in terms of number of male offspring 

produced per male parent. These fecundity values include the probability of an individual 

surviving to the following spring, recruiting to the population, and breeding successfully.  
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Figure 3. Histogram of population growth rate (λs) based on 10,000 iterations of 

stochastic model. Dashed line shows mean value of λs.  

 

 

 

 



 

150 

 

 

Figure 4. Snowy Plover adult male population growth, based on 100 iterations of 

stochastic model, 1990 - 2029. Bold black line shows observed male population growth, 

1990 – 2018.  
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CHAPTER 6. CONCLUSION 

Gabrielson and Jewett (1940) called the Snowy Plover “the pale little ghost of the sand 

dunes”, an apt description for a bird that was almost lost from Oregon’s beaches. By the 

1970s Snowy Plovers were rare in Oregon (Wilson 1980), and in the early 1990s there 

were fewer than 50 birds nesting along the coast. Today, through intensive management 

and the sustained efforts of countless biologists, Snowy Plovers can again be found in 

open sand dunes in all counties along the Oregon coast, but maintaining this conservation 

success in the face of declining resources will be a challenge. This work facilitates 

informed conservation. It documents individual survival rates for Snowy Plovers at chick, 

juvenile, and adult life stages, and identifies environmental and management covariates 

affecting each. It complements and updates earlier analyses of nest and chick survival 

(Dinsmore et al. 2014, 2017). The population model brings these vital rates together to 

predict growth under current management and explore the effect of reducing lethal 

predator management on future population levels.  

We found that chick survival, from hatching to fledging at 28 days, improved 

with age, varied by site, and was higher in years with predator management. Chicks’ 

survival increased significantly after 5 days. We found a quadratic trend over the long 

brood-rearing season; chicks hatched at the peak of the season had highest survival to 

fledging. Chicks that experienced colder-than-average weather during their pre-fledging 

period had lower survival, particularly during their first 5 days. We found no significant 

effect of male parent age or wetter-than-average weather on chick survival.  
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Juvenile survival from fledging to the following spring followed a negative trend 

over the early years of our study, before rebounding slightly after implementation of 

predator management across the study area, although this improvement did not outweigh 

the overall negative trend. We found no sex differences in juvenile survival, and no 

support for variation in juvenile survival based on other temporal and individual 

covariates. There was no evidence of effects based on number of chicks fledged annually, 

adult population size, climate, weather, sex, hatch date, or site on juvenile survival, and 

there was no evidence for differences in adult survival or encounter probability based on 

sex. Predictably, juvenile survival was significantly lower than adult survival. 

During the course of our study, we saw increasing apparent adult survival. This 

increase was concomitant with implementation of lethal predator management and a 

decline in the use of nest exclosures. We also saw evidence that wetter-than-average 

winter weather depressed adult survival. 

We used these survival analyses and observed productivity data in a matrix 

population model to assess the relative contribution of demographic rates on population 

growth, project population growth and viability 15 years into the future, and compare 

expected population growth under varying levels of predator management. The model 

showed that adult survival contributed most to overall population growth and forecasted a 

growing population though 2029 – nearly doubling the population in the next 10 years. 

Our analysis revealed the importance of predator management to maintaining a growing 

population, but indicated that the level of predator management could be safely reduced 

by as much as 50% while maintaining a positive population growth rate. 
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Future directions 

Predator management was implemented in Oregon to improve nest and chick 

survival (U.S. Department of Agriculture and U.S. Department of Interior 2002). 

However, our analyses show that the program provides survival benefits across the life 

cycle. Although lethal predator management has been an important factor in population 

growth, and is a focus of the work here, other management actions are also integral to the 

Oregon population’s success. Along much of the Oregon coast, invasive vegetation has 

encroached on the dunes, stabilizing the plovers’ ephemeral habitat and leaving a narrow 

strip of open sand habitat close to the water. Nests along these linear beaches are wedged 

between the waterline (and may be lost to overwashing during high tides) and the 

vegetation line (which provides cover for predators). Habitat restoration and maintenance 

creates wide, open expanses of nesting habitat. When incubating plovers are repeatedly 

flushed from their nest, eggs are left exposed to the elements, and the adults’ movement 

may alert predators to the location of otherwise-cryptic nests. Recreation management 

and seasonal beach restrictions allow plovers to nest undisturbed. Both habitat restoration 

and recreation management result in higher productivity and survival (Ruhlen et al. 2003, 

Lafferty et al. 2006, Dinsmore et al. 2014). Future analyses should explore the effects of 

varying these actions on population growth.  

The adult and juvenile Cormack-Jolly-Seber (Cormack 1964, Jolly 1965, Seber 

1965) models used here (Chapters 3 and 4) estimate apparent survival, which is the 

product of true survival and permanent emigration. These models could be improved by 

collaborating with partners in other recovery units to incorporate dispersal information 
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and estimate true survival. Additionally, dispersal information could improve the matrix 

model by providing vital rates for emigration and immigration. We are currently 

developing an integrated population model with Bayesian population viability analysis 

that includes estimates of immigration. Alternatively, a multi-state analysis incorporating 

movements between regions could help quantify dispersal and source/sink dynamics.  

Our population model looked at population growth across all 9 traditional nesting 

sites. Subsequent analyses could add a spatial component to the model by examining site-

specific movement, survival, and productivity, possibly incorporating similar data from 

Washington and California to update the Nur et al. (1999) metapopulation analysis. This 

information could help managers identify sites that are most important to maintaining the 

population at recovery levels, and could be extended to compare growth among recovery 

units.  

Comparatively little is known about Snowy Plover biology during the non-

breeding season, particularly in Oregon. Some plovers are sedentary in winter, while 

others migrate outside the state. Future analyses could estimate winter survival, dispersal, 

and habitat use, and may identify further management actions that would efficiently 

maximize growth.  

Finally, although management is best informed by comprehensive, local 

demographic data (Anders and Marshall 2005, McNew et al. 2012), this is not feasible 

for all species. This model could be generalized to other species with similar life histories 

but little available demographic data, to make informed a priori predictions about 

proposed management actions. 
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Leopold (1949) said “The last word in ignorance is the man who says of an 

animal or plant, "What good is it?"…To keep every cog and wheel is the first precaution 

of intelligent tinkering.” Snowy Plovers are an integral part of a functioning coastal dune 

ecosystem in Oregon, and their conservation benefits other dune species, including often-

overlooked native vegetation and invertebrates, by restoring the poorly stabilized, 

sparsely vegetated sand habitat these species require. This work furthers conservation of 

the Oregon coastal dune system by informing protection of a flagship species.  
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