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Abstract 

Nest predation is a major cause of failed shorebird reproduction. Management to 

increase reproductive success and survival of nesting interior least terns (Sterna 

antillarum athalassos; hereafter, least tern), and piping plovers (Charadrius melodus) 

that nest along the Central Platte River focuses on constructing and managing off-channel 

nesting habitats that are protected and monitored for least tern and piping plover 

productivity (i.e., nesting success and fledging success). However, nest and brood fates of 

unknown outcome, failed to unknown causes, or failed due to predation have been high 

for both species. These uncertainties lead to the investigation of avian and mammalian 

predator presence and mode of access at off-channel nesting sites along the Central Platte 

River in Nebraska. In chapter 2, we investigated the effectiveness of a predator exclusion 

method, called a panel wing system, where we determined probabilities of approaches 

and breaches of predator panel wings present on nesting peninsulas. In chapter 3, we 

investigated the predator communities on least tern and piping plover nesting peninsulas. 

The results of these studies will help determine which management techniques are the 

most effective and possible new management techniques that could be implemented in 

the future to help reduce predator related issues and increase the success of least terns and 

piping plovers.  
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Habitat fragmentation is common across all ecosystems and has led to population 

decline of many species. Habitat fragmentation reduces the original habitat, and the 

remaining fragments vary in size and degrees of isolation (Laurance 2008). 

Fragmentation increases the amount edge habitat within an ecosystem (Wiens 1995), 

which results in increased population size for edge adapted species and population 

decline for species that require continuous habitat. Habitat fragments are most similar to 

islands, where population isolation often occurs. Various populations of predator and 

prey species can move between adjacent patches and interact with organisms that live 

within the island (Andren and Angelstam 1988). However, this degree of fragmentation is 

known to affect species in different ways; for example, large predators or sedentary 

specialists can be sensitive to the effects of habitat islands because of reduced species 

diversity, population sizes, or altered compositions and recolonization of communities 

(Temple 1991; Bierregaard et al. 1992; Wiens 1995). Prey species are also affected by the 

above patterns, but a primary effect of reduced habitat is increased population density as 

patch size decreases. Increased prey density leads to increased predation pressure on 

habitat islands.  

Predation can have a greater negative impact on vulnerable prey populations that 

live on habitat islands. Specifically, ground-nesting birds are vulnerable to depredation 

because of the usually high nest density (Keyser et al. 1998) that occurs in one area. 

Mobile mammalian species locate and predate nests in the foraging patch (Parr 1992, 

Schmidt 1999, Duncan and Blackburn 2007). Thus, management of populations restricted 
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to small island habitats must address multiple factors that contribute to population decline 

for species at risk. 

 One ecosystem that has experienced a significant amount of habitat fragmentation 

and also supports multiple species of conservation concern, e.g., Interior Least Terns 

(Sterna antillarum athalassos; hereafter, least tern), Piping Plovers (Charadrius melodus) 

and Whooping Cranes (Grus americana), is the Central Platte River in Nebraska and its 

Associated Habitat Reach (AHR, a ninety-mile section of the Central Platte River that 

extends from Lexington, NE downstream to Chapman, NE where least terns and piping 

plovers typically nest). Early records indicate that the AHR experienced a significant 

width reduction as a result of the expansion of cottonwood forest into the channel (EDO 

2015). This river system has also experienced managed waterflows to supply water for 

irrigation. Because flows were reduced due to narrowing of the channels and water 

withdrawal, significant habitat modifications along the Central Platter River have 

occurred and a reduction of required habitat for species nesting and/or roosting on within-

channel sandbar habitats. Because water resource development caused habitat changes 

along the Platte that occurred faster than flora or fauna were able to adapt, the least tern 

was listed as endangered in 1985 and the piping plover was listed as threatened in 1986 

under the Endangered Species Act (Eschner et al. 1981; Sidle et al. 1989; and Williams 

1978). In response to population declines, legislation was implemented to provide 

support for habitat modification and population recovery effort for species in need. 

However, due to the efforts of local, state and federal stakeholders across the country, 

recent science indicates that least tern populations are healthy, stable and increasing 
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which lead to the least tern delisting in 2021. However, delisting did not happen 

overnight, but rather a long process of monitoring and collecting species data with 

multiple agencies. 

After listing, the USFWS made the determination that least terns and piping 

plovers were threatened by upstream impoundments and diversions that reduced the 

magnitude of flows from the annual spring runoff, which had occurred naturally prior to 

water resource development in the 1800s (Freeman 2010, Department of the Interior 

2006). There were several disagreements between the states of Colorado, Wyoming and 

Nebraska, and the U.S. Department of Interior (Department of the Interior 2006) of how 

least tern and piping plover reproductive success and habitat management should be 

handled. The Platte River Recovery Implementation Program (PRRIP hereafter) was 

formed as the result of a cooperative partnership between these states and the U.S. 

Department of Interior’s Adaptive Management Plan (AMP) that began in 1997. Two 

main management strategies were established to enhance land and water resources for 

least terns and piping plovers and other target species (Department of the Interior 2006).  

In terms of least terns and piping plovers, the aim for PRRIP’s two management 

strategies was to increase the production of least terns and piping plovers within the 

Associated Habitat Reach (AHR, a ninety-mile section of the Platte River that extends 

from Lexington, NE downstream to Chapman, NE, Figure 1). These strategies involved 

similar approaches, the first one being mechanical creation and maintenance (MCM) and 

second being the flow-sediment-mechanical (FSM) approach (EDO 2015). Although 

these approaches are similar in achieving the overall same goal, they differ in execution. 
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The MCM approach focuses on both in and off-channel habitat where machinery is used 

to create and restore in-channel and off-channel (sandpit) nesting habitat. The FSM 

approach focuses on increasing sandbar height and maintaining channel width by 

manipulating flows via hydrocycling at specific times (EDO 2015). 

Historically, the first recorded observation of least terns in Nebraska was made 

near the mouth of the Platte River in 1804 by the Lewis and Clark expedition (EDO 

2015). The first quantitative observations of piping plovers in Nebraska occurred near 

Omaha and at Capitol Beach in Lincoln in the early 1940s (Moser 1942). Least terns and 

piping plovers have been observed nesting on river sandbars along the Central Platte 

River since 1979 to the mid-1980s (Pitts 1988, Lingle 2004, Baasch 2010, 2012, 2014). 

During this time, a total of 1,789 least tern and 776 piping plover nests were documented 

in the AHR. Of all nests documented in the AHR, 88.2% of least tern nests and 75.4% of 

piping plover nests occurred on off-channel sandpit habitat. Approximately 3.3% of least 

tern nests and 7.1% of piping plover nests occurred on natural sandbars, 17.5% on 

constructed or managed sandbars within the river channel, and the remaining proportion 

of nests (75.4%) occurred on off-channel sandpit reservoirs (Pitts 1988, Lingle 2004, 

Baasch 2010, 2012, 2014).  

Off-channel nesting peninsulas are likely appealing to least terns and piping 

plovers because of their structure and security from predators. PRRIP focuses efforts on 

constructing and managing off-channel nesting habitat that is constructed of sand and 

gravel sediment with sparse to no vegetation, leaving only bare sand, as least terns and 

piping plovers prefer this for nesting (Patterson 1988, Prindiville-Gaines and Ryan 1988, 
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Sherfy et al. 2008, Catlin et al. 2015). PRRIP implements several predator management 

techniques to help minimize the possibility of mammalian predators from advancing onto 

the nesting peninsulas. Each nesting peninsula has only one narrow land bridge that 

connects to the mainland with a moat, that is ≥ 30 meters wide, surrounding it. The 

nesting peninsula entrances have permanent and temporary electrified fences installed—

all permanent fencing has an electrified wire running on top of the fence and panel wings 

are positioned on the ends of the predator fence and extend 1-2 meters into the water to 

deter mammalian predators from swimming around from the mainland, and PRRIP 

implements professional trapping and removal of mammalian predators around the sites. 

In terms of reducing avian predator presence, any trees within ≥150-meter radius of the 

nesting site are removed, and avian spikes are placed on all stationary objects that could 

be potential avian perches. 

Although the nesting peninsulas are protected from predators, predation is still a 

factor for reducing productivity at off-channel nesting sites. In 2016, 157 nests (102 = 

least tern and 55 = piping plover) were documented from within the nesting colonies at 

off-channel nesting sites along the Central Platte River. Of these nests, 33% (52/157) had 

nest fates of unknown outcome, failed to unknown causes, failed due to predation or were 

abandoned for unknown reasons. Of the successful nests, there was a total of 107 broods 

(68 = least tern and 39 = piping plover) and 51% (55/107) had fates of unknown outcome 

or failed to unknown causes. It is thought that many of these nest and brood failures may 

have been related to predator activity and presence on the nesting peninsulas. Predation 

events are difficult to discern as several predators either do not leave a sign of their 
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presence, the sign is inconclusive, or sign of predation simply goes undetected even in the 

presence of intensive inside monitoring that was conducted from 2010 to 2017 at these 

off-channel nesting sites.  

Based on previous research and the specifics of the least tern and piping plover 

off-channel nesting habitat and management within the AHR, we determined that there 

was a need to better understand nest failure and brood failure for least terns and piping 

plovers reproducing along the Platte River. In chapter one, our main questions were (1) 

are the panel wings and moat effective at deterring mammalian predators from accessing 

the nesting peninsulas? and (2) what are the predator communities near the entrance of 

the nesting peninsulas and on the nesting peninsulas? For chapter two, we were curious if 

(3) mammalian predator presence would be more abundant than avian predator presence 

on the nesting peninsulas. The method we determined that could effectively answer these 

questions without creating bias would be the implementation of remote trail cameras. 

For question one, we predicted that the predator panel wing system was effective, 

if the number of predator approaches registered would be higher than the number of 

breaches registered by camera traps. To determine the effectiveness of predator panel 

wings, camera traps were placed near the predator fencing to record any approaches and 

breaches of mammalian animals. One camera was placed on the outside of the predator 

fence facing outward and centered in front of the fence; this was designated as camera 1. 

The other two cameras were placed on the inside of the predator fence facing the predator 

panel wings and were 1.5 to 2 meters away from the fence; these cameras were 

designated as camera 2 and 3. The outside camera 1 was placed to document approaches 
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by predators and cameras 2 and 3 were placed to document approaches and breaches by 

animals swimming around, digging under, or climbing over the predator panel wings.  

For question two, the panel wing system data was used to answer the portion of 

the question about predator communities near the entrance to the nesting peninsula. To 

address the predator communities on the nesting peninsulas, a separate study design was 

implemented. This study was referred to as site level predator monitoring and we used 

camera-traps to identify the predator communities, document the number of avian and 

mammalian predator registers and determine the most frequent predators on managed off-

channel nesting sites. This study was also used to answer the question (3) if mammalian 

predator presence is more abundant than avian predator presence on the nesting 

peninsulas.  

The overall importance of these studies is to learn about predator communities 

and predation events at least tern and piping plover off-channel nesting sites, which 

management techniques are the most effective and possible new management techniques 

that could be implemented in the future to help reduce predator related issues and 

increase the success of least terns and piping plovers.  
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Figure Captions 

Figure 1. The Associated Habitat Reach (AHR)—a 90 mile stretch that encompasses the 

Central Platte River from the city of Lexington to Chapman in Nebraska, USA. The AHR 

encompasses all least tern and piping plover off-channel nesting sites that were included 

in both studies.  
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Figure 1. Map of the AHR in Nebraska. 
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Chapter 2. Evaluation of Predator Exclusion Techniques on Mammalian Predator 

Access to Interior Least Tern and Piping Plover Off-Channel Nesting Sites Along 

the Central Platte River in Nebraska, USA 
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Abstract 

Nest predation is a major cause of failed shorebird reproduction. Management to 

increase reproductive success and survival of nesting least terns and piping plovers that 

nest along the Central Platte River focuses on constructing and managing off-channel 

nesting habitats that are protected and monitored for least tern and piping plover 

productivity (i.e., nesting success and fledging success). However, nest and brood fates of 

unknown outcome, failed to unknown causes, or failed due to predation were high in 

2016 for both species, which lead to the investigation of predator presence at off-channel 

nesting sites. The objectives of this study were to determine whether the predator panel 

wing system deters mammalian predators from accessing off-channel nesting peninsulas 

and to identify mammalian species that approached or breached the predator panel wings. 

We also determined the probability of a breach occurring at the panel wings and daily 

probability of predator activity. 

For the predator panel wing system to be effective, the number of predator 

approaches registered by camera traps must be higher than the number of breaches 

registered by camera traps. We did find that approaches were much higher than breaches 

(i.e., 145 approaches and 15 breaches). Logistic regression models were used to 

determine probability of a breach occurring and daily probability of predator activity 

based on spatial and temporal variables. The null model had the lowest AICc of 105.60 

and AICc weight of 0.4, suggesting probability of a breach given when an approach 

occurred was similar spatially and temporally. The spatial model influenced daily 
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probability of predator activity because it had the lowest AICc of 542.5 and AICc weight 

of 1. 

Although the predator panel wing system was not 100% effective at deterring 

mammalian predators from accessing the off-channel nesting peninsulas from the 

mainland, they were effective 90.6% of the time. Our research indicates that a single sand 

and gravel peninsula moated by water with one narrow land bridge, predator fencing and 

panel wings at the entrance are effective at deterring mammalian predators from 

accessing least tern and piping plover off-channel nesting sites rather than not 

implementing them. 
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Introduction 

Nest predation is a major cause of failed avian reproduction (Ricklefs 1969, 

Martin 1995). Many ground nesting species succumb to nest predation by both 

mammalian and avian predators (Schmidt 1999), however, predation risk by predator 

type is influenced by differences in structural and spatial components of the habitat (e.g., 

fragmented habitat with stark edges, continuous habitat, presence of trees, and proximity 

to farmland (Ellis et al. 2020). For example, nest predation by avian predators, such as 

Great Horned Owls (Bubo virginianus), is higher in habitat that contains available 

perches near the nest location (Schmidt 1999). Thus, habitat structure influences the 

presence and frequency of potential nest predators.  

In addition to habitat structure, predation risk is influenced by predator density, 

and density of prey on the landscape. Predators respond to the availability of prey and 

ease of prey acquisition. For example, colonial nesting ground birds are vulnerable to 

predation because of high nest density (Keyser et al. 1998) and ease by which predators 

can locate nests within a single foraging patch (Parr 1992, Schmidt 1999, Duncan and 

Blackburn 2007).  

Some ground nesting species, such as waterfowl, (e.g., ducks, Hammond and 

Mann 1956, Duebbert 1966, Vermeer 1968, Duebbert et al. 1983) and Canada geese, 

(Craighead and Craighead 1949, Raveling 1977, Bellrose 1980) like  to nest on islands 

that appear to offer isolation from some mammalian predators, but nests are still 

vulnerable to avian predators (e.g., Great Horned Owl) or mammals capable of 
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swimming to islands. Similar to waterfowl, shorebirds such as Interior Least Terns 

(Sterna antillarum athalassos, hereafter; least terns) and threatened Piping Plovers 

(Charadrius melodus) prefer to nest on islands, peninsulas, or shorelines and can be 

vulnerable to some mammalian predators because of fragmented island habitat where 

they typically nest. Predators foraging in fragmented landscapes often spend more time in 

a single foraging patch to reduce potential risk, i.e., mortality or injury, related to 

traveling between habitat fragments (Nonacs 2001). Similarly, mammalian predators that 

swim to shorebird nesting peninsulas may remain on the peninsula longer to maximize 

foraging benefits and reduce costs related to travel. Fragmented habitat often provides a 

foraging paradise for predators due to distribution and high abundance of prey species 

that occur within fragments (Andren and Angelstam 1988). 

Vulnerability of prey species to predation within fragmented habitats can be 

reduced by implementing predator management techniques, which may decrease predator 

presence and increase survival and reproductive fitness for prey species, i.e., shorebirds. 

Several methods of predator management: habitat management (Martin, 1992; Chalfoun 

et al. 2002; Brickle and Peach, 2004), predator relocation (Côté and Sutherland 1997), 

lethal trapping of predators (Scasta et al. 2017), and predator fencing have been used to 

deter or remove predators from the landscape. Specifically, electric fencing has been used 

to protect nesting colonies of waterfowl and shorebirds (Mayer and Ryan 1991; Lagrange 

et al. 1995; Koenen et al. 1996). Forster (1975) used electric fencing to protect a large 

nesting colony of Sandwich Terns (Sterna sandvicensis) from red foxes (Vulpes vulpes) 

at the Sands of Forvie National Nature Reserve in Aberdeenshire, Scotland. Using this 
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method, Forster (1975) reported only one breach, where a red fox accessed the nesting 

area. Predator fencing allowed the original population of sandwich terns (i.e., 80 nesting 

pairs in 1973) to increase to a population of 450 nesting pairs in 1974. Similarly, a study 

by Estelle et al. (1996) used wire mesh fencing to exclude artic foxes (Vulpes lagopus) 

from Pectoral Sandpiper (Calidris melanotus) nesting colonies in Alaska, successfully 

improving daily survival rate of pectoral sandpiper nests. In addition, this same 

management technique has been used to protect nests and increase productivity (i.e., 

survival) of least terns and piping plovers that nest along the Central Platte River in 

Nebraska, USA (Farrell et al. 2018).  

Management to increase reproductive success and survival of nesting least terns 

and piping plovers that nest along the Central Platte River is implemented by The Platte 

River Recovery Implementation Program (hereafter, PRRIP). PRRIP is the result of a 

cooperative partnership between the states of Colorado, Wyoming and Nebraska, the U.S. 

Department of Interior (DOI), water users and several conservation groups such as, 

United States Fish and Wildlife Service (USFWS), Nebraska Public Power District 

(NPPD), The Crane Trust, and Rowe Audubon Sanctuary. Management and monitoring 

procedures were established to enhance land and water resources for nesting least terns 

and piping plovers (Department of Interior 2006). PRRIP constructs and manages off-

channel nesting habitats that are protected and monitored for least tern and piping plover 

productivity (i.e., nesting success and fledging success). Nest and brood fates of unknown 

outcome, failed to unknown causes, or failed due to predation were high in 2016 for both 

species. For many of these nest and brood failures, predator activity and presence on the 
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nesting peninsulas was likely the issue, but not confirmed. This uncertainty is what lead 

to the investigation of predator presence at off-channel nesting sites during 2017 and 

2018.  

Predation events are difficult to detect as many predators either do not leave sign 

of their presence, the sign is inconclusive, or sign of predation goes undetected despite 

intensive inside nest monitoring. Prevention of predation by mammalian predators was 

needed to increase reproductive success of least terns and piping plovers in this 

population (Farrell et al. 2018). PRRIP contracts work with USDA-APHIS to perform 

mammalian predator trapping and removal at managed nesting sites. In addition, 

permanent, and temporary electrified fences are used at the entrance of each nesting 

peninsula. Despite preventative measures, predation still reduces productivity at off-

channel nesting sites. Thus, there is a need to test the efficacy of predator preventive 

measures (i.e., electric fencing and predator panel wings) used at off-channel nesting sites 

and to identify predators that access nesting peninsulas.  

Specifically, the objectives of this study were to determine whether the predator 

panel wing system, i.e., predator panel wings and moat, deters mammalian predators 

from accessing off-channel nesting peninsulas and to identify mammalian species that 

approached or breached the predator panel wings. The predator panel wing system would 

be considered effective if the number of predator approaches registered was higher than 

the number of breaches registered by camera traps. In addition, we investigated potential 

temporal and spatial factors important in predicting predator breaches. Finally, we 
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determined mammalian predator compositions at each off-channel nesting site and 

estimated the timing of predator activity on nesting sites.   

Methods 

Study Area—The study sites included three off-channel nesting habitats: Dyer, 

Broadfoot - Kearney South, and Leaman East, along the Central Platte River extending 

from Overton to Wood River, Nebraska, USA. Off-channel nesting sites spanned a total 

distance of 83 km (Figure 1). Off-channel nesting sites are composed of a single 

peninsula of sparsely or non-vegetated sand and gravel (PRRIP 2019). The sites were 

moated on all sides by ≥ 30 m of water, with only one narrow land bridge to the 

mainland, which serves as the entrance to the nesting peninsula (PRRIP 2019). Electrified 

fence extended across the entrance to the peninsula. To deter mammalian predators from 

swimming from the mainland to the nesting peninsula, non-electrified fence-panel wings 

(hereafter, predator panel wings) were positioned on both ends of the electrified fence 

and extended 1-2 meters out into the water (Chapter 2, Appendix A). Off-channel nesting 

sites were located on both sides of the Platte River, Dyer was .40 km, Broadfoot - 

Kearney South was .35 km and Leaman East was .69 km from the main river channel. 

These off-channel nesting sites were considered independent nest sites, where the 

likelihood of capturing the same individual predator at two different sites was assumed 

rare due to the distance between the off-channel nesting sites. The distances between the 

sites averaged 33.1 km via traveling interstate I-80 and highways to the entrances of the 

off-channel nesting sites, specifically, Dyer was located 43.4 km west of Broadfoot - 
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Kearney South, and Leaman East was located 56.3 km east of Broadfoot - Kearney 

South. 

Field Methods—To determine effectiveness of predator panel wings, camera traps 

were placed near predator fencing to record any approaches and breaches of mammalian 

animals. Moultrie P-150 (Moultrie Products, LLC, 2017) remote cameras were used 

because this model has a wide detection angle of 150-degree field of view. Still photos 

were panoramic; the camera simultaneously took three side-by-side photos and merged 

them together to create one large photo. One camera was placed on the outside of the 

predator fence to detect any mammals approaching from the mainland. Two additional 

cameras were placed 1.5-2 meters away from the fence, but on the peninsula facing the 

inside of the predator fence. The cameras placed on the inside of the fence were 

positioned to document approaches and breaches by animals swimming around, digging 

under, or climbing over the predator panel wings. Cameras were attached to 2.1-meter-

tall T-posts that were buried 0.5 meters into the sand. Cameras were programmed to take 

a photo every time the camera was triggered by motion to allow for continuous sampling 

intervals of predators present. Additional camera settings were used to ensure optimal 

detection (Table 1). Cameras were present April 12 - September 1st, 2017, and May 1st - 

September 7th, 2018, which coincided with nesting seasons for both least terns and piping 

plovers. There were 361 camera days in 2017 and 335 camera days in 2018. Sampling 

effort for each site and year was documented (Table 2). 
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Data Scoring—Predator registers were images of mammalian predators captured 

on camera. Predator registers captured on the outside of the predator panel wing were 

classified as an “approach,” while any image captured on the inside of the predator panel 

wing was classified as a “breach”. In cases where multiple images showed clear evidence 

of the same predator register (i.e., the same individual was in an image within 60 minutes 

of the previous photo), then only data from one image was used in analysis. If multiple 

images of the same predator species occurred more than 60 minutes apart, predator 

registers were treated as independent data points. The 60-minute time interval was 

considered the minimum amount of time needed for a single mammalian predator to 

traverse around the perimeter of the site (i.e., the fencing and natural barriers of the site 

combined) If a single-species group (>1 individual) of predators were captured on camera 

together, this was considered an individual approaches and breaches, if applicable. There 

was also the possibility that one of the group members accessed the nesting peninsula 

(breach) while the others did not. In that case, it was considered as an independent 

breach.  

Statistical Analysis—To determine if predator panel wings were effective 

management tools to deter predator access to off-channel nesting sites, we recorded the 

sum of potential mammalian predator species approaches and breaches at each nesting 

site in 2017 and 2018 from the remote camera monitoring methods and compared them. 

The predator panel wing system was considered effective if the number of predator 

approaches registered was higher than the number of breaches registered by camera traps.   
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In addition to determining the difference between approaches and breaches, we 

were also curious about the probability of a breach occurring at the panel wings and daily 

probability of predator activity. To understand the probability of a breach occurring at the 

predator panel wings, we estimated the probability of a breach occurring given the 

opportunity to breach the panel wings based on approach and breach information, i.e., 

each individual approach (0) and breach (1) was treated as a data point. Mammalian 

approach and breach information and independent temporal and spatial variables, i.e., 

year and time of night, and off-channel nesting sites, respectively, were recorded for each 

mammalian predator approach or breach captured by remote camera images and tested as 

possible important predictors of predator breaches in a logistic regression model. 

Similar to the probability of a breach occurring at the predator panel wings, we 

also developed logistic regression models to determine daily probability of predator 

activity. Temporal and spatial independent variables (i.e., year, day of year, month, and 

off-channel nesting site, respectively) were used to determine daily probability of 

predator activity (approaches and breaches combined). To analyze daily predator activity, 

we partitioned remote camera image data into daily accounts of predator approaches and 

breaches. Instead of using data to test for differences within a daily period, we wanted to 

test whether predator activity at panel wings differed across the least tern and piping 

plover breeding season. On a given day, we recorded that day as having predator activity 

(1) or not (0). Year, day of year, month, and site, were all recorded with daily data and 

tested as possible important predictors of predator activity. For both predator panel wing 

effectiveness and daily probability of predator activity analyses, the fixed effect logistic 
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regression model in Program R (R Core Team 2020) using R package Stats was used. We 

report important effects from the top model, which is considered the most parsimonious 

model with AICc ≤ 2.0. These model selections used the second order Akaike 

Information Criterion (AICc) to measure the relative goodness of fit for the individual 

models. 

We also determined the mammalian predator species composition at each site 

based on total registers (approaches and breaches combined) for both years combined. 

Time of night predator (hourly) activity intervals were determined for mammalian 

predator species at each off-channel nesting site for both years combined using total 

predator registers. 

Results 

Approaches and Breaches—We discovered the predator panel wing system was 

effective based on the number of approaches (145) and breaches (15) and found the 

predator panel wing system was effective at preventing predator breaches 90.6% of the 

time. Based on model selection results, spatial and temporal factors did not significantly 

predict probability of a breach occurring based on approach information. The overall or 

null model had the lowest AICc of 105.60 and AICc weight of 0.4, suggesting probability 

of a breach given when an approach occurred was similar spatially and temporally at 

0.082 (95% CI: 0.048 - 0.128; Table 3). Frequency of approaches to breaches for 2017 

and 2018 between all off-channel nesting sites varied; in total there were 145 approaches 

and 15 successful breaches. The highest totals for approaches and breaches occurred in 
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2017 (76%) versus 2018 (24%). Breaches occurred at all three nesting sites and of the 

total breaches, only a few predator species were responsible for breaching the panel wing 

system: bobcat (Lynx rufus), raccoon (Procyon lotor), red-fox (Vulpes vulpes), river otter 

(Lontra canadensis), and unknown mammalian species (Figure 2).  

Predator Activity—Spatial or off-channel nesting site differences influenced daily 

probability of predator activity because it had the lowest AICc of 542.5 and AICc weight 

of 1. Broadfoot - Kearney South had the highest estimated daily predator activity 0.268 

(95% CI: 0.211 - 0.334) compared to 0.206 (95% CI: 0.160 - 0.260) at Dyer and 0.029 

(95% CI: 0.013 - 0.063) at Leaman East (Table 4). Based on total registers from the 

predator panel wing cameras, the predator species composition at each off-channel 

nesting site during 2017 and 2018 varied significantly (Figure 2). The peak time of night 

for predator activity intervals during 2017 and 2018 were between 2100 and 0600 (Figure 

3). 

Discussion 

Predator panel wing system approaches and breaches—The predator panel wing 

system was effective 90.6% of the time at deterring mammalian predators based on the 

number of approaches and breaches. Predators that breached the predator panel wing 

system and were captured on camera included: raccoon (60.0%), red fox (13.0%), 

unknown mammalian species (13.0%), river otter (0.07%), and bobcat (0.07%). The 

unknown mammalian species classification was for mammals that were too close to the 

camera, causing a whiteout affect, or animals that were too blurry and unable to 
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determine specific characteristics to classify it as a specific species. For many images 

classified as unknown, we expect that most unknown mammals are most likely raccoon 

or red fox because they were the most common predators captured on camera and several 

of these photos contained fur that resembled the coats of raccoons and red foxes.  

The probability of a breach occurring was surprising because the “null” model 

showed the greatest influence, which suggests breaches were completely random and did 

not depend on specific variables. However, the model with the second lowest AICc was 

“Year” (105.7 and ∆AICc .04). This may give some insight on year influencing predator 

breaches; 2017 had more breaches than 2018. We also found that the model “year” was 

the second-best model to influence the daily probability of predator activity with “site” 

being the most influential. This simply could have been attributed to the fact that cameras 

had a longer deployment time in 2017 versus 2018. We included predator data captured 

during April because piping plover adults were present at the off-channel nesting sites. 

Species composition of mammalian predators at off-channel nesting sites were an 

important factor that influenced detection of approaches and breaches. Some predators 

are more likely to swim around panels or across the moat to access the nesting peninsula. 

Some mammalian predators registered on the panel wing cameras may be abundant, but 

do not pose as much of a threat to nests and chicks. For example, some predators may be 

using resources in the surrounding habitat to hunt for different prey or forage for carrion 

(i.e., coyotes) compared to other mammalian predators that may be abundant because 

they want to access the nesting peninsulas to prey on eggs and chicks (i.e., raccoons; 
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Rearden 1951, Prugh 2005). This situation was observed in this study where raccoon 

approaches (x=55) and breaches (x=9) were higher than coyote approaches (x=21) and 

breaches (x=0). 

Raccoon and red fox were the most common predators to breach the predator 

panel wing system. At all three off-channel nesting sites, raccoons were the most 

abundant predator present outside the predator fencing. Raccoons begin reproducing as 

yearlings and adults older than one year can have litters of four or more (Stuewer 1943). 

Raccoons usually give birth in the spring during April and May (Stuewer 1943) and 

offspring begin exploring outside of the den with their mother in late May/early June. 

This specific timeframe is when the piping plover adults arrive to the off-channel nesting 

sites and begin pre-breeding behavior and determining breeding territories. Adult 

raccoons may be attracted to the off-channel nesting sites during this time of year because 

there is a lot of noise and activity on the nesting peninsulas from shorebirds. Therefore, 

the off-channel nesting sites likely provide ideal foraging habitat for juvenile raccoons 

because they are opportunistic feeders. Raccoons pose a threat to shorebird nests and 

chicks because they are naturally curious animals, excellent swimmers, and are more 

likely to access nesting peninsulas by swimming around or climbing over the panel 

wings. In fact, raccoons favor water and often find nests typically out of reach of other 

mammalian predators (Rearden 1951). In addition, raccoons prefer to eat near water and 

will carry eggs in their mouth to the water’s edge so they can “wash” the eggs before 

eating them (Rearden 1951). Raccoons prefer to forage at night and are usually quiet 

hunters which results in their prey being unaware of their presence. A study identifying 
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nest predators of northern bobwhites reported that raccoon depredations occurred mainly 

(79%) at night (Staller et al. 2005). 

Like the raccoon, the red fox poses a threat to nesting least terns and piping 

plovers because they are opportunistic hunters and eat eggs and chicks. Red foxes are 

highly intelligent and will often cache their food to prepare for future instances when 

food is scarce. If cached food is located on a nesting peninsula, they are likely to 

scavenge that habitat patch again, which can be detrimental for nesting shorebirds. For 

example, diet of red fox in England (1980-1984) peaked with bird predation in June 

(Doncaster et al. 1990). Additionally, there is a positive relationship between red fox 

occupancy and anthropogenic features (Bino et al. 2010, Lesmeister et al. 2015). 

Doncaster et al. (1990) suggests that human activity may influence foxes to scavenge for 

trash, dead fish along shorelines, or other carcasses. Red fox activity was the most 

common at Broadfoot – Kearney South where there was high human activity during the 

day, due to mining operations. Human presence may unintentionally attract red fox 

presence at that site during the night. In addition to natural and anthropogenic causes 

attracting red foxes to off-channel nesting sites, their highly mobile behavior can also 

cause issues. Larivière and Pasitschniak‐Arts (1996) discovered that red foxes can cover 

distances >10 km/day, meaning that a single red fox has the ability to influence several 

least tern and piping plover nests in a single visit (Cohen et al. 2009) at an off-channel 

nesting site. Although the red fox was the second most frequent predator to breach the 

panel wing system, we believe the predator panel system helped prevent red fox breaches 

more often than not (23 fox approaches and only 2 breaches). Predator exclusion fencing 
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has shown to be effective at deterring red foxes, however their intelligence makes them a 

difficult predator to exclude or trap. Maslo and Lockwood (2009) suggest that red fox 

behavior, in relation to exclosures, is poorly understood and more research is needed to 

better understand how to exclude red fox from shorebird nesting colonies.  

Coyotes were frequently registered on the panel wing cameras, specifically at 

Dyer off-channel nesting site. The habitat around Dyer may be more beneficial for 

coyotes due to the close proximity of the river and nearby farms that likely provide food. 

Coyotes are similar to red foxes; in that they prefer anthropogenic habitats (Boisjoly et al. 

2010). Like raccoons and red foxes, coyotes were most active at night and early 

mornings. Grinder et al. (2001a) discovered that nocturnal activity for coyotes in Tucson, 

AZ was between 1800 and 0500 and activity peaked at 2300 and 0500 during a study of 

nocturnal activity of coyotes in urban environments. Coyotes are generalist predators that 

prey on a variety of species and benefit from anthropogenic food resources (Fedriani et 

al. 2001; Hidalgo-Mihart et al. 2001). Although coyotes will prey on ground nesting bird 

eggs and chicks, they may be considered a lesser threat for least terns and piping plovers 

because they are less likely to expend energy swimming (Robinson and Cummings 1947, 

Way 2002) around the predator panel wings or across the moat to access the nesting 

peninsula when other food sources are available on the mainland. Coyotes are more likely 

to prey on rabbits, squirrels, upland-nesting birds, deer, and carrion located on the 

mainland surrounding the nesting peninsulas (Prugh 2005, Litvaitis and Shaw 1980). 

Coyote presence may even benefit the success of ground nesting birds by deterring 

mesopredators (Sovada et al. 1995), which are more likely to prey on the shorebirds. For 
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example, reductions in apex predator species can cause mesopredator release (Levi and 

Wilmers 2012; Noss et al. 1996; Pace et al. 1999; Polis and Holt 1992), which can be 

detrimental for songbirds and small mammals, because they are disproportionately 

preyed upon by mesopredators (Crooks and Soulé 1999; Johnson et al.2007; Ritchie and 

Johnson, 2009). 

Daily Probability of Predator Activity—Based on model selection results, spatial 

or off-channel nesting site differences had a great impact on daily probability of predator 

activity. Broadfoot – Kearney South had the highest estimated daily predator activity 

0.268 compared to 0.206 at Dyer and 0.029 at Leaman East. This was also supported by 

the predator registers at Broadfoot – Kearney South (78) compared to Dyer (71) and 

Leaman East (11). The off-channel nesting sites differ in habitat characteristics (i.e., 

vegetation cover, distance to river, etc.) and location near anthropogenic 

development/urbanization vs rural areas. Even though statistical tests were not conducted 

for these different site habitat characteristics influencing predator activity, a few 

inferences can be drawn. Broadfoot- Kearney South and Leaman East were in closer 

proximity to urbanization and heavy traffic (i.e., gas stations, interstate/highway, heavy 

machinery, and active mining operations). Whereas Dyer was located in a more secluded 

area with far less noise and human disturbance. However, all three off-channel nesting 

sites were located near the river channel (average of .35 km) which may be an indicator 

that mammalian predators prefer a home range in close proximity of the river channel. 

Dyer also has more tree/canopy cover for mesopredators. One would think with Dyer 

having the seemingly more attractive habitat characteristics, that predator registers would 
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have been higher there and not Broadfoot – Kearney South. However, Broadfoot – 

Kearney South is highly secluded during the night with little to no human activity at night 

due to locked gates enforcing security for sand and gravel mining operation. The location 

of this site may be appealing to nocturnal predators due to the perks of trash from the 

nearby gas station, the uninhabited small pasture areas filled with geese and goslings, or 

the close proximity to the river. Whichever it may be, it is evident that seclusion mixed 

with urbanization plays a role in mammalian predator presence at night.  

We determined the predator activity interval ranged from 2100 to 0600 and 

peaked at 0300.  Similar to our study, Grinder et al (2001b) determined their coyote 

activity interval was 2300 to 0500. Another study by Grinder et al. (2001a) determined 

the predator activity interval to be between 2200 and 0500 hours because during that 

period, human activity was significantly less. Predator activity intervals are important for 

biologists to know so they can better understand when predators are most active and how 

they can help better manage for them and protect colonial ground-nesting birds like least 

terns and piping plovers. 

A study by Ivan and Murphy (2005) evaluated the effectiveness of predator 

fencing on piping plover productivity and compared those to the productivity of 

unprotected nests and found that nest success was 0.32 (95% CL: 0.26, 0.39) for 

unprotected nests and 0.66 (95% CL: 0.52, 0.82) for nests protected by electric fence. 

Ivan and Murphy (2005) showed nest success increased 106% when mammalian 

predators were excluded. Temporary electric fencing may be more useful when 
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mammalian predation is a greater concern and nest cages are useful when avian predation 

is common. Smith et al. (2009) conducted a literature review of studies testing the 

effectiveness of predator exclusion techniques for ground nesting birds and found that 

predator exclusion increased hatching success by 92% with exclusion fences and 98% 

with nest-cages. Although nest cages had higher hatch success, Smith et al. (2009) 

suggested that these two types are not directly comparable because they have been used 

for a variety of bird species in different habitats. However, predator exclusion fencing 

may have more long-term effects for chick survival after hatching and leaving the nest 

bowl. Exclusion fencing can protect the chicks from mammalian predators by stopping 

them from accessing the nesting site. Similar to other studies, we believe predator fencing 

is an effective management tool to implement at off-channel nesting sites along the Platte 

River for nesting least terns and piping plovers. Although we did not do an analysis of 

hatching success when using fencing, we did find that the predator panel wing system 

prevented more mammalian breaches (i.e., 145 approaches compared to 15 breaches) 

than not implementing the fencing.  

The predator panel wing system proved to be effective at preventing mammalian 

predators from accessing the nesting peninsulas in most cases (i.e., effective 90.6% of the 

time). However, there were a few instances where mammalian predators were seen on the 

inside of the nesting peninsula where their access point was unknown. Some of these 

breaches may have not been near the predator panel wings. It is possible that some 

predators accessed the nesting peninsula by swimming across the moat from a different 

location on the mainland. However, there was not a definite way to prove their access to 
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the nesting peninsula from a different location, we can only identify the breaches that 

were captured on camera.   

Conclusion 

Although the predator panel wing system was not 100% effective at deterring 

mammalian predators from accessing the off-channel nesting peninsulas from the 

mainland, they were effective 90.6% of the time. Our research indicates that a single sand 

and gravel peninsula moated by water with one narrow land bridge, and predator fencing 

and panel wings at the entrance (i.e., predator panel wing system) are more effective at 

deterring mammalian predators from accessing least tern and piping plover off-channel 

nesting sites rather than not implementing them at all. We also determined predator panel 

wings are an important management technique to continue implementing at these off-

channel nesting sites. We also found that approaches and breaches are not influenced by 

spatial or temporal predictors where daily probabilities of predator activity are influenced 

by spatial predictors. By knowing effectiveness of the predator panel wing system, 

important predictors of predator approaches and breaches, daily probabilities of predator 

activity, predator activity intervals, and predator species composition; we can better 

understand how to protect least tern and piping plover nests at other sites and when we 

could expect predator presence near the entrance of the nesting peninsula. In addition, to 

better assess success of predator deterrents, we suggest conducting the study over a 

longer period of time and including additional off-channel nesting sites to increase the 

sample size. Finally, additional cameras placed along the shorelines to capture possible 
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mammalian breaches via the moat would provide a more thorough evaluation of all 

possible predators accessing off-channel nesting habitat. 
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Table 1: Remote camera settings 

Setting Category Setting Selection 

Capture Mode Panoramic Photo 

Sampling Mode Motion Trigger 

Photos per Trigger 1 

Trigger Intervals 5 sec delay 

Time Active 24 hrs 

Photo Quality 8.0 MP 

Detection Range 40 +/-5 ft 

Motion Freeze* ON 

Info Strip ON 

Temp F 

SD Card 32GB 

 
Table 2: Panel wing camera days 

Site - Year 
Deploy 

Date 

Retrieve 

Date 

Total Days 

Deployed 

Broadfoot – Kearney South – 2017 4/17/17 9/1/17 137 

Dyer - 2017 4/12/17 8/13/17 123 

Leaman - 2017 4/22/17 8/1/17 101 

Broadfoot—Kearney South - 2018 5/1/18 8/23/18 114 

Dyer - 2018 5/10/18 9/7/18 120 

Leaman - 2018 5/1/18 8/10/18 101 

 

Table 3: Top four models, as ranked by AICc statistics, that best predict the probability of 

a breach occurring given the opportunity to breach the panel wing system based on 

approach information. 

Model 
Number of 

parameters 
df AICc Delta 

AICc 

Weight 
ML 

Null 1 0 105.60 0.00 0.4 -51.803 

Year 2 1 105.70 0.04 0.391 -50.803 

Time of Night 2 1 107.60 1.95 0.151 -51.755 

Site 3 2 109.50 3.86 0.058 -51.679 
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Table 4: Top five models, as ranked by AICc statistics, that best predict the daily 

probability of predator activity (approaches and breaches) at the predator panel wings at 

the entrance of least tern and piping plover off-channel nesting sites. 

 

Model 
Number of 

parameters 
df AICc Delta 

AICc 

Weight 
ML 

Site 3 2 542.5 0 1 -268.2 

Year 2 1 577.1 34.62 0 -286.5 

Month 6 5 585.4 42.93 0 -286.6 

Day of Year 2 1 593.5 50.98 0 -294.7 

Null 1 0 594.5 52.05 0 -296.3 
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Figure Captions 

Figure 1. Locations of Dyer Pit, Broadfoot—Kearney South, and Leaman East. These are 

least tern and piping plover (LTPP) off-channel nesting sites located within the 

Associated Habitat Reach (AHR)—a 90 mile stretch that encompasses the Central 

Platte River from the city of Lexington to Chapman in Nebraska, USA.  

Figure 2. Mammalian predator composition (approaches and breaches combined) based 

on number of predator registers captured on camera traps located at the entrance 

of each LTPP off-channel nesting site, Dyer Pit (Dyer), Broadfoot—Kearney 

South (BFS), and Leaman East (LES), all located within the Associated Habitat 

Reach (AHR)—a 90 mile stretch that encompasses the Central Platte River from 

the city of Lexington to Chapman in Nebraska, USA. 

Figure 3. Mammalian predator hourly activity based on number of predators registered at 

the entrance of each LTPP off-channel nesting site; Dyer Pit (Dyer), Broadfoot—

Kearney South (BFS), and Leaman East (LES), all located within the Associated 

Habitat Reach (AHR)—a 90 mile stretch that encompasses the Central Platte 

River from the city of Lexington to Chapman in Nebraska, USA during 2017 and 

2018 combined. 
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Figure 1. Map of off-channel nesting locations where predator panel wing cameras were 

placed during 2017 and 2018. 
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Figure 2. Mammalian composition (approaches and breaches combined) at each off-

channel nesting site for 2017 and 2018 combined. 
*UNK Mam is the abbreviation for unknown mammalian species, i.e., species registered on 

camera that could not be accurately identified in the photos 

 

 
Figure 3. Mammalian predator hourly activity based on number of predators registered at 

the entrance of each off-channel nesting site, during 2017 and 2018 combined. 
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Chapter 3. Using Remote Cameras to Investigate the Assemblage of Avian and 

Mammalian Predators at Interior Least Tern and Piping Plover Off-Channel 

Nesting Sites Along the Central Platte River, Nebraska, USA 
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Abstract 

Little is known about the type of predator species present at interior least tern and 

piping plover off-channel nesting sites along the Central Platte River in Nebraska. Avian 

and mammalian predator presence at off-channel nesting sites can impact reproductive 

success for these nesting shorebirds, which can cause declines in populations. The 

objectives of this study were to identify potential predators of least tern and piping plover 

nests, document the number of predator registers using camera-traps, determine the most 

frequent predators at managed off-channel nesting sites, and identify potential 

relationships between predator registers and landcover classifications.  

To test the hypothesis that the number of mammalian predator registers will be 

significantly different than the number of avian predator registers at off-channel nesting 

sites, remote trail cameras were used to document predator presence and potential 

predation events on the nests and chicks within the field of view and range of the camera 

system. The predator data was analyzed by using a non-parametric Wilcoxon signed-rank 

test. The results showed there were significantly more avian predator registers than 

mammalian predator registers at the off-channel nesting sites. Unlike our prediction, 

mammalian registers were less abundant than avian registers at off-channel nesting sites. 

The results from this study will inform future predator management decisions and 

predator research at off-channel nesting sites. 
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Introduction 

Habitat islands are surrounded by different types of land use, where populations 

of predator and prey species move between adjacent habitats and interact with organisms 

that live within the island (Gates and Gysel, 1978; Wilcove et al. 1986). This degree of 

fragmentation is known to affect various species in different ways, and often negatively 

affect prey species because their densities increase while habitat size decreases. 

Therefore, predation pressure also increases in habitat islands due to the increased 

amount of prey densities and habitat edges (Andrén H. 1995). Specifically, ground 

nesting birds that nest along edge habitat are in danger of predation because common 

predators of ground nesting species either travel or live near edges of habitat, thus there is 

a higher risk when nesting on habitat edges (Wilcove et al. 1986). More specifically, 

waterfowl species, such as ducks (Hammond and Mann 1956, Duebbert 1966, Vermeer 

1968, Duebbert et al. 1983) and Canada geese (Craighead and Craighead 1949, Raveling 

and Lumsden 1997, Bellrose 1980) prefer to nest on islands surrounded by water, which 

offer some isolation from mammalian predators.  

Similar to waterfowl, shorebirds prefer to nest on islands, peninsulas, or 

shorelines and are vulnerable to mammalian predators because the island habitats, on 

which they nest, typically are fragmented habitat. Also, most shorebirds are colony 

nesting species which means there are several patches of clustered nests in small areas.  

Areas of higher nest density often experience a higher risk of predation. For example, 

nest densities were highest along edge habitat and nest predators were also more active 

along edge habitat, thus the island served as an ecological trap (Gates and Gysel 1978). 
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For threatened and endangered shorebird species, nesting in an area defined as an 

ecological trap continues to reduce reproductive success and survival, leading to 

continued population decline. Thus, management goals for nesting species that rely on 

island habitat for reproduction, must not only provide habitat but must also protect nests 

and chicks from predation.  

Piping Plovers (Charadrius melodus) are a threatened species of shorebird that 

rely on island habitat for nesting. Interior Least Terns (Sternula antillarum athalassos) 

also rely on the same nesting habitat. Current management for least terns and piping 

plovers that breed along the Central Platte River, Nebraska, includes both creation of 

nesting islands and predator management. Historically, least terns and piping plovers in 

this population nested on natural islands within the Platte River. However, because water 

resource development caused habitat changes along the Platte River that reduced suitable 

available nesting habitat, the Northern Great Plains piping plover population began to 

decline and was listed as threatened on January 10th, 1986, under the Endangered Species 

Act (USFWS 2009). During this study interior least terns (hereafter, least terns) were 

federally listed as endangered on June 27th, 1985, but were recently delisted on February 

12, 2021. We include them in this analysis because they were listed as endangered during 

this study and nest on the same off-channel nesting sites as the piping plovers. Thus, 

management action was needed to aid in recovery of the least tern and piping plover 

populations nesting along the Central Platte River.  

In 1997, the Platte River Recovery Implementation Program (hereafter, PRRIP) 

was formed as the result of a cooperative partnership between Colorado, Nebraska, and 
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Wyoming and the U.S. Department of Interior’s Adaptive Management Plan (AMP). 

Two main management strategies were established to enhance land and water resources 

for least terns, piping plovers, and other target species [i.e., whooping crane (Grus 

americana), and pallid sturgeon (Scaphirhynchus albus)]; 1) mechanical creation and 

maintenance of nesting habitat, and 2) flow-sediment-mechanical approaches (DOI 

2006). Although these approaches are used to achieve a similar goal, they differ in 

execution. Mechanical creation and maintenance of habitat uses machinery to create and 

restore in-channel and off-channel (sandpit) nesting habitat. Flow-sediment-mechanical 

approach focuses on increasing sandbar height and maintaining channel width by 

manipulating flows via hydrocycling (The Program 2015).  

During the late 1970s to mid-1980s, a total of 776 piping plover and 1,789 least 

tern nests were documented in the Associated Habitat Reach (AHR, a ninety-mile reach 

that extends from Lexington, NE downstream to Chapman, NE) (Figure 1) (Pitts 1988, 

Lingle 2004, Baasch 2010, 2012, 2014). Of all nests documented in the AHR, only 7.1% 

of piping plover nests and 3.3% least tern nests occurred on natural sandbars, 17.5% 

(piping plover) and 8.5% (least tern) nests occurred on constructed or managed sandbars 

within the river channel, and the remaining proportion of nests (75.4% piping plover and 

88.2% least tern) occurred on off-channel sandpit reservoirs. PRRIP focuses efforts on 

constructing and managing off-channel nesting habitat, which are protected and 

monitored for least tern and piping plover reproductive success. To reduce the likelihood 

of predators accessing these off-channel nesting peninsulas, PRRIP implements several 

predator management techniques. To reduce presence of mammalian predators, each 
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nesting peninsula is surrounded by water to provide a ≥30.5-meter-wide barrier for 

mammalian predators. Land connections to the nesting peninsula are protected by 

permanent and temporary electrified fences at the entrance of each nesting peninsula. 

Non-electrified fence-panel wings are positioned on the ends of the electrified fence and 

extend 1-2 meters into the water to deter mammalian predators from swimming from the 

mainland to the nesting peninsula (see chapter 2; Figure 2). Some of these predator 

deterrents only protect nesting colonies from specific predators (e.g., the panel wings; 

used to prevent mammalian predators from advancing onto nesting peninsulas) while 

leaving them vulnerable to others. To help reduce predator presence on the nesting 

peninsulas, PRRIP also actively traps and removes mammalian predators around the 

periphery of the site. In addition, all trees within ≥150 m radius of the nesting site are 

removed and avian spikes are placed on all potential, non-removable perches to reduce 

avian predators. 

Despite these measures, predation is still a factor in reducing reproductive success 

at off-channel nesting sites. Because least terns and piping plovers nest at the same off-

channel nesting sites, both species are exposed to the same potential threats of predation. 

Nest and brood fates of unknown outcome or failed to unknown causes were high in 2016 

for both species, which lead to the investigation of predator presence at off-channel 

nesting sites. In 2016, 157 nests (102 = least tern and 55 = piping plover) were 

documented from within the nesting colonies at off-channel nesting sites along the 

Central Platte River. Of these nests, 33% (52/157) had nest fates of unknown outcome, 

failed to unknown causes, failed due to predation or were abandoned for unknown 
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reasons. Of the successful nests, there was a total of 107 broods (68 = least tern and 39 = 

piping plover) and 51% (55/107) had fates of unknown outcome or failed to unknown 

causes (Table 1). For many of these nest and brood failures, predator activity and 

presence on the nesting peninsulas was likely. Predation events are difficult to discern as 

many predators either do not leave sign of their presence, the sign is inconclusive, or sign 

of predation simply goes undetected even when intensive inside monitoring was 

conducted from 2010 to 2017 at off-channel nesting sites.  

In general, predation by either mammalian and avian predators has been 

determined to be a significant factor limiting reproductive success in ground nesting 

species and has become a focus of management practices for least terns and piping 

plovers (Catlin et al. 2011, Anteau et al. 2012, Saunders et al. 2017, Andes et al. 2019). 

One major component for successful management of endangered species is predator 

identity. Remote cameras are helpful to identify potential nest predators (McQuillen and 

Brewer 2000, Keedwell and Sanders 2002, Sanders and Maloney 2002, Stake and 

Cimprich 2003, Richardson et al. 2009) and nest predation events (Cutler and Swann 

1999). Determining whether avian or mammalian predation occurs more often is vital 

because avian predation is more complex and more difficult to prevent than mammalian 

predation.  

Wildlife researchers rely heavily on the use of remote photography methods for 

answering important questions about animal movement and behavior (Larrucea et al. 

2007; Cutler and Swann 1999). Traditional observation methods make it more difficult to 

study behaviors because individual observers are limited to the number of organisms they 
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are able to view at one time (Kucera and Barrett 1993). Use of remote cameras to 

document animal movement and behavior are beneficial for multiple reasons; the image 

can be stored as evidence of a particular animal caught on the camera trap (Bull et al. 

1992), remote cameras are less invasive than most traditional methods (i.e., conducting 

grid searches with multiple people) (Franzreb and Hanula 1995), and remote cameras 

also reduce the need for human presence at a study site because they require minimal 

attention; thus, the likelihood natural animal behavior can be documented and there is a 

higher probability that elusive wildlife are documented (Kelly and Holub 2008).  

The purpose of this study was to use remote cameras (i.e., camera traps) to 

investigate the presence of mammalian and avian predators at least tern and piping plover 

off-channel nesting sites along the Central Platte River in Nebraska. The objectives of 

this study were to identify potential predators of least tern and piping plover nests, 

document the number of predator registers using camera-traps, determine the most 

frequent predators on managed off-channel nesting sites, and identify potential 

relationships between predator registers and landcover classifications. We hypothesized 

the number of mammalian predator registers will be significantly different than the 

number of avian predator registers at off-channel nesting sites based on past mammalian 

predator trapping data. While we had years of mammalian trapping data to support the 

presence of mammals at off-channel nesting sites, we did not have similar data for avian 

predators, despite observations made by biologists monitoring the sites during daylight 

hours, every few days. Results from this study will identify success of current 

management practices used to deter predators on off-channel nesting sites and will inform 
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management decisions that allow the best protective measures for reproductive success. 

The results will also help pave the way for future predator research at these off-channel 

nesting sites.  

 Methods 

Study Area—This study was conducted on five off-channel nesting sites within 

the Associated Habitat Reach (AHR) of the Central Platte River. During 2017 and 2018, 

remote cameras were deployed May through August at the following off-channel nesting 

sites commonly used by least terns and piping plovers : Lexington, Blue Hole, Dyer, 

Broadfoot- Kearney South, and Leaman East (Figure 1).  

Remote Trail Cameras—Thirty-four remote trail cameras (Bushnell 14MP 

Trophy Cam HD Aggressor No Glow Trail Camera, Bushnell Outdoor Products, Kansas, 

USA) were distributed across individual off-channel nesting sites. The number of 

cameras per site was dependent on the topography and desired areas of coverage for each 

nesting site. The cameras were placed in multiple locations surrounding the off-channel 

nesting site near the shoreline and facing inward towards the center of the peninsula 

(Chapter 3, Appendix A). Cameras were used to document predator presence and 

potential predation events on the nests and chicks within the field of view and range of 

the camera. Remote cameras were set to motion trigger and time-lapse with an interval of 

5 minutes (Chapter 3, Appendix B). Time-lapse was used to capture any predators that 

may be present at the nesting site, but too far out of the camera’s range to trigger the 
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camera. We found this to be effective as several of the avian predators present at the 

nesting site were captured via the time-lapse setting.  

Each camera unit consisted of at least one remote camera attached to PVC piping. 

Two pieces of PVC piping were used per camera unit; a 1.52 m, 7.62 cm diameter PVC 

pipe was placed .60 m into the sand and a 1.52 m, 6.35 cm diameter PVC pipe was placed 

inside the larger PVC pipe so the total height of the PVC piping was adjustable, once the 

desired height was achieved, a metal bolt was used to secure the PVC piping together. 

Most camera units were between 1.82 and 2.43 m tall to ensure maximum coverage was 

achieved; the height varied depending on the topography of the off-channel nesting 

peninsula. The PVC piping was camouflaged by painting them a mixture of light 

brown/tan colors, so the PVC pipes blended in with the sandy foreground to prevent 

predators from keying in on the bright white color. Avian spikes were placed on top of 

the PVC pipe to prevent any possible avian perches (Appendix C).  

Image Analysis  

Predator registers were photos of avian and mammalian predators captured on 

camera within a 24-hour period. Consecutive images of the same species that were 

greater than 24 hours apart were considered a new predator register and treated as an 

independent data point. If single-species groups (>1 individual) of predators were 

observed together, these were considered as individual predator registers. Unknown avian 

and unknown mammalian predator classifications were created to reduce bias for avian 

and mammalian animals that were unable to be accurately identified in the photo. We 
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captured approximately 1.1 million photos across the 2-year study. Several methods of 

photo analysis were used to document mammalian and avian predators on off-channel 

nesting sites including: Python, FastStone Image Viewer, Zooniverse. 

Python Script—PyCharm© (Python Software Foundation, 

https://www.python.org) is an integrated development environment used in computer 

programming that utilizes the Python language. Python script was used to partition 

motion triggered vs time lapse photos, day vs night photos, and potential detections.  

Daytime Photos—were analyzed, by the lead biologist, with FastStone Image 

Viewer©, where photos were inverted to their negative. The negative image allowed the 

observer to quickly click through photos to identify subtle changes/shifts in the scenery, 

or animals in the photos stood out.  

Zooniverse—a citizen science platform, was used for image analysis in a couple 

of ways. First, citizen scientists analyzed raw photo data by identifying what predator 

species (if any) was in the photo, how many individuals were in the photo, what the 

animal activity was, and whether it was a day or night photo. Each photo had a “retire 

limit” of three before it was retired from the photo data set. If any of the three reviews for 

one photo that had a classification of a predator species being present, it was sent to a 

private workflow called, “expert verification” where only the lead biologist had access to 

and reviewed the photo to determine if the classification was correct based on the 

descriptions of predator species provided in the field guide for Zooniverse volunteers. By 

the end of the review process, a “predator photo” was reviewed four separate times, three 
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times (i.e., retire limit of three) by (three different) Zooniverse volunteers and once by the 

lead biologist (who clarified any discrepancies and made the final classification). 

A similar process was performed on “predator photos” where the lead biologist 

manually analyzed via the FastStone inverted image method, or any night photos with 

predator species present that the “night image” python script produced. These photos 

were uploaded to the Zooniverse workflow so volunteers could review these as well. This 

was done to ensure a “predator photo” was reviewed several times by different people to 

minimize bias and so all predator photos had the same metadata once exported from the 

Zooniverse workflows. These particular photos were ultimately reviewed five different 

times, first by the lead biologist, three times by different Zooniverse volunteers, and 

again by the lead biologist via the “expert verification” workflow. At minimum, every 

single “predator photo” was reviewed four different times. 

Landcover Classifications—By using LiDAR remote imagery, elevation layers, 

and combined terrain analysis in Global Mapper software 

(http://www.globalmapper.com), we created a 609.6 m radius circle around each off-

channel nesting site based on a designated centroid located in the center of the study site. 

The 609.6 m radius circle was created to represent a predator’s home range in relation to 

the off-channel nesting site serving as the center, inferring that landcover types may 

influence a specie’s home range based on different biological factors and needs. This 

609.6 m radius circle was a cropped elevation grid that was then exported as a GeoTiff so 

the projection information could be used in eCognition Developer 9.2 software (Trimble, 

Munich, Germany) categorize each .91-meter pixel into landcover classifications. These 
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landcover classifications were determined as developed, forest, tall vegetation, short 

vegetation, water, and bare sand (Table 2).  The total area of each landcover type was 

then divided by the total landcover area within 609.6 m at each site. Most sites did not 

have full coverage of LiDAR imagery within 609.6 m, so landcover proportions are 

relative to each site.  

Statistical Analysis  

Species richness (number of species) was used to determine the species 

compositions at individual off-channel nesting sites using count data of all avian and 

mammalian predator species registers. To determine if mammalian predator registers 

were significantly different than avian predator registers, we ran a non-parametric 

Wilcoxon signed-rank test. Due to small sample sizes, exact p-values were reported per 

Mundry and Fischer (1998). Prior to analysis, predator registers were standardized by 

camera sampling effort for each site for both years. Final estimates for predator registers 

for each site were calculated as the number of predator registers at a site divided by the 

number of cameras deployed at the site, then divided by the number of days cameras 

were deployed at the site, and finally multiplied by 100, thus standardized to number of 

predator registers camera-1 100 days-1. Number of predator registers, cameras deployed, 

and length of deployment varied at each least tern and piping plover nesting site based on 

bird activity, however the season was roughly around 100 days long for both years.  

Spearman’s rank correlations were used to determine significant correlations 

between landcover classifications and predators registered on cameras. The correlations 
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were calculated between camera sampling effort per site per year per species and each 

landcover classification. This analysis was carried out for overall avian and mammalian 

species, and the top four most abundant avian and mammalian predator species registered 

on cameras: great horned owl, gull spp, sub-adult bald eagle, great blue heron, and 

unknown mammalian predator, coyote, raccoon, and skunk. 

Results 

Predator Registers—Our cameras operated for 1070 cumulative 24-hour trap 

days across five off-channel nesting sites (mean = 107, SD ± 20.6) from 2017 to 2018. 

We identified 20 species of predators from 1,112,527 images which resulted in 345 

confirmed predator registers (251 avian and 94 mammalian, Figure 2). Across off-

channel nesting sites, there were significantly more avian predator registers than 

mammalian predator registers (Wilcoxon signed-rank; n = 10, z = -2.1915, p = 0.027, 

Table 3). Great horned owl was the avian predator with the most registers (n=53) 

followed by gull spp. (n=50), sub-adult bald eagle (n=49), great blue heron (n=37), 

unknown avian predator (n=30), adult bald eagle (n=15), and other avian (n=17) (avian 

predator species for which registers of each individual species accounted for < 5% of the 

total). Mammalian predators positively identified via camera traps included: unknown 

mammalian predator (n=46), coyote (n=20), raccoon (n=9), skunk (n=9), and other 

mammalian (n=10) (mammalian predator species for which registers of each individual 

species accounted for < 5% of the total).   
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Proportion of landcover—Proportions of landcover classifications were used to 

determine whether specific landcover types were correlated with the number of 

mammalian and avian predator registers. Infographic maps (Figure 3) were used to 

display different proportions of landcover types at each off-channel nesting site. The 

most prominent landcover types to least prominent were bare sand, water, tall vegetation, 

forest, short vegetation, and developed.  

The amount of developed landcover (e.g., roads, powerlines, buildings), within a 

2000 ft radius of the nesting site centroid, was significantly positively correlated with 

mammalian predator registers (r = 0.667, p < 0.05). Specifically, raccoon registers (r = 

0.680, p < 0.05) and skunk registers (r = 0.703, p < 0.05) were significantly positively 

correlated with amount of developed landcover. The amount of tall vegetation (>3 ft 

high) within a 2000 ft radius of the nesting site centroid, was significantly negatively 

correlated with registers of raccoons (r = -0.680, p < 0.05) and skunks (r = -0.703, p < 

0.05) (Table 4). There were no statistically significant correlations between avian species 

and landcover classifications. 

Discussion 

We identified multiple avian and mammalian predators on our study sites by 

using camera traps. We found that great horned owl was the most frequent avian predator 

registered and coyote was the most frequent mammalian predator on off-channel nesting 

sites. We discovered avian predators were detected significantly more often than 

mammalian predators on off-channel nesting sites. Finally, we found that developed 
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landcover was positively correlated with presence of raccoons and skunks and tall 

vegetation was negatively correlated with presence of raccoons and skunks.  

First, there are likely biological reasons why avian predator registers were higher 

at off-channel nesting sites than mammalian predator registers but assessing these 

biological reasons specifically for the sites was beyond the scope of this study. However, 

a couple interpretations can be made from these results; avian predators may be easier to 

capture on camera than mammalian predators because of the difference between diurnal 

and nocturnal activity and their ability to access the off-channel nesting peninsulas 

(Gwinner 1996).  

Avian predator registers were mostly diurnal (77.3%), “time-lapse” photos where 

mammalian predator registers were mostly nocturnal (91.5%), “motion triggered” photos. 

Avian registers were likely higher because the cameras had a greater range of coverage 

for daytime photos and avian predators loafed on the sandpits during the daytime where 

mammalian predators did not. There may have been more avian presence that occurred at 

night than what was registered on our cameras, but their detectability may have been less 

compared to daytime. If loafing at night did occur, they were not registered on time-lapse 

photos because of the camera’s coverage at night is significantly less than compared to 

daytime. All nocturnal avian registers were motion triggered where the avian predators 

either flew or landed in front of the camera. Because nocturnal avian predators were 

larger species (i.e., great horned owl or blue heron), we were confident they triggered the 

camera if the bird was in range of the passive infrared (PIR) sensor. While testing a series 

of different remote cameras and their detectability of birds, Randler and Kalb (2018) 



62 
 

discovered that the size of the avian species (effect size = 0.207) and distance (effect size 

= 0.132) from the camera were the main predictors whether a camera successfully 

triggered or not.  

Birds were usually too far from the camera to determine specific characteristics 

other than size and difference between a predatory bird or songbird, for example. For 

unknown mammalian, the most common cause for this was due to the animal running by 

too fast resulting in a blurry object. The unknown mammalian photos occurred mostly at 

night (92%) and were most likely either raccoon, coyote, or fox based on their size and 

noticeable characteristics.  

Most mammalian predator registers were nocturnal (91.5%) and motion triggered. 

Mammalian predators were not seen loafing on the sandpits like avian predators. This 

may be because they are mostly active at night and prefer the cover of night (Young 

1962; MaFarland et al. 1985). Mammalian predators have an obvious physical 

disadvantage compared to avian predators; they cannot fly. The only way for mammalian 

predators to access the nesting peninsulas is by swimming across the moat (which proved 

to be mostly effective at hindering mammalian predators from accessing the nesting 

peninsulas (pers. comm., chapter 2). Several factors influence decisions mammalian 

predators make to survive; determining whether expending valuable energy (Charnov 

1976; Brown 1988), the risk of competition or intraguild predation (Palomares & Caro, 

1999; Polis et al., 1989; Lima and Dill 1990) outweigh the benefits of foraging (i.e., 

optimal foraging theory). Although accessing the off-channel nesting sites appears to be a 

risky endeavor for mammalian predators, it must be rewarding to some extent. Charnov 



63 
 

(1976) and Stephens and Krebs (1986) suggested predators will typically select for or 

revisit a specific landcover type as long as the gain is more than average for that cover 

type. In this study raccoons and skunks were positively correlated with developed 

landcover, consistent with common presence of raccoons and skunks living in human 

dominated landscapes (Hoffmann and Gottschang 1977; Prange et al. 2003; Engeman et 

al. 2003). 

Although avian predators were not correlated with landcover classifications, the 

great horned owl was the most abundant predator at all sites. This pattern is consistent 

with expected geographic distribution of great horned owls, which are one of the most 

predominant owls in North America, and occurs in all biomes (Burton 1973, Smith 

2002). They have also been known to prey on shorebirds similar in size to the least tern 

and piping plover. During a diet study, Page and Whitacre (1975) found five of seven 

great horned owl pellets that contained remains of shorebirds (i.e., dunlin and killdeer). 

Great horned owls are adaptable and are generalist predators thus they are likely 

important predators on off-channel nesting sites managed for least terns and piping 

plovers. Specifically, in 2020, while implementing a different study using remote 

cameras at least tern and piping plover nests, PRRIP biologists discovered the great 

horned owl was the predator registered at least tern and piping plover nests most often 

compared to other avian and mammalian predators. The great horned owl was also the 

only predator documented predating nests; twice during two different nights at a single 

piping plover nest where it consumed eggs and once at a least tern nest where it 

consumed eggs (pers. comm., PRRIP biologist)  
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Different biological and anthropogenic attributes of an environment influence 

how animals select their home range (Manly et al. 2007; Bateman and Fleming 2012). 

Several of the mammalian and one avian predator identified in our study are considered 

generalists (McKinney 2002). The adaptive nature of generalist predators is likely why 

the mammalian species significantly [p < 0.05] correlated with the developed landcover 

classification [0.67] (i.e., registers increased with increasing proportion of developed 

landcover). Fraterrigo and Wiens (2005) suggested that generalist species or “urban 

adapters” (McKinney 2002) thrive in developed and urban areas because they can utilize 

both natural and anthropogenic resources that supply food, water, and cover. While 

studying the impact of urban-to-wild gradient levels (i.e., urban, suburban, exurban, rural, 

and wild) on mammalian occupancy in the eastern US, Parsons et al. (2018) found no 

significant decline of predator species diversity or richness from suburban to wild 

gradient levels and that suburban and exurban development had no negative influence on 

coyote, gray fox, red fox, or bobcat occupancy and detection rates. Parsons et al. (2018) 

suggested that developed areas offered adequate food resources for wildlife from humans 

by intentionally (i.e., food for domestic pets left out for wildlife, birdfeeders) or 

unintentionally (i.e., garbage) supplying food for wildlife. In general, it is likely the off-

channel nesting sites offer adequate resources for various predator species and may 

explain why there were various species registered in our study due to the close proximity 

(< 200 ft) of most off-channel nesting sites to developed landcover.  

As for individual mammalian predator species registers, raccoons and skunks 

significantly [p <0.05] correlated with developed and tall vegetation landcover 
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classifications. Specifically, their registers increased with increasing proportion of 

developed landcover and registers decreased with increasing proportion of tall vegetation 

landcover. The habitat surrounding these off-channel nesting peninsulas is fragmented 

due to human development that has caused patches of natural habitat with little 

connectivity. Based on past literature, raccoons (Hoffmann and Gottschang 1977; Prange 

et al. 2003) and skunks (Engeman et al. 2003) have been known to thrive in urban 

landscapes and similar to the overall mammalian species classification, raccoons and 

skunks benefit from anthropogenic resources. Prange et al. (2003) suggested that 

reducing potential food sources, such as garbage, is the best way to reduce urban raccoon 

presence because they have been known to exploit anthropogenic food resources when in 

urban areas (Bozek et al. 2007; Gehrt 2004; Wade-Smith and Verts 1982; Weissinger et 

al. 2009). Skunks also benefit from garbage, while studying the feces of striped skunks in 

New York, Hamilton (1936) reported that 18% of the striped skunk’s diet was from 

garbage. The habitat surrounding the off-channel nesting peninsulas often has remnants 

of garbage or fish carcasses near the shorelines, which is likely an attractant for raccoons 

and skunks.  

The other correlation with raccoons and skunks was the tall vegetation landcover 

classification (i.e., registers decreased with increasing proportion of tall vegetation 

landcover classification). Tall vegetation is likely beneficial for raccoons and skunks to 

use as cover while foraging and reduce the risk of exposure. However, it may serve as a 

hinderance in terms of foraging efficiency, because raccoons and skunks average body 

weight is 9.07 and 2.04 kg (Bateman and Fleming 2012), respectively, tall vegetation may 
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hinder their movement patterns while trying to pursue prey or flee from larger apex 

predators like coyotes, foxes, or bobcats. 

Conclusion 

 

 Unlike our hypothesis, mammalian registers were less abundant than avian 

registers at off-channel nesting sites. This makes sense because we found the predator 

panel wing system (described in chapter 2) was effective 90.6% of the time at deterring 

mammalian predators from accessing the nesting peninsulas based on number of 

approaches and breaches. However, there were significant correlations between some 

landcover types and mammalian predator presence, but no significant correlations for 

avian predator presence. We also identified the different predator communities at the 

different off-channel nesting sites and generally, whether avian or mammalian predator 

presence was more abundant at off-channel nesting sites. Knowing nest site specific 

information about predator species is important because management and appropriate 

exclusion techniques greatly differ for mammalian and avian predators. Currently, 

predator panel wings and the moat surrounding the nesting peninsula have been 

successful at limiting most mammalian predators from accessing the sites. However, 

additional information about avian predators is needed because they may be a larger 

threat for least terns and piping plovers nesting at off-channel sandpits. The results from 

this study will inform future predator research at off-channel nesting sites. Specifically, 

new management protocols will investigate predator impacts at the nest level by using 

remote trail and cellular video cameras. New methods to deter presence of predators near 

nest sites, such as implementing various predator deterrent lighting methods aimed 
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towards deterring both mammalian and avian predators, will also be tested. Then we will 

attempt to determine the efficacy of these methods in decreasing predator activities on 

sites, and whether this leads to an increase in least tern and piping plover reproductive 

success.  
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Table 1. Least tern (LETE) and piping plover (PIPL) total nests and broods observed 

within the nesting colony and their associated fates during the 2016 monitoring season 

for the Platte River Recovery Implementation Program—internal data. 

 
Species 

Failed Failed Failed Failed Unk Successful  

 Abandoned Predation Unk Weather Outcome (Fledge) 

Nests 

LETE 10 8 13 3 2 66 

PIPL 4 5 6 1  39 

Total 14 13 19 4 2 105 

Broods 

LETE   2 1 30 (33) 

PIPL   7  13 (19) 

Total 0 0 9 1 43 (52) 

*Unk is abbreviated for unknown; unknown outcome and failed for unknown reasons. 

Table 2. Landcover classifications within the 609.6 m radius buffer at off-channel nesting 

sites  

Landcover Classification Description 

Developed 
Proportion of roads, powerlines, buildings, and human 

development 

Forest Proportion of wooded vegetation >8 ft  

Tall Vegetation Proportion of vegetation >3 ft 

Short Vegetation Proportion of vegetation <3 ft 

Water 
Average distance across the moat (water barrier) from 

shoreline to bank line 

Bare Sand Proportion of bare sand 
 

Table 3. Wilcoxon signed rank test using camera registers of avian and mammalian 

predators corrected per 100 days to determine if there is a significant difference between 

avian and mammalian predator registers. (N = 10, z = -2.1915, p = 0.027) 

Site Year 
Avian / 

100 

Mammalian / 

100 
𝒅𝒊 |𝒅𝒊| 

𝒅𝒊 

Rank 

Blue Hole 2017 4.76 3.25 1.51 1.51 5 

Broadfoot South - Kearney 2017 4.17 1.32 2.85 2.85 7 

Dyer Pit 2017 4.41 0.00 4.41 4.41 10 

Leaman East 2017 4.84 1.08 3.76 3.76 9 

Lexington Pit 2017 3.79 2.68 1.12 1.12 4 

Blue Hole 2018 1.01 1.64 -0.63 0.63 2 

Broadfoot South - Kearney 2018 0.46 0.55 -0.09 0.09 1 

Dyer Pit 2018 1.97 0.00 1.97 1.97 6 

Leaman East 2018 3.74 0.22 3.52 3.52 8 

Lexington Pit 2018 0.37 1.12 -0.75 0.75 3 
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Table 4. Spearman's rank correlation results for most abundant avian and mammalian 

predator species between capture rates per species and landcover classifications at the 

off-channel nesting sites N=10. Significant rho values (P value < 0.05) are bolded. 
 

Landcover Classification 

Species Developed Forest 
Tall 

Vegetation 

Short 

Vegetation 
Water 

Bare 

Sand 

Avian -0.39 0.10 0.47 0.30 -0.30 -0.10 

Mammalian 0.67 0.35 -0.54 0.22 -0.22 -0.35 

Great Horned 

Owl 

-0.10 0.32 0.25 0.12 -0.12 -0.32 

Gull spp. 0.15 -0.50 -0.38 -0.57 0.57 0.50 

Sub Adult Bald 

Eagle 

-0.50 0.06 0.56 0.47 -0.47 -0.06 

Blue Heron -0.52 -0.27 0.47 0.05 -0.05 0.27 

Unknown 

Mammalian 

Predator 

0.24 0.46 -0.04 0.46 -0.46 -0.46 

Coyote 0.24 0.12 -0.24 0.33 -0.33 -0.12 

Raccoon 0.68 0.15 -0.68 -0.10 0.10 -0.15 

Skunk 0.70 0.35 -0.70 0.00 0.00 -0.35 
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Figure Captions 

Figure 1. Least tern and piping plover (LTPP) off-channel nesting site locations within 

the Associated Habitat Reach (AHR)—a 90 mile stretch that encompasses the 

Central Platte River from the city of Lexington to Chapman in Nebraska, USA.  

Figure 2. Avian and Mammalian predator registers at off-channel nesting sites located 

within the Associated Habitat Reach (AHR)—a 90 mile stretch that encompasses 

the Central Platte River from the city of Lexington to Chapman in Nebraska, USA 

for 2017 and 2018 combined. 

Figure 3. The infographic map for the Dyer off-channel nesting site used as example. 

The different polygon and colors within the infographic map represent different 

landcover classifications; developed, tall vegetation, short vegetation, water, and 

bare sand. See Table 2 for more detailed information about the landcover 

classifications. 
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Figure 1. Least tern and piping plover off-channel nesting sites located within the AHR. 
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Figure 2. Avian and Mammalian predator registers at off-channel nesting sites for 2017 

and 2018 combined.  
*UNK is the abbreviation for unknown avian species and unknown mammalian species. Species 

registered on camera that could not be accurately identified in the photos. 

 

 
Figure 3. Infographic map for the Dyer off-channel nesting site displaying the various 

landcover classifications.  
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Chapter 4: Management Implications and Future Research for Interior Least Terns 

and Piping Plovers Nesting at Off-Channel Nesting Sites Along the Central Platte 

River in Nebraska, USA 
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2017 and 2018 Predator Study Objectives and Results 

The studies covered in this thesis manuscript were presented in chapter 2 and 

chapter 3. Chapter 2; the evaluation of predator exclusion techniques on mammalian 

predator access to interior least tern and piping plover off-channel nesting sites, 

specifically analyzed whether the predator panel wing system deters mammalian 

predators from accessing off-channel nesting peninsulas and identified mammalian 

species that approached and breached the predator panel wings. Chapter 2 also 

determined the probability of a breach occurring at the panel wings and daily probability 

of predator activity. Chapter 3; using remote cameras to investigate the assemblage of 

avian and mammalian predators at interior least tern and piping plover off-channel 

nesting sites, specifically identified potential predators of least tern and piping plover 

nests, documented the number of predator registers using camera-traps, determined the 

most frequent predators at managed off-channel nesting sites, and identified potential 

relationships between predator registers and landcover classifications. 

 For the predator panel wing system (presented in chapter 2) to be effective, the 

number of predator approaches registered by camera traps had to be higher than the 

number of breaches registered by camera traps. We recorded the sum of potential 

mammalian predator species approaches and breaches at each nesting site in 2017 and 

2018 from the remote camera monitoring methods and compared them. Logistic 

regression models were used to determine probability of a breach occurring and daily 

probability of predator activity based on spatial and temporal variables. The null model 

had the lowest AICc of 105.60 and AICc weight of 0.4, suggesting probability of a 
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breach given when an approach occurred was similar spatially and temporally. However, 

for the daily probability of predator activity, the spatial model had the greatest influence 

because it had the lowest AICc of 542.5 and AICc weight of 1. 

 To test the hypothesis that the number of mammalian predator registers would be 

significantly different than the number of avian predator registers at off-channel nesting 

sites (presented in chapter 3), remote trail cameras were used to document predator 

presence and potential predation events on the nests and chicks within the field of view 

and range of the camera system. The predator data was analyzed by using a non-

parametric Wilcoxon signed-rank test. The results showed there were significantly more 

avian predator registers than mammalian predator registers at the off-channel nesting 

sites. Unlike our prediction, mammalian registers were less abundant than avian registers 

at off-channel nesting sites. We also discovered there were significant correlations 

between some landcover types and mammalian predator presence, but no significant 

correlations for avian predator presence. 

 The research from chapter 2 indicates that a nesting peninsula moated by water 

with predator fencing and panel wings at the entrance are more effective at deterring 

mammalian predators from accessing least tern and piping plover off-channel nesting 

sites than not implementing these management techniques at all. By knowing 

effectiveness of the predator panel wing system and important predictors of predator 

approaches and breaches, daily probabilities of predator activity, predator activity 

intervals, and predator species composition, we can better understand how to protect least 

tern and piping plover nests at other off-channel nesting sites. The research from chapter 
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3 predator presence study was effective at determining predator communities at off-

channel nesting sites and that mammalian registers were less abundant than avian 

registers. We also determined that implementing time lapse along with motion trigger on 

the camera traps was very helpful at capturing avian predator presence. Many of the 

diurnal avian photos were from time lapse and nocturnal avian photos were from motion 

trigger. We believe if we had not implemented time lapse photos, we would have missed 

a lot of avian predator registers. If this were the case, data may have showed higher 

mammalian presence than avian, which we have learned is not the case. Knowing that 

avian predator presence was higher than mammalian predator presence on nesting 

peninsulas also implies that management techniques (i.e., trapping and lethal removal of 

mammals and implementing the predator panel wing system) are effective at preventing 

mammals from accessing the nesting peninsulas.  

 We believe avian presence was higher than mammalian presence for several 

biological reasons (i.e., mammals did not loaf on sandpits during the day and mammals 

prefer the cover of night) but we also believe the predator panel wing system helped deter 

their presence at the off-channel nesting sites more often than not (based on the number 

of approaches and breaches, 145 and 15, respectively). Discontinuing trapping and lethal 

removal of mammalian predators to test this hypothesis is not possible for legal 

reasons—which means there is no way of knowing if relying solely on the predator panel 

wing system for protection of nesting least terns and piping plovers is effective enough 

on its own. However, trapping mammalian predators is a useful management technique if 

done correctly. For example, Marcstrom et al. (1989) conducted an experimental removal 
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of Red Foxes (Vulpes vulpes) and Pine Martens (Martes martes) from two Swedish 

islands in the Gulf of Bothnia. One island received predator removal for 4 years while the 

other did not, these treatments were then reversed for the next 4 years. Marcstrom et al. 

(1989) found that during years with predator removal, the spring abundance of Mountain 

Hares (Lepus timidus) averaged 2-3 times higher and was 1.7 times higher for 

Capercaillie (Tetrao urogallus) and Willow Grouse (Lagopus lagopus).  

During 2017 and 2018, 341 mammalian predators were trapped and removed at 

the off-channel nesting sites included in these studies. If these mammals had not been 

permanently removed from the sites, they would have had multiple opportunities to 

breach the predator panel wing system. By removing them, we reduce this possibility and 

ultimately increase the protection of nesting shorebirds from mammalian predators. If 

mammals were not being consistently trapped, management techniques may need 

revaluated, but because they are, removing trapping from management techniques is not 

feasible. We believe mammalian predator management is successful and decreases 

predation by mammals on managed sites. However, learning more about avian predator 

presence and predation at least tern and piping plover nests is needed to implement 

predator management techniques that are better suited for avian predators.  

Future Research 

Knowing nest site specific information about predator species is important 

because management and appropriate exclusion techniques greatly differ for mammalian 

and avian predators. Currently, predator panel wings and the moat surrounding the 
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nesting peninsula have been successful at limiting most mammalian predators from 

accessing the sites. However, additional information about avian predators is needed 

because they may be a larger threat for least terns and piping plovers nesting at off-

channel sandpits. Specifically, more information about which avian species are 

responsible for predation, is avian predation diurnal or nocturnal, what stage of the nest 

they are predating most often (i.e., newly laid eggs, ≥15-day old eggs, or freshly hatched 

chicks that are still in the nest bowl). Answers to these questions would help biologists 

determine if extra measures of nest protection are needed and evaluate the usefulness of 

possibly implementing nest cages. To better assess success of predator deterrents, we 

suggest conducting the study over a longer period of time and including additional off-

channel nesting sites to increase the sample size. Finally, additional cameras placed along 

the shorelines to capture possible mammalian breaches via the moat would provide a 

more thorough evaluation of all possible predators accessing off-channel nesting habitat.  

The results from these studies formed the base of ongoing research being 

conducted at off-channel nesting sites currently. Specifically, we are researching ways to 

deter presence of predators near nest sites by implementing various predator deterrent 

lighting methods aimed towards deterring both mammalian and avian predators because 

most of the predators captured on camera are nocturnal. We began researching deterrent 

lighting because we wanted to see if we could make the nesting peninsulas less attractive 

to nocturnal predators while not disturbing nesting least terns and piping plovers. Also, 

other studies have reported success while implementing deterrent lighting. Harley (1997) 

and Fitzwater (1990) found flashing lights to be effective at scaring raccoons, Fall (1988) 
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discovered they were effective for coyotes and Carlton (1977) found them to be effective 

at deterring foxes (Vulpes spp.). We will then implement a pilot study to determine the 

efficacy of these methods in decreasing predator activities on the sites, and whether this 

leads to an increase in least tern and piping plover reproductive success. We have also 

began implementing remote trail and cellular video cameras at the nest level to document 

predation events that occur at least tern and piping plover nests. 

2019, 2020, and 2021-mid Season Predator Monitoring at the Nest Level  

After the 2017 and 2018 studies, we wanted to learn more, so remote trail cameras 

were used to document predator presence at the nest level in 2019 and 2020. 2019 served 

as pilot year so we could learn the best techniques for placing cameras near nests. we 

determined the best placement for remote cameras were 5-7 feet from the nest to capture 

any predator activity near or directly at the nest while minimizing disturbance to nesting 

adults. The number of cameras at each site varied depending on the number of nests 

identified by outside monitoring protocols. Nest cameras documented one predation 

event by a red fox consuming eggs at a nest in 2019. 

For the 2020 nesting season, a total of 46 cameras were available and we 

documented three predation events by great horned owls consuming eggs at nests. We 

learned a lot from the remote trail cameras placed at the nest level. However, we wanted 

even more detail about predation events and possible information about piping plover 

behavior.  
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In 2021, we continued with remote trail cameras at the nest level, but also added 

five cellular video cameras to monitor predation at a more detailed level. As of June 4th, 

2021, one month into the 2021 least tern and piping plover nesting season, we have 

captured three predation events of great horned owls consuming piping plover eggs from 

three different nests while using cellular video nest cameras. From these events, we have 

specific information about the owl’s predatory behavior; how they approached the nests, 

how long the predation event lasted and the number of eggs they ate. We have noticed all 

nests were within a week of hatching, which has led us to consider the age/development 

of the eggs may impact when an owl keys in on the nests/prefers to predate. 

We will continue with this research and anticipate getting more data that has 

detailed information about nests and predation events because the cellular cameras are 

closer to the nests and provide continuous video monitoring, where the remote trail 

cameras do not.  
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Thesis Appendix for Chapter 2  

A—Predator panel wing camera locations and actual field picture of a panel wing 
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B— Aerial image of the Dyer off-channel nesting site showing the moat and peninsula 

design and the location of predator fencing and panel wings as an example.  

 

 Key: 

Permanent electrified predator fencing 

Predator panel wings extending into the water 
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Thesis Appendix Chapter 3 

A— Site level cameras placed near the shoreline and facing inward towards the center of 

the nesting peninsula to capture predator presence. Dyer is used as an example. 

 

 

 

 

 

 

 

 

 

 

 



90 
 

B—Remote Camera Settings  

Capture Mode Camera 

Camera Mode 24 hours 

Sampling Mode Motion Trigger 

Image Quality 8 MP 

Image Format Wide Screen 

Photos per Trigger 1 

LED Control High 

Trigger Intervals 5 sec delay 

Sensor Level Auto 

Night Vision Shutter Medium 

Field Scan 
Start 00:00  

Stop: 23:59 

Detection Range 110 +/-5 ft 

Detection Angle 35* FOV 

Info Strip ON 

Temp F 

SD Card 32GB 

 

C—Camera units and placement of avian spikes to prevent perching. Avian spikes were 

also placed on top of camera as well. 

 


