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Building a Comprehensive Understanding of Disturbance Mitigation in Migrating 

Shorebirds 

 

Lara Mengak 

 

Abstract (Academic)  

 

Human disturbance is a serious threat facing shorebirds, and reducing disturbance presents a 

significant conservation challenge. It requires an understanding of the complex factors that 

influence both shorebird biology and human behavior related to shorebirds and coastal 

environments. This thesis used information from ecological and social science fields, along with 

the applied knowledge of conservation practitioners to build a more holistic understanding of 

human-shorebird interactions, specifically related to human disturbance of migrating shorebirds. 

Further, this research provides practical solutions for better managing these interactions. To 

accomplish this, we used the Delphi technique, an iterative group communication process, to 

bring scientists and managers together to develop a shared definition of “human disturbance to 

shorebirds” and a list of priority disturbance categories that affect migratory shorebirds. Next, we 

collated and synthesized literature on human disturbance during migration and drivers of human 

behavior related to disturbance or potential management actions. Then, through manager 

interviews, we examined how shorebird management decisions are made during migration and 

explored how managers balance the needs of shorebirds and public use of their sites. The 

disturbance definition and priority disturbance categories, literature synthesis, and manager 

interviews were used to create a best practices guidance document for reducing human 

disturbance to migratory shorebirds in the Northeastern U.S. Finally, we conducted a survey of 

beachgoers to evaluate a shorebird conservation outreach campaign and examined the factors 

that influence pro-shorebird behavior change. This research demonstrates how integrating social 

and ecological information and expert opinion can inform conservation and management. 



 

 

Abstract (Public) 

 

Recreational use of beaches and other coastal environments may negatively impact beach 

wildlife, such as shorebirds. Reducing the impacts of these potential human disturbances presents 

a significant challenge to shorebird conservation. This thesis used information from ecological 

and social science fields, along with the applied knowledge of conservation practitioners to build 

a more complete understanding of human-shorebird interactions, specifically related to migrating 

shorebirds. Further, this research provides practical solutions for better managing these 

interactions. To accomplish this, we used the Delphi technique, an iterative social science 

method, to bring scientists and managers together to develop a shared definition of “human 

disturbance to shorebirds” and a list of significant human activities that may negatively affect 

migrating shorebirds. Next, we collected and synthesized information on human disturbance 

during migration and aspects of human behavior related to disturbance or potential management 

actions. Then, through interviews with land managers, we examined how shorebird management 

decisions are made during migration and explored how managers balance the needs of shorebirds 

and public use of their sites. The disturbance definition, literature synthesis, and manager 

interviews were then used to create a management guidance document for reducing human 

disturbance to migrating shorebirds in the Northeastern U.S. Finally, we conducted a survey with 

beachgoers to evaluate a shorebird outreach campaign and examined the factors that influence 

people to adopt more pro-shorebird behaviors. This research demonstrates how integrating social 

and ecological information and guidance from experts can contribute to shorebird conservation. 
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Introduction 

 Globally, shorebirds are experiencing steep population declines. In North America, 

migratory shorebird populations have declined by about 70% over the past three decades (North 

American Bird Conservation Initiative State of the Birds 2016). While multiple factors 

contribute to these declines (Kirby et al. 2008), the quality of important coastal habitats may 

significantly affect the viability of shorebird populations (Mizrahi et al. 2012). In particular, 

intense human use of these habitats and disturbance from this use may decrease habitat quality 

and potentially reduce carrying capacities of those habitats (Weston et al. 2012). In many areas, 

shorebird habitats are also very popular for human activities, particularly recreation (Antos et al. 

2007). Additionally, human use of these habitats often intensifies during times of year when 

shorebirds are most abundant (Glover et al. 2011). As human populations increase, putting more 

pressure on bird habitats, finding effective ways to reduce the impacts of human activity is 

crucial.  

 Past research addressing potential disturbance to shorebirds from various human 

activities has focused on breeding behavior and habitat (Forgues 2010). However, migration 

represents a critical time in shorebirds’ annual cycle and throughout their life, as they may spend 

a quarter of their life in transit between breeding and wintering grounds (Drent and Piersma 

1990, Piersma and Lindström 2004). Some authors have suggested that migration may be the 

period in the annual cycle when mortality is highest, and therefore, this period likely plays an 

important role in limiting migratory bird populations (Newton 2006). As individual birds move 

along their migration routes, they stop for varying lengths of time to rest and refuel (Colwell 

2010). While at these stopover sites, many birds may need to double their body weight before 

moving on to the next site (O'Brien et al. 2006). The stopover duration, or amount of time 
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individual birds spend at a stopover site, may depend on the quality of a site (Colwell 2010), and 

human activity may significantly affect the quality of a stopover site (Schlacher et al. 2013). In 

particular, human disturbance can impact an individual bird’s ability to continue its migration 

and could affect its reproductive fitness for the coming breeding season (Burger and Niles 2013). 

In areas of high disturbance, birds may be excluded from foraging areas, or if using these highly 

disturbed areas, may have to spend more time fleeing from threats, than feeding or resting 

(Schlacher et al. 2013).  

 The Northern Hemisphere fall, or southward, migration period (occurring from July-

November) overlaps with the time when many recreational activities take place and the use of 

coastal environments is particularly intense (Davidson and Rothwell 1993). However, despite the 

intense use of coastal habitats during this time, southward migration remains comparatively 

understudied (Koch 2010). Additionally, many of the legal protections in place for threatened 

and endangered shorebirds and seabirds lift once breeding season ends, potentially leaving 

migrating birds without protections from human disturbance. As such, reducing human 

disturbance to migratory shorebirds during this time may be particularly important to their 

conservation.  

 To develop effective management strategies for reducing disturbance during this time, 

integrating multiple perspectives into the creation of these strategies can facilitate decision-

making (Armitage et al. 2011) and encourage consistent messaging (Reed and Abernethy 2018) 

between the many actors involved in shorebird conservation. Incorporating these different 

perspectives may be challenging in cases where information or knowledge sharing is limited or 

constrained. In these cases, gaps may exist between science and management (Pullin et al. 2004). 

These gaps can limit the creation of effective management strategies if the recommendations 
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published in the scientific literature fail to match the realities managers face (Lindenfeld et al. 

2012). One approach to addressing potential gaps between scientists and managers involves co-

producing knowledge (Shanley and López 2009). Knowledge co-production emphasizes 

solutions-based approaches to management problems and incorporates an understanding of the 

on-the-ground realities of management (Lindenfeld et al. 2012). Including actors with expertise 

or experience in different fields in knowledge co-production helps ensure important information 

from all relevant disciplines and groups is incorporated (Lang et al. 2012). This type of research, 

commonly termed “transdisciplinary,” works to transcend traditional disciplinary boundaries to 

produce scientifically sound and socially relevant information (Lang et al. 2012). This thesis uses 

a transdisciplinary approach to co-produce knowledge and integrate these multiple perspectives 

by including insights from ecological and social science fields, along with the knowledge and 

applied expertise of land managers and conservation practitioners.  

 The process of co-producing knowledge can be approached in different ways (Reed and 

Abernethy 2018). In Chapter 1, we used a knowledge translation approach. Knowledge 

translation involves the synthesis, exchange, and application of information, and ideally, 

communication between groups uses terms that are understood by all actors (Tengo et al. 2017, 

Reed and Abernethy 2018). Ambiguity over the meaning or definitions of complex concepts can 

limit communication between actors and may hinder the development of management objectives 

(Hanisch et al. 2012). Following this knowledge translation approach, we used an iterative 

structured group communication process known as the Delphi technique to develop a definition 

of human disturbance to shorebirds and a list of priority disturbance types. Use of this iterative 

technique can also allow participants of different backgrounds and types of expertise to share 
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information with each other (Bunting 2010) and, through this information-sharing, can be a way 

to bridge the gap between science and management.  

 To implement successful conservation measures, managers must make decisions about 

when and how to implement management actions. To aid in this decision-making, managers 

need to know what actions or interventions are effective, to what extent, and under what 

circumstances they need to implement certain interventions. Additionally, they must know how 

to track or monitor the effectiveness of various management actions so necessary adjustments 

can be made. Providing managers with a synthesis of the literature and current practices used by 

other managers can improve access to information and aid in decision-making (Walsh et al. 

2015). This type of synthesis is often compiled into a best practices document for management 

and distributed to managers (Walsh et al. 2015). In Chapter 2, we present a best practices 

guidance document for managers in Northeastern coastal states that includes current information 

about the impacts of certain human activities and guidance for reducing these potential 

disturbances.  

 Engaging the public is a key component in successful management strategies that help 

reduce disturbance. Many managers use outreach programs to inform people about their potential 

impacts on shorebirds and to increase compliance with rules or restrictions in place to protect 

these birds (Ormsby and Forys 2010). While outreach programs are commonly used in wildlife 

management and conservation, evaluations of these programs are rare in the literature. 

Evaluation is critical for improving the efficacy of these programs at delivering conservation 

outcomes (Saterson et al. 2004). Further, evaluation plays an important role in the feedback 

between science and management (Saterson et al. 2004, Howe et al. 2011). In Chapter 3, we 

evaluated a shorebird conservation outreach program, Audubon New York’s Be a Good Egg, 
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which focuses on beachgoers signing a pledge to comply with three shorebird-friendly behaviors. 

We considered the role of social norms in influencing the adoption of these behaviors, as norms 

are considered a potential factor in encouraging people to follow through with their 

commitments (Lokhorst et al. 2011).  

 Conserving shorebirds requires a comprehensive view of the complex factors that 

influence both shorebird biology and human behavior related to shorebirds and coastal 

environments. This thesis uses ecological and social information to build a more holistic 

understanding of human-shorebird interactions, specifically those interactions related to human 

disturbance of migrating shorebirds, and provides practical solutions for better managing these 

interactions. The collaborative nature of this thesis demonstrates the utility of facilitating 

information exchange between managers and scientists (and between managers and other 

managers) for helping to bridge the gap between science and management. Bridging this gap is 

essential to achieving conservation outcomes.  
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Chapter 1.  

Defining Human Disturbance to Shorebirds Using Manager and Scientist Input 

 

ABSTRACT Human disturbance has been identified by shorebird researchers and land 

managers alike as a serious threat facing shorebirds. Yet, a common understanding of what 

constitutes human disturbance is lacking. To address this issue, we employed the Delphi 

technique to bring scientists and managers together remotely to develop a consensus definition of 

human disturbance and a list of priority disturbance categories that affect migratory shorebirds. 

The Delphi technique is an iterative consensus-building method used for achieving convergence 

of opinion on a topic. Through four iterative rounds, participants from varying geographic 

locations and expertise worked together to produce a shared understanding. Managers and 

scientists with extensive knowledge on human disturbance to shorebirds were solicited to 

participate. Through analyzing participants’ open-ended responses, we identified 13 themes for a 

definition of human disturbance to shorebirds. The participants then refined and ranked these 

themes through subsequent rounds of surveys, and the top 5 themes were used to draft the final 

definition that they also reviewed. Participants provided 94 unique human disturbance types in 

response to our request to list and describe all potential human disturbances that affect shorebirds 

during fall migration. From there, we grouped the activities into categories, based on their 

similarity of impact or management.  Through rating and ranking tasks for Delphi participants, 

the list was reduced to 12 priority disturbance categories that represent the perceived most 

significant human disturbances in the Northeast. We also compared responses among the 

different participant groups (i.e., managers, scientists, and manager/scientists), finding that 

groups’ responses generally did not significantly differ, except for the number of disturbance 

types listed in the first round with those in the manager/scientist group listing significantly more 
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disturbance types than those in the scientist group. The outputs of the Delphi technique will 

inform a best practices guidance document for shorebird management in the Northeastern U.S.  

KEY WORDS consensus-building, Delphi technique, human dimensions, human disturbance, 

land managers, Northeast U.S., shorebirds.  

Human disturbance has been identified by the Atlantic Flyway Shorebird Initiative (AFSI), 

shorebird researchers, and land managers as one of the most serious threats facing shorebirds 

(Atlantic Flyway Shorebird Initiative Business Plan 2015). Disturbance can decrease stopover 

habitat quality and potentially reduce carrying capacities of those habitats (Weston et al. 2012). 

Further, the quality of stopover habitats could significantly affect the viability of populations 

(Mizrahi et al. 2012). Along the Atlantic Coast, these stopover sites are also heavily used by 

people for commercial and recreational purposes. In areas where disturbance levels are high, 

shorebirds may be excluded from foraging or roosting areas, or if using these highly disturbed 

areas, they may have to spend more time fleeing from threats than feeding or resting (Schlacher 

et al. 2013). These disturbances could negatively impact their ability to gain the energy reserves 

needed for future survival and reproduction (Goss-Custard and Verboven 1993). 

An important first step in reducing human disturbance requires an understanding of what 

constitutes “disturbance” (Colwell 2010). Several authors have proposed definitions for 

disturbance to shorebirds and other types of waterbirds. Some definitions of disturbance do not 

make a distinction between background levels of disturbance (e.g., predation, environmental 

noise) and disturbance caused by humans (Senner and Howe 1984, Cayford 1993). Definitions 

that focus on human disturbance most commonly focus on how human activities change the 

behavior of shorebirds or other waterbirds (Fox and Madsen 1997, Nisbet 2000, Frid and Dill 

2002, Stillman et al. 2009). Some of these definitions make the distinction that this change in 
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behavior is a deviation from normal behaviors occurring without human influence (Fox and 

Madsen 1997, Frid and Dill 2002). Other definitions of human disturbance examine how birds 

perceive people. Both Beale and Monaghan (2004) and Frid and Dill (2002) argued that human 

disturbance should be thought of as a predation risk, with humans being perceived as predators 

by shorebirds and waterbirds.  

The definitions above focus primarily on how impacts from human disturbance affect 

individual birds. However, other authors have argued that disturbance is better understood at a 

broader level. Davidson and Rothwell (1993) identified four levels (in increasing hierarchical 

order- behavior, movement, emigration and mortality, and populations) at which human activity 

affects waterbirds. Similarly, Gill (2007) highlights three different perspectives (i.e., site-based, 

demographic, or population) used to study how disturbance impacts birds. Hill et al. (1997) 

conceptualize disturbance as a gradient depending on the frequency, intensity, and duration that 

may impact waterbirds at the site level. These authors and others argue that considering 

disturbance as simple changes in behavior or physiology (e.g., moving to another location to feed 

or nest, increased heart rate) may lead researchers to think the effects of disturbance have a 

greater impact than they actually do. Thus, changes in behavior may not result in a decline in 

global populations if the birds find suitable habitat elsewhere with fewer disturbances and are 

subsequently able to survive and reproduce in this alternative location (Davidson and Rothwell 

1993, Gill et al. 2001, Colwell 2010). However, in areas of high and increasing human 

population density, like the Northeastern United States, alternative habitat free from disturbance 

may not be available (Colwell 2010). 

Much of the research conducted to address potential disturbance to shorebirds from 

various activities has focused on breeding behavior and habitat (Forgues 2010, Gibson et al. 
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2018). However, migration represents a critical time in shorebirds’ annual cycle and throughout 

their life, as they may spend a quarter of their life in transit between breeding and wintering 

grounds (Drent and Piersma 1990, Piersma and Lindström 2004). Some authors have suggested 

that migration may be the period in the annual cycle when mortality is highest, and therefore, this 

period likely plays an important role in limiting some migratory bird populations (Newton 2006). 

In particular, the northern hemisphere fall, or southward, migration period (occurring from July-

November) overlaps with the time when most recreational activities take place, and the intensity 

of use of coastal environments is greatest (Davidson and Rothwell 1993). Despite the intense use 

of coastal habitats during this time, southward migration remains comparatively understudied 

(Koch 2010). The effects of human disturbance on breeding shorebirds have different patterns of 

impact than during migration (e.g., impacts to eggs or unfledged chicks versus impacts to adults 

or fledged young), so guidance on managing disturbance during one season does not sufficiently 

provide information to manage during the other (Davidson and Rothwell 1993). Because of the 

legal protections in place for threatened and endangered shorebirds and seabirds, human 

activities are restricted in many coastal areas in the Northeast U.S. during breeding season. 

However, many of these protections are lifted once breeding season ends, potentially leaving 

migrating birds without protections from human disturbance during this period.  

Determining which human activities may be most disturbing to shorebirds can help 

managers prioritize management for those activities when they do not have access to site-specific 

information. Birds react differently to different types of human disturbance activities, with some 

types of activities causing more pronounced reactions. Studies that combine all human activities 

to examine the effect of people on shorebirds are particularly prevalent (e.g., Pfister et al. 1992, 

McCrary and Pierson 2000, Harrington 2005, Hvenegaard and Barbieri 2010, Martín et al. 2015). 
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However, understanding how specific types of activities may disturb birds could be more useful 

for informing management decisions (Burger 1995). Certain types of human activities and their 

impacts during migration have been more well-studied than others. Research on the impacts of 

popular beachgoing activities, like walking, jogging, and sunbathing, are common in the 

literature (e.g., Lafferty 2001, Thomas et al. 2003, Burger and Niles 2014, Mayo et al. 2015, 

Althouse 2016). Additionally, the potential impacts of more controversial activities, like beach 

driving, have been well-studied (e.g., Harrington and Drilling 1996, Forgues 2010, Tarr et al. 

2010, Meager et al. 2012, Weston et al. 2014). However, research into certain activities that are 

less common, like kite surfing or kayaking, is lacking (Smith 2004, Davenport and Davenport 

2006), despite the rising popularity of these activities. For some human activities, certain aspects 

of their impacts are more well-studied than others. Much of the research on activities like beach 

raking, nourishment (i.e., practice of adding sand or sediment to beaches to increase beach width 

or combat erosion), or dune stabilization examines the indirect impacts of these activities on 

coastal habitats (e.g., Nelson 1993, Greene 2002, Peterson and Bishop 2005, Kelly 2014), which 

may ignore the relatively less significant direct impacts, such as displacement or abandonment of 

birds from a site. Similarly, studies on the impacts of shellfishing or other kinds of aquaculture 

tend to focus on the impacts to prey resources. Information gaps like these could limit effective 

management of disturbance if the impacts of certain activities are unknown or simply assumed. 

Further, understanding the full extent of recreational activities that may cause disturbances to 

migrating shorebirds is important for managers and can help coordinate management across 

sites. 

To develop effective management strategies for reducing human disturbance, integrating 

multiple perspectives into the creation of these strategies can facilitate decision-making 
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(Armitage et al. 2011) and encourage consistent messaging (Reed and Abernathy 2018) between 

the many actors involved in the conservation of shorebirds. Ambiguity over the definitions of 

complex concepts can limit communication between actors and may hinder the development of 

management objectives (Hanisch et al. 2012). In cases where information or knowledge sharing 

is limited or constrained, gaps may exist between science and management (Pullin et al. 2004). 

These gaps can limit the creation of effective management strategies if the recommendations 

published in the scientific literature do not match the on-the-ground realities managers face 

(Lindenfeld et al. 2012).  

Since knowledge sharing is often limited between researchers and managers (Knight et 

al. 2008) or between managers and other managers (Redford and Taber 2000), one approach to 

addressing potential gaps between science and managers involves co-producing knowledge 

(Shanley and López 2009). Co-production of knowledge is a collaborative process that brings 

together a plurality of knowledge sources to build a more integrated understanding of a problem 

(Armitage et al. 2011). Knowledge co-production can help overcome gaps between science and 

management by emphasizing solutions-based approaches to management problems and 

incorporating an understanding of the on-the-ground realities of management (Lindenfeld et al. 

2012). The process of co-producing knowledge can be approached in different ways (Reed and 

Abernethy 2018). This research used a knowledge translation approach. Knowledge translation 

involves the synthesis, exchange, and application of information, and ideally, communication 

between groups uses terms that are understood by all actors (Tengo et al. 2017, Reed and 

Abernethy 2018).  

Following this knowledge translation approach, we used an iterative structured group 

communication process known as the Delphi technique. The Delphi technique engages experts or 



 

16 

 

informed stakeholders (or managers, in this process) within the topic area to give their opinion 

and feedback on a selected topic over a short period with the goal of reaching a convergence of 

opinion within the group (Hsu and Sandford 2007). The technique relies on the assumption that 

the collective knowledge of a group of experts is more valid than the opinion of an individual 

(Bunting 2010). The method is ideal for converging on a shared understanding or solving 

problems among experts when quantitative answers are unknown or unknowable (Linstone and 

Turoff 1975). Use of this iterative technique can also allow participants of different backgrounds 

and types of expertise to share information with each other (Bunting 2010), helping to bridge the 

gap between science and management. Specifically, we used this technique to 1) bring together 

managers and scientists to co-produce a shared definition of human disturbance to shorebirds and 

a list of priority disturbance categories and 2) to examine the extent to which varying participant 

groups’ (e.g., managers, scientists, manager/scientists) responses converged throughout the 

process and how individuals’ responses changed through successive rounds of surveys.  

METHODS 

The Delphi Technique 

The Delphi technique, developed in the 1950s by researchers at the Rand Corporation, is an 

iterative consensus-building method used for achieving convergence of opinion around a topic 

(Hsu and Sandford 2007). Well-established in many disciplines (e.g., medicine, nursing, social 

policy, tourism), it has been used less in ecology and conservation, despite being well-suited for 

dealing with complex conservation and management issues (Mukherjee et al. 2015). This 

interactive technique allows participants from varying geographic locations and types of 

expertise to learn from each other while working together to address complex issues (Mukherjee 

et al. 2015).  
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The Delphi technique is characterized by anonymity among the participants and iterative, 

controlled feedback from facilitators (Clark et al. 2006, Mukherjee et al. 2015). The anonymous 

nature helps reduce various social pressures and biases that generally affect group-based 

approaches (Mukherjee et al. 2015). For example, the method generally avoids the dominance 

effect, where individuals who are perceived to be dominant tend to have a disproportionate 

influence on the decision-making process, by giving all participants an equal opportunity to 

provide their thoughts (Mukherjee et al. 2018). The iterative nature is advantageous because it 

allows for the possibility of revision or reconsideration of one’s initial responses in light of the 

opinions or comments of others in the group (Sutherland et al. 2011). 

Participant Selection 

Working with our project partners at USFWS, we identified potential participants who were 

managers or scientists with expertise related to human disturbance of shorebirds. Managers were 

defined as those who actively manage disturbance issues for migrating shorebirds on their lands 

within our study area of coastal states from Maine to Virginia (USFWS Northeast Region). 

Managers prioritized for selection represented a range of geographies in the Northeast Region 

and organizations (i.e., federal, state, local, non-profit) and had experience working at sites with 

large migratory populations of shorebirds and overlapping human use. Scientists who had 

published at least one study on human disturbance to shorebirds in the Northeast Region in the 

last 10 years and directed active research programs in shorebird disturbance and conservation 

were identified and selected for participation. The list of potential participants was reviewed by 

members of the Atlantic Flyway Shorebird Initiative Human Activities subcommittee to ensure 

we were not missing scientists or managers in the region who met our criteria. To limit the 

participant list and to ensure it was manageable for the process (Hasson et al. 2000, Mukherjee et 
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al. 2015), scientists and managers who were active in shorebird-related committees (e.g., 

Atlantic Flyway Shorebird Initiative, Western Hemisphere Shorebird Group) were prioritized for 

selection. To confirm that participants had expertise on the issue, we asked them in the round 1 

survey to what extent they agreed that they were experts on shorebird disturbance in the 

Northeast region using a 5-point Likert-type scale (from “strongly agree” to “strongly disagree”). 

Only one person disagreed that they were an expert in shorebird disturbance; therefore, they 

were not included in future rounds of surveys, and their responses to the first round survey were 

not included. All other participants were retained (i.e., those who selected “strongly agree,” 

“agree,” or “neither agree nor disagree”).  

Delphi Survey Administration 

We conducted 4 rounds of surveys from February - May 2017 using the online survey platform 

Qualtrics (see Appendix A for full survey). All surveys and recruitment techniques were 

approved by [removed for blind review] (IRB Protocol #16-999).  

Round 1.—Each potential participant (n=54) was sent an initial request email with a 

description of the project and a unique survey link. Additionally, we attached a one-page 

description of the Delphi technique to familiarize participants with the method. In the first round, 

participants were asked to self-identify as a manager, scientist, or both manager and scientist. 

Participants were then asked to define human disturbance to shorebirds (regardless of time of 

year or season) in their own words. Lastly, participants were asked to list all potential human 

disturbance types that affect shorebirds during fall migration in the Northeast Region and give a 

short description of each type.  

We qualitatively analyzed participants’ definitions for common themes. We identified 

themes for the definition and selected one representative statement from a participant’s definition 
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to reflect each theme. For the potential disturbance types, we again looked for common themes. 

All coding for themes was conducted by one researcher for consistency. The second researcher 

reviewed all codes and helped refine the final list of codes. We then grouped disturbance types 

into categories based on similarity of activity type (e.g., grouping kayaking, canoeing, stand-up 

paddleboarding) and location where the disturbance activity occurs (e.g., open water, beach). In 

some cases, activities were grouped based on how they would be managed (e.g., general 

beachgoing) and/or the relative similarity of their effect on shorebirds. These groupings were 

also corroborated by our USFWS project collaborators. We aimed to limit the number of 

categories for the process of prioritization in subsequent rounds of the Delphi, consolidating 

categories when possible.  

 Round 2.—In this round, we sent each participant who responded to the round 1 survey 

(n=44) a summary report of the group’s responses, each individual’s answers, and a survey link 

for the next round.  We presented participants with the definition statements developed in round 

one and asked participants to rate each statement using a 5-point Likert-type scale on the level of 

its importance (from “extremely important” to “not at all important”) to a thorough definition of 

human disturbance to shorebirds. We provided participants with a comment box to elaborate on 

their ratings. We provided an additional comment box for participants to make suggestions about 

the definition as a whole or the wording of individual statements. We calculated the median and 

mean for each definition statement. For the next round, only statements with a median score of 1 

or 2 (“extremely important” and “very important,” respectively) were included. Statements with 

a median score of 3 (“moderately important”) or higher were not included.   

We then asked participants to comment on our categorization of the potential disturbance 

types. Participants were asked to describe any disturbance types that they believed did not cause 
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disturbance to shorebirds during fall migration or to describe any disturbance types that were 

missing. We also asked participants to provide feedback on the categorization of the disturbance 

types. Lastly, participants were asked about their level of agreement that the disturbance types 

had been appropriately categorized using a 5-point Likert-type scale (from “strongly agree” to 

“strongly disagree”).  

Round 3.—In round 3, we again sent each participant (n=36) a summary report of the 

round 2 group responses, a copy of that individual’s responses to the prior round’s survey, and a 

round 3 survey link. In the survey, we presented participants with the top 9 definition statements 

and asked them to rank the statements from 1 (most important) to 9 (least important) based on 

the statement’s importance to a thorough definition of human disturbance to shorebirds. We 

provided a comment box for participants to elaborate on their rankings or provide reasons for the 

way they ranked statements. We also provided a separate box for participants to provide 

comments or concerns about definition statements that were dropped for this round.  

We calculated the average rank of each definition statement using following formula: 

𝑥1𝑤1+ 𝑥2𝑤2+⋯+𝑥𝑛𝑤𝑛

𝑇𝑜𝑡𝑎𝑙
 where x=response count for answer choice and w= weight of ranked position. 

Weights were applied in reverse order (e.g., item ranked 1 would have a weight of 9). Definition 

statements with an average ranking equal to or greater than 5.0 (i.e., the top five of nine 

statements) were used to draft a definition of human disturbance of shorebirds.  

Participants were also asked to rate each disturbance type category based on its 

significance during fall migration using a 5-point Likert-type scale. We defined significance in 

terms of frequency, extent, and/or effect on shorebird survival and behavior. We provided a 

comment box for participants to elaborate on their ratings.  
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We calculated the mean and median ratings of each category. We then ranked the 

categories based on their mean scores. Only categories with a mean rating of 2.5 or lower (on a 

5-point scale with 1 being strongly agree and 5 being strongly disagree) were included in the 

final round.  

 Round 4.—Similar to the previous rounds, we sent each participant a summary report, a 

copy of the individual’s responses, and a survey link. For this round, we also sent the summary 

report and round 4 survey link to all participants from round 2 (even if they did not respond to 

round 3) to allow more participants (n=36) to participate in the final round. We presented 

participants with a draft definition of human disturbance based on the collated definition 

statements and asked them to provide any final comments or feedback about the definition. We 

then asked how satisfied participants were with the definition using a 5-point Likert-type scale 

(from “extremely satisfied” to “extremely dissatisfied”). We made final changes to the definition 

based on participant feedback. 

 Participants were also asked to rank the top disturbance categories from 1 (most 

significant) to 12 (least significant) based on their significance during fall migration. As in 

previous rounds, we provided participants with a comment box to elaborate on their rankings and 

provide reasons why they thought some disturbance categories were more significant than others. 

We calculated the average ranks of the disturbance type categories using the same formula as 

above (round 3).  

Lastly, we asked participants to rate how satisfied they were with the process using the 

same 5-point scale as above and to provide any final feedback on how to improve this type of 

group communication process. As a final step, we sent all participants who responded to at least 

one round a final summary report of the last round of the Delphi process.  
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Convergence through the process  

To address our second research objective, we examined differences among our participant 

groups throughout the process. For the first round, we calculated the number of definition themes 

given by each participant and the total number of disturbance types each participant listed. We 

then ran one-way ANOVAs with Tukey-Kramer post-hoc tests to examine the differences 

between participant groups (i.e., managers, scientists, and manager/scientists). For all other 

rounds, we compared the groups’ ratings and rankings of each definition theme and disturbance 

type also using one-way ANOVAs with Tukey-Kramer post-hoc tests.  

 To examine how individuals’ responses changed throughout the 4 rounds of surveys, we 

calculated the percent of final definition themes each participant had in their initial round 1 

definition. This enabled an examination of the extent to which each participant’s initial definition 

fit the final themes. 

RESULTS 

Participants 

Forty-four people (out of 54) responded to the first round survey for a response rate of 82%. 

Thirty-six people responded to the second round survey for a response rate of 82%. The third and 

fourth round surveys both had a response rate of 86% (n=31).  

 In the first round, fifteen of the participants identified as managers, 16 as scientists, and 

13 as both manager and scientist (see Table 1 below for subsequent rounds). Participants 

reported an average of 18 years (sd=9.2, range=5-40 yrs) of experience managing or researching 

human disturbance to shorebirds. When asked about the types of land they had conducted 

research or management activities on human disturbance to shorebirds in the last 5 years, 17 

participants reported working on federal lands, 6 on state lands, 1 on town or municipality lands, 
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and 4 on nonprofit or NGO lands. Participants reported experience in the last 5 years working in 

all coastal Northeastern states, except New Hampshire.  

 

Table 1. Number of participants from each group for every survey round.  

 Managers Scientists Manager/Scientists 

Round 1 15 16 13 

Round 2 12 13 11 

Round 3 10 11 10 

Round 4 11 10 10 

 

 

Definition 

Based on responses to the first round survey, we identified 13 themes for the definition. After the 

second round, 4 statements were dropped, leaving 9 remaining themes (Table 2). The top 5 

statements ranked in the third round survey were used to draft a definition. We made edits to this 

draft definition based on feedback from participants in the fourth round survey (Appendix B). 

The final definition is as follows:  

Human disturbance of shorebirds is a human activity that causes an 

individual or group of shorebirds to alter their normal behavior, 

leading to an additional energy expenditure by the birds. It disrupts or 

prevents shorebirds from effectively using important habitats and 

from conducting the activities of their annual cycle that would occur 

in the absence of humans. Productivity and survival rates may also be 

reduced. 
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Table 2. Average rankings for statements in Round 3 survey of the Delphi technique, based on 

responses from 31 managers and scientists in the Northeast, reflecting components of a definition 

of shorebird disturbance following the preamble “Human disturbance of shorebirds is a human 

activity that…” The statements dropped from Round 2 survey are denoted with “N/A” because 

they were not ranked. The top 5 ranked statements were used to draft the final definition.  

 
Statement Average 

Ranka 

Causes an individual or group of shorebirds to alter their normal behavior 6.75 

Disrupts or prevents shorebirds from effectively using critical habitats 6.04 

Displaces, disturbs, or inhibits shorebirds from the activities of their annual cycle 

over and above the disturbances that occur in the absences of humans 

5.93 

May reduce productivity and survival rates 5.11 

Leads to an additional energy expenditure by a shorebird 5.00 

May have population-level effects, depending on the extent of disturbance and the 

shorebird activity being disturbed 

4.50 

Disrupts the normal activity budget of a shorebird 4.43 

Can affect birds during all stages of the life cycle 3.68 

May cause seasonal carryover effects on the survival or reproductive output of birds 3.57 

Elicits physiological response from a shorebird N/A 

May cause indirect (i.e. sub-lethal) effects N/A 

May be due to directly disruptive human activities in nature or indirect activities N/A 

Ranges from extremely disturbing to minimally disturbing of shorebirds N/A 

a Calculated using the following formula: 
𝑥1𝑤1+ 𝑥2𝑤2+⋯+𝑥𝑛𝑤𝑛

𝑇𝑜𝑡𝑎𝑙
 where x=response count for answer 

choice and w= weight of ranked position. Weights are applied in reverse order (e.g., item ranked 

1 would have a weight of 9). 
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In the final round of the process, ninety percent of participants indicated that they were 

satisfied (either “extremely satisfied” or “somewhat satisfied”). Three participants (10%) 

indicated that they were dissatisfied (either “extremely dissatisfied” or “somewhat dissatisfied”) 

with the definition. Those who were dissatisfied with the final definition provided different 

reasons for their dissatisfaction. One participant noted the definition was too restrictive, while 

another mentioned that the definition should have included some reference to threshold levels of 

disturbance. The other dissatisfied participant mentioned that the definition was “muddling the 

effects of disturbance with the fact of disturbance.”  

Some of those who were satisfied with the definition provided comments for additional 

revisions. Three people pointed out that the definition included the phrase “critical habitats,” 

which has a specific legal meaning under the Endangered Species Act. This was changed to 

“important habitats” in the final definition (reported above), which followed the fourth round of 

feedback. Four participants commented that the fourth round wording “activities of their annual 

cycle over and above the disturbances that would occur in the absence of humans” was 

confusing. It was changed to read “activities of their annual cycle that would occur in the 

absence of humans” in the final definition, also after the fourth round.  

Disturbance Categories 

Participants listed a total of 506 disturbance types in the first round survey. From these, we 

identified 94 unique disturbance activities. We categorized these activities into 23 disturbance 

type categories. In the second round survey, participants reported, on average, that they agreed 

that the disturbance types were appropriately categorized (mean= 1.64 on a 5-point scale with 1 

being strongly agree and 5 being strongly disagree). Based on feedback in the second round, the 

categories “food attractants” and “cats” were deleted. Several participants noted these categories 
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were more related to direct mortality and/or predation than disturbance. Based on ratings of the 

disturbance type categories from the third round survey, participants were presented with the top 

12 of 23 categories to rank in the final round. The top 3 categories were beach driving, dogs, and 

direct harassment (Table 3). 

  

Table 3. Average rankings for disturbance type categories after the final round (Round 4) of the 

Delphi technique, based on responses from 31 managers and scientists in the Northeast. 

Disturbance type categories were ranked based on their significance (in terms of frequency, 

extent, and/or effect on shorebird survival and behavior) during fall migration.  

Category Average Ranka 

Beach Driving 10.84 

Dogs 9.90 

Direct Harassment 8.81 

Beach Raking 8.35 

Coastal Engineering 7.68 

General Beachgoing 7.52 

Events 5.45 

Recreational Fishing and Shellfishing 5.29 

Motorized Watersports 3.87 

Commercial Fishing and Aquaculture 3.74 

Unmanned Aircraft 3.42 

Wind-powered Aircraft 3.13 

a Calculated using the following formula: 
𝑥1𝑤1+ 𝑥2𝑤2+⋯+𝑥𝑛𝑤𝑛

𝑇𝑜𝑡𝑎𝑙
 where x=response count for answer 

choice and w= weight of ranked position. Weights are applied in reverse order (e.g., item ranked 

1 would have a weight of 12). 

 

Satisfaction with the Overall Delphi Process  

Ninety percent of participants indicated that they were satisfied (either “extremely satisfied” or 

“somewhat satisfied”).  Two participants (7%)  indicated that they were neither satisfied nor 

dissatisfied with the overall Delphi process. Only one participant (3%) indicated they were 
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“somewhat dissatisfied” with the overall process. Two of these participants also reported being 

unsatisfied with the definition of human disturbance. One said the process “may tend toward 

group think,” and another mentioned focusing on one disturbance type may not account for the 

collective impacts of disturbance. The other participant who was not satisfied did not leave a 

comment.  

Those who were satisfied with the process provided both positive and negative comments 

on the overall process. A few participants noted the process took a long time, while another 

participant enjoyed the iterative nature. Several participants thought conducting a meeting in 

person to develop the definition and disturbance categories would have been better, but another 

participant liked the Delphi process “because sometimes when you get a room full of passionate 

people it is very hard to get something substantive out of the effort.”  

Convergence through the process  

There were few differences among the manager, scientist, and manager/scientist groups in their 

responses throughout the Delphi process. In the first round survey, there was a significant 

difference among the groups in the number of disturbance types they listed (F2,41 = 4.21, P = 

0.02). Post-hoc analysis showed a significant difference between the scientist group and the 

manager/scientist group, with the manager/scientist group listing significantly more disturbance 

types (Appendix B). Further exploration of differences between groups listing disturbance types 

showed that managers listed more possible types (total number of disturbance types mentioned) 

and more unique types (disturbance types that were only mentioned by one group). Of the 94 

possible disturbance types that were listed by participants, managers listed 82 (of 94), scientists 

listed 61, and manager/scientists listed 76. Managers listed 11 unique types, scientists listed 

none, and manager/scientists listed 7. The only other significant differences among the groups in 
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the ratings and ranking of the definition themes and disturbance types were in round 3. Managers 

ranked the theme “leads to an additional energy expenditure by a shorebird” significantly higher 

than the manager/scientist group (F2,25 = 6.30, P = 0.006). Also managers rated the disturbance 

type “non-motorized watersports” significantly lower than the scientist group (F2, 28 = 5.88, P = 

0.007).   

None of the participants had all of the final definition themes in their initial definitions. 

Three participants (10%) did not have any of the final themes in their initial definition. The 

majority of participants (74%) had 1 or 2 of the final themes in their initial definition; 16% of 

participants had 3 (out of 5) of the final themes; and none had 4 of the final themes.  

DISCUSSION 

Use of the Delphi technique allowed experts from various geographic areas and backgrounds to 

develop a shared definition of human disturbance and priority disturbance categories list. The 

definition developed through this process reflects many of the important components of a 

definition of human disturbance discussed in the literature. Like several other definitions (Fox 

and Madsen 1997, Nisbet 2000, Frid and Dill 2002, Stillman et al. 2009), this definition states 

that disturbance alters the normal behavior of shorebirds but goes a step further than these 

definitions by including that disturbance “[leads] to an additional energy expenditure.” This 

addition is important for getting at other potential negative consequences of disturbance, beyond 

simple changes in behavior (Colwell 2010). Also similarly to Fox and Madsen (1997) and Frid 

and Dill (2002), the co-produced definition indicates that this change in behavior represents a 

deviation from normal behavior that would occur in the absence of humans. Also, while this 

definition does not focus on the impacts to populations of shorebirds, like Gill (2007) and 

Davidson and Rothwell (1993), it does include possible population-level consequences as a 
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potential effect of disturbance (e.g., “productivity and survival rates may also be reduced”). 

Unlike some other conceptualizations of disturbance (e.g., Frid and Dill 2002, Beale and 

Monaghan 2004), this definition does not view disturbance as a form of perceived predation risk 

(i.e., birds viewing people as predators).  

 The priority disturbance categories ranked through this process reflect what experts 

viewed as the most impactful disturbances affecting migratory shorebirds in the Northeast. 

Incorporating feedback from scientists and managers helped ensure these disturbance categories 

were inclusive of both the more well-studied human activities and the less-researched activities 

that may have significant impacts or are emerging concerns. For example, the two top-ranked 

disturbance categories, beach driving and dogs, are well-studied in the literature (e.g., Forgues 

2010, Stigner et al. 2016), and their potential impacts to shorebirds are well-known (e.g., impacts 

on distribution [Tarr et al. 2010, Burger et al. 2007]). The third most significant type, direct 

harassment (e.g., chasing birds) has not been well-documented in the literature, though its 

negative impacts may be assumed. Some other highly ranked disturbance categories, like coastal 

engineering and beach raking, have been well-studied for how they impact habitats (e.g., Nelson 

1993, Greene 2002, Peterson and Bishop 2005, Kelly 2014) or prey resources (e.g., Llewellyn 

and Shackley 1996, Manning 2003, Leewis et al. 2012), but the direct disturbance impacts of 

these activities on the birds themselves have been rarely studied (Burger 1988). Similarly, 

studies on the disturbance impacts of activities like recreational and commercial fishing and 

aquaculture generally focus on the impacts to the prey resources (Atkinson et al. 2003). Other 

human activities that are becoming more common, and thus more concerning for their potential 

impacts on shorebirds, emerged as priority disturbance types through this process. For instance, 

there is very little research on the impacts of unmanned aircraft (e.g., drones, UAVs) , despite its 
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rapidly increasing popularity as a recreation activity (Allport 2016). Wind-powered aircraft (e.g., 

kite flying) also emerged as a priority disturbance type, though the majority of research and 

management on this activity is concentrated during the breeding season (e.g., Hoopes et al. 1992, 

USFWS 1994, Massachusetts Division of Fisheries and Wildlife 2016). We recommend that 

future research on the potential impacts from human disturbance focus on the knowledge gaps 

identified here. Additionally, future assessments should examine the prevalence of certain types 

of human activities. 

 Through the iterative nature of this process, participants stated their opinions and then 

modified their opinion based on information provided by other participants (Clark et al. 2006). 

The change from participants’ round 1 definition to the agreed-upon final definition exemplifies 

how this process reflects the group’s effort rather than the contributions of one or a few 

individuals. None of the Delphi participants had all of the final definition themes in their initial 

definitions, with the majority having only 1 or 2 of the final themes, demonstrating that 

participants revised their own understanding in light of the group’s responses. Despite the 

definition not matching exactly with anyone’s initial conceptualizations, most of the participants 

were satisfied with the final definition.  

 While the participants’ responses changed throughout the Delphi process, our comparison 

of the participant groups showed very few differences among the groups. The main difference 

was in how many disturbance types they listed. Manager/scientists listed significantly more 

disturbance types than the scientists. Similarly, managers listed more possible disturbance types 

(total number of disturbance types mentioned) and unique types (disturbance types that were 

only mentioned by one group) than the other groups. Groups that include managers (i.e., 

managers and manager/scientists) likely have more opportunities to observe various disturbances 
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in the field and are perhaps more likely to hear reports from others (i.e., field staff or law 

enforcement officers) about various disturbances than scientists. Despite our inclusion of what 

we considered to be distinct populations (i.e., managers, scientists) that could have very different 

ideas about the topic (Pullin et al. 2004), the limited differences we found among the groups in 

terms of their thinking about disturbance may be due to the collaboration that already occurs 

between scientists and managers through shorebird-focused, boundary-spanning networks and 

organizations (e.g., Atlantic Flyway Shorebird Initiative, Western Hemisphere Shorebird 

Reserve Network, Atlantic Coast Piping Plover and Least Tern Workshop).  Or, it could be due 

to a lack of clear distinction between the manager and scientist roles. Afterall, 30% of our sample 

considered themselves to be both. Further, we found self-identified scientists (10%) working 

within management agencies.  

While most participants were satisfied with the Delphi process overall, several people 

still had concerns about the process, including that the process took too long and there may have 

been too many participants. The Delphi technique can be a time-consuming process with 

multiple rounds of surveys (Hsu and Sandford 2007). Our process was designed to provide fast 

turnaround for participants to reduce participant dropout and ensure participants did not need to 

reacquaint themselves with the questions and process. Other participants suggested having an in-

person meeting would have provided a better opportunity for exchanging ideas. However, it 

would have been challenging to have the same number and diversity of voices present at an in-

person meeting due to the large geographical range of participants selected and the associated 

financial resources required to organize such a meeting.  

This process had several additional limitations. First, participants would sometimes bring 

up the same comments repeatedly that were addressed in the summary reports, which led us to 
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question whether our process was working as intended. The group summary reports and 

individual responses from previous rounds were designed to show participants the results of the 

previous round, address participants’ comments, and remind them of their own responses, but it 

is possible that participants did not view these documents prior to answering the next round 

survey. We had 3 participants express confusion over how to view the summary documents, 

which was perhaps due to the way the survey platform attached the files to the survey invitation 

emails. Including a question in the survey asking whether participants reviewed the summary 

reports may remind participants to review the reports. Second, due to the iterative nature of this 

technique, issues emerged that required further explanation from the Delphi process facilitators 

(the authors). Specifically, participants noted that some disturbance types were both potential 

disturbances and contributed to habitat loss or destruction. We asked participants to consider the 

impact of an activity while it was actively causing a disturbance, rather than the effects to 

habitat. However, we cannot be sure that this instruction was adequately explained to 

participants, as some participants continued to discuss impacts to habitats in their comments. 

Therefore, we recommend that all instructions, especially those emerging in the middle of the 

process, be clearly explained to participants in multiple places (e.g., within the survey, summary 

reports, and/or invitation emails). Still, this may be a challenging issue to overcome for the 

Delphi technique, as facilitators can never be sure how closely the participants read the materials. 

Lastly, the priority disturbance categories are not meant to represent the most impactful 

disturbances at every site but rather an overview of the perceived most significant disturbances in 

the Northeast. This was a concern expressed by some our participants who recognized that their 

responses were colored by their experiences at specific sites. The Delphi technique is used when 

empirical, field-based answers are unknown, but it is not a substitute for empirical data or an 
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excuse not to collect such data, if possible (Mukherjee et al. 2015). Future empirical biological 

research should be conducted across the region to develop a prioritization of disturbance 

categories based on actual impacts on shorebirds.  

Overall, using the Delphi Technique to co-produce the definition and list of priority 

disturbance categories allowed different groups to work together to generate a shared 

understanding of disturbance in the Northeast and also highlighted areas for future investigation 

and increased management focus. This technique is ideal for gaining or generating knowledge 

about a topic and exploring areas of agreement or disagreement among experts and stakeholders 

(Mukherjee et al. 2015). The results generated through our process represent a step forward in 

understanding and managing for human disturbance to migrating shorebirds. 

MANAGEMENT IMPLICATIONS 

Expert opinion is an essential component of wildlife management (Burgman et al. 2011). 

However, incorporating only one perspective or multiple perspectives from those with 

homogeneous backgrounds may limit the applicability of results. When making decisions across 

multiple geographic scales, incorporating different perspectives from multiple actors can be 

highly beneficial. The Delphi technique is particularly appropriate for generating results when 

information is limited or conflicting and when multiple perspectives are needed (Mukherjee et al. 

2015). In particular, use of the method allows for the sharing of knowledge in a structured way 

and can be used to co-produce certain kinds of information. Additionally, despite being used 

relatively infrequently for wildlife management or conservation issues, the Delphi is particularly 

well suited for dealing with complex management issues (Mukherjee et al. 2015) and is 

underutilized by managers and researchers. The definition and priority disturbance categories 

developed through this process are not meant to represent a prescription for management. Yet, 
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managers can use the definition to guide thinking about disturbance issues, to communicate with 

each other using the same terminology, and to promote consistency across management units or 

science and management activities. The outputs of this process also significantly informed the 

development and content of a best practices guidance document for reducing human disturbance 

to fall migrating shorebirds in the Northeast (Mengak et al. 2018). Incorporating feedback, 

through the Delphi, from the target audiences helped ensure the document’s relevance and the 

applicability of its management recommendations. Utilizing expert feedback to co-produce 

knowledge and solve complex problems can ensure that management solutions are broadly 

applicable and informed by a diverse group of stakeholders.  
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Introduction 

Background 

 Many shorebirds that nest, migrate, and/or over-winter in the United States are in decline 

and are of conservation concern due to threats and pressures they experience throughout their 

annual cycle (NABCI 2016). During migration, many shorebirds visit stopover sites in order to 

forage and roost before continuing their north or southward journey (Colwell 2010). The ability 

to rest and refuel at these stopover sites is essential to successful migration; however, the quality 

of these sites may be compromised by various factors, including human disturbance (Schlacher 

et al. 2013, Gibson et al. 2018). Disturbance can impact an individual bird’s ability to continue 

its migration and could affect its reproductive fitness for the coming breeding season (Burger and 

Niles 2013a). In areas where disturbance levels are high, like coastal areas in the northeastern 

U.S., birds may be excluded from foraging areas, or if using these highly disturbed areas, may 

have to spend more time fleeing from perceived threats, than feeding or resting (Schlacher et al. 

2013). Human disturbance at stopover sites has been identified one of four main anthropogenic 

threats to migrating shorebirds by the Atlantic Flyway Shorebird Initiative (AFSI), shorebird 

researchers, and land managers, prompting AFSI to recommend developing best practices for 

managing human disturbance at stopover sites (Atlantic Flyway Shorebird Initiative 2015).  

 

 

 

The Atlantic Flyway Shorebird Initiative is a collaborative conservation effort, involving 

numerous partners, with the goal of addressing shorebird declines at the Flyway scale. The 

Atlantic Flyway Shorebird Business Plan, published in 2015, identified key threats, as well as 

a suite of strategies and actions needed to conserve 15 focal shorebird species. AFSI and 

partners have been working to implement the recommended actions with the goal of 

increasing shorebird populations by 10-15% by 2025. Learn more about AFSI by visiting 

http://atlanticflywayshorebirds.org. 

http://atlanticflywayshorebirds.org/
http://atlanticflywayshorebirds.org/
http://atlanticflywayshorebirds.org/
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Approach 

 This document was developed in support of the AFSI goal to identify best practices for 

managing human disturbance at stopovers and provides guidance for evaluating and managing 

shorebird disturbance during southward (often referred to as “fall”) migration in the northeastern 

U.S.  It represents a first step towards developing Atlantic Flyway-scale guidance for managing 

human disturbance during migration. The focus on southward migration was selected because, in 

general, there is more overlap between migratory shorebirds and human use of coastal habitats in 

the Northeast during fall (July-November) than during northward (or “spring”) migration. As 

habitat use varies across stopover locations and between migratory periods, further work to 

develop best practices for other geographies within the Flyway, as well as during northward 

migration, is needed. However, much of the guidance in this document is sufficiently broad to 

have relevancy beyond southward migration at coastal stopovers in the Northeast.  

 We used a transdisciplinary approach, in which insights from biological and social 

science fields were integrated, along with applied expertise and knowledge of land managers and 

conservation practitioners. Our approach could also be considered as following the best practices 

of science co-production whereby science producers work closely with science users throughout 

the scientific process. Our writing team included social and biological scientists, as well as 

migratory bird and National Wildlife Refuge System biologists. Input from shorebird experts, 
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land managers, field biologists, visitor services staff, and other potential users was sought 

throughout the development and significantly shaped the content of the document.  

 The process of creating this document included the following: 1) development of a shared 

definition of human disturbance to shorebirds and a list of priority disturbance types (i.e., human 

activities that may cause disturbance to migratory shorebirds); 2) an extensive review of the 

biological and social science peer-reviewed and gray literature; 3) interviews with 28 staff at 

coastal sites in the Northeast Region, including biologists or managers, law enforcement officers, 

and outreach/visitor services staff; 4) a synthesis of the compiled literature and interviews to 

inform a set of “best practices” that provide guidance on managing or reducing human 

disturbance during southward migration; and 5) the development and pilot field testing of a 

shorebird disturbance monitoring method.  

 

 These document components provide a comprehensive overview of the current state of 

knowledge related to human disturbance during southward migration. This document provides a 

summary of available information, including published and gray literature and expert knowledge, 

that managers can use to inform decisions and actions on-the-ground. 

 While we aimed for a document that is relevant throughout the region, stopover sites vary 

greatly in characteristics that influence human disturbance management (such as amount of 

human and shorebird use, land ownership, interests and resources of stakeholders, and ecological 

Throughout this document, we refer to "priority disturbance types" or sometimes "disturbance 

types". We use these terms to refer to human activities that may cause disturbance to 

migratory shorebirds. The impacts of a particular activity will depend on many factors, and 

the presence of a human activity does not necessarily mean shorebirds are being disturbed. 
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setting). Thus, this document does not prescribe practices that apply to every site, nor is it 

intended to provide regulatory or policy guidance. Instead, it is intended to be a toolkit of 

guidance from which managers can select the most appropriate and feasible practices for 

conditions at their site, applying their local knowledge in decisions about how to best apply this 

guidance. In addition, managers can use the document to identify information needs (e.g., 

thresholds of disturbance for management action) to guide additional inquiry, in order to improve 

management practices at their sites. 

 Scope: 

● Species – The best practices apply to all coastal migratory shorebird species with an 

emphasis on the 15 AFSI focal species (AFSI: A Business Plan; 

http://atlanticflywayshorebirds.org/documents/AFSI_Business_Plan_11_2017.pdf) 

○ American Oystercatcher 

○ Semipalmated Sandpiper 

○ Red Knot 

○ Whimbrel 

○ Wilson's Plover 

○ Marbled Godwit 

○ Piping Plover 

○ Purple Sandpiper 

○ Red-necked Phalarope 

○ Ruddy Turnstone 

○ Sanderling 

○ Snowy Plover 

○ American Golden Plover 

○ Greater Yellowlegs 

○ Lesser Yellowlegs 

      

  

http://atlanticflywayshorebirds.org/documents/AFSI_Business_Plan_11_2017.pdf


 

48 

 

● Spatial Scale – All coastal habitats (intertidal, salt marsh, islands, or dunes) from Maine 

to Virginia: U.S. Fish and Wildlife Service Northeast Region (Figure 1) 

 

 

● Temporal Scale – Southward (or fall) migration, defined as July 1 – November 15  

 

 

Methods 

Delphi Technique: Defining Disturbance & Prioritizing Disturbance Types 

 Our process began with creating a shared definition of human disturbance because 

definitions of disturbance found in the literature are not consistent. Having this shared definition 

allows users of this document to communicate using the same terminology, but it is not meant to 

represent a prescription for management. To develop a shared definition for human disturbance 

and a list of priority disturbance types, we used the Delphi Technique (Hsu and Sanford 2007).  

The Delphi Technique is an iterative, consensus-building technique used to capture expert 

judgments to address complex problems. This method is not meant to replace empirical evidence 

but to guide decision-making until empirical evidence can be obtained or to identify gaps in 

understanding. The results generated by a group of experts are likely to be more reliable and 

applicable across various settings than the opinion of a single expert. This method allows 

Figure 1. Map of the USFWS Northeast Region 
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participants from varying geographic locations and types of expertise (managers, scientists, or 

manager-scientists) to participate while minimizing cost and logistics. With this iterative process, 

experts from across the Northeast region created a shared definition of disturbance and a 

common list of disturbance types.  

 Fifty-four experts were selected for the Delphi by the authors and through suggestions of 

the Atlantic Flyway Shorebird Initiative Human Activities subcommittee. During the selection 

process, experts were considered to be either managers or scientists. Managers (n=30) were 

chosen if they actively manage disturbance issues for migrating shorebirds on their lands. 

Scientists (n=24) who had published at least one study on human disturbance to shorebirds in the 

Northeast Region in the last 10 years were also eligible for selection. During the first round of 

the Delphi, experts self-identified as manager, scientist, or both manager and scientist. We 

confirmed that the individuals had expertise through screening questions in our initial survey. 

See Defining and Prioritizing Disturbance for the definition of human disturbance and list of 

priority disturbance types.  

 

Literature review- Biological literature 

 We conducted a comprehensive review and synthesis of the peer-reviewed and gray 

literature (e.g., reports, conservation plans) related to human disturbance during southward 

migration. We started the search using the Virginia Tech library online search engine, Summons. 

We used combinations of “human disturbance,” “fall migration,” and “shorebirds” as keywords 

for our search. We also built upon a literature review compiled by Audubon North Carolina in 

2015 of human impacts to waterbirds, shorebirds, and other coastal wildlife (Audubon North 

Carolina 2015). From an initial set of publications, we conducted backward (i.e., cited in) and 

forward searches (i.e., cited by) until reaching saturation (i.e., no new published studies were 
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found that fit our criteria). We included papers from northward migration opportunistically, if 

they were included in our forward/backward search, prioritizing papers addressing our 

geographic focus. However, literature on studies conducted during this time period is not 

comprehensive. We also compiled information from across the globe and across a broad array of 

species to conduct the most comprehensive search possible. We sent members of the AFSI 

Human Disturbance Working Group an initial draft of the literature review and asked them to 

send references that were not included.  

 

Literature review- Human dimensions literature 

 We also conducted a review of literature on human behavior related to the disturbance 

type categories identified by the Delphi process and possible management actions to reduce 

human disturbance (Table 1), in addition to beach management and outdoor recreation. These 

studies were not all specifically related to shorebird conservation because human behavior in 

contexts broader than birds is relevant. As with the biological literature review (above), we 

compiled information from across the globe, focusing mostly on the U.S., and across a range of 

outdoor recreation behaviors related to the disturbance types. 

 Our search process was similar to the biological literature review, though we also used 

Google Scholar in addition to the Virginia Tech search engine. We used combinations of 

disturbance types or variations on those types (e.g., “beach driving” OR “over-sand vehicles”) 

and keywords related to beach management or recreation (e.g., “beach management” AND 

“compliance”). We also used forward and backward searches from an initial set of publications. 

Unlike the biological literature search, we did not reach saturation due to the large number of 

publications and the broader context of our search. As an additional note, some publications fit 
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under both the biological and human behavior literature search. Both literature searches were 

concluded in early 2018, and therefore, literature published after this time is not included.  

 

Land manager interviews 

 We interviewed staff at managed coastal sites (federal and nonfederal) located within the 

U.S. Fish and Wildlife Service (USFWS) Northeast Region (Virginia to Maine) to understand 

current management activities for human disturbance to migratory shorebirds at the site level, the 

current human activities at various sites, and any specific informational or management needs to 

improve management of southward migrating shorebirds.  

 Phone interview requests were sent to 30 individuals from October 2 to December 4, 

2017.  Potential participants were chosen to represent a range of geographies in the Northeast 

Region, duties (i.e., higher level managers, field biologists, law enforcement officers, outreach 

staff), and organizations (i.e., federal, state, local, non-profit). The contact list for potential 

participants was selected in collaboration with project partners at USFWS. Some interview 

participants also participated in the Delphi Technique (described above). Interview participants 

were asked to reflect on the disturbance definition and to characterize human activity and 

impacts at their sites using the priority disturbance types developed in the Delphi. Participants 

were then asked how their sites managed and monitored human disturbance. Lastly, participants 

were asked about site-specific needs for managing disturbance and what types of guidance they 

would like included in this management document.  

 All interviews were audio recorded and transcribed. Data were analyzed using qualitative 

methods. All responses were coded, or categorized, according to common topics, or themes and 

organized according to those themes. We present participants’ responses in summary form (e.g., 

Human dimensions (HD) is a field of study that applies the social sciences to examine 

research questions that have implications for wildlife conservation efforts (NABCI 2017).  
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“most,” “several”) rather than numerical form because these are qualitative data. We did not 

attempt to conduct a survey that was comprehensive or representative of all land managers in the 

Northeast; therefore the results are not generalizable to all management conducted in the 

Northeast on this issue, and we believe that quantifying responses could be misleading. Our goal 

was to gather a range of perspectives, rather than to collect generalizable data. 

 In total, we interviewed 28 people from federal agencies (n=17), state agencies (n=6), 

towns (n=1), and nonprofits (n=4), with representation from every coastal state in the Northeast, 

except New Hampshire. Twenty-four participants were biologists or managers; three were law 

enforcement officers; and two were outreach/visitor services staff. The interview questions and a 

report describing relevant results can be found in Appendix D. 

 

Development and field-testing of disturbance monitoring methods 

 In consultation with project partners at USFWS and input from shorebird researchers at 

Virginia Tech, we developed and piloted a set of field methods for monitoring human 

disturbance to shorebirds. These methods were developed because existing methods in the 

literature are varied (see Evaluating Shorebird Disturbance at a Site) and do not always 

produce comparable data. Having comparable data across sites would improve our understanding 

of shorebird disturbance within the region, potentially allow an evaluation of management 

effectiveness throughout the region, and may facilitate cross-site collaboration in management. 

The methods developed represent one set of options for studying disturbance.  

 Pilot testing of these methods allowed valuable lessons to be learned and improvements 

to be incorporated. We pilot tested these methods at 3 sites: Amagansett National Wildlife 

Refuge (NWR), Elizabeth A. Morton NWR, and Chincoteague NWR. Field testing occurred 

from July-early September 2017. The methods were also field tested by staff at Parker River 
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NWR from September- October 2017. Insights from their use of the method also helped shape 

the methods’ final form. For more details about these methods, see Considerations for 

Developing Standardized Field Methods to Evaluate Shorebird Disturbance or Appendix E.  

 

Defining and Prioritizing Disturbance 

Definition of Human Disturbance 

 As a first step in the creation of this document, we developed a definition of human 

disturbance to shorebirds and a list of priority disturbance types, using the Delphi Technique (see 

above). We prioritized disturbance types to assist us in focusing the scope of the document and 

increasing its relevance to managers.  Here, we report the final results from the Delphi, which 

were used to drive the development of guidance and best practices.  

 We conducted four rounds of surveys from February-May 2017 (see Appendix C for a 

final report with additional details on methodology). We had a response rate of over 80% for 

each round of surveys. 

Based on this process, the final definition created was: 

 

Human disturbance of shorebirds is a human activity that causes an individual or  

group of shorebirds to alter their normal behavior, leading to an additional energy  

expenditure by the birds. It disrupts or prevents shorebirds from effectively using  

important habitats and from conducting the activities of their annual cycle that  

would occur in the absence of humans. Productivity and survival rates may also be   

reduced. 

 

Disturbance Types 

 Participants provided a total of 506 potential disturbance types in the first round of the 

Delphi. From these, we identified 94 unique disturbance activities (see Appendix C for 

comprehensive list of all disturbance activities). We categorized these activities into 23 
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disturbance type categories based on similarity of activity type and location where the 

disturbance activity occurs (e.g., open water, beach). In some cases, activities were grouped 

based on how they would be managed and/or the relative similarity of their effect on shorebirds. 

In round 2, we asked participants whether they agreed or disagreed that the types had been 

categorized appropriately (using a 5-point Likert-type scale). Adjustments to the categorizations 

were made based on their comments from this round.  

 In round 3, we asked participants to rate the 23 disturbance type categories based on their 

significance (in terms of frequency, extent, and/or effect on shorebird survival and behavior) 

during southward migration. From these ratings, we determined the top 12 disturbance type 

categories and asked participants to rank them in the final round. We instructed participants to 

rank categories based on significance (see above) across the entire northeastern U.S.; therefore, 

the rankings may not represent the most significant disturbance type at a specific site (depending 

on what human activities are or are not allowed). Beach driving and dogs were considered the 

top two most significant disturbances to shorebirds in the northeast during southward migration 

(Table 1).  
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Table 1. Average rankings for 12 disturbance type categories based on their significance (in 

terms of frequency, extent, and/or effect on shorebird survival and behavior) during southward 

migration in the northeastern U.S. Categories with a higher average rank were considered by 

Delphi participants to be more significant than categories with a lower average rank. For each of 

the categories, a description of the included activities, summaries of the biological and social 

science literature, and manager insights from the interviews, are provided below. 

 

Category Average Rank* 

Beach Driving 10.84 

Dogs 9.90 

Direct Harassment 8.81 

Beach Raking 8.35 

Coastal Engineering 7.68 

General Beachgoing 7.52 

Events 5.45 

Recreational Fishing 5.29 

Motorized Watersports 3.87 

Commercial Fishing 3.74 

Unmanned Aircraft 3.42 

Wind-powered Aircraft 3.13 

*Average ranks calculated using the following formula: 
𝑥1𝑤1+ 𝑥2𝑤2+⋯+𝑥𝑛𝑤𝑛

𝑇𝑜𝑡𝑎𝑙
 where 

x=response count for answer choice and w= weight of ranked position.  

 

  

 In further consultation with biologists and managers at USFWS, the disturbance type 

“non-motorized watersports” (e.g., kayaking, canoeing, stand-up paddleboarding, kite surfing, 

kite boarding) was added to the list of priority disturbance types.  Non-motorized watersports are 

growing in popularity and are considered by USFWS to be an emerging threat in the Northeast 

for which management decisions will need to be made.  Thus, we used this list of 13 priority 

disturbance types (12 types in Table 1 plus non-motorized watersports) to guide our literature 

review and land manager interviews.  
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State of Knowledge on Priority Disturbance Types in the Northeast: Literature Review and 

Interview Results  

 The information presented below was summarized from the literature review and 

manager interviews (described above). This section is organized around the 13 priority 

disturbance types identified by the Delphi process and input from USFWS (also described 

above). For each disturbance type, we present biological literature, human dimensions literature, 

and manager interview results (when available). Some disturbance types do not contain a human 

dimensions section, which indicates that our search did not locate any literature specific to the 

activity. Lastly, we present a literature summary on “General Human Behavior,” including 

studies in which many types of human disturbance are combined in the analysis. A complete list 

of all literature referenced is included in Appendix G.  

 Unless otherwise stated, literature below focuses on studies conducted in the U.S. portion 

of the Atlantic Flyway. Also, unless otherwise specified, literature does not include the breeding 

season, though in some studies data may have been collected year-round or for multiple years. 

As a note, the terms “waterbird” or “wader” encompass a range of species beyond shorebirds. 

Unless the term waterbird or wader is used to describe the study species, the study was 

conducted on shorebirds or seabirds (e.g., terns, skimmers). Additionally, most of the studies 

discussed below are focused on beach habitat because these habitats generally experience higher 

levels of disturbance than other, less accessible habitats, like salt marsh. 

  

Beach driving 

This category includes: 4x4 vehicles, all-terrain vehicles/utility vehicle (ATV/UTV), beach 

buggies, and off-road vehicles/over-sand vehicles (ORV/OSV).  
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Displacement: Beach driving may displace shorebirds from important habitats. One study found 

that ORV use reduced the proportion of shorebirds using wet sand areas on the beach (Tarr et al. 

2010). This study also showed effects of disturbance over multiple sampling intervals, 

suggesting that shorebirds did not quickly revert to their prior activities or locations after moving 

away from vehicles. A study by Forgues (2010) demonstrated that with increasing distance from 

the beach ORV entry point, vehicle abundance decreased while shorebird abundance and 

richness increased. The author also found that species richness and abundance of some species 

(Sanderlings: Calidris alba, Ruddy Turnstones: Arenaria interpres, Willets: Tringa semipalmata, 

Black-bellied Plovers: Pluvialis squatarola, Whimbrels: Numenius phaeopus) significantly 

declined with higher ORV frequency as did the number and size of shorebird roosts. A study 

conducted in Australia found that ORVs had the strongest influence on habitat selection in birds 

of all recreational activities studied (e.g., collecting bait, recreational angling, watercraft, dogs, 

beachgoing) (Meager et al. 2012).  

 

Effects on behavior: Beach driving may also cause behavioral changes in shorebirds. Forgues 

(2010) found that migrants spent less time foraging when ORVs were present and more time 

resting. Although, in another study, beach driving primarily affected the use of beach habitats for 

resting with birds spending more time active and less time resting (Tarr et al. 2010). Tarr (2008) 

found that transient individuals (those who did not defend feeding territories) spent less time in 

the disturbed areas (areas where driving was present) while territorial birds tolerated the 

disturbance and defended their feeding territories. One study conducted in Australia found that 

evasive behaviors by drivers (e.g., avoiding flocks or slowing down when approaching flocks) 

did not make a difference and birds were disturbed at the same rates as when vehicles took no 

action (Weston et al. 2014b). Although, another study conducted in Australia noted that 
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increasing the separation distance between vehicles and birds was more important to reducing 

disturbance responses than changing vehicle speed (Schlacher et al. 2013). However, one study 

showed that Australian shorebirds had a shorter flight-initiation distance (FID) for approaching 

vehicles than for approaching pedestrians (McLeod et al. 2013). 

 

Interspecies variation in effects: The literature also showed variable effects for different species 

of shorebirds. Harrington and Drilling (1996) found that roosting Semipalmated Plovers 

(Charadrius semipalmatus) and feeding Sanderlings flushed more frequently in response to 

vehicles than pedestrians, but all other species studied flushed equally often to pedestrians and 

vehicles. One study showed that Whimbrels appeared to be extremely sensitive to driving and 

always maintained a distance of at least 75 meters from approaching vehicles (Forgues 2010). 

Disturbance by vehicles decreased the proportion of time Sanderlings spent roosting and 

increased the time they spent active (Tarr 2008). Some species also showed variable responses to 

the type of driving approach. Rodgers and Smith (1997) found that Ruddy Turnstones had the 

smallest mean flushing distance of species exposed to experimental approaches by an ATV. The 

authors also found that Willets exhibited the largest mean flushing distance, while Western 

Sandpipers (Calidris mauri) had the smallest mean flushing distance of species exposed to 

experimental approaches by an automobile.  

 

Insights from human dimensions literature 

There may be disconnects between actual impact of beach driving and the perceived impacts of 

the activity by recreationists. Priskin (2003) found in a study conducted in Australia that the 

average perception of tourists was that four-wheel driving was harmful to beach environments, 

while those who engaged in four-wheel driving perceived it to be less harmful but still 
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moderately so. This difference in perceived impacts could be due to responsibility denial, where 

participants minimize the impacts of the activity. To evoke acceptance of responsibility, a person 

must recognize the problem, be aware of a solution to the problem, and feel capable to enact that 

solution (Stern 2018). Those who participate in beach driving may also have different 

environmental beliefs and attitudes than those who do not. Understanding a recreationists’ 

underlying beliefs and attitudes is important for communications efforts and potentially changing 

behavior (Ardoin et al. 2013). Thapa (2010) found that those who held higher technocentric 

(belief in technology to solve environmental problems) and lower ecocentric (belief that human 

impacts can be detrimental to the environment) and dualcentric (belief in the symbiotic dual 

equality between humans and the environment) attitudes were more likely to participate in 

motorized recreational activities and less likely to participate in appreciative activities (e.g., 

hiking, birdwatching). People that participate in beach driving may not feel that the activity has 

significant negative impacts, so framing pro-shorebird behaviors in a way that aligns with the 

participant’s attitudes could be more effective. For example, asking people to lower their speeds 

when near other people or wildlife could be framed as a safety issue (i.e., safety to others on the 

beach and the drivers themselves).  

 

Manager thoughts  

Most interview participants said beach driving was allowed at their sites. All sites where driving 

was allowed had restrictions on driving during shorebird nesting season and early migration. 

These restrictions likely reduce the impact of driving, where it occurs, for early migrants. About 

equal numbers of participants said that beach driving represented a significant disturbance or a 

low to moderate disturbance to migrating shorebirds. Some participants noted that driving did 

not generally overlap with good quality shorebird habitat at their sites. Participants at sites where 
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driving was not allowed said that driving was not significant at their sites. All sites, however, had 

some driving (even if not allowed for recreationists) due to enforcement patrols or maintenance 

(e.g., picking up trash). One participant noted that the behavior of the driver may have more 

influence on whether a shorebird or group of shorebirds would be disturbed than the driving 

itself. Another participant said that while they considered the impacts of driving to be relatively 

low, an important consideration is that beach driving could increase the number of people that 

access remote areas of the beach, potentially extending the spatial scale of human impacts.  

 

Dogs 

This category includes: leashed and unleashed dogs.  

Displacement: Many studies showed that dogs can have an impact on shorebirds. Dogs may 

displace shorebirds from foraging or roosting habitats. Burger et al. (2007) found that shorebirds 

responded more strongly to the presence of dogs compared to other disturbances (e.g., people, 

vehicles) and did not return to the beach after being disturbed by a dog. Similarly, in a study 

conducted in Australia, Stigner et al. (2016) noted that the presence of dogs and people 

significantly increased the probability of shorebirds not occupying an area and that dogs had 

more than twice the effect of people. Dogs also reduced the probability of shorebirds occupying 

a study unit and the count of birds within the unit to a greater extent than people alone (Stigner et 

al. 2016). However, some studies did not find strong evidence of dogs displacing shorebirds. 

McCrary and Pierson (2000) did not find a significant relationship between dogs and shorebirds, 

though the authors note this may be due to a small sample size of dogs. Brindock and Colwell 

(2011) found that Snowy Plover (Charadrius nivosus) presence was negatively associated with 
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dog tracks; however, the authors say that this effect was weak due to the variables having high 

standard errors and low relative importance. 

 

Effects on behavior: Other studies have found that dogs may influence behavior of shorebirds, 

though results were mixed. One study conducted in British Columbia noted that shorebirds were 

much less likely to be disturbed (e.g., flying or running) when only people were within 100m 

than when people and dogs were within 100m of shorebirds (Murchison et al. 2016). Another 

study conducted in Malaysia found that all shorebirds (and other waterbirds) flew away as soon 

as being approached by a dog (Ramli and Norazlimi 2017). A study in California showed that 

direct approaches by dogs caused Snowy Plovers to flush the farthest from their roosting sites 

(Tingco 2011). In a study conducted in Australia, Paton et al. (2000) found walking with a dog 

on a leash was more disturbing than walking without a dog. In contrast, other studies have not 

found significant effects of dogs on shorebird behavior. Esrom (2004) found in a study in British 

Columbia that the presence of a dog did not make a significant difference compared to jogging 

and walking without a dog, and that there was no significant difference in shorebird behavior 

between passing a flock with or without a dog. Similarly, in a different study, the presence of 

dogs did not have an effect on vigilance behaviors (i.e., scan rate) in shorebirds (Fitzpatrick and 

Bouchez 1998).  

 

Fitness: Despite these impacts of dogs, Weston et al. (2014a)’s review of dogs in parks and open 

spaces did not find any studies establishing a direct link between dog disturbance and individual 

or population fitness. However, studies that are able to link the effects of dogs (or other 

disturbance types) to potential fitness consequences are uncommon in the literature.   
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Benefits of leashing: Studies also showed the positive impact of leashing dogs. Lafferty (2001) 

found that 75% of birds disturbed by dogs flew and that leashing reduced the probability that 

dogs disturbed birds and the number of birds disturbed per incident. Milton et al. (2011) noted 

that unleashed dogs typically approach birds at higher speeds than if the animal was leashed, and 

therefore, the bird may be reacting to the speed of approach rather than the dog itself.  

 

Insights from human dimensions literature 

 Restricting access to sites for dogs, implementing new regulations, or maintaining 

compliance with existing regulations may be difficult due to people’s relationships and 

perceptions of their pets. On one hand, dogs are perceived by people as “wild” and should be 

allowed to run free and “be a dog,” while they are also socially constructed as family members or 

companions (Bowes et al. 2015). Because of this role as family member or friend, many dog 

owners may not recognize that they are responsible for their dog’s bad behavior, instead often 

excusing or justifying it (Edwards and Knight 2006). During focus groups conducted in England, 

Edwards and Knight (2006) also found that participants generally lacked awareness or 

understanding of the consequences of their dogs’ behavior on wildlife. Similarly, dog walkers in 

a park in Austria judged the impacts of dog walking on wildlife significantly lower than other 

user groups in the park (e.g., walking without dogs, bike riding) (Sterl et al. 2008). A study 

conducted in Australia during shorebird breeding season found that respondents did not think 

their own dog, if unleashed, would pose a threat to humans or beach-nesting birds and 

considered their own dog to be less of a threat to wildlife and humans than dogs in general 

(Williams et al. 2009). In a study conducted in Canada, a majority of beach visitors who brought 

their dog to the beach said that it was very or most important to bring their dogs (Esrom 2004). 

Additionally, how people view or relate to their dogs may impact how they react to different 
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types of dog regulations. Blouin (2013) described 3 different orientations towards pets 

(specifically dogs) that may explain how people view or react to their pets. Those with a 

dominionistic orientation have a lower regard for their pets, valuing them primarily for the uses 

they provide their owners. In contrast, those with a humanistic orientation elevate their pets to 

the status of surrogate personhood. Those with a protectionistic orientation regard both pets and 

animals more generally highly. People with different orientations towards their pets may respond 

differently to outreach messaging or regulations/enforcement.  

 Perceptions of leashing behavior may be influenced by many factors. Ambivalence 

towards a behavior may influence whether individuals leash their dogs (Bowes et al. 2017). In a 

study the authors conducted in Canada, they found that beachgoers with low ambivalence 

towards leashing (i.e., did not hold conflicting beliefs about leashing their dog) were compliant 

with leashing regulations nearly all the time compared to a high ambivalence group that 

complied about a third of the time. In a study conducted in Australia, Hughes et al. (2009) found 

that walking a dog on- or off-leash was strongly associated with a prior intention to do so. Non-

compliers arrived at the beach with a strong intention of walking their dogs off-leash, while 

compliers arrived with the intention of walking their dogs on leash. Belief in the benefits of off-

leash exercise may influence a person’s prior intentions. Edwards and Knight (2006) noted that if 

a person holds the belief that off-leash exercise meets a dog’s needs and preferences, the owners 

will let their dog off-leash whenever possible, regardless of whether this may affect other users. 

Williams et al. (2009) found similar results- that dog owners were less likely to feel obligated to 

leash their dog if they considered unleashed exercise to be important. Additionally, others’ 

behavior may affect dog walkers’ decisions about their pets. Jorgensen and Brown (2017) found 

that a pet’s safety was a more important factor influencing an owner’s decision to leash their dog 
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than the opinions of other beach visitors, possible consequences, or awareness of the leash laws 

in place. Rohlf et al. (2010) showed that perceived difficulty of certain dog “management” 

practices (e.g., microchipping, spaying/neutering, obedience training) was a significant predictor 

of many of these behaviors. In another study, leashing behavior was influenced by watching the 

behavior of other beachgoers and the apparent lack of enforcement of leash regulations (Bowes 

et al. 2015). Williams et al. (2009) found that dog owners were more likely to feel obligated to 

leash their dogs when they believed other people expected dogs to be leashed.  

 In summary, understanding how a person views or relates to their dog may help predict 

the person’s reaction to certain restrictions or regulations regarding dogs. Those who believe 

dogs (or just their dogs) have an elevated status (similar to that of people) are likely to want 

fewer restrictions on allowing dogs. Providing alternative areas to support the interest in off 

leash exercise may reduce pressure for off leash dog use on beaches or around shorebirds.  

 

Manager thoughts 

More than half of the interview participants said dogs were allowed on at least one site they 

managed. Leash laws were variable across sites, from having no restrictions to requiring dogs to 

be leased at all times. However, all federal properties where dogs were allowed required them to 

be leashed at all times. The majority of participants thought dogs represented a significant 

disturbance. At some sites where dogs were not allowed, participants thought they were not a 

significant disturbance; yet, some sites with dog restrictions still had significant disturbance 

issues with dogs. Others stated dogs were not a large disturbance issue because dogs did not 

largely overlap spatially with shorebirds. Further, participants said restrictions on dogs in place 

for breeding shorebirds overlapped with the early part of the migration season and may help 
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reduce disturbance during that period. Generally, participants thought that off-leash dogs cause 

more disturbance than leashed dogs.  

 

Direct harassment 

Direct harassment is the chasing or harassing of shorebirds, not necessarily with malicious intent. 

This category does not include photographers or birders. These were included in the category 

“wildlife observation,” which was not identified as a top disturbance (see Defining and 

Prioritizing Disturbance). Instances of direct harassment are not well documented in the 

published literature. In one study, Esrom (2004) found that all birds in a flock flushed when 

chased by a child; however, this was an anecdotal observation recorded while studying other 

disturbance issues.  

 

Manager thoughts 

Most interview participants said that direct harassment of shorebirds happens infrequently at 

their sites. However, many participants noted that when it does occur, it is generally caused by 

children chasing shorebirds. One participant said that they had witnessed adult beachgoers 

chasing or harassing shorebirds with malicious intent.  

 

Beach raking 

This category includes: beach raking, scraping, or grooming. We found no literature related to 

human disturbance impacts of beach raking or scraping on migratory birds. Because most rakes 

are motorized, their effects may be similar to other motorized vehicles, though the difference in 

size and maneuverability for these beach raking machines may lead to different effects. 

Additionally, there may be other impacts of these practices on prey resources, habitat, etc. It was 
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beyond the scope of this literature review to find information on the impacts of beach raking on 

shorebird habitat or potential prey resources. For literature addressing this topic, see the literature 

review by Comber and Dayer on the AFSI website: https://atlanticflywayshorebirds.org/ 

 

Insights from human dimensions literature  

It is often assumed that beachgoers prefer beaches without wrack or other natural debris. 

However, a study by Schultz Schiro et al. (2017) found that reading an educational sign about the 

ecological importance of beach wrack significantly reduced overall opinion of beachgoers that 

managers should mechanically rake beaches to remove the wrack. Those surveyed also rated 

pictures of a wrack-covered beach as more beautiful after reading the educational sign, and the 

majority of these participants said they would continue to visit the beach if raking stopped. 

Further, a study with high school students found that students had no clear preference about 

removing beach debris (Nordstrom and Mitteager 2001). These studies indicate that if managers 

decide to reduce or eliminate raking, with proper advertising and education (see Best Practice 

for Designing Effective Signage), the public likely would accept this decision.  

 

Manager thoughts 

Some interview participants, mostly those who worked for or with municipalities, said beach 

raking or scraping was allowed at their sites. All participants mentioned restrictions on 

raking/scraping during the nesting season, which would overlap with the early migration season. 

In general, participants thought raking had a low disturbance impact on migrating shorebirds at 

their sites, but that it had more significant impacts on beach habitats themselves. In most 

locations, instances of beach raking declined throughout migration as beachgoing seasons ended, 

so there was more limited temporal overlap of raking and migrating shorebirds.  
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Coastal engineering 

Coastal engineering includes: beach nourishment (practice of adding sand or sediment to beaches 

to increase beach width or combat erosion), artificial dune stabilization, and construction 

projects. The literature on the impacts of activities related to coastal engineering was mixed. 

Burger (1988) found that birds moved away when construction activity (use of heavy machinery 

and cranes) began and moved back to their original foraging locations when the activity ceased, 

suggested that birds were disturbed while the activity was ongoing, but that foraging conditions 

in the area of construction activity were still favorable. The construction activity studied in this 

paper was conducted so as to cause less disturbance to foraging shorebirds and other waterbirds. 

In a study conducted in England, Burton et al. (1996) did not find evidence that monthly 

maximum numbers of Ruddy Turnstone and Purple Sandpipers (Calidris maritima) at an 

artificial roost site were lowered when building work was ongoing. However, in a study 

conducted in Wales, Burton et al. (2002) found that construction work (construction of a bridge 

and impoundment) significantly reduced the densities of Eurasian Oystercatcher (Haematopus 

ostralegus), Dunlin (Calidris alpina), Eurasian Curlew (Numenius arquata), and Common 

Redshank (Tringa totanus) in mudflats adjacent to the work. The authors also found the 

disturbance reduced the feeding activity of Dunlin, Eurasian Oystercatcher, and Common 

Redshank. Again, for this disturbance category, it was beyond the scope of the literature review 

to find information on the impacts of coastal engineering on shorebird habitat or potential prey 

resources, although we realize they may be considerable. For literature addressing this topic, see 

the literature review by Comber and Dayer on the AFSI website: 

https://atlanticflywayshorebirds.org/ 
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Manager thoughts 

Most interview participants discussed coastal engineering projects (including restoration projects 

to protect or improve habitat) conducted at sites they manage. Most of these projects were not 

conducted every year. Examples of projects conducted regularly (i.e., every year or every few 

years) were dune stabilization and beach nourishment. Several participants mentioned timing 

restrictions on coastal engineering projects that included the southward migration period. 

Similarly to beach raking, participants noted that most coastal engineering projects did not 

overlap temporally with shorebird migration, though participants said that if current restrictions 

were not in place to limit the timing of these projects, coastal engineering projects would likely 

have a much larger impact on shorebirds.  

 

General beachgoing 

General beachgoing includes: walking, running/jogging, beachcombing, sunbathing, picnicking, 

ball playing/frisbee, and swimming. Impacts of general beachgoing on shorebirds found in the 

literature varies by activity.  

 

Passive vs. active beachgoing: Several studies found that beachgoers engaged in more active 

behaviors (e.g., jogging or walking) were more likely to flush birds than those who were 

involved in more passive activities (e.g., sunbathing, fishing) (Burger 1981, 1986; Lafferty 2001; 

Mayo et al. 2015; Althouse et al. 2018). In another study, joggers had the same probability of 

disturbing birds but disturbed twice as many birds compared to those engaged in more passive 

activities (Lafferty 2001). Similarly, a study conducted in Argentina found that the only cases 

where people and shorebirds were observed using the same beach were when people were 

sedentary or slow-moving (e.g., sunbathing, searching for seashells) (Botto et al. 2008). 
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However, in one study the type of pedestrian (walker vs. jogger) did not affect the flush 

frequency for any species studied (Harrington and Drilling 1996).  

 

Flight initiation distance: Many authors looked at flight-initiation distances (FIDs) to assess the 

effects of beachgoing on shorebirds. A study conducted in Australia showed that FID was a 

species-specific trait, at least for the eight species studied (Blumstein et al. 2003). Rodgers and 

Smith (1997) found that Sanderlings had the smallest mean flushing distance among species that 

were experimentally approached by a walker. One study showed that smaller sandpipers 

generally allowed pedestrians to approach closer than larger shorebirds (e.g., Black-bellied 

Plover and American Oystercatcher) before taking flight (Koch and Paton 2014). Similarly, a 

study in Australia found that species with higher body masses had longer FIDs (Glover et al. 

2011). These differences may be a function of the lower energetic flight costs for smaller birds 

(Koch and Paton 2014). Other factors, like bird age, human activity, and season, may also affect 

FIDs in shorebirds. For example, Koch and Paton (2014) found that juveniles of all species 

studied had shorter FIDs than adults. These authors also found that FID generally increased as 

the number of pedestrians and flock size increased. Lastly, in a study conducted in Australia, 

researchers found that season impacted FIDs, with migrants having shorter FIDs than resident 

species (Glover et al. 2011). However, this result may also be affected by group size because, as 

the authors noted, migrants tend to occur in flocks more than resident species (Glover et al. 

2011). For more information on FIDs, see Recommended Disturbance Thresholds section.  

 

Effect on foraging: General beachgoing activities may have significant impacts on foraging 

shorebirds. Botto et al. (2008) found in a study conducted in Argentina that the presence of 

people in small numbers may decrease the intake rate of foraging shorebirds by up to 40%. In a 
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study conducted in California, Thomas et al. (2003) demonstrated that the type of activity people 

were engaged in (running or walking) did not affect how close they could get to foraging 

Sanderlings; however, the type of activity did negatively impact the amount of time Sanderlings 

spent foraging. The authors also found that the number of people in a group affected how close 

people could get to foraging Sanderlings before they reacted with Sanderlings responding at 

shorter distances to approaches by two people than by one person. However, in a different study, 

the percent of shorebirds foraging did not relate to the number of people present nor the activity 

of those people (Burger and Niles 2014). Though, Koch and Paton (2014) found that FID was 

generally less for foraging birds.  

 

Influence of flock sizes and species composition: Other factors, like flock size and species 

composition, may also affect how general beachgoing impacts shorebirds. Several studies found 

that flock size had an effect on how birds reacted to potential disturbances. In one study, smaller 

flocks were generally more easily disturbed than larger flocks (Burger 1986). Similarly, another 

study found that a higher percent of shorebirds in large flocks returned to areas they had been 

displaced from compared to shorebirds in smaller flocks (Burger and Niles 2013a). However, 

another study by the same authors found that, compared to monospecific flocks, a lower percent 

of mixed-species flocks flew away when disturbed, but a lower percent of mixed-species flocks 

returned after being disturbed (Burger and Niles 2014). Other studies have found species-specific 

responses to beachgoing. In a study by Koch and Paton (2014), Black-bellied Plovers and 

American Oystercatchers (Haematopus palliatus) were the most sensitive to disturbance, while 

Dunlin, Least Sandpiper (Calidris minutilla), and Semipalmated Sandpiper (Calidris pusilla) 

were the least sensitive of the species studied. A study conducted in Australia found that 

“flighty” species (those more likely to flush) were consistently flighty while more tolerant 
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species were consistently tolerant to potential disturbance (Blumstein et al. 2003). A species’ 

migratory status may affect its reaction to potential disturbance. A study conducted in India 

found that resident species allowed more people nearby and allowed closer approaches by people 

than migrants; however, the study also noted that migrants seemed to become less disturbed 

throughout the day, suggesting that they may become habituated as the day progresses (Burger 

and Gochfeld 1991).  

 

Insights from human dimensions literature 

In several studies, beachgoers considered protecting shorebirds to be important and had an 

overall positive attitude towards shorebirds. Burger et al. (2017) reported that beachgoers 

surveyed rated protecting endangered species and the environment, restoring the beach, and 

designating off-limit areas to protect birds the highest of all survey items. These beachgoers 

rated providing more opportunities for jogging and allowing dogs on the beach the lowest. A 

study in Australia found that both coastal residents and tourists surveyed had an overall positive 

attitude towards bird conservation (Glover et al. 2011). Despite these positive attitudes towards 

shorebirds, people may be unaware of how their activities affect birds. In a study conducted in 

Australia, beach users did not consider activities like walking, swimming, and sunbathing to be 

disturbing to shorebirds (van Polanen Petel and Bunce 2012).  

 

Manager thoughts 

Most interview participants thought general beachgoing had a moderate impact on migrating 

shorebirds, though it was also rated as having high or low impacts by other participants. Several 

participants also noted that the effects of beachgoing may depend on the tidal stage. For instance, 

if the tide was high, birds may be disturbed from roosting locations because of the limited 
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amount of beach for people. Participants mentioned that beach season corresponds generally 

with early migration, and depending on the location, peak migration may occur after peak beach 

season, which could reduce the effects of beachgoing. Participants also discussed that, in general, 

most beachgoers are not willing to walk very far past an access point to recreate (except jogging 

or walking/beachcombing), and this pattern of use may leave space for shorebirds to forage or 

roost undisturbed in areas further from access points.  

 

Events 

Events include: fishing tournaments, festivals, parties, sports competitions, and fireworks. We 

found no papers conducted specifically on events, though the category “general beachgoing” 

does discuss the impacts of groups of people on shorebirds. A study conducted in the 

Netherlands using operational weather radar data strongly suggests that fireworks set off on New 

Year’s Eve caused birds (study not specific to shorebirds) to take flight and fly to altitudes of 

several hundred meters (Shamoun-Baranes et al. 2011). The authors estimated that potentially 

hundreds of thousands of overwintering birds took flight in reaction to the fireworks.  

 

Manager thoughts 

Many of the interview participants said events were held at sites where they worked, managed, 

or helped make management decisions. Some participants said fireworks were allowed on their 

sites, but most said that even if fireworks were not allowed, many of their neighboring properties 

had fireworks. Most participants said these fireworks displays were done early in the migration 

season around 4th of July.  Also, most fireworks displays by municipalities were required to be 

shot off from offshore barges, limiting impacts to shorebirds. One participant said their staff 

assists with managing crowds on the beach watching fireworks displays, but this was mainly to 
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prevent accidental trampling of nests and chicks or sensitive beach areas. In general, most 

participants said events had a low impact on migrating shorebirds. Most events take place during 

early migration season, and restrictions in place for breeding birds likely reduce the impact of 

events on shorebirds.  

 

Recreational fishing and shellfishing  

Recreational fishing and shellfishing includes: surf fishing/fishing, shell-fishing, clamming, 

worm-digging, crabbing, and bait collection. We did not consider the effects of driving in this 

category, though we acknowledge that fishing and driving are linked at many sites, and studies 

examining the effects of fishing without considering driving are relatively uncommon. Most of 

the literature in this category focused on impacts of shellfishing or bait collecting. Studies by 

Burger (1981) and Koch and Paton (2014) did not find significant impacts of shellfishers on 

shorebirds. Burger (1981) found that shorebirds were fairly close (15m) to shellfishers without 

showing signs of disturbance. Similarly, Koch and Paton (2014) found no evidence that 

shorebirds avoided areas with shellfishers. They also noted that microhabitats with recent 

shellfishing activity had a positive influence on the density of American Oystercatchers and 

Ruddy Turnstones. However, other studies did find negative impacts of shellfishing or bait 

digging. A study by Navedo and Masero (2007) conducted in Spain found that shellfish 

harvesting had a significant negative effect on foraging activity of Eurasian Curlews but also 

indicated that curlews were likely able to compensate for the impacts by foraging at different 

times. Townshend and O’Connor (1993) found, in a study conducted in England, that in years 

when bait-digging took place numbers of Bar-tailed Godwits (Limosa lapponica) and Common 

Redshanks were lower than in years when no bait-digging took place.  
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Insights from human dimensions literature 

Similar to other disturbance types, there may be disconnects between those who participate in the 

activity and those who do not. Priskin (2003) found that those who fished during their trip rated 

fishing as less harmful to beach ecosystems than visitors who did not fish.  

 

Manager thoughts 

All interview participants said recreational fishing occurred at least at one site they managed. 

Shellfishing was not as common. Despite the link between fishing and beach driving, 

participants were asked to consider the impacts of fishing separately from the impacts of driving 

(many locations only allow driving if recreationists are fishing). Participants said that due to 

various water jurisdictions, they might not own or manage areas where people shellfish. In 

general, participants described the potential for some disturbance as recreationists travel to 

fishing or shellfishing areas, but once settled, these activities did not cause much disturbance as 

recreationists were generally more stationary and spread out along the beach or mudflats. Most 

participants said these activities had a low impact on migrating shorebirds.  

 

Motorized watersports 

Motorized watersports include: boats/speedboats, airboats, and jet-skis. Peters and Otis (2007) 

found little evidence to suggest that roost-site selection for most species was related to the level 

of boat disturbance around the roost. However, other studies found that boats did have an effect. 

For example, Deblinger et al. (1992) rarely observed shorebirds using beach areas where boaters 

concentrated. Most authors did not find much difference in impacts between types of motorized 

boat. Most shorebirds did not differ significantly in flush distance between approaches by jet-skis 

and outboard-powered boats, and larger waterbird species, like herons, exhibited greater average 
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flush distances for both outboard-powered boats and jetskis, than smaller bodied waterbirds, like 

shorebirds (Rodgers and Schwikert 2002). These authors did find considerable variation in flush 

distance within species, but this did not seem to be significantly related to the type of approach. 

Similarly, Harrington (2005) did not find evidence to suggest that flight durations were different 

for shorebirds flushed by small versus large boats, though, as mentioned by the author, this 

analysis had some limitations. However, Paton et al. (2000), in a study conducted on waterbirds 

in Australia, found that birds responded to jet-skiing at greater distances than for outboard-

powered boats and canoes. Similarly, in another study conducted in Australia, birds reacted by 

leaving the study site for all disturbances by jet-skis (Milton et al. 2011).  

 

Insights from human dimensions literature 

Like for other disturbance types, people who participate in motorized watersports tend to think 

boating (or jet skiing) has less impact on shorebirds than it may actually have. In one study, 

about three quarters of boaters surveyed thought more measures should be taken to protect 

shorebirds, but less than a third thought boating was harmful to birds (Deblinger et al. 1992). 

Almost all the boaters in this study felt a strong personal obligation to protect shorebirds, but less 

than half were willing to reduce their number of visits to the site to help protect birds. Similarly, 

in a study conducted in Australia, the author considered boating to be “very harmful” 

(determined by a literature review) to beach environments; however, the average perception of 

visitors interviewed thought boating was “slightly harmful,” and a little less than half of visitors 

considered boating “harmless” (Priskin 2003). A study in Brazil used local knowledge to study 

patterns of shorebird occurrence and noted that locals claimed the population of migratory birds 

that used the area for foraging and resting had been reduced over time (Andrade et al. 2016). 

Those interviewed said that the main practices affecting the presence of migratory shorebirds 
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were boat traffic and noise from bars and boats. Similar to other potential disturbance types (e.g., 

beach driving, recreational fishing or shellfishing), people may underestimate the impact their 

recreational activity has on birds or other wildlife.  

 

Manager thoughts 

All interview participants said their sites experience motorized watercraft recreation. Some 

participants mentioned that jet skis were prohibited in certain areas. Most participants said that if 

boats stayed offshore, then they did not represent a significant disturbance. However, 

recreationists who boat at high speeds and with large wakes in tidal creeks or other similar areas 

may cause a significant disturbance. In general, most participants noted that boat landings were a 

more significant issue than boats themselves. Participants said that motorized watercraft allows 

more people to access sensitive areas that may be important for migrating shorebirds.  

 

Commercial fishing and aquaculture 

Commercial fishing and aquaculture includes: aquaculture, oyster racks, mariculture, horseshoe 

crab harvesting, clamming, worm digging, and seaweed harvesting. Similar to studies on 

recreational fishing and aquaculture, all studies focused on the impacts of aquaculture or bait 

collecting. Burger et al. (2015) found that when people (oyster growers and/or other beach goers) 

were present almost no Red Knots were observed in areas with oyster racks. Additionally, the 

authors reported anecdotally that shorebirds moved down the beach away from where growers 

were working on the racks during low tide. Similarly, Maslo et al. (2016) found that oyster 

tending activities appeared to have a negative effect on the abundance of Red Knots. However, 

both of these studies’ findings are based on data collected during one season and at one site. 

Burger and Niles (2017a) observed that Red Knots (Calidris canutus rufa) avoided areas with 
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oyster racks but did not avoid areas with artificial reefs. Watson et al. (2017) demonstrated that 

bait collector numbers in a study conducted in England negatively correlated with wader and gull 

abundance. In a study conducted in Wales, mechanized cockle harvesting was found to 

contribute to reduced apparent survival of Eurasian Curlews for two winters (Taylor and Dodd 

2013). Like for beach raking and coastal engineering, we did not search for information on the 

impacts of coastal commercial fishing/aquaculture on shorebird habitat or potential prey 

resources. For literature addressing this topic, see the literature review by Comber and Dayer on 

the AFSI website: https://atlanticflywayshorebirds.org/ 

 

Manager thoughts 

Most interview participants said commercial fishing or aquaculture was allowed at or near their 

sites. Because of water jurisdictions, many commercial fishing or aquaculture operations are 

regulated by states, not by the property owner of the adjacent land. Commercial aquaculture 

operations were more commonly discussed than commercial fishing, as most commercial fishing 

was conducted farther off-shore. Participants mentioned issues with gear (e.g., oyster racks or 

bags) coming loose and washing up onshore, which could exclude shorebirds, though this would 

be more of a habitat impact than a disturbance issue. A few participants brought up seaweed 

harvesting as a new form of aquaculture that could have negative impacts on shorebirds. 

However, in general, most participants did not feel that commercial fishing/aquaculture was a 

significant disturbance for migrating shorebirds.  

 

Unmanned aircraft 

Unmanned aircraft includes: drone, unmanned aerial vehicles (UAVs), and model aircraft. As a 

relatively new form of disturbance, there are few papers on the impacts of drones or UAVs. In an 
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experimental trial conducted in France, Vas et al. (2015) showed that Common Greenshanks 

(Tringa nebularia) did not react to approaches by drones in most cases, and if the birds did react 

by flying off, the drone was within 4-10m. Birds (Greenshanks, Mallards, and captive 

Flamingos) did react more to drones approaching vertically (as opposed to approaches at 20°, 

30°, and 60°). In another experimental study on drones in Australia, McEvoy et al. (2016) found 

that nonbreeding wild, mixed-species flocks of waterbirds (not specifically shorebirds) showed 

little or no obvious disturbance effects when UAVs were flown at least 60m above the water for 

fixed wing models or 40m above for multirotor models. However, the disturbance effects were 

more pronounced (swimming or flying away) when the UAV approached birds directly or 

rapidly changed direction or altitude near the birds. In an anecdotal observational study on 

Whimbrels in Mozambique, Allport (2016) observed all birds in the flock flying away once a 

drone flown by beachgoers rose to 20m above the ground. The authors noted that this response 

was consistent with the reaction of Whimbrels to threats by predators rather than normal human 

disturbances, which generally do not cause a significant reaction in this area.  

 

Manager thoughts 

All interview participants who worked at federal properties mentioned that regulations existed 

for drones or other types of unmanned aircraft. For other properties, drones were regulated 

during nesting season, but in many cases, regulations during migration were not clear or varied 

widely by site. Most participants described drones as an emerging potential disturbance issue. 

Additionally, a few participants said model aircraft were allowed on their sites. In general, 

participants said unmanned aircraft currently did not represent a significant disturbance, but use 

of drones/UAVs is likely to increase, potentially causing disturbance issues in the future.  
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Wind-powered aircraft 

Wind-powered aircraft includes: kite flying, paragliding, hang-gliding, kite skating, and sand-

yachting or cart sailing. The majority of studies on wind-powered aircraft, especially kite flying, 

are concentrated during the breeding season. In a report conducted on breeding Piping Plovers 

(Charadrius melodus), Hoopes et al. (1992) found that compared to other human disturbances 

(i.e., dogs, pedestrians, and off-road vehicle) kites caused plovers to move the longest distance 

away from the disturbance and to move for the longest duration. Hatch (1997) observed a wide 

range of reactions to kites in western Snowy Plovers from increased vigilance while roosting to 

walking or running away.  

 

Manager thoughts 

Several sites had restrictions for kites or other wind-powered aircraft. About a quarter of 

interview participants said their sites did not allow kites at any time, and all others mentioned 

kites being restricted around nesting areas. A few participants mentioned paragliding or hang-

gliding, but in general, these activities were uncommon, even where they did occur. Most 

participants said that kites or other wind-powered aircraft represented a low to moderate 

disturbance. In general, most participants noted that kite flying was not very common, even on 

popular beaches.  

 

Non-motorized watersports 

 Non-motorized watersports include: kayaking, canoeing, stand-up paddleboarding, 

sailing, parasailing, kite boarding, surfing, boogie boarding, kite surfing, windsurfing, and 

skimboarding. There were very few studies on the impacts of non-motorized watersports on 

shorebirds. One study conducted in Australia found that canoeing was the least disruptive 



 

80 

 

experimental approach to the birds (other approaches were: walking, walking with a dog on a 

leash, boating, and jet-skiing) (Paton et al. 2000). Glover et al. (2015) found, in a study in 

Australia, that canoes evoked shorter flight initiation distances (FID) than walkers; though, this 

study was not conducted on shorebirds but on other waterbirds. Similarly, in a study conducted 

in the Netherlands, windsurfing elicited the longest escape flight distances of all disturbance 

types observed but was an infrequent activity during the fall (Madsen 1998).  

 Davenport and Davenport (2006) mentioned that kitesurfing may disturb near shore areas 

where shorebirds may feed. A review by Krueger (2016) discussed several studies that have 

examined the effects of kite surfing. Many of these studies were not written in English or were 

not published (or otherwise made available), so we discuss the findings highlighted in Krueger’s 

review of these studies here. The original citations, when found, are included in the literature 

cited. One of the studies cited in this review found that kitesurfing appeared to have caused 

Variable Oystercatchers in New Zealand to avoid feeding areas; however, this study was 

conducted over a time period of only 6 days and should not be generalized (Beauchamp 2009). 

Bergmann (2010), another study cited in the Krueger review, found that European 

Oystercatchers tolerated experimental approaches by a kitesurfer up to 100m away and feeding 

Dunlins, Red Knots, and Grey Plovers tolerated approaches from 100-200m away. This study 

was also conducted over a short time period and should not be generalized. However, Schikore et 

al. (2013), also cited in the Krueger review, found that the highest potential for disturbance from 

kite and windsurfing was observed when these activities were within 400m of waterbirds, but 

that no disturbances from kite or windsurfers should be expected if these activities take place 

500m or further from the birds. Lastly, a study by Liley et al. (2011) conducted on wintering 

shorebirds in England found that 85% of disturbances by kitesurfers resulted in major flights 
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(birds flying more than 50m). Additionally, in this study, disturbance by a kitesurfer or 

windsurfer resulted in about 8ha of intertidal habitat being unavailable to foraging birds, 

compared to a loss of 0.1ha caused by a walker in the intertidal area.   

 

Insights from human dimensions literature  

Priskin (2003) considered windsurfing and surfing “moderately harmful” to beach environments, 

as determined by a literature review. In contrast, the majority of visitors (or tourists) interviewed 

in the Priskin (2003) study considered these activities to be completely “harmless.”  

 

Manager thoughts 

All interview participants said their sites had use from non-motorized watercraft. Some sites had 

restrictions for activities like parasailing and kite surfing during nesting season, and a few sites 

even had restrictions on kite surfing year-round. Several participants noted that kite surfing may 

have more significant impacts than other non-motorized watersports. The majority of participants 

said that these activities had a low to moderate impact on shorebirds, but that this type of 

recreation was increasing in popularity rapidly and represents an emerging issue.  

 

 

General human activity 

Here, we present studies on the impacts of human disturbance broadly, when the effects of 

individual disturbance types cannot be determined. In many studies, types of human disturbance 

are not separated out in the analysis. Information on different disturbance types may have been 

collected but was collated into a general “human disturbance” category.  

 

Displacement: The presence of people may displace shorebirds. A study conducted in Northern 

Ireland noted that the arrival times of Eurasian Oystercatcher and Eurasian Curlew to foraging 
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areas from roosting areas were significantly later when there were people on the beach, and that 

the departure times (departure from foraging to roosting areas) of Redshank and Oystercatcher 

were significantly earlier when disturbed, indicating that birds may be displaced by the presence 

of people (Fitzpatrick and Bouchez 1998). Other studies have found the presence of people may 

affect habitat use by shorebirds. Burger and Niles (2013b) showed that significantly more 

shorebirds moved to beach areas further from access points when the beach was open to public 

use and were more spread out across all areas of the beach when public use was closed. The 

authors reported similar results in another study where shorebirds concentrated in an area closed 

to vehicles and people (Burger and Niles 2014). Similarly, another study found that birds spent 

more time in protected beach areas closed to public use than in unprotected areas (Forys 2011). 

Like the previous study, a study conducted in Chile found birds were generally less abundant at 

areas located outside the edges of a marine reserve than those inside (Cornelius et al. 2001). This 

study also detected a negative relationship between waterbird abundance and the presence of 

people for all seasons, despite seasonal variation in number of birds and people. One study found 

lower shorebird counts at sites that the authors classified as “disturbed” than at non-disturbed 

sites and observed fewer shorebirds when large numbers of people and dogs were present 

(Drever et al. 2016). A study conducted in California did not find negative effects of trail use, 

when comparing trail to non-trail sites, on species richness, number of birds, or proportion of 

birds foraging (Trulio and Sokale 2008). However, this study also found that the number of 

shorebirds decreased with increasing trail use, with higher trail-use days averaging about 25% 

fewer birds than on lower trail-use days, though these results may indicate that local factors, like 

habitat quality or predation risk, were more important influences on bird presence. 
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Number of people: Other studies have shown that the number or density of people may also 

influence habitat use by shorebirds. At higher disturbance levels, front-beach species (those that 

occur in larger numbers along the front, or ocean, side of the beach), like Sanderlings and 

Semipalmated Sandpipers, moved their roosting sites to back-beach areas (Pfister et al. 1992). 

However, in the same study, back-beach species, such as Black-bellied Plover, did not show a 

large change in roosting site selection between disturbance levels. One study found shorebird 

numbers increased at a site while the number of people using the site decreased over the same 

time period, though this pattern is also influenced by the end of beach season and changing 

human use (Mizrahi 2000). Further, another study by Mizrahi (2002) detected significant 

negative relationships between the densities of people and shorebirds. Additionally, that study 

indicated that sites that allowed swimming had the highest densities of people and the fewest 

shorebirds. McCrary and Pierson (2000) found similar results to Mizrahi (2002) in a study 

conducted in California, where a significant negative relationship occurred between shorebirds 

and people when using total counts for shorebirds, people, and dogs at a site. Similarly, a study 

in Brazil showed a significant negative correlation between numbers of people and numbers of 

all shorebirds, especially Ruddy Turnstone, Red Knot, and Semipalmated Sandpiper 

(Hvenegaard and Barbieri 2010). Another study conducted in Spain found similar results to the 

previous studies, showing a negative relationship between summer bird density and people for all 

species observed (Martín et al. 2015).  

 A study conducted in Brazil noted the probability of shorebirds occurring at a site 

decreased as the number of people increased (Cestari 2015). This study also found that when the 

number of people at a site exceeded 20, the presence probability of birds was almost zero. A 

study conducted in California estimated that a density of nine humans (or dogs) per kilometer of 
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beach would displace an average of one bird species (Lafferty et al. 2013). Similarly, Watts 

(2017) found more than 80% of Red Knots used beaches with human densities below five people 

km-1. Though, another study on Red Knots found that levels of disturbance were important 

factors in sandy beach use by knots, but this factor was secondary to prey resources (Karpanty et 

al. 2006).  

 

Activity budgets: The presence of people may also influence the activity budgets of shorebirds, or 

the proportion of time that they spend in specific behaviors. In one study, Greater Yellowlegs 

(Tringa melanoleuca) showed increased alert and escape behavior and decreased maintenance 

behavior in the presence of people (Laskowski et al. 1993). Another study conducted in Spain 

showed that Kentish Plovers (Charadrius alexandrinus) spent more time foraging, preening, and 

resting when there were no people present, while they spent more time vigilant and running 

when any person was within 50m from the bird (Martín et al. 2015). The authors also found that 

vigilance time (percentage of time spent scanning area while feeding) was more than 10 times 

larger compared to non-disturbance situations. A study on Roseate Terns found that self-

maintenance behaviors, like preening and feeding, in hatch-year birds were highest at low human 

activity sites. However, other results indicated that time of day and day of season were stronger 

effects on locomotion behaviors (Davis 2016).  

 

Flight responses: Human activity may affect flight responses in shorebirds. One study showed 

that the type of disturbance did not affect how far shorebirds flew when they were disturbed 

(Harrington and Drilling 1996). However, another study found that flights due to human-caused 

disturbances tended to be longer than flights due to natural disturbances (Harrington 2005). 

Likewise, Burger et al. (2004) found that birds flew away and did not return to the area to forage 
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in response to more than half of human disruptions. Other characteristics, like species and 

migratory status, have been shown to influence flight responses. Rodgers and Smith (1997) 

observed that shorebirds tended to flush at shorter distances in response to disturbance than other 

species of waterbird studied. Additionally, Blumstein et al. (2005) found that migratory species 

tended to have greater FIDs than resident species.  

 

Impacts on foraging: Human activity may also impact foraging rates or patterns in shorebirds. In 

one study, the highest disturbance rates and lowest daily weight gains were observed at the same 

locations (Harrington and Drilling 1996). Similarly, another study found that the shorebirds 

foraging at fast rates versus those foraging at slow rates was influenced by the frequency of 

people present (Harrington 2005). Also, in one study, higher pedestrian rates were associated 

with a decrease in the number of prey items consumed by birds (Blumstein et al. 2005). In an 

experimental feeding trial with captive animals, the author demonstrated that dry matter intake of 

Dunlin tended to be higher in undisturbed than disturbed trials, and energy metabolized by 

disturbed Dunlin was lower than that of undisturbed Dunlin (Morton 1993). Responses to human 

disturbance may depend on the availability of prey. Yasue (2006) found that the time shorebirds 

took to resume feeding after a disturbance was greater in areas of low prey availability, 

suggesting that shorebirds respond more to disturbances when the foraging cost is lower. The 

impact of human activities on foraging shorebirds likely varies by species. Although not 

statistically significant, a study in California noted that Sanderlings spent more time foraging 

when there were fewer people present (Thomas et al. 2003). In a study conducted in British 

Columbia, Yasue (2005) found that Semipalmated Plovers decreased feeding rates when there 

were more people present on the beach; however, there was no direct effect of human density on 

Least Sandpiper feeding rates. A study conducted in Northern Ireland found that prey capture 
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rates of Eurasian Oystercatcher and Eurasian Curlew increased with moderately close human 

disturbance; however, Eurasian Curlew and Redshank also experienced a reduction in foraging 

time due to disturbance (Fitzpatrick and Bouchez 1998). In this study, shorebird scan rate 

increased with disturbance, but probing rate stayed essentially the same, suggesting that birds are 

able to search for food at the same rate with increasing vigilance. Overall, in this study, 

disturbance had the biggest impact on feeding time by influencing the arrival and departure of 

shorebirds at the foraging grounds.  

 

Characteristics of potential disturbance: Other factors, like the distance from a potential 

disturbance and characteristics of approach, may impact shorebird behavioral responses, as well. 

In a study in British Columbia, shorebirds were disturbed about three-quarters of the time when 

people or dogs were within 50m (Murchison et al. 2016). The effect of distance is also likely 

influenced by species characteristics. Blumstein et al. (2005) found that larger species had 

greater alert distances (distance at which animals first orient towards an approaching potential 

threat) than smaller species. Characteristics of how potential disturbance sources approach 

shorebirds may also affect their response. In a study conducted in Australia, all species studied 

took flight at greater distances as the speed of approach increased, although there were no 

differences among approach speed, sources of disturbance, or species in the time it took birds to 

return to the site after the disturbance (Milton et al. 2011). Similarly, the faster people moved 

through an area, the more likely they were to disturb shorebirds (Murchison et al. 2016). The 

way shorebirds are approached by potential disturbances impacts their responses. A study 

conducted in British Columbia found that approaching shorebirds directly elicited a stronger 

response than passing flocks at a distance of 10m, regardless of speed or the presence of a dog 

(Esrom 2004). Likewise, direct approaches caused Snowy Plovers in California to flush 
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significantly longer distances on average than tangential approaches, and direct approaches 

tended to elicit more intense reactions from the birds (Tingco 2011).  

 

Potential fitness impacts: Human activity could have impacts on the fitness of shorebirds, though 

these impacts are generally much harder to study and quantify. Pfister et al. (1998) found that 

individuals remaining at a staging area long enough to accumulate excess body fat were almost 

twice as likely to return the following year compared to those below theoretically sufficient fat 

levels. Further, the authors hypothesized that any disturbance at staging areas that reduces the 

feeding efficiency of migrating shorebirds may lead to mortality. More specifically, a study in 

Australia showed that one or two disturbances per hour could result in the birds losing 20 

minutes of foraging time per day (Paton et al. 2000). Another study conducted in Australia 

calculated the combined cost of flights to roosting locations and disturbance flights at roosts and 

found that these flights were up to a quarter of the total energy expenditure of Great Knots 

(Calidris tenuirostris) and about a fifth to a third of the energy expenditure of Red Knots (Rogers 

et al. 2006). Gibson et al. (2018) found that body mass of Piping Plovers was much lower for 

individuals in areas with greater disturbance than for individuals in less disturbed habitats. 

Additionally, this study found survival rates of individual plovers was lower in disturbed areas 

than at nearby less disturbed sites.  

 

Insights from human dimensions literature 

 Opinions of various recreation groups towards shorebird conservation measures differ. 

Burger & Niles (2013a) observed that anglers and bird watchers were most compliant of a 

voluntary beach closure to protect shorebirds, while dog walkers, joggers, and OSV users were 

the least compliant. Not surprisingly, in this study, bird watchers were the most positive towards 
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closures to protect shorebirds. A similar study by the same authors found that over half of people 

interviewed on the beach approved of a current beach closure for shorebirds (Burger and Niles 

2013b). Anglers and ORV drivers had the lowest approval for closure, but still over half were 

positive towards the beach closure.  

 Differences in opinion about shorebird conservation measures may also exist between 

different demographic groups. A study conducted in Michigan during the breeding season found 

that while the overwhelming majority of participants said that recreation restrictions were 

acceptable to some degree, men were more likely to say that these restrictions were less 

acceptable than women. The same study also found that residents (of Michigan) were likely to be 

less tolerant of restrictions than visitors from out of state (Rutter 2016). Another study conducted 

during the breeding season in Australia found that women were more likely to comply with 

temporary beach closures to protect breeding birds than men. Priskin (2003) found that visitors 

who were women, university-educated, and/or younger considered coastal recreation activities to 

be more harmful than other groups. Similarly, another study conducted in South Africa noted 

that female, older, affluent, and educated beachgoers tended to prefer less intrusive (e.g., 

photography, walking, picnics, wildlife observation) recreation than other groups. These groups 

also accorded greater importance to the values of beach ecosystems and indicated greater 

ecological sensibility compared to other beachgoer groups (Lucrezi and van der Walt 2016). 

These patterns of demographic differences also may be true in other study systems examining 

conservation and recreational activities. Another study looking at conservation behaviors related 

to endangered tiger beetles and trail bike riding found that women were significantly more likely 

to say that they would slow down and dismount their bikes (both beneficial behaviors) in beetle 

habitat than men (Cornelisse and Duane 2013).  
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Evaluating Shorebird Disturbance at a Site 

 Collecting data on shorebird disturbance at a site can be done for the purpose of 

establishing a baseline inventory of conditions, monitoring status and trends, and/or monitoring 

to inform management (e.g., adaptive management), among other goals. The decision to collect 

field data is influenced by many factors, such as the current amount of knowledge about 

conditions on-the-ground (both shorebirds and disturbance), level of uncertainty around the 

current knowledge, and whether learning about the system and/or effectiveness of management 

actions is desired. Field data can help inform a decision about whether management action to 

reduce shorebird disturbance is required (see Best Practices for Management), particularly if 

the effects of a particular disturbance type on shorebirds are evaluated.   

 Here, we present a literature summary of methods and metrics used to evaluate shorebird 

disturbance, as well as a literature summary of recommended disturbance thresholds. 

Disturbance thresholds can serve as management triggers, which link monitoring data with on-

the-ground management action (when the value of a certain ecological attribute crosses a 

predetermined boundary, an action is taken; Cook et al. 2016).  These summaries are intended to 

provide an overview of common field methods related to shorebird disturbance and to describe 

the current availability of thresholds in the literature. Lastly, we discuss considerations for 

developing standardized field methods for evaluating shorebird disturbance (methods developed 

and field-tested in 2017 are provided in Appendices E and F).  

 We stress that some actions, like installing signage (see Best Practice for Designing and 

Using Effective Signage) with effective messaging (see Best Practice for Effective Messaging 

for Education and Outreach), could likely be implemented at a site, without first collecting 

data, because they are inexpensive and have proven effective elsewhere. This section is not 
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intended to imply that collecting field data on shorebird disturbance is a necessary prerequisite 

for implementing management action. Rather, it provides resources that help managers think 

about how they may collect data as needed and better identify what the data may be used for.  

 

Methods and Metrics for Evaluating Shorebird Disturbance 

 Methods for measuring human disturbance in the literature are varied, and typically an 

individual study employs a variety of methods. Most commonly, authors use counts of 

shorebirds and potential disturbances and analyze their associations (e.g., Burger and Niles 

2013a, Deblinger et al. 1992, McCrary and Pierson 2000, Cornelius et al. 2001, Mizrahi 2002, 

Tarr 2008, Hvenegaard and Barbieri 2010, Tarr et al. 2010, Stigner et al. 2016). Yet, there was 

no standardization of how potential disturbances are quantified, in terms of what was 

disturbance, how far from birds or a point potential disturbances were recorded, and how long 

those potential disturbances were recorded. Other authors have used long-term data sets, 

comparing contemporary and historic counts of shorebirds and potential disturbances (Foster et 

al. 2009, Drever et al. 2016).  

 Many others used behavioral observations to examine disturbance. Many studies have 

used or adapted classic observational sampling methods to examine behavioral responses to 

disturbance (see Altmann 1974).  Several studies used a scan sampling method that records the 

proportion of a flock exhibiting different behavioral responses to potential disturbances near the 

flock (Laskowski et al. 1993, Navedo and Masero 2007, Forgues 2010, Althouse 2016). Others 

have focal sampling to record the behavior of a focal individual (e.g., Harrington and Drilling 

1996, Fitzpatrick and Bouchez 1998, Thomas et al. 2003, Peters and Otis 2005, Burger et al. 

2007, Navedo and Masero 2007, Forgues 2010, Martín et al. 2015, Davis 2016). However, there 
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was variation among the individual studies in terms of when observations were recorded, which 

behaviors were recorded, and how potential disturbances were recorded.  

 Many studies used experimental disturbance trials to determine various disturbance 

responses. Most experimental disturbance trials were used to determine flight initiation distance 

(FID) or flush distances (Burger and Gochfeld 1991, Rodgers and Smith 1997, Rodgers and 

Schwikert 2002, Glover et al. 2011, McLeod et al. 2013, Koch and Paton 2014, Glover et al. 

2015). Others looked at minimal approach distance, or the distance a person or group of people 

can get to a bird before changing its behavior (Ikuta and Blumstein 2003, Thomas et al. 2003, 

Martín et al. 2015). A few studies manipulated the amount of disturbance present by 

experimentally comparing shorebird use of an area with and without oyster racks (Burger and 

Niles 2017a) or experimentally closing sections of beach to public use (Burger and Niles 2013a).  

 There is also a large amount of variation in the literature for what the authors define as a 

disturbance or disturbance event (in response to this variation, we developed a group-consensus 

definition of disturbance for the purposes of this document; see Defining and Prioritizing 

Disturbance). Murchison et al. (2016) considered any event where a shorebird’s (or group of 

shorebirds’) behavioral state changed from a roosting or foraging state to a running or flying 

state to be a disturbance. Lafferty (2001) recorded disturbances that clearly caused birds to fly or 

move. Burton et al. (1996) and Burger and Niles (2014) recorded a flock as “disturbed” only 

when part or all of the roosting flock flew. More specifically, Deblinger et al. (1992) defined 

disturbance as when more than 50% of a flock took flight. Other authors group disturbance 

responses into categories. Milton et al. (2011) used 5 categories to classify disturbance 

responses: 1- looked alert; 2- walked away; 3- flew low for a short distance (<50m); 4- 

undertook extended high flight (>50m) before resettling; 5- flying off and leaving the site. Vas et 
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al. (2015) similarly categorized bird responses to approaches by drones: type 1- no reaction; type 

2- brief head and tail movement with movement away from the drone; type 3- flying off.  

 

Recommended Disturbance Thresholds 

 This section focuses on thresholds at which shorebirds experience harmful effects from 

disturbance. Many components of disturbance have not been explored in the literature as 

thresholds. Therefore, there were very few disturbance thresholds explicitly stated in the 

literature. Althouse (2016) observed an increase in high energy behaviors (running, flying, 

walking, etc.) in staging Roseate Terns (Sterna dougallii) at sites with >3.72 disturbance minutes 

(minutes per sample birds were disturbed) per 10-minute period, which the author described as a 

potential threshold. Rogers et al. (2006) found that more than 10 minutes/hour in flight would 

likely lead to an energy deficit in shorebirds. Specifically, they calculated that an average 30-

minute increase in the amount of time spent in alarm flights would increase the total energy 

expenditure of Great Knots by 13.3%. Lastly, Navedo and Masero (2007) found that an average 

density of bait harvesters in Spain of <0.56 people per 10ha is enough to significantly depress the 

amount of time that Eurasian Curlews spent foraging.  

 Other potential measures of thresholds could include flight initiation distance (FID), 

which is the distance at which a bird exposed to a human activity initiates escape behavior 

(Livezey et al. 2016). It is important to note, however, that an escape behavior does not 

necessarily mean a bird will experience detrimental consequences as a result. Therefore, use of 

FIDs as thresholds for when to implement management should be considered carefully. Here we 

present the FIDs from a review by Livezey et al. (2016) (Table 2). We have also included FIDs 

from a study by Koch and Paton (2014) in this table. Studies with more than one FID from the 

same species were conducted on multiple study areas.  
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 Sites seeking to set and use disturbance thresholds to guide management actions could 

reference the FIDs and/or other potential thresholds shown above. However, this document does 

not recommend a specific threshold because existing guidance in the literature is minimal and 

varied. The development of thresholds is considered to be a priority future research need (see 

Information Gaps and Information Needs). 

 

Table 2. Observed flight initiation distances for shorebirds in the scientific literature. These data 

can also be found at DOI: http://dx.doi.org/10.3996/082015-JFWM-078.S2 (205 KB XLSX), 

except for Koch and Paton (2014), which was added to the original table produced by Livezey et 

al. (2016).  
Author and year Location Species Disturbance Mean FID 

(m) 

Blumstein 2003 Australia Ruddy Turnstone Pedestrian 14 

Weston et al. 2012 Australia Red Knot Pedestrian 21 

Blumstein 2006 Europe Black-bellied Plover Pedestrian 36 

Blumstein 2006 N. America Black-necked Stilt Pedestrian 22 

Blumstein 2006 N. America Western Sandpiper Pedestrian 16 

Blumstein 2006 N. America Least Sandpiper Pedestrian 9 

Blumstein 2006 N. America Willet Pedestrian 21 

Blumstein 2006 N. America Short-billed Dowitcher Pedestrian 13 

Blumstein 2006 N. America Marbled Godwit Pedestrian 18 

Blumstein 2006 N. America Whimbrel Pedestrian 38 

Glover et al. 2011 Australia Black-bellied Plover Pedestrian 44 

Glover et al. 2011 Australia Ruddy Turnstone Pedestrian 30 

Glover et al. 2011 Australia Sanderling Pedestrian 32 

Glover et al. 2011 Australia Whimbrel Pedestrian 90 

Ikuta and Blumstein 2003 N. America Black-bellied Plover Pedestrian 29, 43 

Ikuta and Blumstein 2003 N. America Black-necked Stilt Pedestrian 17, 27, 29 

Ikuta and Blumstein 2003 N. America Western Sandpiper Pedestrian 10, 24 

Ikuta and Blumstein 2003 N. America Least Sandpiper Pedestrian 7, 25 

Ikuta and Blumstein 2003 N. America Willet Pedestrian 17, 28, 29 

Ikuta and Blumstein 2003 N. America Greater Yellowlegs Pedestrian 23, 28 

Koch and Paton 2014 N. America Least Sandpiper Pedestrian 19 (median) 

Koch and Paton 2014 N. America Dunlin Pedestrian 17 (median) 

Koch and Paton 2014 N. America Semipalmated Sandpiper Pedestrian 19 (median) 

Koch and Paton 2014 N. America Semipalmated Plover Pedestrian 22 (median) 

Koch and Paton 2014 N. America Sanderling Pedestrian 25 (median) 

Koch and Paton 2014 N. America Short-billed Dowitcher Pedestrian 25 (median) 

Koch and Paton 2014 N. America Ruddy Turnstone Pedestrian 30 (median) 

Koch and Paton 2014 N. America Willet Pedestrian 30 (median) 

Koch and Paton 2014 N. America Red Knot Pedestrian 35 (median) 

Koch and Paton 2014 N. America American Oystercatcher Pedestrian 50 (median) 
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Koch and Paton 2014 N. America Black-bellied Plover Pedestrian 55 (median) 

Møller 2008 Europe Black-bellied Plover Pedestrian 36 

Møller 2008 Europe Northern Lapwing Pedestrian 41 

Møller 2008 Europe Ruddy Turnstone Pedestrian 50 

Møller and Erritzøe 2010 Europe Black-bellied Plover Pedestrian 51 

Møller and Erritzøe 2010 Europe Sanderling Pedestrian 18 

Roberts and Evans 1993 Europe Sanderling Pedestrian 12 (median) 

Rodgers and Schwikert 2002 N. America Black-bellied Plover Jonboat 23 

Rodgers and Schwikert 2002 N. America American Oystercatcher Jonboat 30 

Rodgers and Schwikert 2002 N. America Willet Jonboat 31 

Rodgers and Schwikert 2002 N. America Black-bellied Plover Jetski 24 

Rodgers and Schwikert 2002 N. America American Oystercatcher Jetski 29 

Rodgers and Schwikert 2002 N. America Willet Jetski 24 

Rodgers and Schwikert 2002 N. America Short-billed Dowitcher Jetski 21 

Rodgers and Smith 1997 N. America Ruddy Turnstone ATV 15 

Rodgers and Smith 1997 N. America Sanderling ATV 15 

Rodgers and Smith 1997 N. America Willet ATV 19 

Rodgers and Smith 1997 N. America Semipalmated Plover ATV 20 

Rodgers and Smith 1997 N. America Western Sandpiper Cars 19 

Rodgers and Smith 1997 N. America Willet Cars 24 

Rodgers and Smith 1997 N. America Sanderling Pedestrian 14 

Rodgers and Smith 1997 N. America Willet Pedestrian 21 

Smit and Visser 1993 Europe Black-bellied Plover Pedestrian 124 

Smit and Visser 1993 Europe Ruddy Turnstone Pedestrian 47 

Smit and Visser 1993 Europe Dunlin Pedestrian 71, 163 

 

 

Considerations for Developing Standardized Field Methods to Evaluate Shorebird 

Disturbance  

In 2017, we developed and tested a set of field methods for evaluating shorebird 

disturbance at the site level, which could serve as a basis for future coordinated work at multiple 

managed sites (e.g., refuges). See Appendices E and F for the full methodology tested and a 

report on the pilot season data collection. The objective of this work was to come up with a set of 

common metrics for monitoring and measuring the effects of human disturbance to shorebirds at 

migratory stopovers, in order to better quantify, track, and compare responses to current and 

future management actions across sites. Methods were developed in conjunction with project 

partners at USFWS. Methods were pilot tested at three sites (Elizabeth A. Morton, Amagansett, 
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and Chincoteague National Wildlife Refuges) from July – early September 2017. The methods 

were also field tested by staff at Parker River NWR from September- October 2017, and insights 

from their use of the method also helped shape the methods’ final form.  

Before conducting management for human disturbance, it is important to determine 

whether disturbance is an issue. Collecting field data to examine how disturbance may be 

impacting shorebirds at your site is an important step. Before adoption at any site, these field 

methods should be further tested and modified based on information and needs at the site. 

Specifically, these field methods do not include survey objectives, site-specific sampling designs, 

or data management and analysis guidance. Site managers should develop survey objectives 

based on information needed to make effective management decisions (see Elzinga et al. 2001 

and USFWS 2013 for more details about survey objectives). Consultation with a statistician may 

be beneficial to develop a sampling design, and to ensure that the sampling design and field 

methods will result in data that addresses the survey objectives. Additionally, the methods 

described here may need to be adjusted to align with the resources (funds, staff time) available 

for conducting surveys. However, the methods tested provide a set of tools that can help 

managers determine how to effectively measure human disturbance and its effects on migratory 

shorebirds. 

Standardization of field methods and data collection across multiple sites and 

management entities (or use of similar methods that are compatible across sites) can facilitate 

coordination across broader geographies and timescales, in order to better understand trends 

across wider segments of populations, more effectively compare success of management actions 

across sites and regions, and avoid duplication of efforts. Additional planning may be required to 
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ensure that data collection, which may be specialized to meet site-specific needs, is also 

sufficiently compatible across sites so that meaningful comparisons can be made. 

We employed three different field methods in our pilot testing: transect surveys, point 

counts, and behavioral observations. Each method possesses pros and cons and may be used to 

address different questions, as described below.  

  

Transect surveys: Transect surveys can be used to measure shorebird occupancy, abundance, and 

distribution at the site (or subsite) level. Collecting human use data simultaneously allows users 

to connect the total number of shorebirds using a site/subsite to the total amount of human use 

over the same scale.      

 Purpose: Abundance data collected with transect surveys can provide an index of population 

size at a site. Transect surveys can also be used to detect changes in shorebird abundance relative 

to changes in human use or population trends, although care should be taken when interpreting 

changes in abundance, as many factors can influence them. In addition, occupancy and 

distribution data can be used to link changes in habitat use to changes in human use before and 

after a management action is taken at a specific location if the study is designed appropriately. 

Pros: Many sites may already conduct similar surveys (e.g., the International Shorebird Survey) 

and may be able to adapt current monitoring strategies to encompass transect surveys.  

Cons:  These surveys will not provide information on fine-scale habitat use. For example, if 

people typically congregate around a beach access point, shorebirds will likely congregate in 

areas away from this point. Conducting a survey that counts total number of people and total 

number of shorebirds along a transect will not show this difference in habitat use and instead will 

show a more “summarized” view that infers a relationship between human activity and shorebird 

use. One could geo-reference sightings of birds and potential disturbances, but analysis of such 
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data is more complex. Also, simple abundance indices do not indicate disturbance, so researchers 

may need to couple these counts with behavioral observations if they wish to understand whether 

disturbance is causing differences in abundance. 

  

Point counts: Point counts serve as the direct link between the frequency of human activities and 

shorebird habitat use. By collecting human and shorebird use data simultaneously at specified 

points, users can determine whether human activities directly impact fine-scale shorebird habitat 

use, as well as local patterns in shorebird abundance. 

Purpose: Like transect surveys, point counts can be used as an index of abundance, occupancy, 

and distribution.  But unlike transect surveys, point counts may give a more accurate picture of 

fine-scale habitat use and can be used to establish a direct correlation between human use and 

shorebird use at a point. These data can be used to detect change over time, if the surveys are 

conducted over multiple visits, although care should be taken when interpreting changes in 

abundance, as many factors can influence them. Also, these surveys could be used to explore 

changes in human use and shorebird habitat use and demography before and after a management 

action is taken at a specific location. 

Pros: These surveys are more helpful for establishing links between human activities and 

shorebird habitat use than transect surveys. These surveys can also help researchers explore 

which human activities may be more disturbing to shorebirds. Additionally, point counts may be 

easier to conduct in challenging terrain (i.e., when terrain makes walking and counting at the 

same time difficult). 

Cons: Point counts that use large count radii may fail to detect roosting individuals or those 

hidden by vegetation at farther distances from the observer. Also, simple abundance indices do 
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not indicate disturbance, so researchers may need to couple point counts with behavioral 

observations if they wish to understand whether disturbance is causing differences in abundance.  

 

 Behavioral observations: Behavioral data enable managers to identify and understand how 

human disturbance may affect ecological mechanisms that have impacts on shorebird 

populations (e.g., altered feeding or resting regimes, habitat avoidance, etc.). This method is 

conducted using a focal sampling approach. 

Purpose: Behavioral observations can be used to indirectly evaluate how human disturbance 

alters energy budgets. Behavioral observations also may be used to examine which human 

activities elicit a behavioral response. This method could be used to determine time budgets and 

frequencies of events or behaviors. These surveys can provide insights into how birds behave 

under baseline conditions. Determining these baselines can help managers understand how their 

management actions may impact shorebirds.  

Pros: Behavioral observation surveys may provide insights into potentially harmful deviations 

from baseline behaviors. Like point count surveys, these surveys provide a more direct link 

between human disturbance and its potential impacts on shorebirds than transect surveys. 

Behavioral observations, coupled with simple abundance indices, can help elucidate a cause 

behind observed differences in abundance. 

Cons: This method is the most time consuming of the three and is more easily conducted in pairs 

(though one person could conduct the work using a digital audio recorder and later transcribing 

their data). This method also requires additional training beyond shorebird identification. 

Human-induced effects on shorebird behavior does not inherently provide information on the 

impacts of those effects on shorebird fitness. Additional research may be needed to identify 

whether behavioral effects equate to demographic effects.    



 

99 

 

Potential adjustments: 

Depending on the types of information a manager wants to gather, certain adjustments can be 

made to this set of methods. For example, if a site already conducts surveys to measure 

abundance, then additional transect or point count surveys may not be necessary. However, 

managers may need to adjust surveys they already use to incorporate a more comprehensive 

assessment of human disturbance. If a site only wants to gauge shorebird and human use at their 

site broadly, then transect surveys may be sufficient. Because behavioral observations may be 

very time consuming, a site may choose not to conduct them if time-limited but should be aware 

that they may lose the ability to actually link disturbance to observed abundance. Sites may also 

consider including habitat characteristics in their surveys, depending on resources, time, and 

research question. Specific adjustments (e.g., changing types of disturbances counted, types of 

behaviors recorded, species counted) may be made, depending on site location, human use, 

research questions, and availability of resources for conducting surveys.  
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Best Practices for Management 

 The best practices presented below were developed using information from a review of 

the available literature (described in the Methods section), the manager interviews (also 

described in the Methods section), and feedback from project partners and reviewers. We further 

drew upon biological and human dimensions literature to support the strategies and approaches 

described in these recommendations.  

 The best practices are organized from general to specific, ending with two disturbance 

type-specific practices. Management for these specific types, beach driving and dogs, is well-

documented in both the biological and social science literature. Recommendations for managing 

other specific disturbance types are either not as well-documented or focus more on changing 

human behavior generally. Also, these best practices focus on beaches because this habitat is 

where most of the priority human disturbances likely occur.  

 These best practices are not meant to be prescriptive and not every best practice will be 

applicable to every site. Deciding when or how to manage human disturbance at a site will 

depend on many factors, including the site’s current and historical use by humans and shorebirds, 

competing management objectives, resources available, law/policy, and stakeholder views. 

Before conducting management for human disturbance, managers should first determine whether 

human disturbance is an issue at their site (see Considerations for Developing Standardized 

Field Methods to Evaluate Shorebird Disturbance). Several factors may influence or threaten 

shorebird populations (Atlantic Flyway Shorebird Initiative 2015), and conducting management 

for disturbance without first determining the extent or severity of disturbance at a site may result 

in time or resources being spent addressing the wrong issue.   
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Best Practice: Using Decision Support Frameworks to Address Shorebird Disturbance 

Problems 

Overview 

The Best Practices below discuss actions that can be taken, if appropriate at a specific site, to 

reduce shorebird disturbance. An action cannot be implemented without first making the 

decision to do so. Although this is an obvious sequence of events, the decision process can be 

overlooked or underestimated by site managers and unknowingly hamper their achievement of 

the desired goal. Investing an appropriate amount of careful thought during the decision-making 

process can greatly improve the likelihood of successfully implementing the action on the 

ground. Decision support frameworks can guide managers and conservation practitioners 

through a decision process while increasing rigor, stakeholder participation, transparency, and 

learning (Schwartz et al. 2018). Some frameworks commonly applied in conservation include 

Strategic Foresight, Systematic Conservation Planning, Open Standards for the Practice of 

Conservation, Evidence-based Practice, and Structured Decision Making (Schwartz et al. 2018). 

Here we describe how one framework, Structured Decision Making (SDM), can be used to bring 

clarity and insights to decision-makers faced with shorebird disturbance management problems. 

 

Example: Structured Decision Making (SDM) Framework 

SDM aids decision-makers in making a good choice by providing an organized, inclusive and 

transparent approach to complex problems. Ecological problems, such as addressing shorebird 

disturbance, are often multi-faceted and involve scientific uncertainty and sociopolitical 

considerations, among other challenges. SDM is well-suited for tackling difficult and/or 

controversial problems, although it can also be thought of as best practice for all kinds of 

decision-making, small or large. It promotes an organized method of decision-making that 
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explicitly considers values (what’s important) and consequences (what’s likely to happen if an 

action is implemented) (Gregory et al. 2012). Other specific advantages of SDM as it relates to 

shorebird disturbance problems include: 1) well-suited for groups working collaboratively on 

controversial decisions, including diverse stakeholders (e.g., a Refuge biologist, park ranger, 

town mayor, and local beach-buggy club); 2) iterative process by which the decision can be 

updated when new data or models become available (e.g., a new paper linking frequency of 

shorebird escape flights with decreased migratory survival is published); 3) provides 

transparency so that the reasoning behind a decision can be shared with others, which may be 

important for increasing buy-in. 

SDM analyzes a decision by breaking it into components, abbreviated “PrOACT” (Figure 2).  

1. Problem – Define the problem to be addressed or clarify the decision context. Recognize 

that the problem at hand is actually a decision to be made. It is important to identify the 

decision-maker(s), stakeholders, and any other key players; the frequency and timing of 

the decision; the scope; the rough, desired outcome of the decision; and any constraints. It 

may be appropriate to conduct a stakeholder analysis during this phase (see Best Practice 

for Strategies to Minimize Social Conflict). 

2. Objectives – State the decision-maker(s)’ values or what is most important to achieve 

with this decision. Things a decision-maker might value include maintaining shorebird 

populations, satisfying beach users, and minimizing cost. Effective objectives should be 

complete, non-redundant, concise, specific, and understandable (Keeney 2007). 

3. Alternatives – Define the set of alternatives the decision-maker(s) is choosing from. 

These should specify the action to be taken, as well as the spatial area and time frame it 

will be applied over. 
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4. Consequences – Evaluate the consequences of each alternative on the objectives. This 

involves making a prediction using models (simple, mental models or complex, 

mathematical models). 

5. Trade-off and Decide – Choose an alternative that achieves an acceptable balance across 

the objectives. Often, trade-offs between objectives will be required, which can be clearly 

and openly examined in the SDM process. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. The PrOACT process of Structured Decision Making 

(https://nctc.fws.gov/courses/programs/decision-analysis/structured-decision-making-

overview.html). 

 

While SDM is often a useful tool that facilitates reaching a decision which achieves a site’s 

objectives, it is also important to understand its limitations.  

1. Excessive dispute. SDM may not be appropriate if there is significant dispute among 

decision-makers or stakeholders. For example, sometimes a group of stakeholders will be 

given joint decision-authority and need to work together to develop objectives and 

https://nctc.fws.gov/courses/programs/decision-analysis/structured-decision-making-overview.html
https://nctc.fws.gov/courses/programs/decision-analysis/structured-decision-making-overview.html
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alternatives for a decision. Individual stakeholders often possess different values related 

to a decision. Sometimes these values can be incorporated through the use of multiple 

objectives and trade-off methods. However, if these stakeholders hold values positions 

that are so different they cannot agree on objectives, the SDM process will not work. In 

such a case, conflict resolution, mediation, or negotiation techniques (see box below for 

an example negotiation technique) are needed. 

 

2. Complexity. While the SDM process is designed to handle any amount of complexity, 

including numerous stakeholders, multiple objectives, complex modeling, or optimization 

methods, complexity can intimidate participants and slow the process. In some cases, the 

use of a facilitator can greatly assist the process by ensuring that each stakeholder’s view 

One approach to handling disputes among decision-makers or stakeholders is to use 

principled negotiation. Principled negotiation is an alternative to positional bargaining, where 

each party makes a specific demand followed by arguments and concessions from the other 

parties. Principled negotiation is based on four key principles:  

1. Separate people from the problem. All negotiations include both the problem itself 

and the relationship of the negotiators. If negotiators are able to see themselves as 

partners instead of as antagonists, the chances of achieving mutually beneficial 

solutions will increase.  

2. Focus on interests rather than positions. A position is an outcome desired by a party. 

Interests are the reasons that caused the party to decide on the position and underscore 

why a party desires a certain position. By focusing on interests, instead of positions, 

negotiators can move beyond winners and losers to solutions that are based on shared 

interests.  

3. Generate options for mutual gain. Focusing on interests allows negotiators to explore 

multiple potential pathways to a solution. Exploring and understanding parties’ 

underlying interests can allow negotiators to expose areas of common ground. 

4. Develop shared criteria to evaluate outcomes. For complex issues, like shorebird 

disturbance, these shared criteria may range widely in terms of metrics and may be 

quite diverse to reflect all interests. The more specific the criteria, the easier it will be 

to develop and select mutually beneficial outcomes.  

(Fisher et al. 1991, Stern 2018) 

 

See Getting to Yes: Negotiating agreement without giving in by R. Fisher, W. Ury, 

and B. Patton for more information.  

 



 

105 

 

is expressed, the group stays on track, and the process is fully documented.  Having a 

statistician assist with modeling can also benefit the process. 

3. Data Requirements. A key component of SDM is measuring the impact of each 

alternative on all of the objectives, through the use of predictive models. While there is 

no specific type of model required to make SDM “work,” the model’s form should be 

driven by the decision context and should be sufficiently complex to enable the 

prediction of the consequences of the alternatives. Participants should remember that the 

output of any model is linked to the quality of the inputs, so the data feeding a model 

needs careful consideration. In the absence of field-measured data, models can be built 

using best expert opinion, but the decision-maker will need to have sufficient confidence 

in those predictions in order to act on the outcome (see box below for other information 

gathering techniques). Thus, in some cases, sites may need to collect field data that is 

specifically designed to measure an objective of a decision. (See Evaluating 

Disturbance at a Site for insights on collecting data on shorebird disturbance and see 

Information Gaps and Information Needs for discussion of future data or information 

limitations regarding shorebird disturbance).  
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Applying SDM to Shorebird Disturbance Decisions 

Below are several resources that demonstrate how SDM can be applied to shorebird disturbance-

related problems. They can serve as starting-points for an SDM process for a particular site 

management decision and are intended to be modified with relevant details. We encourage the 

use of rapid-prototyping, which involves sketching all the steps of PrOACT with low complexity 

and resolution. Doing a rapid prototype of a decision requires relatively low effort but may 

provide sufficient direction and confidence to the decision-maker that they can move forward 

immediately. Furthermore, it can bring clarity to the decision, identify the most challenging 

components of the decision for that specific problem, and create a framework for the decision 

that can be added to, as needed. 

 

 

In the absence of empirical data or in situations of conflict, alternative approaches, like joint 

fact-finding, may be used to generate shared information. Joint fact-finding (JFF) brings 

different stakeholder groups together to collaboratively produce shared information that all 

parties can accept and use in their decision making. JFF processes should be tailored to each 

specific context, but using the set of guidelines outlined below is important to success.  

1. Determine that there is a scientific or technical issue that all parties think would be 

beneficial for them to know more about for the purpose of decision-making.  

2. Convene a process to bring stakeholders together (see Best Practice for Strategies to 

Minimize Social Conflict for information on identifying stakeholders). In this stage, 

stakeholders will frame issues and craft the research question collaboratively. They 

will also review existing information and identify information gaps.  

3. Scope the research agenda. This stage involves identifying which methods to use to 

answer the research questions and which experts should be engaged to apply the 

methods. Participants may engage in the research process, but experts are typically 

employed to do the work due to the technical complexities involved.  

4. Conduct the research. This stage will require adaptability as the parties continue to 

work together to combine potentially disparate sources of data from multiple sources.  

5. Evaluate the research. This can be done by using external expert evaluation and/or 

comparing the results to existing research.  

6. Communicate the results. The different parties involved in JFF should communicate 

the findings to their respective constituencies and to the wider public.  

(Matsuura and Schenk 2017) 
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Example Decision Problem Statements: 

Decision problem statements are the first step in the SDM process. Below are several 

hypothetical statements that illustrate how SDM can be applied to shorebird disturbance-related 

decisions.  

1. The manager at a town beach needs to determine what type of human activity restriction 

(buffer/setback distances, zones, or closures) should be implemented next year, given the 

considerations of minimizing shorebird disturbance, minimizing conflict with key 

stakeholders, and minimizing management costs. 

2. The manager at a National Seashore wants to optimize the use of space on the beach by 

determining what sections of the beach should be closed to public use over the next 5 

years in order to minimize shorebird disturbance and maximize the opportunity for public 

recreation. 

Example Objectives Hierarchy  

An objectives hierarchy is used to outline and group similar objectives. The hierarchy below is 

an example of some common things that a decision-maker may care about achieving when 

considering management to reduce shorebird disturbance. Remember that the meaning of each 

objective will depend on the specific decision context, so the following will need to be revised 

with decision-specific information. 

●  Reduce shorebird population declines 

○ Minimize shorebird disturbance at key roosting and foraging stopover sites  

● Maximize beach user satisfaction 

○ Minimize negative feedback on beach restrictions received from users 
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○ Maximize visitor use of beach areas that are less important for shorebird foraging 

and roosting 

● Minimize conflict with key stakeholders 

● Minimize management costs 

○ Minimize staff time spent implementing management 

○ Minimize funds spent purchasing/acquiring equipment to do management 

Refer to the following resources for in-depth guidance on using SDM:  

● Examples of using SDM in shorebird management:  

○ Stantial, M., R. Katz, J. Cohen, K. Amaral, J. Denoncour, A. Hecht, P. Loring, K 

O’Brien, K. Parsons, C. Spiegel, and A. Wilke. 2017. Structured Decision Making 

for Predator Removal to Benefit Piping Plovers and Other Beach Nesting Birds. 

Final Report.  

○ Cohen, J. B., A. Hecht, K. F. Robinson, E. E. Osnas, A. J. Tyre, C. Davis, A. 

Kocek, B. Maslo, and S. M. Melvin. 2016. To exclose nests or not: Structured 

decision making for the conservation of a threatened species. Ecosphere 7:1–15. 

● Printed Resources: 

○ Decision Making in Natural Resource Management: A Structured Adaptive 

Approach (2013) by M.J. Conroy and J.T. Peterson 

○ Smart Choices: A Practical Guide to Making Better Life Decisions (1999) by J.S. 

Hammond, R. L. Keeney, and H. Raiffa 

● Training and Workshops at the National Conservation Training Center: 
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○ SDM case studies can be brought to Structured Decision Making Workshops 

(https://training.fws.gov/NCTCWeb/catalog/CourseDetail.aspx?CourseCodeLong

=FWS-ALC3159) 

○ In-person courses on SDM are available for all levels (https://training.fws.gov/) 

○ “An Overview of SDM” webinar series 

(https://nctc.fws.gov/courses/ALC/ALC3183/resources/index.html) 

 

Best Practice: Strategies to Minimize Social Conflict 

 Conflict, or stories of conflict, over shorebird management are likely familiar to most 

coastal managers. Conflict surrounding shorebird conservation occurs when people and wildlife 

compete for a limited resource, like space on the beach (Jorgensen and Bomberger Brown 2015). 

These types of conflict are thought to represent one of the most critical threats to wildlife 

conservation (Dickman 2010) and can exacerbate negative attitudes towards shorebirds and 

shorebird management, specifically. Conflicts surrounding wildlife management can be thought 

of as social conflicts, or “relationships of disagreement that arise between individuals and groups 

who express seemingly incompatible beliefs, values, or goals” (Crowley et al. 2017). Conflicts 

are not always avoidable, but potential for these conflicts to become intractable can be reduced 

through planning and an appropriate process (Crowley et al. 2017).  

 When making decisions or changing management at a site (see Best Practice for Using 

Decision Support Frameworks), consider involving the public in the decision-making process. 

The first step in any participatory process is conducting a stakeholder analysis (Reed et al. 2009). 

A stakeholder is any person who significantly affects or could be significantly affected by 

management decisions (Leong et al. 2012). A stakeholder analysis is a process that: 1) 

https://training.fws.gov/NCTCWeb/catalog/CourseDetail.aspx?CourseCodeLong=FWS-ALC3159
https://training.fws.gov/NCTCWeb/catalog/CourseDetail.aspx?CourseCodeLong=FWS-ALC3159
https://training.fws.gov/
https://nctc.fws.gov/courses/ALC/ALC3183/resources/index.html
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determines what aspects of a social or natural phenomenon are affected by a decision; 2) 

identifies who is affected by or can affect the phenomenon (i.e., stakeholders); and 3) prioritizes 

stakeholders for involvement (Reed et al. 2009, Prell et al. 2009).  

 

Conducting a stakeholder analysis: A step-by-step approach 

 The following guidance on conducting a stakeholder analysis comes from Reed et al. 

(2009). The first step of a stakeholder analysis involves identifying the stakeholders. This can be 

done with or without the active participation of potential stakeholders. The level of participation 

in this step can also vary from a passive consultation where stakeholders provide information for 

the analysis to more active engagement where there is an exchange of information from 

stakeholders to analysts (i.e., those conducting the analysis). Identifying stakeholders is generally 

an iterative process where additional stakeholders are added as the analysis continues. Methods 

for identifying stakeholders could include using expert opinion, semi-structured interviews, focus 

groups, snowball sampling, or some combination of these. This step (and subsequent steps) 

should be conducted with a clear idea of which issue is under investigation.  

 The second step in a stakeholder analysis requires differentiating between and 

categorizing stakeholders. There are generally two approaches to classifying stakeholders: a top-

down analytical categorization or a bottom-up reconstructive approach. In a top-down approach, 

those conducting the stakeholder analysis classify stakeholders based on their observations of the 

issue at hand. As an example, categories developed using this method could include: Key 

Players, those stakeholders that have a high level of interest and influence in the issue; Context 

setters, those with low interest and high influence; Subjects, those with high interest but low 

influence; and, Crowd, those with little interest or influence (people in this category may not 

need to be included, depending on their stake in the issue). Managers may wish to develop 
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categories that differ from these, depending on the stakeholders and the issue at hand. A bottom-

up approach allows the stakeholders to categorize themselves. The approach allows the 

stakeholder analysis to more closely reflect the concerns of stakeholders; however, use of this 

method requires more flexibility and may shift the original focus of the analysis. Stakeholder 

categories developed using this method will depend on the stakeholders.  

 The final step involves investigating the relationships between stakeholders. Methods for 

investigating these relationships range from creating simple matrices of stakeholders to more 

specialized methods, like a social network analysis. The simplest method, called actor-linkage 

matrices, involves listing stakeholders in rows and columns of a table and creating a grid so the 

relationships between stakeholders can be described using keywords. Conducting a social 

network analysis generally requires more specialized knowledge of the stakeholders and is best 

done by someone familiar with the method.  

 Throughout the decision-making process, from identifying stakeholders to carrying out 

the decision, using strategies to reduce the potential for conflict can help improve the final 

outcome. Managers can reduce conflict by: 1) paying explicit attention to the sociopolitical 

contexts of the management decision; 2) including the public early in a public engagement 

process; 3) and using open, responsive communication strategies (Crowley et al. 2017). A 

stakeholder analysis can also be integrated into a Structured Decision Making process (see Best 

Practice for Using Decision Support Frameworks), which also offers many advantages that 

can reduce conflict surrounding a decision. 

For more guidance:  

● See Lauber et al. (2012) for further explanation of stakeholder engagement in wildlife 

management.  
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● National Wildlife Refuges sometimes conduct stakeholder evaluations as part of the 

development of Comprehensive Conservation Plans, which often involve decisions about 

recreational beach use. A report on the stakeholder evaluation for Canaan Valley NWR is 

available 

(https://www.fws.gov/northeast/planning/Canaan%20Valley/pdf/USGSStakeholder_surv

ey_summary_Report.pdf). 

 

Best Practice: Selecting and Implementing Human Activity Restrictions  

 Imposing a restriction on human activity in the form of buffer/setback distances, 

restriction zones, or closures can reduce shorebird disturbance at a site. We were unable to find a 

common definition for these terms in our literature search and believe that none are readily 

available for management of migratory shorebird stopovers within our focal area.  Therefore, we 

have developed working definitions for the purposes of this document, which describe the 

management actions in terms of the degree of overall restriction on recreation or other activities 

that they impose (Figure 3).  Despite their great potential for reducing disturbance, selecting and 

successfully implementing these actions can be difficult and/or controversial. Reasons for this 

include: 

● Tradeoffs with other management objectives 

● Social acceptability 

● Uncertainty about the impact of the current human activity to shorebirds (short or long-

term; individual or population-level effects) 

● Uncertainty about how critical the specified site is to a migratory population, and whether 

nearby alternatives exist  

● Uncertainty about when to implement a restriction 
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● Geographic limitations of a site (e.g., small amounts of available habitat, large tidal 

fluctuations) 

● Legal mandates for protecting natural resources 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. A conceptual model showing the spectrum of human activity restrictions described in 

this Best Practice and the working definitions of these activities developed for the purposes of 

this document.  

 

 These considerations may be relevant at various stages of the process, beginning with the 

decision process to select the management action and ending with the actual implementation of 

the action on the ground. Thus, this Best Practice is divided into two subsections: 1) Choosing a 

buffer/setback distance, restriction zone or closure to use (the decision), and 2) Strategies for 

effectively implementing a buffer, restriction zone or closure (the action). 

 

Choosing a Human Activity Restriction Type 

 The decision to employ a buffer/setback distance, restriction zone, or closure can be very 

difficult and complex. When key stakeholders express opposing views about potential limitations 

imposed on human use, strategies to minimize social conflict can be employed (see Best 
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Practice for Strategies to Minimize Social Conflict). Additionally, a transparent and 

systematic decision-making framework, such as Structured Decision Making (SDM) can be used 

to deconstruct the problem, identify the values of the decision-maker(s), and specify the 

consequences of the alternative actions in a transparent manner (see Best Practice for Using 

Decision Support Frameworks). A rapid-prototype SDM can be useful for quickly clarifying 

the decision and providing insight with relatively low time investment. 

  The literature provides insight about developing alternatives for restricting human 

activity in a managed area. Alternatives are simply the list of specific actions that the decision-

maker is choosing between (the realistic options on the table). In the case of a decision about 

human activity restriction, hypothetical alternatives may include: close a section of beach to all 

human activity during southward migration; restrict beach driving to certain sections of the 

beach; implement a buffer distance of 100m throughout the beach; make no change to 

management (maintain status quo). 

 Below is a list of key considerations from the literature that may be referenced when 

developing alternatives for an actual decision: 

Buffer distances: 

● Reference published buffer distances by species and location to inform the development 

of a buffer zone size (see Table 3) 

● It is recommended to use one buffer distance, as different buffers for different species or 

recreational activities will likely confuse the public (Paton et al. 2000). 

● Some authors have recommended, at stopover sites where mixed-species flocks 

congregate, that managers should use the largest of the appropriate buffer distances 

(Koch and Paton 2014). 
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● It may be possible to shorten buffer distances in areas where physical barriers prevent 

direct visual contact between birds and quiet disturbance activities (Rodgers and Smith 

1997). 

● Buffers are typically set up around important shorebird habitats, though this may be 

difficult in areas that are also popular for recreation (Rodgers and Smith 1997, Paton et 

al. 2000, Koch and Paton 2014).  

● Buffers can also be established as distances people should stay away from individual 

birds or flocks, though this method may require extensive outreach.  

   Restriction zones or closures: 

● Avoid creating too many zones, as this may be confusing to beachgoers (Paton et al. 

2000) 

● If partial site closures or zoning is possible, close off wide sections of beach during peak 

migration because it has been found that shorebirds spend more time on wider beaches 

(Murchison et al. 2016). 

  

Strategies for Effectively Implementing a Human Activity Restriction 

 Once the management action has been chosen, the literature also suggests strategies that 

can improve the success of implementation. Buffers and restriction zones rely on high 

compliance to be effective, and therefore social support is critical. A study conducted in 

Australia found that both beach visitors and nearby residents reported that some level of buffer 

would be required to manage activities that are potentially disturbing to shorebirds (Glover et al. 

2011). These distances and zones, and their purpose, should be clearly communicated both 

internally to all staff and to the public in order to encourage compliance. When communicating 
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the purpose with the public, try to provide a rationale that aligns with the values of beach 

recreationists (see Best Practice for Effective Messaging for Education and Outreach). 

 Use of multiple sources of information (or media types) will likely be the most effective 

strategy, as research has generally shown a positive association between the number of 

information sources and the level of awareness (van Polanen Petel and Bunce 2012). Thus, using 

several of the following options may increase effectiveness: 

● Consider using temporary signs (see Best Practice for Designing and Using Effective 

Signage), information at visitor centers, and social media posts or press releases to 

communicate with the public. 

● Consider using string fencing (with explanatory signage and outreach) to protect 

important roosting areas.  

● Using volunteers could further increase compliance of these buffer distances or zones 

(see Best Practice for Using Volunteers or Stewards).  

 

 Regardless of the media chosen to communicate with the public, all communications 

should be strategic and well-planned (see Best Practices for Effective Messaging for 

Education and Outreach and Designing and Using Effective Signage).  

 Lastly, it may also be beneficial to coordinate buffer distances between neighboring sites, 

if possible, though these distances may depend on species present and beach morphology (see 

Meretsky et al. 2012 for more information on collaborative conservation). 
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Table 3. Calculated buffer distances for shorebirds and waterbirds in the scientific literature.  

Species Buffer distance Study location Citation 

Roseate Tern 100m Cape Cod NS 

(Massachusetts) 

Althouse et al. 2018 

Least Sandpiper 

Semipalmated 

Sandpiper 

Semipalmated Plover 

Sanderling 

Dunlin 

Short-billed Dowitcher 

61-97m Monomoy NWR 

(Massachusetts) 

Koch and Paton 2014 

Willet 

Red Knot 

Ruddy Turnstone 

American 

Oystercatcher 

Black-bellied Plover 

113-186m Monomoy NWR 

(Massachusetts) 

Koch and Paton 2014 

Plovers 

Sandpipers 

100m Florida Rodgers and 

Schwikert 2002 

Pelecaniformes, 

Ciconiiformes, 

Charadriiformes 

Calculated formula: 

   -mean plus 1.6495   

   standard deviations of   

   observed flushing     

   distance plus 40 m 

   Exp [µ+1.6495σ] + 40 

Florida Rodgers and Smith 

1997 

20 shorebird species >50m British Columbia Murchison et al. 2016 

Sanderling >30m California Thomas et al. 2003 

Dunlin 

Sanderling 

Kentish Plover 

Ringed Plover 

>80m Spain Martín et al. 2015 

Waterbirds (non-

shorebirds) 

89.5m  Australia Glover et al. 2015 

10 shorebird species 350m Australia Paton et al. 2000 

Waterbirds 100m (approaches by 

drones) 

France Vas et al. 2015 
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Best Practice: Effective Messaging for Education and Outreach 

 Educating the public is often suggested as an effective management technique for 

reducing disturbance. However, while most researchers agree that knowledge is a key factor in 

encouraging people to action, knowledge alone often does not change people’s behavior 

(Kollmus and Agyeman 2002).  

  Informing people with factual information can be critical to help them understand issues, 

like human disturbance of shorebirds, but different types of information may be more effective in 

certain situations (Ardoin et al. 2013). Generally, procedural information, or specific action-

related information, is more likely to motivate action, while systems knowledge, or broad, 

background information, is least likely to be motivating (Schultz 2002). For example, in addition 

to explaining to people that human disturbance may negatively impact shorebirds, it is important 

to have a specific call to action (e.g., leashing your dog).  

In addition to providing information, understanding people’s values, attitudes, and beliefs 

is essential for designing effective educational messages.  

 
 

Designing communications and education efforts to align with the public’s existing 

attitudes and values is key for influencing behavior. However, it is also important to remember 

that people do not always hold consistent attitudes towards something. Effective messages not 

Values are fundamental core constructs used to evaluate desirability of a specific mode of 

conduct (Rokeach 1973, Schwartz and Bilsky 1987). Values generally form early in life, are 

very difficult to change, and transcend specific situations (e.g., family, honesty, faith) 

(Schwartz and Bilsky 1987, Vaske and Donnelly 1998). People may tend to accept or reject 

information based on their values. Attitudes represent an individual’s tendency to respond 

favorably or unfavorably towards a specific “object” or action (e.g., birds make me happy) 

(Fizbein and Ajzen 1974). Attitudes can shift based on experience, and as such, are much 

more fluid than values (Fulton et al. 1996). Beliefs are what a person perceives to be true and 

can include both learned facts and misconceptions (e.g., birds are important for the 

environment; my needs are more important than the needs of birds) (Bem 1970, Vaske and 

Manfredo 2012).  
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only need to align with a person’s values but also need to be framed in a way that causes the 

audience to care and consider the issue (i.e., reducing disturbance) important enough to act 

(Lakoff 2010).  

People often look to others for cues on how to act in a situation. When asking people to 

take (or not take) certain actions, pay particular attention to how the request is presented. Use 

messages that create the impression that a desired behavior (e.g., leashing dogs) is the norm. 

Also, try to ensure that a person’s physical environment also exhibits the desired norm. For 

example, people are far less likely to litter in an area that is free from litter than in an area that is 

heavily littered (Cialdini et al. 1990).  

Other suggestions for using educational/outreach messages to change behavior:  

● People need to feel they can take action and that their actions can make a difference 

(Bandura 1977). If possible, provide specific information about how a targeted behavior 

can affect the desired outcome.  

● Encourage people to adopt behaviors that are easy and rewarding. Identify the barriers 

that exist between visitors and the desired behavior and try to reduce or remove those 

barriers (see McKenzie-Mohr 2011 for more information). For example, Comber and 

Dayer found that key barriers to walking dogs on leash include: owners feel that leashing 

prevents their dogs from socializing, leashing prevents their dogs from exercising, and 

owners felt their dogs responded well to their commands (Comber and Dayer 2019).  

● Giving people too many choices can lead to inaction. Target a small set of behaviors, 

preferably those with the smallest barriers and greatest potential impact to mitigating 

shorebird disturbance (Ardoin et al. 2013). 
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To create a successful education/outreach program, consider using the “PIE” framework 

(Jacobson et al. 2015). Using this framework involves three steps: Planning, Implementation, and 

Evaluation. The planning stage involves identifying the program’s goals, objectives, and 

audiences. Implementation is actually carrying out the program. Finally, evaluation helps 

identify areas of success as well as components in need of improvement. Additional information 

on this process can be found in Conservation Education and Outreach Techniques (Jacobson et 

al. 2015). 

 There are many resources available for creating and implementing effective 

education/outreach programs. For information on designing effective education/outreach 

programs, see these recommended resources: 

• “Influencing Conservation Action: What Research Says about Environmental Literacy, 

Behavior, and Conservation Results” by Ardoin et al. (2013) summarizes key research on 

understanding and changing pro-environmental behavior. This publication can be used to 

understand how or why people behavior in certain and how to create messaging rooted in 

this understanding.  

• Communication Skills for Conservation Professionals by Jacobson (2009) and 

Conservation Education and Outreach Techniques by Jacobson et al. (2015) provide 

techniques for communicating about conservation issues and for creating effective 

outreach and education programs for conservation.  

• Fostering sustainable behavior: An introduction to community-based social marketing by 

McKenzie-Mohr (2008, 2011) provides an introduction on community-based social 

marketing (CBSM). CBSM is a process to promote sustainable behavior change.  
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• Social Science Theory for Environmental Sustainability: A Practical Guide by Stern 

(2018) summarizes key social science theories and provides strategies and examples for 

how to apply them to solving environmental problems.  

For a library of existing resources, see the following:   

• Atlantic Coast Piping Plover Strategic Communications Plan: 

(https://www.fws.gov/northeast/pipingplover/pdf/Communications_Plan_for_Reducing_

Human_Disturbance_to_Atlantic_Coast_Piping_Plovers.pdf) for outreach messages, 

tools, and strategies designed for various audiences to reduce human disturbance of 

Piping Plovers. These messages can be adapted for other species.   

• AFSI Shorebird Outreach Resource Directory: 

(https://atlanticflywayshorebirds.org/outreach-materials/) for a library of outreach and 

education materials used by sites across the Atlantic Flyway.  

• Florida Shorebird Alliance outreach materials: 

(http://www.flshorebirdalliance.org/resources/outreach-materials.aspx) for a library of 

outreach and education materials used in Florida. 

 

Best Practice: Designing and Using Effective Signage 

 Signs can be an effective way of changing behavior (Meis and Kashima 2017). Many 

sites rely on regulatory signage to explain site rules and possible sanctions for rule violations. 

Regulatory signs that explain possible sanctions can be more effective for certain people, 

particularly for those with low social responsibility, which is a dispositional trait that reflects an 

individual’s sense of obligation to the group and willingness to accept consequences of their own 

behavior (Gramann et al. 1995). However, another study conducted in Australia on Hooded 
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Plovers and signage found that beachgoers rated signs with descriptions of fines and 

authoritative language as the least effective compared to signs with colorful images and clear 

definitions of the issue and appropriate behavior (Rimmer et al. 2013). Use of regulatory signs 

can be effective, but they should be paired with education or outreach signs, as well. These signs 

meant to educate beachgoers or encourage pro-bird behaviors should be colorful (or attention 

getting), relevant to the visitor, and clearly define the issue and the desired behavior (Rimmer et 

al. 2013, Stern 2018).  

 Studies have found that signage at beach access points is the most likely to be read or 

viewed and is reported to be the most effective method for reaching beach users (Ormsby and 

Forys 2010, van Polanen Petel and Bunce 2012). Additionally, signage placed close to the object 

or area (e.g., a closed area) where visitor attention is needed/desired is also highly likely to be 

read or viewed (Bitgood 2000).  

Other suggestions for designing effective signage include (Trapp et al. 1994): 

● Use personal pronouns or language to relate to the visitor’s experience. 

● Use a message pyramid. The most important messages should be at the top of the sign, 

with decreasing importance as you read. 

● Keep messages short and use simple language. Remember, in general, the fewer the 

words on the sign, the more likely it is to be read and understood!  

● Use interesting, informative graphics that are integrated with the sign’s message.  

● Make sure the sign text contrasts with its background (Bitgood 2000). 

The AFSI Shorebird Outreach Resource Directory provides example signage and additional 

resources. 

 

http://atlanticflywayshorebirds.org/outreach-materials/
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Best Practice: Using Volunteers or Stewards 

 Using official-looking volunteers can be very effective at increasing compliance with 

certain regulations. Forys (2011) found that the presence of a bird steward (i.e., person wearing 

brightly colored vest who educates beachgoers about birds) decreased the number of people 

entering a protected area for shorebirds, and almost 9 times more people went into a closed 

beach area when there was no bird steward compared to when a steward was present. 

Additionally, people who still entered the closed area when a steward was present generally 

entered from the side farthest from where the steward was stationed. Similarly, a study in New 

Zealand found that just the presence of an official-looking observer (someone wearing a colored 

vest in plain sight but who did not interact with visitors unless directly approached by them) 

reduced the percentage of groups who harassed (e.g., approached, touched, threw object at) 

young fur seals on the beach by about two-thirds compared to when the observer was not present 

(Acevedo-Gutierrez et al. 2011).  

 Before the season begins, some sites have found it useful to hold a few (how many will 

depend on the number of volunteers and their availability) informational training sessions for 

new and existing volunteers. The sessions can be used to give volunteers background on 

migrating shorebirds (including identification of common migrants) and human disturbance, 

prepare volunteers for various situations they may encounter, and give them specific talking 

points or outreach messages. Stationing volunteers at busy access points or closures will likely 

encourage compliance with activity restrictions or other regulations. These volunteers should be 

clearly identifiable (i.e., wearing a colored vest, volunteer T-shirt, or other type of identifier that 

can be recognized from a distance) and able to provide some information to beachgoers about 
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what is allowed or not allowed at the location (though just the presence of a volunteer may also 

encourage compliance).  

 Resources for engaging and training volunteers: National Audubon Society Coastal Bird 

Stewardship Toolkit. See also Wallace and Gaudry (2005) for a method volunteers could use 

(“Authority of the Resource Technique”) when engaging or educating beachgoers.  

 

Best Practice: Strategic Public Access Points   

 Most beachgoers concentrate near access points or amenities, like bathrooms, 

concessions stands, and parking lots. Changing the way people access the beach may help 

confine potentially disturbing activities to a smaller area. This is particularly true for 

disturbances like dogs, general beachgoing, and recreational fishing. It may be less effective at 

containing the impacts of beach driving. 

 In some areas, changing beach access may not be possible. However, in areas where 

changes can be made, consider measures that limit the spatial extent of visitor impacts (Coombes 

et al. 2008). Visitor density is negatively correlated with distance from access points, and the 

location of access points can be used to limit visitor density at certain sites (Tratalos et al. 2013). 

If possible, paths can be defined through dunes and down to the water to limit wandering. The 

total number of these paths should be limited (Coombes et al. 2008). Access points and other 

infrastructure, like dune crossovers, parking lots, boardwalks, can also be placed away from 

important shorebird habitats or areas where shorebirds tend to congregate (Lafferty 2001, U.S. 

Fish and Wildlife Service 2012). Additionally, if possible, managing boat landing locations, like 

docks or ramps, to channel people away from important habitats may also help reduce 

disturbance (U.S. Fish and Wildlife Service 2012).  

https://www.audubon.org/conservation/coastal-bird-stewardship
https://www.audubon.org/conservation/coastal-bird-stewardship
https://www.audubon.org/conservation/coastal-bird-stewardship
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Best Practice: Strategies to Manage Beach Driving 

 Beach driving may displace shorebirds from important habitats or prevent them from 

using certain habitats (see beach driving literature summary). Many shorebird researchers 

recommend beach closures or decreasing the area where driving is allowed, but these 

recommendations will need to be considered in light of the historical use of a site, its current 

management, and the thoughts of stakeholders in the area (see beach driving literature 

summary).  These decisions can be highly conflictual (Merritt 2009) and require the use of best 

practices to minimize social conflict (see Best Practice for Minimizing Social Conflict).  

 To reduce the impacts of beach driving if closures cannot be implemented, but 

management changes can be made, consider reducing the area over which driving is allowed, or 

restricting driving to habitats less important to shorebirds (see Best Practice for Selecting 

Human Activity Restrictions). Some research has advised restricting driving access on 

narrower beaches and on more stable beaches, which may not recover as quickly as more 

dynamic beaches (Davies et al. 2016). Ideally, also consider prohibiting or restricting driving on 

more natural and dynamic beaches, as well. There may be potential tradeoffs when managing 

beach driving between reducing disturbance and negatively impacting foraging quality. It was 

beyond the scope of this work to examine the impacts of beach driving on prey resources or 

habitat, but before implementing changes in beach driving, this literature should be consulted. 

Also, implementing buffer distances between vehicles and shorebirds can greatly reduce 

potential disturbance (Schlacher et al. 2013). However, before implementing driving restrictions 

or buffer distances, beach recreationists, particularly those that engage in beach driving, should 

be considered and engaged, if possible (see Best Practice for Minimizing Social Conflict).  



 

126 

 

 Implementing speed limits may reduce disturbance to shorebirds and will likely improve 

the safety of those driving and people using areas where driving is allowed. For example, Parker 

River NWR uses a 10 mph speed limit where beach driving is allowed 

(https://www.fws.gov/uploadedFiles/2017_Surf_Fishing_Final_Rev.pdf). Chincoteague NWR 

uses a speed limit of 25mph but requires that all drivers slow to 15mph when within 100 feet of 

other vehicles, wildlife, pedestrians, or people on horseback 

(https://www.nps.gov/asis/planyourvisit/upload/2017-OSV-Regulations.pdf).  

 Commonly, there are disconnects between the impact of a recreational activity, like beach 

driving, and the perception of those impacts by the participants (Priskin 2003). In general, 

recreationists tend to blame other user groups for disturbance to wildlife and fail to understand 

that they can have a significant impact on wildlife (Taylor and Knight 2003). Because of these 

beliefs, support for changes in management may be low, in some instances. Education is 

commonly suggested to change these misperceptions (Priskin 2003); however, while education is 

an important aspect of management, education alone may not change behavior (Ardoin et al. 

2013). Consider pairing education or outreach with a community involvement process when 

changing or reducing areas where beach driving is allowed. Including community members in 

decision-making may help reduce conflict surrounding the management of beach driving (see 

Best Practice for Minimizing Social Conflict). 

 

Best Practice: Strategies to Manage Dogs 

It is well documented that dogs may have negative impacts on migrating shorebirds (see 

dog literature section). Many areas have developed leash laws or other dog restrictions for all or 

part of the year. Understanding people’s perceptions of their dogs may help encourage higher 

https://www.fws.gov/uploadedFiles/2017_Surf_Fishing_Final_Rev.pdf
https://www.nps.gov/asis/planyourvisit/upload/2017-OSV-Regulations.pdf
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compliance with leash regulations or with other existing dog restrictions (see dog human 

dimensions literature section). Several authors (Edwards and Knight 2006, Jorgensen and 

Brown 2017) have shown that signage that emphasizes risks to off-leash dogs were likely to be 

effective at persuading dog owners to leash their pets or adhere to regulations. Consider creating 

signage that highlights the risks faced by off-leash dogs, including risks to their safety (e.g., 

potential confrontations with other dogs or people, being struck by vehicles). See best practice 

for other tips on designing effective signage. Further, managers could consider conducting 

outreach specific to dog owners/dog walkers. (See the Atlantic Coast Piping Plover Strategic 

Communications Plan, 

https://www.fws.gov/northeast/pipingplover/pdf/Communications_Plan_for_Reducing_Human_

Disturbance_to_Atlantic_Coast_Piping_Plovers.pdf, for outreach messages specific to dog 

walkers.)  

It is also important to continue to cultivate good relationships with those who comply 

with dog regulations. Owners who already act responsibly most of the time are more likely to 

respond positively to programs that promote additional responsible behaviors (Rohlf et al. 2010). 

For example, if a person consistently leashes their dog at the beach, they may be more likely to 

be open to messaging about picking up their dog’s waste.  

There are many dog owners who believe that off-leash exercise is important for their 

dog’s health and well-being (Edwards and Knight 2006, Comber and Dayer 2019). If possible, 

providing other areas where dogs can run off leash may make it easier for beach visitors with 

dogs to be compliant in areas where off-leash recreation is not allowed. If dogs are not allowed at 

the site or if off-leashed dogs are not allowed, consider making information about nearby dog 

parks available through printed materials and/or having staff members trained to provide this 

https://www.fws.gov/northeast/pipingplover/pdf/Communications_Plan_for_Reducing_Human_Disturbance_to_Atlantic_Coast_Piping_Plovers.pdf
https://www.fws.gov/northeast/pipingplover/pdf/Communications_Plan_for_Reducing_Human_Disturbance_to_Atlantic_Coast_Piping_Plovers.pdf
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information verbally to beach users. At sites where dogs are allowed, consider creating specific 

“dog zones” to concentrate their activity and reduce their overall impact to shorebirds at the site. 

 

Information Gaps and Information Needs 

 As evidenced by our literature review, several studies have looked at disturbance during 

southward migration and made important contributions to the conservation of migratory 

shorebirds. However, many information gaps still exist. Specifically, further research into the 

impacts of certain under-studied potential disturbance types, like non-motorized watersports (and 

especially emerging watersports like kite-boarding), beach raking, coastal engineering, and 

fishing/aquaculture (recreational and commercial), could help fill gaps about what types of 

activities to allow, when to allow them, and how to manage them in light of migratory shorebird 

conservation. Furthermore, as the aforementioned potential disturbance types were considered 

“priorities” by experts in the northeastern US (see Defining and Prioritizing Disturbance), this 

mismatch in data availability and potential significance to shorebirds should be addressed. 

Additionally, research that links the effects of human disturbance to shorebird demography or 

fitness is particularly needed. 

 Broadly, future research needs to focus on evaluating the success of management actions, 

which can help managers use limited resources more wisely by ensuring that all management 

practices used are effective at reducing disturbance. After conducting an evaluation, results 

should be shared broadly, through a forum such as AFSI, so that other sites can learn from 

successes and failures, implement practices that may work at their site, or make adjustments to 

practices currently used.  

 There is also a need to identify disturbance thresholds that trigger a management action. 

Disturbance thresholds can be based on either biological significance to shorebirds or on values-
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based information. As part of the development of this document, we collated disturbance 

thresholds found in published literature (see Evaluating Shorebird Disturbance at a Site), but 

we found very few thresholds and only minimal guidance on this subject. However, some 

managers in the northeast want to use thresholds to inform the implementation of management 

actions at their site in order to create a more targeted management approach that may increase 

the efficiency of resource use. Therefore, we recommend that future research be focused on 

developing a framework or process by which sites can identify disturbance thresholds. We 

recommend that thresholds be site-specific when possible, as many factors may impact how 

disturbance affects shorebirds at different sites. Additionally, research that links the effects of 

human disturbance to shorebird demography or fitness would be of benefit to the development of 

thresholds. 

  During the interview process, many participants pointed out the need for information that 

could tie together site-specific management to Flyway-level impacts. Research designed to meet 

this need is critical. Additionally, continuing to use existing information-sharing networks (e.g., 

AFSI working groups or Flyway technical committees) and working to include groups or 

organizations that may not currently have access to these networks is critical to scaling up site-

level management. 

  In addition to filling information gaps on the biological impacts of disturbance on 

migratory shorebirds, work that studies the human dimensions of shorebird management needs to 

be supported. This literature significantly lags behind the biological literature, and, in many 

cases, we had to draw on literature from non-shorebird management contexts in the development 

of this document. Conducting studies on acceptability of management actions by impacted 

recreation groups is critical to increasing the success of management actions. Studies to 
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understand the drivers of human behavior related to potential disturbance activities can inform 

effective education and outreach campaigns, as well as other approaches to incentivize or deter 

certain human behaviors. Incorporating human dimensions research, hiring human dimensions 

staff, and training existing staff to apply the results of human dimensions research are critical 

needs moving forward. 
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Chapter 3. 

How to Be a Good Egg: The Role of Social Norms in Conservation Outreach 

Keywords: shorebird management, environmental outreach, pledge, conservation behavior, 

norms 

Introduction 

 Recreational use of beaches may negatively impact many species of beach-nesting birds. 

Reducing impacts from recreational disturbance may be a critical factor in protecting these birds 

(Colwell, 2010). In response, many managers use outreach programs to inform people about their 

potential impacts on the birds, as well as to increase compliance with rules or restrictions in 

place to protect these birds (Ormsby & Forys, 2010). These outreach programs may also employ 

other behavior change strategies like commitment making, or pledges. In particular, pledges 

influence people to change their behavior and retain the new behavior through the influence of 

descriptive social norms, which activate a person’s desire to conform to the behavior of others 

around them (Stern, 2018).  

Although pledges have been shown to influence behavior change (Lokhorst, Werner, 

Staats, van Dijk, & Gale, 2011), evidence of their effectiveness in changing wildlife conservation 

behaviors is limited in the literature (Macdonald, 2015). We evaluated a shorebird conservation 

outreach program, Audubon New York’s ‘Be a Good Egg,’ which primarily asks beachgoers to 

sign a behavioral pledge (see Appendix I for full program evaluation). We examined the 

outreach program’s effectiveness in influencing shorebird conservation stewardship behaviors 

and the factors, specifically social norms, that influence the adoption of these behaviors.  
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Methods 

Audubon staff and volunteers held outreach beach events at various sites on Long Island, 

New York where they educated beachgoers about beach-nesting birds and asked them to sign the 

Be a Good Egg pledge. By signing this pledge, beachgoers promised to 1) keep away from 

marked or fenced areas where birds are nesting; 2) keep the beach clean by using proper 

receptacles or carrying out trash; and 3) keep dogs off nesting beaches.  

We surveyed beachgoers at the beginning of and at least 7 weeks after the outreach and 

compared their responses to a group that did not receive outreach (see Appendix H for the full 

survey). The pre-survey was administered in person on tablets, and the post-survey was 

administered via an online survey link emailed to participants. In both the pre- and post-surveys, 

participants were asked how often they did each of the three pledge behaviors using a 5-point 

Likert-type scale (nearly all the time (5), 75% of the time (4), 50% of the time (3), 25% of the 

time (2), none of the time (1)). They were also asked a normative question about how often they 

thought others (e.g., peers, friends) did each of the three pledge behaviors using the same scale. 

We used paired t-tests to compare any changes in participants’ pre-and post-survey responses to 

the above questions.  

Results 

During the outreach events, 387 beachgoers took the pre-survey, and 202 of those 

beachgoers agreed to participate in the follow-up survey. Sixty-five beachgoers (hereafter 

referred to as the “outreach group”) took the follow-up survey for an adjusted response rate of 

32%. For the control, 309 people took the pre-survey, and 158 of those beachgoers agreed to 

participate in the follow-up survey. Fifty-three beachgoers (hereafter referred to as the “control 

group”) took the follow-up survey for an adjusted response rate of 34%.  
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There were no significant differences for either group in any of their self-reported pledge 

behaviors (Table 1). Yet, outreach participants’ pre/post descriptive norms significantly differed 

(Table 1). Their post-survey responses indicated more positive descriptive norm values. The 

outreach group pre-survey takers thought, on average, others kept away from marked or fenced 

areas for nesting birds about 75% of the time (mean=4.06), while in the post-survey, the outreach 

group thought others kept away nearly all the time (mean=4.62). The outreach group reported 

others carried out trash or used proper receptacles, on average, about 75% of the time in the pre-

survey (mean=3.94), but they reported that others carried out trash more often in the post-survey 

(mean=4.48). Lastly, the outreach group reported in the pre-survey that others brought their dogs 

to the beach about 25% of the time (mean=2.06), while in the post-survey, they reported that 

others brought their dogs to the beach less often (mean=1.68).  

Control group participants’ pre- and post-survey responses had fewer significant 

differences. The only significant difference was in how often they thought others carried out 

their trash with the pre-survey takers reporting others carried out their trash about 75% of the 

time, and the post-survey takers reported others carried out their trash nearly all the time. 
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Table 1. Outreach and control groups’ pre- and post-survey comparison of how often they reported doing each of the pro-shorebird 

conservation pledge behaviors and how often they thought others did the pledge behaviors (descriptive norm).  

  Pre-survey Post-survey   

Self-reported behavior n M SD n M SD p Cohen’s d 

Outreach Kept away from marked areas 386 4.80 0.75 100 4.93 0.54 0.32 -0.13 

 Carried out trash 384 4.98 0.13 100 4.98 0.13 1.00 0.00 

 Kept dogs off nesting beaches 185 1.11 0.32 46 1.00 0.00 0.16 0.34 

Control Kept away from marked areas 305 4.89 0.68 36 5.00 0.00 0.32 -0.17 

 Carried out trash 306 4.86 0.69 36 4.94 0.34 0.18 -0.23 

 Kept dogs off nesting beaches 136 1.36 0.67 11 1.00 0.00 0.10 0.54 

Others’ behavior (descriptive norm)         

Outreach  Kept away from marked areas 382 4.06 0.88 108 4.62 0.79 <0.01 -0.54 

 Carried out trash 385 3.94 0.93 107 4.48 0.97 <0.01 -0.46 

 Kept dogs off nesting beaches 383 2.06 1.14 107 1.68 0.90 0.02 0.30 

Control Kept away from marked areas 299 4.37 1.10 40 4.76 0.71 0.07 -0.30 

 Carried out trash 303 4.16 1.05 40 4.74 0.50 <0.01 -0.51 

 Kept dogs off nesting beaches 307 1.77 1.04 40 1.59 1.02 0.39 0.14 
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Discussion 

Pledge-taking and the associated outreach did not influence the self-reported behavior of 

beachgoers on the three pledge behaviors. However, outreach participants reported after the 

outreach that others engaged more frequently in pro-shorebird behaviors. While these three 

pledge behaviors were chosen to address issues that Long Island beach managers identified, this 

evaluation showed that there may already be high levels of compliance with the self-reported 

behaviors. Most beachgoers reported already doing the pledge behaviors in the pre-survey, which 

would indicate that a large change in these pro-shorebird behaviors may not be possible (i.e., the 

ceiling effect) (Judson, 2012). Often, we rely on self-reporting to measure the impacts of 

outreach. However, self-reporting is frequently inaccurate and known to suffer from social 

desirability bias (Fisher, 1993), which may explain why we observed a ceiling effect in our data. 

The lack of a statistically significant change in self-reporting thus does not indicate a failure of 

the program. Rather, self-reporting may not be the best measure of change. Normative survey 

items may have less social desirability bias associated with them. Thus, changes in attitudes, and 

possibly behaviors, might be more realistically observed through normative questions than self-

reported behaviors (Fisher, 1993).   

Future outreach efforts should consider targeting other pro-shorebird behaviors that might 

be less common among beachgoers, like walking/jogging around birds to give nesting birds and 

chicks more space. Future evaluations should conduct the outreach with and without the pledge 

to further examine the role of pledges in altering behavior and influencing norms. Additionally, 

including observed behavior (i.e., observed instances of people entering closed areas or bringing 
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dogs to the beach) or using compliance violations to track actual behavior could add another way 

to track behavior change as a result of this program.  
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Conclusion 

 Human disturbance is a serious threat facing shorebirds, and effectively managing 

disturbance poses a significant conservation challenge. This thesis used social and ecological 

information and techniques to understand and define disturbance, develop recommendations for 

shorebird management, and examine factors that influence beachgoers’ pro-shorebird behavior 

change.  

 

Summary of Findings 

 In Chapter 1, we used the Delphi Technique, a group communication process, to develop 

a shared definition of human disturbance to shorebirds and a list of priority disturbance 

categories. Use of this method enabled managers and scientists to work together remotely to 

generate a shared understanding of disturbance in the Northeast and also, importantly, 

highlighted areas for future biological investigation and increased management focus. For 

instance, the priority disturbance categories ranked through this process reflect what experts 

viewed as the most impactful disturbances affecting migratory shorebirds and were inclusive of 

both the more well-studied human activities and the less-researched activities that may have 

significant impacts or are emerging concerns. While we did not find many differences in 

responses between our participant groups (i.e., managers, scientists, and manager/scientists), we 

found that individual participants’ responses changed throughout the Delphi process, 

exemplifying how this process reflects the entire group’s effort rather than the contributions of 

one or a few individuals. Despite the definition changing over the process from how most 

individuals thought of disturbance, most of the participants were satisfied with the final 
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definition. Additionally, most participants were satisfied with the Delphi process overall, 

suggesting that the process worked well for this issue.  

 Building off the definition and list of disturbance categories created in the first chapter, 

Chapter 2 used the definition, as well as ecological and social literature and interviews with land 

managers, to develop a best practices guidance document to aid managers in reducing human 

disturbance. We utilized a transdisciplinary approach throughout the creation of this document, 

which enabled us to incorporate multiple perspectives to produce a more comprehensive set of 

guidelines. The document includes a summary of the current state of knowledge of human 

disturbance during southward migration. With this literature summary and set of nine best 

practices (e.g., strategies to manage dogs, designing and using effective signage), the document 

is a toolkit of guidance from which managers can select the most appropriate and feasible 

practices for conditions at their specific site and can apply it, along with their local knowledge, in 

management decisions. In addition, managers can use the document and an associated field 

methods protocol to guide monitoring efforts for shorebirds and disturbance and identify 

information needs to direct additional inquiry, in order to improve management practices at their 

sites. 

In Chapter 3, we evaluated Audubon New York’s Be a Good Egg shorebird conservation 

outreach program. We examined the outreach program’s effectiveness in influencing shorebird 

conservation stewardship behaviors and the factors, specifically social norms, that influence the 

adoption of these behaviors. We found that pledge-taking and the associated outreach did not 

influence the self-reported behavior of beachgoers, as most beachgoers reported already doing 

the pledge behaviors in the pre-survey. However, outreach participants reported after the 

outreach that others engaged more frequently in the pro-shorebird pledge behaviors. We suggest 
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that self-reported measures of behavior change may not be the best measure, and instead using 

normative survey items may reduce the effect of social desirability bias and more accurately 

reflect changes in attitudes and possibly behavior.  

   

Project Reflections 

 Reducing disturbance to migratory shorebirds requires an understanding of both the 

ecological and social factors involved in the management of shorebirds (Glover et al. 2011). 

Further, reducing threats to shorebirds also benefits from engagement and input from scientists 

and managers across political boundaries and management types (Burger and Niles 2013, 

Atlantic Flyway Shorebird Initiative 2015). This thesis used a transdisciplinary approach to 

engage natural and social scientists and managers from across the Northeast in the research and 

development of management recommendations for reducing disturbance. Although this approach 

may take more time than more traditional disciplinary or multidisciplinary approaches (Canter 

and Brumar 2011), this research presents a more holistic view of the many facets of shorebird-

human disturbance and provides a realistic set of guidelines for reducing disturbance. Using this 

more comprehensive approach can help create reduce potential gaps between science and 

management (Knight et al. 2008). 

  In this thesis, we employed the Delphi Technique in Chapter 1 as one way to bridge the 

gap between science and management. While the definition and priority disturbance categories 

developed through this process are not meant to represent a prescription for management, 

managers and scientists can use the definition to guide thinking about disturbance issues, to 

communicate with each other using the same terminology, and to promote consistency across 

management units or science and management activities. Further, use of the Delphi method can 
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allow for the sharing of knowledge in a structured way and can be used to co-produce  

information. Utilizing expert feedback to co-produce knowledge and solve complex problems 

can ensure that management solutions are broadly applicable and informed by a diverse group of 

stakeholders (Reed and Abernethy 2018). 

 Incorporating multiple perspectives and types of expertise helps ensure that management 

recommendations reflect the realities of managing coastal environments, human recreation, and 

shorebirds. Best practices, like those developed in Chapter 2, and other types of management 

recommendations must provide enough information for managers to make decisions but remain 

flexible enough to be adapted at the site level. In drafting these kinds of management 

recommendations, we incorporated feedback from target stakeholders in a variety of ways. In 

addition to including managers in the Delphi process, we also conducted interviews with 

managers to examine how shorebird management decisions are made, identify what managers 

need to support science-based management, and explore how managers balance the needs of 

shorebirds and public use of their sites. Further, we engaged scientists and managers from 

throughout the Northeast to review our best practices guidance document in two phases to 

provide feedback on the utility and feasibility of the document. Our review process engaged 25 

people from federal agencies, state agencies, NGOs, and universities. Including these 

stakeholders at various stages throughout the process of drafting has helped ensure the relevance 

and applicability of these best practices.  

 In Chapter 3, we evaluated beachgoers’ compliance with the three pledge behaviors on 

which Audubon New York chose to focus their outreach campaign. Through this evaluation, we 

engaged with Audubon New York staff about the study design and delivery and provided 

recommendations about potential improvements to their programming. Evaluations, like this one, 
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are critical for improving the efficacy of conservation programs (Saterson et al. 2004). Further, 

evaluation plays an important role in the feedback between science and management (Saterson et 

al. 2004, Howe et al. 2011). Further, managers benefit from knowing how effective their 

programs are at achieving conservation objectives (Pullin et al. 2004). Conducting 

comprehensive evaluations allows valuable lessons to be learned and shared outside of a site-

specific context (Saterson et al. 2004).  

 

Scholarly Contributions 

 This thesis significantly contributes to the literature on human disturbance to shorebirds. 

The first chapter uses the Delphi Technique, an effective yet underutilized tool, to develop a 

shared definition of disturbance and list of priority disturbance categories. While other 

disturbance definitions are common in the literature, this study presents, to our knowledge, the 

only co-produced definition that incorporates input from multiple experts. In this study, we show 

how the Delphi technique can be used to co-produce knowledge between different expert 

participant groups and use this technique to explore the potential gaps between these groups. We 

found that even though the participants’ initial definitions did not exactly match the final 

definition, most participants were satisfied with the final definition and the overall process, 

suggesting that this process worked as a consensus-building tool. Additionally, co-producing the 

list of priority disturbance categories helped determine which human activities experts 

considered the most disturbing to shorebirds. This list of categories was used to direct a literature 

review of human disturbances in Chapter 2.  Incorporating feedback from scientists and 

managers in the Delphi, paired with this literature review, helped identify gaps in the literature 

and future research priorities, which to our knowledge is a novel use of this technique. Despite 
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being used relatively infrequently for wildlife management or conservation issues, the Delphi is 

particularly well suited for dealing with complex management issues (Mukherjee et al. 2015), 

and we believe it is underutilized by researchers and managers.  

 This thesis also contributes to the literature on pro-wildlife behavior change and outreach 

campaigns. The third chapter examined the role of social norms in influencing the adoption of 

certain pro-shorebird behaviors. Most evaluations, including this one, rely on self-reported 

behavior to measure outreach programs’ success. However, it is well-known in the literature that 

self-reporting is often inaccurate and suffers from social desirability bias (Fisher 1993). Even 

though we found that outreach and pledge-taking did not influence the self-reported behavior of 

beachgoers, this does not necessarily indicate a failure of the outreach program. Instead, we 

suggest that self-reported behavior may not be the best measure of change. Our results suggest 

that using norms to measure certain changes in attitude, and possibly behavior, instead of self-

reported behaviors, may reduce the effect of social desirability bias and could reflect a more 

realistic change. 

 

Future Research 

 The research presented in this thesis contributes to our understanding of human 

disturbance of shorebirds, but there are many facets of human disturbance that merit further 

inquiry. The disturbance categories created through the Delphi process were considered 

“priorities” by experts in the northeastern US, but we found mismatches between information 

available on the impacts of certain disturbance types and types that experts considered the most 

significant. The Delphi technique is used when empirical, field-based answers are unknown, but 

it is not a substitute for empirical data or an excuse not to collect such data, if possible 
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(Mukherjee et al. 2015). Specifically, further research into the impacts of certain under-studied 

potential disturbance types, like non-motorized watersports, could help fill gaps about what types 

of activities to allow, when to allow them, and how to manage them. Additionally, future 

assessments should examine the prevalence of certain types of human activities to inform a 

prioritization process based on empirical data. Our literature review in Chapter 2 highlighted 

existing information gaps in the management of disturbance, especially during the migratory 

period. Additional research needs highlighted in this chapter include information that links the 

effects of human disturbance to shorebird demography or fitness and identifying disturbance 

thresholds that trigger a management action.  

 Also, in addition to filling information gaps on the biological impacts of disturbance on 

migratory shorebirds, we highlighted the needs for studies on the human dimensions of shorebird 

management. Studies conducted on the acceptability of management actions by impacted 

recreation groups could be critical to increasing the success of management actions. More 

research also needs to be conducted to understand the drivers of human behavior related to 

potential disturbance activities to inform effective education and outreach campaigns and other 

approaches to incentivize or deter certain human behaviors. Specifically, as identified in Chapter 

3, more work needs to be done to evaluate the role of pledges in behavior change strategies. 

Conducting evaluations, with and without a behavior change pledge, could expand upon our 

insights of how pledges are effective at changing behavior and influencing norms.  

 

Closing 

 Incorporating an understanding of both the ecological and social factors influencing 

disturbance is essential for shorebird conservation. This thesis uses social and ecological 
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literature and the applied knowledge of conservation practitioners and researchers to develop 

guidance for understanding and reducing disturbance. The collaborative nature of this thesis has 

facilitated the exchange of information between managers and scientists (and between managers 

and other managers) and worked to bridge the gap between science and management. This 

approach could serve as an example for future transdisciplinary efforts to inform management.  
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Appendix A. Delphi Recruitment Materials and Survey 

 
Recruitment email 

Dear X, 

 

We are contacting you to participate in an exciting effort to inform a Best Management Practices (BMP) 

document for evaluating and managing shorebird disturbance during fall migration on coastal lands in the 

U.S. Fish and Wildlife Service (USFWS) Northeast Region.  When complete, the BMP will be publicly 

available and will contain guidelines and recommendations applicable for all land-management agencies 

(e.g., Federal, state, or private). This work also supports the Atlantic Flyway Shorebird Initiative (AFSI) goal 

to reduce human disturbance on 90% of actively managed lands in order to contribute to increasing shorebird 

populations by 10-15% by 2025.  

 

As an important first step in the development of the BMP, we are reaching out to experts in research and 

management of shorebird disturbance. We would like to request that you contribute to developing a 

definition of human disturbance to shorebirds and a list of priority disturbance types. The lack of a shared 

definition and list of priority disturbance types currently limits the effectiveness and coordination of 

management practices. The scientific literature alone does not provide adequate guidance, which is why we 

need your expert opinion. We identified you as a key participant, in collaboration with Caleb Spiegel and 

Rebecca Longenecker at USFWS and through suggestions of the AFSI Human Activities subcommittee.  

 

Our approach will follow the Delphi technique -- an iterative, group feedback method. More information on 

how we will use this technique has been provided in the attachment.  We are asking for your participation in 

four short online surveys. Each request will be distributed about once a month over the course of the next 

four months. In each round, we will be working toward convergence in expert opinion so it is critical that 

you also review summarized responses of all of the experts on the panel and that you continue to weigh in 

with your thoughts on each round. 

 

For the first round, a unique link has been generated for your responses:  [insert] 

 

We ask that you provide your feedback on this round by March 2, 2017. 

 

Please note that you may also have been (or may be in the future) contacted regarding a second BMP project 

concerning predator management for the Atlantic Flyway Shorebird Initiative. This effort is being 

coordinated by our colleagues at Virginia Tech. These BMPs are unique but complementary efforts, intended 

to improve coordinated shorebird management along the US Atlantic coast. We appreciate your responding 

to both projects, if you are interested.  

 

Please let us know if you have any questions or concerns. 

 

Sincerely, 

 

Dr. Ashley Dayer 

Assistant Professor of Human Dimensions 

 

Lara Mengak 

Graduate Research Assistant  

Department of Fish and Wildlife Conservation  

Virginia Tech 

Blacksburg, Virginia 
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The Delphi Technique 

The Delphi Technique, developed in the 1950s, is a method of capturing expert judgments to address 

complex problems. This technique is particularly suitable for:  

-- addressing issues when information is limited 

-- combining different types of evidence 

-- generating a convergence of opinion on a topic 

 

Why are we using the Delphi technique? 

Working with a panel of experts (scientists and managers), we will develop a shared definition for human 

disturbance and develop a list of priority disturbance types – both important parts of a new Best Management 

Practices document for evaluating and managing shorebird disturbance during fall migration. The results 

generated by a group of experts are likely to be more reliable and applicable across the various settings of the 

Northeast region than the opinion of a single expert.  

 

What is involved? 

The Delphi technique is iterative.  We will follow an approach with three rounds of participant and facilitator 

feedback and then a final round for participant feedback. In each round, participants respond to the 

questionnaire. These responses are summarized by the facilitator (Dr. Ashley Dayer and Lara Mengak at 

Virginia Tech) and used to build the next questionnaire. The facilitator summarizes each round of responses 

and returns a group summary and a copy of the individual’s responses from the previous round. Each round 

will be open for two weeks for response. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
How will you be acknowledged for your participation?  

All responses to the Delphi will remain confidential. While the researchers from Virginia Tech will track 

your individual responses to each round of questions, we will never present your responses in a way that they 

can be identified by others. At the end of the process (four rounds of input), we will also ask if you are 

willing to be acknowledged in the BMP and report as part of the group of experts who contributed to the 

definition; no individual attribution to any of your responses will ever be made in reporting of the results. 

Figure adapted 

from Walsh et al. 

(2015) 



 

168 

Round 1 Survey 

We are asking for your expert opinion to inform a Best Management Practices (BMP) document for 

evaluating and managing shorebird disturbance during fall migration on coastal lands in the U.S. Fish and 

Wildlife Service (USFWS) Northeast Region. We need your help developing a shared definition of human 

disturbance to shorebirds and a list of priority disturbance types. We define shorebirds as birds in the 

sandpiper (a large family including "peeps", willets, yellowlegs, curlews, whimbrels, godwits, turnstones, 

etc.), oystercatcher, plover, phalarope, avocet, and stilt families. 

 

This form – the first of four – should take you 20-30 minutes to complete. Each request will be distributed 

about once every month, over the course of the next four months.  In each round, we will be working toward 

convergence in expert opinion, so we will ask that you review summarized responses of all of the experts on 

the panel and that you continue to weigh in with your thoughts on each round. Questions should be answered 

based on your expert opinion, without referring to literature, reports, or other supplementary material.  (We 

are conducting a complementary literature review).  

 

Your participation in this process is voluntary, and your identity will be kept confidential. Your responses 

will never be presented in a way that they can be identified.  There are no known risks associated with this 

research. The results of this research study will inform a BMP document and be published in a peer-reviewed 

publication and a Masters thesis.  

 

Do you consent to participate in this research study? (Select one). 

Yes   □ 

No  □ [if no, survey ends]. 

 

Is making decisions about how to manage coastal land part of your current position? (Select one). 

Yes  No 

 

Do you conduct science or research on shorebirds as part of your current position? (Select one). 

Yes  No 

 

In your current position, do you consider yourself more of a “manager” or a “scientist”? We 

understand that there can be overlap between these terms. This question is meant to capture the title with 

which you most closely identify. (Select one). 

 

Mostly a manager 

Mostly a scientist 

Equal amounts manager and scientist 

Neither (How would you describe your position?_____) 

 

To what extent do you agree that you are an expert on shorebird disturbance in the Northeast region 

(Maine-Virginia) of the US? (Select one). 

[insert 5-point Likert-type scale from Strongly Disagree to Strongly Agree] 

 

How many years have you been involved in management or research on human disturbance to 

shorebirds for your job? (Insert years below). 

                      years 

 

In the past 5 years, on what types of land have you conducted research or management activities on 

human disturbance to shorebirds during migration? (Select all that apply).  

Federal 

State 
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Local 

NGO 

Private 

Other 

 

In the past 5 years, in which Northeastern states have you conducted research or management 

activities on human disturbance to shorebirds? (Select all that apply).  

Virginia, Maryland, Delaware, New Jersey, New York, Rhode Island, Connecticut, Maine, New Hampshire, 

Massachusetts  

 

How would you define human disturbance to shorebirds? Please consider human disturbance to 

shorebirds generally, regardless of time of year or season.  As a reminder, we consider shorebirds to 

be birds in the sandpiper (a large family including "peeps", willets, yellowlegs, curlews, whimbrels, 

godwits, turnstones, etc.), oystercatcher, plover, phalarope, avocet, and stilt families. In 250 words or 

less, please provide a definition in your own words.  

 

Please provide a list of human disturbances that affect shorebirds during fall migration along the coast 

of Maine through Virginia.  For each type of disturbance, we also encourage you to provide a short 

description (1-2 sentences).  

Please include any human disturbances that may cause a disturbance to migrating shorebirds, whether it be 

while birds are foraging, resting, or roosting. In this round, we ask that you list all types. A comprehensive 

list of all disturbance types given will be provided as an appendix to the BMP document.  In a subsequent 

round, we will ask you to reflect on how significant they are.  

 

Thank you!  

Your feedback is very important in improving evaluation and management of shorebird disturbance.  We will 

summarize your feedback and those of the other experts and get back to you within two weeks of the closing 

date for this round – (insert date).  As a reminder, your feedback on each round is essential to the success of 

this effort and to ensure that your expert opinion is reflected in the final product.  We appreciate your time 

and thoughtful consideration. 
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Round 2 Email 

Dear X, 

 

Thank you for participating in round 1 of our effort to develop a shared definition of shorebird disturbance 

and priority disturbance types.  Your thoughts were valuable! We appreciate your time and thoughtful 

consideration. We have attached summarized results from round 1 to this email. In this attachment, you will 

see the analyzed responses of the full group and a copy of your individual responses from round 1.  

 

In this round 2, we ask that you provide feedback on the draft definition and collated disturbance types. 

Disturbance types provided in round 1 have been grouped into categories based on the similarity of activity 

type and location where the disturbance activity occurs (e.g., open water, beach). In some cases, activities are 

grouped based on how they would be managed and/or the relative similarity of their effect on shorebirds. A 

table showing how the categories were developed is provided in the attachment.  

 

To participate in round 2, please follow the link below: [insert link] 

 

We ask that you provide your feedback on this round by March 30, 2017.  

 

Your participation throughout this process is critical to the success of this project. Please let us know if you 

have any questions or concerns. 

 

Sincerely, 

 

Dr. Ashley Dayer 

Assistant Professor of Human Dimensions 

 

Lara Mengak 

Graduate Research Assistant  

 

Department of Fish and Wildlife Conservation  

Virginia Tech 

Blacksburg, Virginia 
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Round 2 Survey  

This is round 2 of 4 of the development of a shared definition of shorebird disturbance and priority 

disturbance types. As we’ve explained before, in each round, we will be working toward convergence in 

expert opinion, so we ask that you review the summarized responses from round 1 before you begin this 

round.  We also have provided your personal responses on the last round for your reference.  (See email sent 

by Lara Mengak on March 16th).  

 

In this round, we ask that you review and provide comments on the draft definition and categorized 

disturbance types. This round should take you 20-30 minutes to complete. As always, your participation in 

this process is voluntary, and your identity will be kept confidential. Your responses will never be presented 

in a way that they can be individually identified. We appreciate your continued involvement. 

 

Based on experts’ responses (including yours) to our request to define human disturbance to 

shorebirds, we developed a series of statements that we would like you to consider for the definition. 

Please rate each item below on its importance to a thorough definition of disturbance to shorebirds.  

 

[insert statements that go in definition; for each offer a 5-point scale of importance] 

 

 

Use this comment box to elaborate on your ratings or to provide a reason for why you scored the way 

you did.  When providing comments, please indicate which statement number you are referencing. 

 

[insert large box] 

 

Use this comment box to make suggestions about the definition as a whole or the statements’ wording. 

You may wish to describe concerns or edits you have regarding the wording of the statements, note any 

missing elements of the definition, or provide other comments about the definition. 

 

[insert large box] 

 

Based on experts’ responses (including yours) to our request to list human disturbances that affect 

shorebirds during fall migration along the coast of Maine through Virginia, we developed a master list 

and put disturbance types into categories. Disturbance types have been grouped into categories based on 

the similarity of activity type and location where the disturbance activity occurs (e.g., open water, beach). In 

some cases, activities are grouped based on how they would be managed and/or the relative similarity of 

their effect on shorebirds.   Below is the list.  We are interested in whether you feel anything is missing or 

shouldn’t be on this list.  We are also interested in your feedback on how we categorized the items. 

 

[insert list of categories with subcategories in parentheses) 

 

Please describe any disturbance types that are missing. For each type of disturbance, we also encourage 

you to provide a short description (1-2 sentences). 

[insert large box] 

 

Please describe any disturbance types listed above that you believe do NOT cause disturbance to 

shorebirds during fall migration along the coast of Maine through Virginia. For each type of 

disturbance, please justify your response. 

[insert large box] 
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Please provide feedback on the categorization of the disturbance types (i.e., how they were lumped and 

split).  We appreciate your specific comments about any subcategories that are in the wrong group, or any 

reorganization that you believe is necessary.  

[insert large box] 

 

Overall, do you agree or disagree that these disturbance types have been appropriately categorized 

(i.e., how they were lumped and split)? (Select one). 

[insert 5-point strongly agree to strongly disagree response options] 

 

Thank you!  

Your feedback is very important in improving evaluation and management of shorebird disturbance.  We will 

summarize your feedback and those of the other experts and get back to you within two weeks of the closing 

date for this round – (insert date).  As a reminder, your feedback on each round is essential to the success of 

this effort and to ensure that your expert opinion is reflected in the final product.  We appreciate your time 

and thoughtful consideration. 
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Round 3 Email 

Dear X, 

 

Thank you for participating in round 2 of our effort to develop a shared definition of human disturbance to 

shorebirds and priority disturbance types.  The thoughts of the experts, including you, helped us refine both 

of these aspects; we made some important adjustments to the previous version.  

 

We have attached the results from round 2 in this email. In this attachment, you will see the analyzed 

responses of the full group and a copy of your individual responses from round 2. Summary statistics are 

shown for the group’s responses to quantifiable questions on the last round.  

 

In this round 3, we ask that you now rank the definition statements  and  prioritize the disturbance types.  

 

To participate in round 3, please follow the link below: [insert link] 

 

We ask that you provide your feedback on this round by April 26, 2017.  

 

This round is very important as we are approaching the end of this effort (just a final round to go after this 

one!). Please let us know if you have any questions or concerns. 

 

Sincerely, 

 

Dr. Ashley Dayer 

Assistant Professor of Human Dimensions 

 

Lara Mengak 

Graduate Research Assistant  

 

Department of Fish and Wildlife Conservation  

Virginia Tech 

Blacksburg, Virginia 
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Round 3 Survey 

 

This is round 3 of 4 of the development of a shared definition of shorebird disturbance and priority 

disturbance types. As we’ve explained before, in each round, we are working toward convergence in expert 

opinion, so we ask you review the summarized responses of round 2 before you begin this round.  We also 

have provided your personal responses on the last round for your reference.  (See email sent by Lara Mengak 

on April 12th.  

 

In this round, we ask that you rank the definition statements and prioritize the disturbance types. This round 

should take you 15-20 minutes to complete. As always, your participation in this process is voluntary, and 

your identity will be kept confidential. Your responses will never be presented in a way that they can be 

identified. We appreciate your input on this process! 

 

Based on your responses to the previous round, we list below the statements that were rated with a 

median score of 1 or 2 (“extremely important” and “very important,” respectively). Please view the 

summary report to see the statements that were eliminated for this round. Then please rank the 

definition statements from 1 to 9 based on their importance to a thorough definition of human disturbance to 

shorebirds. Assign 1 to the most important item and 9 to the least important item.  

 

[insert statements that go in definition to be ranked ] 

 

Use the comment box provided to elaborate on your rankings or to provide a reason for why you 

ranked items  the way you did. When providing comments, please indicate which statement number you 

are referencing.  

[insert large box] 

 

Use this comment to provide comments or concerns about the definition statements that were dropped 

for this round. When providing comments, please indicate which statement you are referencing.  

[insert large box] 

 

Based on the feedback of experts, we made some changes to the list of disturbance types and their 

categorization.  Please read them over so you are aware of the complete list.  Then please rate each 

category based on their significance during fall migration from Maine to Virginia. We are defining 

significance in terms of frequency, extent, and/or effect on shorebird survival and behavior. To what 

extent do you agree or disagree that the following types are significant based on the definition above?  

[insert categories; for each offer a 5-point scale from strongly agree- strongly disagree ] 

 

Use the comment box provided to elaborate on your disturbance category ratings or to provide a 

reason for why you scored them the way you did. When providing comments, please indicate which 

category you are referencing. 

[box] 

 

Thank you!  

Your feedback is very important in improving evaluation and management of shorebird disturbance.  We will 

summarize your feedback and those of the other experts and get back to you within two weeks of the closing 

date for this round – (insert date).  As a reminder, the next and final round is the last opportunity for you to 

provide feedback on the definition of human disturbance to shorebirds and list of priority disturbance types. 

There will be no facilitator feedback from the next round. We appreciate your time and thoughtful 

consideration. 
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Round 4 Email 

Dear X, 

 

Thank you for participating in round 3 of our effort to develop a shared definition of human disturbance to 

shorebirds and priority disturbance types. Your responses and comments helped make important revisions to 

the previous version. We have reached our final round! Your participation has been invaluable throughout 

this process.  

 

We have attached the results from round 3 in this email. In this attachment, you will see the analyzed 

responses of the full group and a copy of your individual responses from round 3. Summary statistics are 

shown for the group’s responses to quantifiable questions on the last round.   

 

In this final round, we ask that you provide any final comments on the shared definition and to rank  the list 

of significant disturbance types. The definition and list of types are provided in the survey for your reference.  

 

To participate in round 4, please follow the link below: [insert link] 

 

We ask that you provide your feedback on this round by May 18, 2017. We will send you a summary of the 

group’s responses and a complete copy of your responses for the entire process after receiving all comments 

for this round. 

 

Your participation in this last round is your opportunity to provide any final comments or suggestions. These 

final comments are important for ensuring that the shared definition of human disturbance to shorebirds and 

list of priority disturbance types are complete. Both of these will be included as essential components of the 

BMP. Please let us know if you have any questions or concerns. Thank you for your participation throughout 

this project!  

 

Sincerely, 

 

Dr. Ashley Dayer 

Assistant Professor of Human Dimensions 

 

Lara Mengak 

Graduate Research Assistant  

 

Department of Fish and Wildlife Conservation  

Virginia Tech 

Blacksburg, Virginia 
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Round 4 Survey 

 

We appreciate your continued participation as part of the expert panel to develop a shared definition of 

shorebird disturbance and priority disturbance types.  As before, we ask you to review the summarized 

responses of round 3 before you begin this round.  We also have provided your personal responses on the last 

round for your reference.  (See email sent by Lara Mengak on May 4th.  

 

This final form should take you less than 15-20 minutes to complete. Please provide any final comments to 

either the shared definition or list of priority disturbance types.  

 

You are almost done! The shared definition of human disturbance to shorebirds and the list of priority 

disturbance types that you have helped draft will be included in a Best Management Practices document 

(available in 2018). This BMP will provide guidance for evaluating and managing shorebird disturbance 

during fall migration on coastal lands in the U.S. Fish and Wildlife Service (USFWS) Northeast Region, as 

well as other federal, state, and NGO lands.  

 

We would like to acknowledge those that participated in this process in the BMP. Your responses will 

not be presented in a way that they can be identified. Only the definition and list of disturbance types 

generated and approved by the expert panel, including you, will be included in the BMP.  

Do you consent to be acknowledged by name in the BMP? 

Yes 

No 

 

Based on responses from our group of experts, including you, to our request to define human 

disturbance to shorebirds, we developed the following definition.  

[insert definition created by the group] 

 

Please provide any final comments or feedback you have on this definition. In your response, please 

consider if you think the definition is complete, if any aspect is missing, or if an included aspect should be 

omitted.  

[box] 

 

Overall, how satisfied are you with this definition of human disturbance to shorebirds? (Select one) 

[insert 5 point Likert-type scale from not at all satisfied to highly satisfied] 

 

Based on your ratings, we present the list of disturbance types. Categories with ratings less than X 

score were dropped from this final list. All types and categories will still be mentioned in the final 

BMP, but they need to be prioritized to be useful. Please review the most important categories after 

the last round. Then please rank the disturbance type categories from 1 to X based on their 

significance during fall migration from Maine to Virginia.  We are defining significance in terms of 

frequency, extent, and/or effect on shorebird survival and behavior. Assign 1 to the most important item 

and X to the least important item.  

 

[insert disturbance types list to be ranked] 

 

Use the comment boxes provided to elaborate on your rankings and provide reasons for why you think 

some types are more significant than others. When providing comments, please indicate which category 

you are referencing.  

[box] 

 

 



 

177 

 

 

Finally, we are interested in your thoughts on this process.  Overall, how satisfied are you with this 

process for developing a shared definition of disturbance to shorebirds and a priority list of 

disturbance types? (Select one).  

[insert 5 point Likert-type scale from not at all satisfied to highly satisfied] 

 

 

Please provide any feedback you have on how to improve this type of process for developing 

convergence of opinions of experts on natural resources management issues in the future.  

[box] 

 

 

Thank you!  

Your feedback has been invaluable throughout this process. We greatly appreciate your time and 

consideration. The shared definition of human disturbance and list of priority disturbance types will help fill 

gaps in the scientific literature and will provide a first step towards creating standardized guidelines for 

understanding disturbance. We will send you a summary of the group’s responses and a complete copy of 

your responses for the entire process after receiving all comments for this round. 
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Appendix B. Supplemental material to Delphi process: Exploration of manager/scientist 

differences and changes in human disturbance definition 

 

Table 1. Mean number of disturbance types the participant groups listed in the round 1 survey.  

 

 Participant group1   

 Managers Scientists  Manager/scientists F Sig. 

Number of 

Dist. Types 

12.33ab 7.94a 12.92b 4.21 0.022 

1Means with different superscripts are significantly different at p<0.05.  

 

 

Table 2. Comparison of the definition drafted in the round 3 survey and the final round 4 

definition.  

 

Round 3 Definition Round 4 Definition 

Human disturbance of shorebirds is a human 

activity that causes an individual or group of 

shorebirds to alter their normal behavior, 

leading to an additional energy expenditure 

by the birds. It disrupts or prevents shorebirds 

from effectively using critical habitats and 

from conducting the activities of their annual 

cycle over and above the disturbances that 

occur in the absence of humans. Productivity 

and survival rates may also be reduced. 

Human disturbance of shorebirds is a human 

activity that causes an individual or group of 

shorebirds to alter their normal behavior, 

leading to an additional energy expenditure 

by the birds. It disrupts or prevents shorebirds 

from effectively using important habitats and 

from conducting the activities of their annual 

cycle that would occur in the absence of 

humans. Productivity and survival rates may 

also be reduced. 
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Appendix C. Summary of the Final Round of the Shorebird Disturbance Delphi 

 
May 30, 2017 

Prepared by Lara Mengak (lfmengak@vt.edu) & Ashley A. Dayer (dayer@vt.edu) 

Department of Fish and Wildlife Conservation, Virginia Tech 

 

The Delphi Technique 

To develop a shared definition for human disturbance and a list of priority disturbance types, we used the 

Delphi Technique. The Delphi Technique is an iterative, consensus-building technique used to capture expert 

judgments to address complex problems. This method is not meant to replace empirical evidence but to guide 

decision-making until empirical evidence can be obtained or to identify gaps in understanding. The results 

generated by a group of experts are likely to be more reliable and applicable across various settings than the 

opinion of a single expert. This method allows participants from varying geographic locations and types of 

expertise (managers, scientists, or manager-scientists) to participate while minimizing cost and logistics.  

 

Experts were selected for the Delphi (n=54) in collaboration with Caleb Spiegel and Rebecca Longenecker at 

USFWS and through suggestions of the Atlantic Flyway Shorebird Initiative Human Activities 

subcommittee. During the selection process, experts were considered either managers or scientists. Managers 

were chosen if they actively manage disturbance issues for migrating shorebirds on their lands. Researchers 

who had published at least one study on human disturbance to shorebirds in the NE Region in the last 10 

years were eligible for selection. During the first round of the Delphi, experts self-identified as manager, 

scientist, or both manager and scientist. We confirmed that the individuals had expertise through screening 

questions in our initial survey. After rounds 1 and 2 those who did not respond were removed from the list.  

 

Here we present the results of round 4 – the final round – of the Delphi. This information will be integrated 

into the Best Management Practices for Evaluating and Managing Anthropogenic Disturbances to Migrating 

Shorebirds on Coastal Lands in the Northeastern United States document. Additionally, we intend to analyze 

these results further and publish them as part of a manuscript.  

 

Respondents 

We received 31 completed surveys (out of 36) in round 4 of the Shorebird- Human Disturbance Delphi. The 

response rate was 86%. Ninety percent of respondents indicated that they were satisfied (either “extremely 

satisfied” or “somewhat satisfied”) and 10% of respondents indicated that they were dissatisfied (either 

“extremely dissatisfied” or “somewhat dissatisfied”) with the overall Delphi process. 

 

Disturbance definition 

In this round, respondents were presented with a draft definition developed through responses in the previous 

three rounds and were asked to provide final comments on the definition. Ninety percent of respondents 

indicated that they were satisfied (either “extremely satisfied” or “somewhat satisfied”) and 10% of 

respondents indicated that they were dissatisfied (either “extremely dissatisfied” or “somewhat dissatisfied”) 

with the definition.  

 

The definition presented to participants in round 4 for feedback was:  

Human disturbance of shorebirds is a human activity that causes an individual or group of shorebirds 

to alter their normal behavior, leading to an additional energy expenditure by the birds. It disrupts or 

prevents shorebirds from effectively using critical habitats and from conducting the activities of their 

annual cycle over and above the disturbances that occur in the absence of humans. Productivity and 

survival rates may also be reduced. 
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Based on respondents’ comments, we have made the following changes to the definition:  

1. Several respondents pointed out that “critical habitat” has a specific meaning under the Endangered 

Species Act. We have changed the phrase to read “important habitats.”  

2. A few respondents commented that the wording “activities of their annual cycle over and above the 

disturbances that would occur in the absence of humans” was confusing. We have changed the 

phrase to read “activities of their annual cycle that would occur in the absence of humans”  

 

The final definition is as follows: 

 

Human disturbance of shorebirds is a human activity that causes an individual or group of shorebirds 

to alter their normal behavior, leading to an additional energy expenditure by the birds. It disrupts or 

prevents shorebirds from effectively using important habitats and from conducting the activities of 

their annual cycle that would occur in the absence of humans. Productivity and survival rates may 

also be reduced. 

 

 

Disturbance types 

 

Respondents ranked the disturbance type categories (developed through previous rounds) based on their 

significance (in terms of frequency, extent, and/or effect on shorebird survival and behavior) during fall 

migration from Maine to Virginia. We calculated the average rank of each disturbance type category (Table 

1). Categories with a higher numerical rank were considered more important by participants. The top ranked 

disturbance type category was beach driving followed by dogs and direct harassment. See below for the rest 

of the rankings.  

 

Table 1. Average rankings for disturbance type categories based on their significance (in terms of frequency, 

extent, and/or effect on shorebird survival and behavior) during fall migration.  

 

Category Average Rank* 

Beach Driving 10.84 

Dogs 9.90 

Direct Harassment 8.81 

Beach Raking 8.35 

Coastal Engineering 7.68 

General Beachgoing 7.52 

Events 5.45 

Recreational Fishing 5.29 

Motorized Watersports 3.87 

Commercial Fishing 3.74 

Unmanned Aircraft 3.42 

Wind-powered Aircraft 3.13 

*Calculated using the following formula: 
𝑥1𝑤1+ 𝑥2𝑤2+⋯+𝑥𝑛𝑤𝑛

𝑇𝑜𝑡𝑎𝑙
 where x=response  

count for answer choice and w= weight of ranked position. Weights are applied in  

reverse order (e.g., item ranked 1 would have a weight of 12). 
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In response to a concern noted by a few participants: 

1. As noted in the last summary report, we use the term fall migration as a synonym for southbound 

migration. This migration period begins around July 1 and ends around November 15, as defined by 

the USFWS. This will be detailed in the BMP.  

 

The activities that define the categories (as provided in the last two reports) are listed in Table 2. All 

activities will be included as an appendix in the BMP.  

 

Table 2. Categorized disturbance types including edits from round 2 responses.  

 

Category Activity 

Beach driving  4x4 

ATV/UTV 

Beach buggies 

ORV 

OSV 

Beach raking Beach raking or scraping 

Coastal engineering 

(previously Beach 

maintenance)  

Beach nourishment 

Beach raking or scraping 

Artificial dune stabilization 

Construction projects 

Bike riding Bike riding 

Cycling 

Fat tire bikes 

Camping  Camping on beach 

Bonfire 

Cats Cats 

Feral cat colonies 

Direct harassment  Actively chasing birds 

Dogs Dogs 

Unleashed dogs 

Leashed dogs 

Pets 

Events Fishing tournaments 

Festivals 

Parties 

Sports competitions 

Fireworks 

Falconry  Falconry 

Hack-raised falcons 

Fishing (commercial) and 

aquaculture 

Aquaculture 

Oyster racks 

Mariculture 

Horseshoe crab harvest 

Clamming 

Worm digging 

Seaweed Harvest 
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Fishing and shellfishing, 

recreational 

Surf fishing 

Fishing 

Shell-fishing 

Clamming 

Worm-digging 

Crabbing 

Bait collection 

Food attractants Feeding wildlife 

Leaving bait 

Leaving trash 

General beachgoing Walking 

Running/jogging 

Beachcombing 

Sunbathing 

Picnicking 

Ball playing 

Frisbee 

Other beach games 

Swimming 

Fast walking 

Horseback riding  Horseback riding 

Hunting Hunting 

Manned aircraft Aircraft 

Helicopters 

Low-flying planes 

Banner planes 

Blimps 

Microlight aircraft 

Military planes 

Jet planes 

Motorized watersports Boats 

Airboats 

Speedboats 

Jet-skis 

Non-motorized watersports Kayak 

Canoe 

Paddleboard 

Sailboat 

Parasailing 

Kite boarding 

Surfing 

Boogie boards 

Kite surfing 

Wind surfing 

Skimboarding 

Official patrols Litter patrols 

Emergency vehicles 

Law enforcement patrol 
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Lifeguards 

Municipal patrols 

Marine mammal stranding response 

Other  Seaweed harvest 

Predator fencing 

Activities that exacerbate erosion 

Unmanned aircraft Drone 

UAVs 

Model aircraft 

Unmanned, remotely operated toys 

Rocket launches  

Wildlife observation Birdwatching 

Nature photography 

Bird call playbacks 

Wildlife research Wildlife surveys 

Sea turtle surveys 

Banding/netting 

Wind-powered aircraft Paragliding 

Hang-gliding 

Kite flying 

Kite skating 

Sand-yachting or cart sailing 
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Appendix D. Highlights of Shorebird Disturbance Land Manager Interview Responses 
 

March 2018 

Prepared by Lara Mengak (lfmengak@vt.edu) & Ashley A. Dayer (dayer@vt.edu) 

Department of Fish and Wildlife Conservation, Virginia Tech 

 

Background 

Here, we present summarized highlights from our interviews to inform the Best Management 

Practices for Evaluating and Managing Anthropogenic Disturbances to Migrating Shorebirds on 

Coastal Lands in the Northeastern United States.  We interviewed staff at coastal sites in the 

U.S. Fish and Wildlife Service (USFWS) Northeast Region (Virginia to Maine) to determine 

current management activities for human disturbance to migratory shorebirds, the current human 

activities at various sites, and any specific informational or management needs to improve 

management of fall migrating shorebirds.  

 

Interview Participants 

Phone interview requests were sent to 30 individuals from October 2 to December 4, 2017.  

Potential participants were chosen to represent a range of geographies in the Northeast Region, 

duties (i.e., higher level managers, field biologists, law enforcement officers, outreach staff), and 

organizations (i.e., federal, state, local, non-profit). The contact list for potential participants was 

selected in collaboration with project partners Caleb Spiegel and Rebecca Longenecker at 

USFWS. 

 

In total, we interviewed 28 people from federal agencies (n=17), state agencies (n=6), towns 

(n=1), and nonprofits (n=4), with representation from every coastal state in the Northeast, except 

New Hampshire. Twenty-four participants were biologists or managers; three were law 

enforcement officers; and two were outreach/visitor services staff.  

 

Note 

Several important notes about this report:   

1. We do not discuss specific sites to protect the confidentiality and anonymity of interview 

participants. 

2. We present participants’ responses below in summary form (e.g., “most,” “several”) 

rather than numerical form because these are qualitative data. We did not attempt to 

conduct a survey that was comprehensive or representative of all land managers in the 

Northeast; therefore the results are not generalizable, and we believe that quantifying 

responses could be misleading. The intention of these interviews was, instead, to 

understand the breadth of interviewee experiences and how they would use a BMP, so 

that we can tailor the BMP to its audience.  

3. This report contains results from a subset of questions most relevant to sharing insights 

amongst our survey participants. Additional results will inform and be presented in the 

BMP document, a Masters thesis, and/or a journal article. 

 

Occurrence and Management of Disturbance Types   

We asked participants to characterize the human use and regulations at their sites during the fall 

migration period (July 1-November 15) using the list of disturbance types developed by this 
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project in spring 2017. We asked participants to consider all the sites where they worked, 

managed, or helped make management decisions. Because of the seasonal overlap between the 

end of nesting season and the beginning of fall migration, many participants discussed 

restrictions or regulations for certain activities for nesting shorebirds that would also be in place 

for early fall migration.  

 

Most participants said beach driving was allowed at their sites. All sites where driving was 

allowed had restrictions on driving during shorebird nesting season and early migration. More 

than half of participants said dogs were allowed on at least one site they managed. Leash laws 

were variable across sites, from having no restrictions to requiring dogs to be leased at all times. 

However, all federal properties where dogs were allowed required them to be leashed at all 

times. Many of the participants said events were held at sites where they worked, managed, or 

helped make management decisions. Some participants said fireworks were allowed on their 

sites, but most said that even if fireworks were not allowed, many of their neighboring properties 

had fireworks. Most participants said these fireworks displays were done early in the migration 

season around 4th of July.  Also, most fireworks displays by municipalities were required to be 

shot off from offshore barges, limiting impacts to shorebirds. Some participants mentioned 

sending technicians or volunteer monitors to help with managing crowds during events at 

neighboring sites they partnered with but did not actively manage.  

 

Most participants said commercial fishing or aquaculture was allowed at or near their sites. 

Because of water rights or laws, many commercial fishing or aquaculture operations are 

regulated by states, not by the property owner of the adjacent land. Commercial aquaculture 

operations were more commonly discussed than commercial fishing, as most commercial fishing 

was conducted farther off-shore.  

 

Beachgoing, recreational fishing/shellfishing, and watersports (motorized and nonmotorized) 

were allowed at least at one site where each person worked. However, there was variation in the 

amount or location of human use allowed. Some sites did not allow beachgoing unless someone 

in the party was actively fishing. Others reported also managing off-shore islands where no 

human use was allowed. Everyone mentioned restrictions on beachgoing, fishing, and boat 

landings during nesting season. In many cases, these restrictions overlapped with early fall 

migration.  

 

Some participants, mostly those who worked for or with municipalities, said beach raking or 

scraping was allowed at their sites. Again, all participants mentioned restrictions on 

raking/scraping during nesting season. Most participants discussed coastal engineering projects 

(including restoration projects to protect or improve habitat) conducted at sites they manage. 

Most of these projects were not conducted every year. Examples of projects conducted regularly 

(i.e., every year or every few years) were dune stabilization and beach nourishment. Several 

participants mentioned timing restrictions on coastal engineering projects that included the fall 

migration period.  

 

All participants who worked at federal properties mentioned regulations for drones or other types 

of unmanned aircraft. For other properties, drones were regulated during nesting season, but in 

many cases, regulations during migration were not clear or varied widely by site. Most 
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participants described drones as an emerging potential disturbance issue. Additionally, a few 

participants said model aircraft were allowed on their sites. Similarly, several sites had 

restrictions for kites or other wind-powered aircraft. About a quarter of participants said their 

sites did not allow kites at any time, and all others mentioned kites being restricted around 

nesting areas. A few participants mentioned paragliding or hang-gliding, but in general, these 

activities were uncommon, even where they did occur.  

 

Fat tire bikes were the most commonly mentioned activity not included on our list of potential 

disturbance types. These bikes were described by many as another emerging activity that was 

increasing in popularity. Other activities not included on our list were: horses, rocket launches, 

birders/photographers, researchers, illegal camping, and ultralight aircraft. Many participants 

discussed how birders or nature photographers would accidently cause disturbances by getting 

too close to birds.  

 

Across these human activities, most participants indicated that the majority of management for 

fall migrating shorebirds was limited to the period when migration overlaps with breeding 

season. A few participants said they would close sections of beach during migration where and 

when they knew birds stopped over in significant numbers. Many participants discussed the 

various challenges to managing human use during fall migration. Several mentioned that it was 

more difficult for beachgoers to understand why migrants needed protection (i.e., easier for 

people to understand why protecting chicks is important). Others mentioned conflict with 

recreationists as limiting management for fall migrating shorebirds (discussed in more detail 

below).  

 

Monitoring during fall migration 

Most participants reported that their sites conduct some type of monitoring for shorebirds during 

fall migration. Of those, several sites participated in International Shorebird Surveys (ISS), and a 

few sites reported doing Integrated Waterbird Management and Monitoring (IWMM) surveys. 

Additionally, several participants said they conducted species-specific monitoring, with most of 

those conducting Piping Plover surveys and fewer monitoring Red Knots. Additionally, several 

participants reported that they monitored for fall migrants but did not specify what type of 

monitoring surveys were done. Those who do not currently monitor for fall migrating shorebirds 

indicated that their sites have conducted monitoring in the past.  

 

Some sites reported that they conducted some sort of monitoring for human disturbance. 

However, in most cases, this monitoring was conducted opportunistically (e.g., anecdotal 

observation when in the field for other purposes). Some participants reported conducting counts 

during a shorebird survey for dogs, people, and/or vehicles. Additionally, a few participants said 

their sites had participated in human disturbance research projects in the past.  

 

In some cases, monitoring described by participants was used to make management decisions at 

a site or sites, though not all decisions were specifically about disturbance management. 

Monitoring influenced water levels and drawdown times at freshwater impoundments. Other 

participants discussed how bird count data informed participants on where important bird habitat 

areas are at their sites. Additionally, several participants said that determining these locations can 

be useful during a permitting process, so participants can make decisions about issuing a special 
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use permit or putting a project under a time of year restriction. In one instance, a participant 

reported that shorebird surveys were important for extending a vehicle closure, as the surveys 

showed that birds were spending more time in the area during the fall migration than originally 

thought. In other cases, disturbance monitoring was helpful for participants or biologists to 

determine where to spend more time enforcing rules or addressing noncompliance issues.  

 

Management Overlap 

We asked participants to describe how their management for shorebirds may benefit other non-

shorebird species and vice versa. While discussing this management, participants also described 

how the timing of certain management practices can provide benefits to shorebirds during non-

target times (e.g., management for breeding birds may benefit migrants). 

 

Participants reported that fencing off areas provides benefits to both shorebirds and non-

shorebirds. Areas that are fenced off for shorebirds may provide areas of low human disturbance 

for other species, like endangered plants (e.g., seabeach amaranth, seabeach knotweed), 

endangered tiger beetles, diamondback terrapins, and other bird species. Additionally, in many 

cases, closures for endangered breeding shorebirds and terns create protected areas for early 

season fall migrants. One participant discussed how requirements for creating buffers around 

resting seals may also help shorebirds in those areas. Participants also discussed the cases where 

areas fenced off for endangered beach plants creates places with reduced disturbance for 

shorebirds. One participant suggested that fencing put up for endangered plants may have 

contributed to plovers showing back up in an area they had previously been absent.  

 

Participants also discussed how managing and restoring habitats for certain species or at certain 

times could also benefit shorebirds. One participant described how restrictions on dredging or 

other kinds of coastal engineering projects for finfish and shellfish spawning in the fall would 

likely benefit migrating shorebirds by reducing disturbances at those times of year. Others 

discussed how marsh restoration projects at their sites were creating habitat for shorebirds; 

though, as one interviewee discussed, in some cases this habitat creation would be only 

temporary until open marsh areas became revegetated. In other cases, marsh restoration 

conducted to restore ecosystem functioning also benefited shorebirds. Participants also described 

how managing impoundment water levels at certain times would benefit shorebirds and other 

waterbirds by creating foraging or roosting areas.  

 

Lastly, a few participants discussed how management implemented at other times of year could 

benefit migrating shorebirds. Some participants said that predator management for breeding 

shorebirds (and terns) could benefit both migrating shorebirds and other non-shorebird species, 

including other breeding waterbird species. Additionally, one participant mentioned that 

managing areas to make them appealing for horseshoe crabs also makes them good areas for 

migrating shorebirds; though, as one participant stated, this benefit is likely mostly for spring 

migrating shorebirds.  

 

Conflicts with recreationists 

We asked participants if they or their sites experienced any issues with conflict and which (if 

any) user groups were involved in those conflicts.  
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Everyone mentioned getting pushback or negative comments from individual recreationists. 

While fairly common, most agreed that these negative interactions were outweighed by positive 

feedback or outreach. In general, participants said that most beachgoers were accustomed to 

restrictions and closures for nesting birds. Though in areas with lots of tourism, this acceptance 

may not be as common because the beachgoers are constantly changing.  

 

At some locations, user groups created more pushback than individuals and in some ways 

influenced management. In most cases, participants described these conflicts as making 

managing more difficult, requiring more time and outreach than issues without conflict. 

Common user groups that were involved in these issues were fishing groups, dog walkers, 

ORV/OSV users, kite surfers and parasailers, and boaters (both motorized and nonmotorized).  

 

In some cases, these conflicts (both from individuals and user groups) influenced management 

decisions for migrating shorebirds. Some participants mentioned being hesitant to extend 

closures beyond the breeding season requirement to avoid potential conflict. At sites where 

people were less friendly towards breeding bird closures, one participant mentioned their 

biological field staff changed the timing of their monitoring surveys to avoid potential negative 

interactions with beachgoers.  

 

A few participants mentioned that they had good working relationships with certain user groups. 

Because we did not ask specifically about positive relationships with user groups, it may be the 

case that other sites had similar experiences that were not mentioned. One participant said their 

site often worked closely with kayak rental companies or kayak groups to reduce disturbance 

issues. Several others mentioned how birders and birdwatching organizations usually had a close 

relationship with their sites and were quick to report issues of disturbance or make sure other 

birders/photographers were minimizing their disturbance.  

 

Summary & Next Steps 

We would like to thank our participants for their participation in this interview phase of the 

project. We presented results in this report that we hope will help participants see how their site-

based actions fit into the broader picture of management for human disturbance to fall migrating 

shorebirds in the Northeast Region. Further, results from these interviews will be used to identify 

informational gaps or needs that, when possible, will be addressed by the BMP. A final draft of 

this BMP will be completed by fall 2018.  
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Appendix E. Methods for Monitoring Shorebird Disturbance at Refuges during Southward 

Migration 

 

Field Methods to Evaluate Shorebird Disturbance during Fall Migration 

  

These methods were piloted in 2017 at three Northeast National Wildlife Refuges, so reference is 

made to “Refuge” and “Refuge Biologists” throughout. However, the methods may be adapted for 

use by other groups. 

  

Methods Overview: 

Surveys will be conducted on coastal beach habitat. Each site to be surveyed will be further divided 

into subsites. Subsites should be selected based on management type (ex: closed, open to the public) 

within the refuge, in consultation with Refuge biologists (see below for more guidance). 

  

Three types of surveys will be conducted- transect surveys, point counts, and behavioral 

observations. Transect surveys and point counts should be done on one pass through the site and 

behavioral observations on another pass (e.g., transects/point counts on the “first pass,” followed by 

behavioral observations in the “second pass” or return trip, although the order should be alternated). 

If possible, all surveys should be done with two observers, and these methods are written 

accordingly. Using double observers can allow the researcher to detect differences in detection 

probabilities and may increase detection probabilities. Transect surveys and point counts will be done 

simultaneously by two observers without sharing results. Behavioral observations will be conducted 

as a team. Surveyors should ensure the consistency and accuracy of their measurements by following 

the steps for alignment of paired observers, if applicable, in Appendix 2. 

  

All surveys should be conducted on foot. Surveys should be scheduled with attention to ensuring 

diversity of day of week (i.e., weekend/holiday vs. weekday), time of day, and tidal stage. 

  

Survey equipment 
Make sure you have all of the equipment you will need before beginning the surveys, including: 

● Datasheets: Ensure you have the appropriate number and type (transect, point count, and 

behavioral observation) before beginning.  

● Binoculars and spotting scope 

● GPS unit: During your first visit, mark and save all point locations for future survey visits 

with an easy-to-use naming system (e.g., subsiteabbreviation_pointnumber). 

● Subsite maps: Bring printed maps of each subsite, containing aerial imagery, any important 

site features for orientation (piers, walkways), the subsite extent, and the location of the 

transect and point counts. 

● Kestrel/handheld weather meter: Select a meter that measures the temperature (C°), wind 

speed (km/hr), and wind direction. You can use a smartphone that gives information from the 

nearest weather station, but this likely will not be as accurate as measuring on-site.    

● Watch/stopwatch/smart phone: A device that will beep every 30 seconds when conducting 

the behavioral observations. 

● Range finder: Using a rangefinder will ensure accurate measurement of distances, especially 

when conducting point counts. 

● Clicker counter: Using a counter may be beneficial for counting disturbance types and/or 

shorebirds at busy sites (i.e., large numbers of people and/or birds). 
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Subsite Selection 

Each site, depending on its size, should be broken down into subsites. Points should be 400m apart. It 

is recommended that subsites are selected based on management type. We also suggest selecting 

subsites based on disturbance levels at the site, including both high and low disturbance subsites. 

  

Species Selection 

These field methods are designed to focus on the focal species (see below) selected by the Atlantic 

Flyway Shorebird Initiative (AFSI). However, depending on site specific needs, biologists may 

choose to focus on different or additional shorebird species. If using different species, make sure to 

edit the datasheets appropriately. 

 

● Focal species: 

○ American Oystercatcher 

○ Semipalmated Sandpiper  

○ Red Knot 

○ Whimbrel 

○ Wilson's Plover 

○ Marbled Godwit 

○ Piping Plover 

○ Purple Sandpiper 

○ Red-necked Phalarope 

○ Ruddy Turnstone 

○ Sanderling 

○ Snowy Plover 

○ American Golden Plover 

○ Greater Yellowlegs 

○ Lesser Yellowlegs 

  

Disturbance Types Selection 

Like for selecting focal species, these field methods were designed to focus on a set of potential 

disturbance types (see below). For further explanation of disturbance types, see Appendix 1. 

However, potential disturbance types may need to be added or removed, depending on what types of 

human activities are present at a site. Disturbance types may also be broken down further or 

combined (e.g., combining walking and jogging). It may additionally be useful for surveyors to keep 

track of potential violations at a site (e.g., someone brings a dog to a site where dogs are not allowed) 

and report these violations to the appropriate contact at the survey site. 

 

● Potential target human disturbances 

○ Beach driving: both parked and driving 

○ Dogs, noting leashed and unleashed 

○ General beachgoing: People 

○ Anglers 

○ Motorized watersports: boats and other personal watercraft 

○ Commercial fishing 

○ Unmanned aircraft: drones, etc. 

○ Wind-power aircraft: kites, parasailing, etc.  

○ Other, human- explain potential disturbance 

○ Other, non-human- explain potential disturbance, including species, if known 
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Subsite Categorization 

On the first visit of the season to each subsite, record the following information (this does not have to 

be recorded again unless conditions change). It may be helpful to sketch a site map that includes the 

features below: 

 

● Locations of human access points (take GPS points) 

● List all human activities permitted at the site (talk to Refuge staff about this) 

● Locations of management activities: exclosures, fencing, closed/open areas 

● Locations of facilities: piers, swimming areas, parking lots, bathrooms, trash, etc. 

  

Transect surveys: 

Transect surveys will be conducted as continuous counts along a transect. Depending on the tide, 

surveyors will walk on wet sand near the high tide line to minimize disturbance to foraging birds 

during surveys. To further avoid disturbing birds, the surveyors will walk around any birds 

encountered on the transect, leaving as large a buffer as possible, and will follow all Refuge-specific 

guidelines for minimizing disturbance. Each transect survey will be conducted for the entire length of 

a subsite and is equal to the width of the beach (i.e., water to dunes). 

  

● Record the following on the data sheet for each survey: 

○ Date/time start and time end 

○ Site/subsite 

○ Observer(s) (list your own initials first) 

○ Tidal stage 

○ Weather conditions- wind speed/direction, temp, cloud cover (Sky) 

○ Time of first high tide 

○ GPS track name 

  

When an individual bird or group of birds from a focal species is detected, surveyors will count the 

number of birds of each focal species present within the group. While conducting these continuous 

counts, surveyors will also count potential disturbances to birds (see Appendix 1 for full 

descriptions). Every 400m at fixed locations on the transect, stop and conduct a visual point count 

(see “Point Counts” below). 

 

Sample datasheets are available in Appendix 3. 

  

Notes: 

● Birds and disturbance sources will be counted up to 200m from the surveyors. The transect 

width is equal to the width of the beach or 200m, whichever is less.  

● In-movement: Birds and disturbances (e.g., people, dogs) that move into the surveyed area 

from behind the surveyors will not be counted. Fly-overs will not be counted, regardless of 

direction of approach. Only birds that land within 200m (when coming from in front of the 

researchers) will be counted. This rule should be followed for both the transect surveys and 

the point counts. 

● If possible, at least 2 surveys per subsite will be conducted in each tidal stage. We divide the 

tidal cycle into four, 3-hour tidal stages that are repeated to cover the entire 24-hour day. 

Those stages are: low, mid-rising, high, and mid-falling. 
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Point counts 

Every 400m at fixed locations on the transect, surveyors will conduct visual point counts. 

Researchers will use the same methods above for avoiding disturbance to birds. Coordinates of each 

point will be taken on a GPS unit at the time of the first survey. The coordinates will be used to 

relocate the point for subsequent (repeat visit) surveys and years. Surveyors will orient themselves in 

a common direction (ex: north) and count all focal species in a complete circle around the point up to 

200 m. Surveyors will then repeat and count all potential target human disturbances (see above for 

definition of focal species and potential human disturbances) in a complete circle around the point up 

to 200 m. The 200 m-radius survey area for each point should not overlap with the survey area for 

any other points. 

  

There is no set amount of time for each point count to be conducted, but the counts should be as 

instantaneous as possible. Depending on the number of focal shorebird species and surveyor 

preference, you may count each species or disturbance type separately. If there are a large number of 

birds or people at the point, it may also be helpful to count disturbance types first (in a complete 

circle around the point), then birds (or vice versa). 

 

Sample datasheets are available in Appendix 4. 

  

Behavioral observations 

Behavioral observations will be conducted in the opposite pass of walking the subsite transect from 

the monitoring/point count surveys. For example, transect surveys/point counts will be conducted 

walking north to south on the beach, and behavioral observations will be done as researchers return 

walking south to north. The researchers will rotate the order of the monitoring transects/point counts 

with the behavioral observations to avoid systematic influence or bias of which direction they walked 

first.   

  

Surveyors will conduct 3-minute focal species observations at the same fixed locations that were 

used for the point counts. The focal species for the behavioral observations – Whimbrel, Red Knot, 

Semipalmated Sandpiper, Piping Plover, and Sanderling – were selected from the focal species list 

above based on habitat, foraging guild, and protected status. Depending on specific informational 

needs, a site may choose different focal species. At the point count locations, researchers will select a 

focal flock within 200m and observe one of the focal species in the middle of the flock for 3 minutes, 

and then move on to the next species, until all of the species present from the list of 5 focal species 

are observed for 3 minutes. Depending on location and focal species, up to 5 behavioral observations 

may be conducted for a point. For example, if you locate only Sanderling at a point, there will be just 

one behavioral observation. If you locate none of the focal species, then no observations will be done 

at that point. If you locate all five focal species, then there will be 5 observations for the point. 

  

Researchers should rotate the order in which the focal species are observed. While the behavioral 

observations are being conducted, the researchers should try to keep a 50m buffer between 

themselves and the focal bird (see minimum approach distances in Livezey, Fernandez-Juricic, & 

Blumstein, 2016). 

  

During the 3-minute observation, the researchers will record the instantaneous behaviors of the 

individual every 30 seconds. The instantaneous behaviors will be recorded as the following 

behaviors: foraging, walking, maintenance (resting, preening, etc.), alert/vigilant, flying, other. One 

researcher will use their scope for observation while the other records the data. If only one person is 

conducting the observations, then the observer should use a voice recorder to record the behaviors. 
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All potential disturbances occurring within 200m of the flock will also be recorded (see above for 

potential disturbances). If a disturbance event occurs (defined as birds changing their behavior in 

reaction to a human source), the time and source of the disturbance will be recorded, if possible. 

 Sample datasheets are available in Appendix 5. 

 

Notes: 

● If the focal individual can no longer be observed (e.g., bird flies away, observer can’t 

determine which bird is being observed, view is obstructed), locate another individual and 

restart the behavioral observation. However, if only one individual is present at the point and 

it can no longer be observed, continue the sample and record “out of sight” as the behavior 

code. 
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Appendix 1. Description of potential target human disturbances: 

--Note: Surveyors should not count themselves. Record all potential disturbances up to 200m. 

● Beach driving: Count vehicles (4x4, ATV/UTV, beach buggies, ORV, OSV), including both 

parked vehicles and vehicles in motion 

● Dog, unleashed 

● Dog, leashed 

● Walkers: include dog walkers 

● Joggers 

● Ball players: This category includes those actively engaged in a game. 

● People, stationary: This category includes people who are stationary on the beach (those 

sitting in chair, on towel, reading, napping, etc.). If a person changes their activity during the 

count, do not record their new behavior. 

● People, swimming: This category includes all people in the water. Do not count people who 

are using some type of watercraft (motorized or nonmotorized) or who are resting 

(stationary) in the intertidal area. 

● Motorized watersports: Count any type of personal water craft (PWC)- boats, airboats, power 

or speedboats, jet skis. Record boats up to 200m offshore. Note if you see a boat on the 

beach.    

● Nonmotorized watersports: Count any type of watercraft that does not use a motor or engine- 

kayaks, canoes, stand-up paddleboards, kite surfing, kite boarding, surfing, wind surfing, 

parasailing, etc. Count sailboats if they are not currently using a motor/engine. Record 

nonmotorized watercraft up to 200m offshore. Note if you see a boat or board on the beach.         

● Unmanned aircraft: Record the following up to 200m in any direction (including above): 

drone, UAVs, model aircraft, remotely operated toys. 

● Wind-powered: Record the following: kites, paragliding, hang-gliding, kite skating, sand-

yachting, or cart sailing. Do not include kite surfing or other type of water-based activity that 

uses a kite or sail. 

● Anglers: Count the number of people actively fishing or checking the rods. Count others who 

may be near the rods under the other beachgoing categories above, depending on their 

activity.          

● Aquaculture: Record people engaged in any of the following: aquaculture, oyster racks, 

mariculture, horseshoe crab harvest, crabbing. Note if you see the presence of aquaculture or 

fishing gear (e.g., crab pots, oyster racks) up to 200m. 

● Raptors: Count falcons, hawks, etc. that fly over or are present in the study area (within 

200m).          

● Cats: Count cats observed in the study area (within 200m). 

● Other: Explain. Record with short description. 

○ Note evidence of events such as fire rings, fireworks and firework debris, beer cans, 

etc. 

● Other- nonhuman: Count gulls, foxes, coyotes, or raccoons if you see an active disturbance 

event occurring. Record with description of event (animal cause, distance to bird, etc.). 
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Appendix 2. Alignment of Paired Observers 

  

On the first day of training for a new pair of observers, researchers will conduct transects 

(monitoring) and point count surveys together to ensure correct identification of birds and 

classification of disturbance sources. They will discuss the data they are collecting, particularly any 

differences in data collected between researchers. If differences occur, pause the survey and discuss 

what each observer recorded and why, with the goal of reaching agreement on what should have been 

recorded. Data collected during this day will not be entered in a database. 

  

One the second day of training, researchers will conduct monitoring and point count surveys on their 

own but stop after every point to compare data and discuss discrepancies, determining any issues in 

identification of birds or definition of disturbances. Data collected during this day will not be entered 

in the database. 

  

A third day of training may be necessary if the observers are not consistent. Please note that there 

may be some differences in detectability (i.e., one observer may not see a flock or individual bird) 

but that it is essential there are not systematic issues with differences in identification of birds or 

definition of disturbance types. 

  

On the first day of collecting actual data, monitoring and point count surveys will be conducted as 

described in the methods above. At the end of a monitoring transect of a subsite, the researchers will 

compare data. Differences in data will discussed. Data will not be changed. If there are still major 

discrepancies between researchers this day, observers will return to training together. At the end of 

the training period, researchers will conduct the surveys as described above. 
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Appendix 3. Human Disturbance Transect Data Sheet 

 

Site: ______________Subsite:                                  Date:___________ Transect ID: _____________ Observer(s): ____________ 

 

Air temperature: ______Sky: _____ Wind speed: _____ Wind direction: _______ Tidal stage: ________ First high tide: _____________ Visit #: ______ 

 

Time start:    Time end: ________  

 

 

 

Focal Species Counts 

Species No. of Birds Species No. of Birds 

Sanderling  Greater Yellowlegs 

 

Piping Plover  Lesser Yellowlegs 

 

Ruddy Turnstone  Red-necked Phalarope 

 

Semipalmated Sandpiper  American Golden Plover 

 

American Oystercatcher  Snowy Plover 

 

Red Knot  Wilson's Plover 

 

Whimbrel  Purple Sandpiper 

 

Marbled Godwit  "Peep" sandpiper 

 

 

Disturbance Sources 

Disturbance Type Number Disturbance Type Number Disturbance Type Notes  

Vehicle  Motorized watersports  Other, human  

Dog, unleashed  Nonmotorized watersports  Other, non-human  

Dog, leashed  Unmanned aircraft    

Walkers  Wind-powered    

Joggers  Anglers    

Ball players  Aquaculture    

People, stationary  Raptors    

People, swimming  Cats    

 

Subsite: first letter of site, section name      Transect ID: Subsite code, date     Air temp: Celsius     Sky: 0 = 0-25% cloud cover; 1 = 25-75% cloud cover; 2 = 75%-100% cloud cover; 4 = fog/smoke; 5 = rain     Wind speed 

(km/h): average    Wind direction: N, NE, E, SE, S, SW, W, NW     Tidal stage: 1= low, 2= mid rising, 3= high, 4=mid falling     First high tide: time of first high tide of day (hh:mm)

Transect Coordinates 

(complete on first visit only) Latitude Longitude 

Endpoint 1   

Endpoint 2   
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Appendix 4. Human Disturbance Point Count Data Sheet 

 
Site: ______________ Subsite:                                  Point ID: __________________________ Observer(s): ______________________________________ 

 

Date:_______________  Visit #: ________ Time start:   Time end: ________________  

 

Point Coordinates (complete on first visit only): Latitude:                                                                         Longitude: __________________________________ 

 

Focal Species Counts 

Species No. of Birds Species No. of Birds 

Sanderling  Greater Yellowlegs 

 

Piping Plover  Lesser Yellowlegs 

 

Ruddy Turnstone  Red-necked Phalarope 

 

Semipalmated Sandpiper  American Golden Plover 

 

American Oystercatcher  Snowy Plover 

 

Red Knot  Wilson's Plover 

 

Whimbrel  Purple Sandpiper 

 

Marbled Godwit  "Peep" sandpiper 

 

 

Disturbance Sources 

Disturbance Type Number Disturbance Type Number Disturbance Type Notes  

Vehicle  Motorized watersports  Other, human  

Dog, unleashed  Nonmotorized watersports  Other, non-human  

Dog, leashed  Unmanned aircraft    

Walkers  Wind-powered    

Joggers  Anglers    

Ball players  Aquaculture    

People, stationary  Raptors    

People, swimming  Cats    

 

Notes: 
 

 

 

 

Subsite: first letter of site, section name Point ID: first two letters of subsite name, two-digit point number      Visit #: 1, 2, 3, etc
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Appendix 5. Human Disturbance Behavioral Observation Data Sheet  

 
Site: _______________ Subsite:                                  Date:____________ Point ID: ______________ Observer Name: __________________________________                                    

 

Recorder Name: ___________________________ Air temperature: _______ Sky: ______ Wind speed: ______ Wind direction: ________ Tidal stage: ________  

 

First high tide: ________ Visit #: ________ Point Coordinates (complete on first visit only): Latitude:                                               Longitude: ________________ 

 

Behavioral Observation 

Species Time Start Time 1  

0:30 

Time 2  

1:00 

Time 3  

1:30 

Time 4  

2:00 

Time 5  

2:30 

Time 6  

3:00 

Comments* 

         

         

         

         

         

Behavior Codes: For= foraging; W= walking; M=maintenance (preening, resting, etc.); A= alert/vigilant; Fly=flying; AGR= aggression; OS=out of sight; O= other, explain 

*Record disturbance events in the comments, note disturbance type, distance from bird, and time. 

 

Disturbance Sources 

Disturbance Type Number Disturbance Type Number Disturbance Type Notes  

Vehicle  Motorized watersports  Other, human  

Dog, unleashed  Nonmotorized watersports  Other, non-human  

Dog, leashed  Unmanned aircraft    

Walkers  Wind-powered    

Joggers  Anglers    

Ball players  Aquaculture    

People, stationary  Raptors    

People, swimming  Cats    

 

Subsite: first letter of site, section name     Point ID: first two letters of subsite name, two-digit point number     Observer: Person observing birds     Recorder: Person recording data    Air temp: Celsius     Sky: 0 = 0-25% 

cloud cover; 1 = 25-75% cloud cover; 2 = 75%-100% cloud cover; 4 = fog/smoke; 5 = rain     Wind speed (km/h): average     Wind direction: N, NE, E, SE, S, SW, W, NW     Tidal stage: 1= low, 2= mid rising, 3= high, 

4=mid falling     First high tide: time of first high tide of day (hh:mm) 



 

199 

Appendix F. Field-Testing Shorebird Disturbance Monitoring Methods Report 

November 16, 2018 

Prepared by: Lara Mengak (lfmengak@vt.edu) and Ashley A. Dayer (dayer@vt.edu) 

Department of Fish and Wildlife Conservation, Virginia Tech, Blacksburg, VA  

 

Background 

In 2017, we developed and tested a set of field methods to collect data for evaluating shorebird 

disturbance at a site. These methods were developed with input from project partners at USFWS 

and shorebird researchers at Virginia Tech. The methods provide a potential set of common 

metrics for monitoring and measuring the effects of human disturbance to shorebirds at 

migratory stopovers, in order to better quantify, track, and compare responses to current and 

future management actions across sites. Development of common metrics for monitoring and 

measuring the effects of disturbance could improve our understanding of shorebird disturbance at 

sites within the Northeast region, help managers evaluate the effectiveness of their actions across 

sites at a regional scale, and facilitate more efficient cross-site collaboration.  

 

The objective of this pilot study was to develop and field test a set of methods, which could be 

used for future coordinated monitoring efforts. Specifically, these methods can be adapted across 

multiple sites and management entities to facilitate coordination across broader geographies and 

timescales, in order to better understand trends across wider segments of populations, more 

effectively compare success of management actions across sites and regions, and avoid 

duplication of efforts. Pilot testing allowed us to make adjustments to the methods to improve the 

feasibility and ease of collecting data.  

 

The purpose of this report is to present the data collected from this pilot season and discuss the 

preliminary data analyses. The results presented in this report represent two months of data 

collection, and therefore, these results should not be generalized beyond what is discussed in this 

report. More robust analyses can be run using these methods but a larger dataset (i.e., more sites 

and years) would be required.  

 

Methods  

Study Sites and Subsites 

Surveys were conducted at 3 sites: Amagansett National Wildlife Refuge (NWR) on Long 

Island, New York, Elizabeth A. Morton NWR on Long Island, New York (Figure 1), and 

Chincoteague NWR in Virginia. Sites were further divided into subsites and selected based on 

management type (ex: closed, open to the public) within the refuge, in consultation with Refuge 

biologists.  

 

Amagansett and Elizabeth A. Morton National Wildlife Refuges 

Amagansett NWR and Elizabeth A. Morton NWR are part of the Long Island National Wildlife 

Refuge Complex. Due to its small area (quarter mile of beach), Amagansett NWR (ANWR) only 

included a single subsite (Figure 2). This refuge is closed to the public inland of the high tide line 

during breeding season for Least Terns and Piping Plovers. The closed area is indicated by a 

rectangular fence that runs the length of the refuge.  
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Morton NWR (MNWR) was divided into three subsites (Figure 3), two of which were closed to 

the public (MPEC and MNOY) and one quarter mile stretch of beach open for public recreation 

(MPUB). MPEC was on the Little Peconic Bay side of the Jessup’s Neck peninsula and was 1.5 

miles in length. MNOY was on the Noyack Bay side of the peninsula and was 1 mile in length.  

 
 

 
Figure 1. Map of Long Island showing the locations of Amagansett and Elizabeth A. Morton 

National Wildlife Refuges.   
 
 
 
 
 

 
Figure 2. Map showing Amagansett National Wildlife Refuge subsite, transect, and point count 

locations.  
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Figure 3. Map showing subsites, monitoring transects, and point count locations at Elizabeth A. 

Morton National Wildlife Refuge. MPUB transect is shown in pink. MPEC transect is shown in 

blue. MNOY transect is shown in green.   
 
 
 

Chincoteague National Wildlife Refuge 

Chincoteague NWR (CNWR) is located on the Virginia side of Assateague Island (Figure 4). 

The Refuge is one of the most visited in the United States and also is a critically important 

stopover site for migratory shorebirds. This site was divided into 5 subsites, based on visitor 

access (Figure 5). All subsites at Chincoteague were 1.5 miles long. The southernmost subsite, 

CHOOK, was closed to all public use from March 15-August 31. The adjacent subsite, COSV, 

was completely closed to public use from June 21-August 15. The closure dates for this subsite 

depend on Piping Plover breeding activity. Both of these subsites allowed over-sand vehicles 

(OSV) when open to public use. An additional subsite, CSWILD, allowed OSVs from May 23-

August 31. This subsite was open to nonmotorized public use year-round, even when OSVs were 

not allowed. The other two subsites, CREC and CNWILD, did not allow OSVs but were open to 

public use year-round.  
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Figure 4. Map of Eastern Virginia showing the location of Chincoteague National Wildlife 

Refuge.  
 
 

 
Figure 5.  Map showing subsites, monitoring transects, and point count locations at Chincoteague 

National Wildlife Refuge. CHOOK transect is shown in pink. COSV transect is shown in red. 

CREC transect is shown in green. CSWILD transect is shown in yellow. CNWILD transect is 

shown in blue.  
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Focal species 

Atlantic Flyway Shorebird Initiative (AFSI) focal species were targeted for the pilot study: 

Sanderling, American Oystercatcher, Semipalmated Sandpiper, Red Knot, Whimbrel, Wilson's 

Plover, Marbled Godwit, Piping Plover, Purple Sandpiper, Red-necked Phalarope, Ruddy 

Turnstone, Snowy Plover, American Golden Plover, Greater Yellowlegs, and Lesser Yellowlegs.  

  

At Chincoteague NWR, we adjusted our focal species based on consultation with the refuge 

biologists, in order to more adequately include expected species. We added Semipalmated 

Plover, Whimbrel, and Black-bellied Plover to our species list and excluded Greater Yellowlegs, 

Lesser Yellowlegs, and American Golden Plover. None of the species removed from the list 

were observed at Amagansett or Elizabeth A. Morton NWRs, and we did not observe Whimbrel 

or Black-bellied Plover at these sites. We did, however, have counts of Semipalmated Plovers 

from these sites as “incidentals,” and these counts were included in our analyses.  

 

Potential disturbance types 

The potential disturbance types chosen for this pilot study were based on the disturbance type 

categories developed during a group prioritization process (see Appendix 1. Summary of the 

Final Round of the Shorebird Disturbance Delphi for more information about this process). 

Potential disturbances included: beach driving, dogs (leashed and unleashed), walkers, joggers, 

sun bathers, ball players, beachgoing-other, beach raking, coastal engineering (beach 

nourishment, construction, artificial dune stabilization), motorized watersports, unmanned 

aircraft, kites, anglers, commercial fishing gear or boats, events, direct harassment, cats, and 

raptors.  

 

Data collection 

Data were collected at each subsite using transect surveys, point counts, and behavioral 

observations (see Appendix 3. Field Methods to Evaluate Shorebird Disturbance during Fall 

Migration). These methods may be used to address different questions related to evaluating and 

monitoring effects of human disturbance on shorebirds, and each has unique strengths and 

weaknesses (see Considerations for Developing Standardized Field Methods to Evaluate 

Shorebird Disturbance section of main document for more details).  

 

All surveys were conducted on foot. Transect surveys and point counts were conducted 

simultaneously by two observers without sharing results. Behavioral observations were 

conducted as a team.  

 

Transect surveys were conducted as continuous counts of all focal species along a transect. All 

potential disturbances were also counted simultaneously on the transect. Each transect survey 

was conducted for the entire length of a subsite and was equal to the width of the beach (i.e., 

waterline to dunes).  

 

Visual point counts were conducted every 400m along the transect at fixed points. Researchers 

counted all focal species and all potential disturbances within a 200m circle around each point. 

Due to the various sizes of the subsites, the numbers of points varied by subsite.  
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Behavioral observations were conducted by walking a subsite transect in the opposite direction 

from a transect/point count survey. Researchers conducted 3-minute focal species observations at 

the same fixed points as the point counts. The focal species for behavioral observations were a 

subset of the species list for the monitoring and point count surveys: Whimbrel, Red Knot, 

Semipalmated Sandpiper, Piping Plover, Ruddy Turnstone, and Sanderling. These species were 

selected based on foraging guild and protected status.  To conduct an observation at a point, 

researchers selected a nearby focal flock within 200m of the point and observed one individual of 

the focal species in the middle of the flock for 3 minutes, and then moved on to the next species, 

until all of the species present from the list of 5 focal species were observed. Researchers rotated 

the order in which the focal species were observed at each point. During the 3-minute 

observation, researchers recorded the instantaneous behaviors of the focal individual every 30 

seconds. Instantaneous behaviors were recorded as the following: foraging, walking, 

maintenance (i.e., resting, preening), alert/vigilant (i.e., actively scanning surroundings), 

aggression (i.e., chasing or harassing other birds), flying, other.  All potential disturbances 

occurring within 200m of the flock also were recorded. When a disturbance event occurred 

(defined as birds changing their behavior in a perceived reaction to a human source) during the 

3-minute observation, the time and source of the disturbance were recorded. One researcher 

conducted the observations while the other recorded the data.  The same observer conducted all 

behavioral observations.  

 

Surveys were conducted at the Long Island sites (Morton and Amagansett NWRs) from July 11- 

July 31, 2017. We surveyed both Long Island sites for 11 survey days. Surveys were conducted 

at Chincoteague NWR from August 5-September 4, 2017. We conducted survey at Chincoteague 

NWR for 23 survey days. Surveys were scheduled with attention to ensuring diversity of day of 

week (i.e., weekend/holiday vs. weekday), time of day, and tidal stage. Tidal stage included four, 

3-hour tidal stages: 1=low, 2=mid-rising, 3=high, and 4=mid-falling. 

 

Data analysis 

Summary statistics are presented for all survey types. For the point count and transect data, we 

conducted all statistical analyses using the program R (R Development Core Team). We used 

negative binomial regression models to examine how different types of disturbance impacted 

shorebird counts. Due to small sample sizes of shorebird species, we ran these models on the 

most commonly observed species - Sanderling (SAND) - at the site where they were observed 

most frequently--Chincoteague NWR. For these analyses, we combined walkers and joggers into 

the category “active people” because of their similarity and to increase sample sizes. Survey 

effort was the amount of time in minutes spent surveying during each transect or at each point 

count location. While the data from the pilot study did not allow these robust analyses for all 

species or sites, we offer this as an example of the types of analyses that may be conducted. 

 

We then used Akaike’s Information Criterion to rank models in our candidate set. We considered 

the top model(s) to be those within <2 ΔAICc (Burnham and Anderson 2004). We used these 

ranked models to examine differences in the results between point count and transect models.  

 

We summarized behavioral observation data into time budgets, where we calculated the 

proportion of time focal species were observed engaged in each recorded behavior. We present 
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these summarized data for all sites for Piping Plover (PIPL), Ruddy Turnstone (RUTU), 

Sanderling, and Semipalmated Sandpiper (SESA). 

 

Results and Discussion 

We conducted 195 transect surveys, 946 point counts, and 522 behavioral observations during 34 

days. Greater Yellowlegs, Lesser Yellowlegs, American Golden Plover, Marbled Godwit, Red-

necked Phalarope, Snowy Plover, Wilson’s Plover, and Purple Sandpiper were not observed 

during any of the surveys. Additionally, the following disturbance types were not observed: 

beach raking, coastal engineering, unmanned aircraft, cats, events, and direct harassment.  

 

Transect surveys 

The five most commonly observed species during the transect surveys were Sanderling (93% of 

all birds observed), Willet (2%), Ruddy Turnstone (1.5%), Semipalmated Plover (1.5%), and 

Piping Plover (1%) (Table 1). The most commonly observed disturbance types were sunbathers 

(68% of all disturbances observed), beachgoing-other (20%), and walkers (6%) (Table 2). 

Counts of beachgoing-other included people in the water and people whose activity could not be 

determined.  
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Table 1. Counts of species observed during transect surveys at each subsite through the field season. Species that were not observed are not included.  

Site Transect Open* SAND PIPL RUTU SESA AMOY REKN WILL SEPL WHIM BBPL 

Observer 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 

ANWR ANWR 1 81 133 38 36 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

CNWR HOOK** 0 5853 5834 1 1 55 55 6 6 32 30 10 10 136 136 83 64 0 0 58 55 

 NWILD 1 3408 3441 1 1 27 30 9 5 0 0 0 0 36 45 45 33 1 1 26 27 

 OSV** 0 4909 5120 60 65 124 137 4 3 23 28 106 103 106 111 69 65 0 0 8 10 

 REC 1 976 939 4 5 13 11 0 0 0 0 0 0 32 42 11 8 0 0 3 3 

 SWILD 1 2864 3184 0 0 39 50 9 16 0 0 0 0 40 43 76 105 4 3 14 18 

MNWR NOY 0 31 21 11 19 24 14 0 0 1 0 0 0 0 0 7 0 0 0 0 0 

 PEC 0 3 3 32 35 0 0 0 0 0 0 0 0 0 0 5 6 1 1 0 0 

 PUB 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

*Open (1) or closed (0) to public access 

**Open to public use for part of the season 
 

Table 2. Counts of a subset of disturbance types observed at each subsite throughout the field season during the transect surveys.  

Site Transect Open* OSV Dogs Walker Jogger Ball Player Sunbather 
Beachgoing-

other 
Angler 

Observer 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 

ANWR ANWR 1 0 0 1 1 30 43 8 8 8 8 77 61 12 21 0 0 

CNWR HOOK** 0 14 18 0 0 7 4 0 0 0 0 0 7 0 0 2 0 

 NWILD 1 1 1 0 0 20 23 0 0 0 0 14 16 0 0 0 0 

 OSV** 0 71 73 0 0 104 91 4 2 4 2 226 231 95 52 7 12 

 REC 1 2 2 2 2 479 650 113 133 113 133 7517 8175 1924 2561 18 16 

 SWILD 1 16 17 0 0 84 87 0 0 0 0 182 160 63 50 10 8 

MNWR NOY 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 PEC 0 1 1 0 0 1 0 0 0 0 0 2 2 3 5 0 0 

 PUB 1 0 0 0 0 0 0 0 0 0 0 56 49 38 61 2 2 

*Open (1) or closed (0) to public access 

**Open to public use for part of the season 
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We conducted 108 transect surveys at Chincoteague NWR. For the transect surveys, the global 

model was the top ranked model (Table 3). The adjusted R2 of this model was 0.78. Five variables 

were significant predictors within the top ranked model (Table 4). Two of the variables were counts 

of potential disturbance types: active people (combined counts of walkers, joggers, and ball players) 

and sunbathers. Both active people and sunbathers had a negative influence on Sanderling counts.  

The model indicates that sunbathers had more of an effect on Sanderlings than active people. 

 

The other three significant predictors were wind speed, date, and public access. Wind speed and 

public access both had a negative influence on Sanderling counts. Our results indicated that open 

areas have a negative effect on Sanderling counts, showing that fewer Sanderlings are present when 

the beach is open to public use. Lastly, as expected, date had a positive effect on counts of 

Sanderlings, likely due to the progression of the migration season with more birds arriving at the 

site later in our season.  

 

Table 3. Results of model selection examining effects of disturbance on counts of Sanderlings at 

Chincoteague National Wildlife Refuge during the transect surveys. We present the model results, 

including β coefficients, of all models in our candidate set. 
Model A S V WI TS D O E K AICC ΔAICC WI 

Global1  -0.13 -0.34 0.05 -0.12 -0.01 0.27 -0.40 0.01 8 1292 0.00 0.99 

People -0.18 -0.34    0.18  0.02 4 1321 28.53 0.00 

Inactive  -0.50    0.17  0.02 3 1326 33.83 0.00 

Active -0.47     0.22  0.02 3 1341 48.57 0.00 

Open      0.30 -0.64 0.02 3 1419 126.78 0.00 

Weather    -0.16 -0.03 0.27  0.02 4 1438 146.06 0.00 

Vehicle   0.02   0.09  0.01 3 1442 150.02 0.00 

Variable abbreviations: Active people-walkers, joggers, ball players (A); Sunbathers (S);  Vehicle (V); Wind 

speed (WI); Tidal stage (TS); Date (D); Open or closed to public access (O); Survey effort (E) 
1Global model=A+S+V+WI+TS+D+O+E 

 

Table 4. Parameter estimates for the best performing model examining effects of disturbance on 

counts of Sanderlings at Chincoteague National Wildlife Refuge during the transect surveys. 
Variables β coeff SE Lower 95% CI Upper 95% CI p value 

Active people -0.13 0.06 -0.24 -0.01 0.03 

Sunbathers -0.34 0.06 -0.46 -0.22 <0.01 

Vehicle 0.05 0.03 -0.01 0.11 0.08 

Wind speed -0.12 0.03 -0.19 -0.06 <0.01 

Tidal stage -0.01 0.03 -0.07 0.05 0.68 

Date 0.27 0.10 0.07 0.48 0.01 

Public access -0.40 0.08 0.25 0.56 <0.01 

Survey effort 0.01 0.01 -0.00 0.03 0.07 

 

Point count surveys 

The five most commonly observed species during the point count surveys were Sanderling (94% of 

all birds observed), Willet (2%), Ruddy Turnstone (1%), Semipalmated Plover (1%), and Black-

bellied Plover (1%) (Table 5). The most commonly observed disturbance types were sunbathers 

(60% of all disturbances observed), beachgoing-other (27%), and walkers (6%) (Table 6).  
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Table 5. Counts of species observed at each subsite throughout the field season during the point count surveys. Species that were not 

observed are not included. 
Site Transect Open* SAND PIPL RUTU SESA AMOY REKN WILL SEPL WHIM BBPL 

Observer* 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 

ANWR ANWR 1 98 87 15 16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

CNWR HOOK** 0 4852 4756 2 3 69 62 1 0 23 17 3 11 136 132 40 35 0 0 50 53 

 NWILD 1 3511 3590 0 1 20 17 4 6 0 0 0 5 33 33 21 16 1 1 25 21 

 OSV** 0 2532 3587 35 38 88 73 6 2 7 12 70 59 84 65 61 58 0 0 9 7 

 REC 1 665 737 0 0 6 5 0 0 0 0 0 0 26 19 2 1 0 0 2 2 

 SWILD 1 2292 2597 0 0 36 34 7 7 0 0 0 0 45 46 61 46 4 3 17 20 

MNWR NOY 0 27 18 0 1 13 11 0 0 0 0 0 0 0 0 5 0 0 0 0 0 

 PEC 0 4 2 21 20 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 

 PUB 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

*Open (1) or closed (0) to public access 

**Open to public use for part of the season 

 
Table 6. Counts of a subset of disturbance types observed at each subsite throughout the field season during the point count surveys.  

Site Transect Open* OSV Dogs Walker Jogger Sunbather Ball Player Beachgoing-

other 

Angler 

Observer* 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 

ANWR ANWR 1 3 1 10 14 30 43 1 3 644 602 34 43 114 287 0 0 

CNWR HOOK** 0 14 14 0 0 12 10 0 0 18 23 0 0 0 0 2 0 

 NWILD 1 1 1 0 0 11 19 0 0 27 26 0 0 2 0 0 0 

 OSV** 0 80 79 0 0 119 110 2 2 591 557 2 13 252 231 26 21 

 REC 1 0 1 0 0 316 441 10 13 4019 4467 38 50 1754 2341 9 7 

 SWILD 1 14 16 0 0 52 58 1 4 138 164 0 3 52 40 4 3 

MNWR NOY 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 PEC 0 0 0 0 0 1 1 0 0 2 2 0 0 4 5 0 0 

 PUB 1 0 0 0 0 0 0 0 0 56 51 0 0 31 65 2 2 

*Open (1) or closed (0) to public access 

**Open to public use for part of the season  



 

209 

We conducted 648 point counts at Chincoteague NWR. For the point count surveys, the global 

model was the top ranked model (Table 7). The adjusted R2 for this model was 0.43. Eight 

variables were significant predictors within the top ranked model (Table 8). Three of these 

variables were counts of potential disturbance types: active people (combined counts of walkers, 

joggers, and ball players), sunbathers, and vehicles. Active people and sunbathers both 

negatively impacted Sanderling counts. However, vehicles had a slight positive effect.  

 

Additionally, the two other significant variables were weather-related: wind speed and tidal 

stage. Similar to the transect surveys, wind speed had a negative effect on Sanderlings. Tidal 

stage had a positive effect on Sanderling counts, indicating that higher tidal stages had a positive 

effect on Sanderling counts. The remaining three significant variables were date, public access, 

and survey effort. Date and survey effort had positive effects, and public access had a negative 

effect. Again, date positively affected counts due to the number of migrating Sanderlings 

increasing as the migration season progresses. Survey effort had a positive effect, suggesting that 

spending more time observing birds at each point increases detection. However, the effect of this 

variable was relatively small (β=0.11). Like for the transect surveys, our results indicated that 

open areas have a negative effect on Sanderling counts.  

 

Table 7. Results of model selection examining effects of disturbance on counts of Sanderlings at 

Chincoteague National Wildlife Refuge during point count surveys. We present the model 

results, including β coefficients, of all models in our candidate set.  
Model A S V WI TS D O E K AICC ΔAICC WI 

Global1 -0.28 -0.42 0.10 -0.22 0.09 0.43 -0.42 0.11 8 5933 0.00 1.00 

People -0.31 -0.44    0.20  0.17 4 6010 77.84 0.00 

Inactive  -0.54    0.14  0.15 3 6079 146.63 0.00 

Active -0.44     0.17  0.18 3 6128 195.55 0.00 

Open      0.23 -0.52 0.10 3 6221 288.71 0.00 

Weather    -0.24 0.07 0.28  0.14 4 6230 297.39 0.00 

Vehicle   0.04   0.08  0.14 3 6263 330.36 0.00 

Variable abbreviations: Active people-walkers, joggers, ball players (A); Sunbathers (S);  Vehicle (V); 

Wind speed (WI); Tidal stage (TS); Date (D); Open or closed to public access (O); Survey effort (E) 
1Global model=A+S+V+WI+TS+D+O+E 

 

Table 8. Parameter estimates for the best performing model examining effects of disturbance on 

counts of Sanderlings at Chincoteague National Wildlife Refuge during the point count surveys. 
Variables β SE Lower 95% CI Upper 95% CI p value 

Active people -0.28 0.03 -0.34 -0.21 <0.01 

Sunbathers -0.42 0.03 -0.48 -0.35 <0.01 

Vehicle 0.10 0.02 0.05 0.15 <0.01 

Wind speed -0.22 0.03 -0.28 -0.16 <0.01 

Tidal stage 0.09 0.03 0.03 0.14 <0.01 

Date 0.43 0.06 0.30 0.55 <0.01 

Public access -0.42 0.07 -0.55 -0.28 <0.01 

Survey effort 0.11 0.02 0.05 0.17 <0.01 
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Behavioral observations 

We observed 92 “disturbance events” during our behavioral observations, which were defined as a 

bird changing its behavior in a perceived reaction to a human source. While this is a fairly 

subjective measure of disturbance, counting these disturbance events allows for potential 

disturbances to be recorded outside of the 30-second survey time points.  

 

Sanderlings were observed at 54% of the points surveyed (Table 9). Ruddy Turnstones were 

observed at 15% of the points. Piping Plovers were observed at 8% of points. Red Knots and 

Semipalmated Sandpipers were both observed at around 2% of points. Whimbrels were observed at 

>1% of points. At 18% of the point locations, no birds were observed. Like for the other surveys, 

the most commonly observed potential disturbance types during the behavioral observations were 

sunbathers, beachgoing-other, and walkers (Table 10).  

 

Table 9. Total number of behavioral observation surveys of each species at each subsite.  
Site Subsite Open* SAND PIPL RUTU SESA REKN WHIM None 

observed*** 

ANWR ANWR 1 7 16 0 0 0 0 3 

CNWR CHOOK** 0 65 1 15 3 4 0 1 

 CNWILD 1 60 0 13 1 0 1 0 

 COSV** 0 71 20 36 2 6 0 1 

 CREC 1 62 1 5 1 0 0 4 

 CSWILD 1 72 0 21 4 0 4 1 

MNWR MNOY 0 6 5 5 1 0 0 41 

 MPEC 0 3 8 2 1 0 0 56 

 MPUB 1 0 0 0 0 0 0 10 

Percent of total observations 54.1 8.0 15.2 2.0 1.6 0.8 18.3 

*Open (1) or closed (0) to public access 

**Open to public use for part of the season 

***Number of surveys where no birds were observed 

 

Table 10. Counts of a subset of potential disturbance types observed at each subsite throughout the 

field season during the behavioral observation surveys. 
Site Transect Open* OSV Dogs Walker Jogger Ball 

Player 

Sunbather Beachgoing-

other 

Angler 

ANWR ANWR 1 0 1 66 7 2 85 50 0 

CNWR HOOK** 0 4 0 6 0 0 4 0 0 

 NWILD 1 0 0 46 1 0 13 6 2 

 OSV** 0 67 2 242 6 0 173 41 25 

 REC 1 0 0 246 14 47 2704 1040 2 

 SWILD 1 38 0 135 3 0 159 33 8 

MNWR NOY 0 2 0 0 0 0 0 0 0 

 PEC 0 0 0 0 0 0 0 1 0 

 PUB 1 0 0 0 0 0 44 52 2 

*Open (1) or closed (0) to public access 

**Open to public use for part of the season 
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Piping Plovers 

In areas closed to the public (Figure 6b), Piping Plovers spent a larger proportion of time 

foraging than in areas open to public access (Figure 6a). They spent more time walking in areas 

open to the public. They were also observed exhibiting alert or vigilant behaviors in open 

subsites (2% of the time), while they were not observed exhibiting these behaviors in closed 

subsites. These data suggest that Piping Plovers spend more time engaged in active behaviors at 

subsites open to public access and less time foraging.  
 
 

       Figure 6a.            Figure 6b.  

 
 

 

Figure 6. Proportion of behaviors observed for Piping Plovers at Amagansett, Morton, and 

Chincoteague NWRs in areas (6a) open to public access (n=32) and (6b) areas closed to public 

access (n=19).  
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Ruddy Turnstone 

In subsites closed to the public (Figure 7b), Ruddy Turnstones spent more time engaged in 

maintenance behaviors than in subsites open to the public (Figure 7a). They were observed 

spending a higher proportion of time walking in open subsites. However, they were observed 

flying an equal proportion of time in open and closed subsites. Like for Piping Plovers, Ruddy 

Turnstones appear to spend a larger proportion of their time engaged in foraging behaviors at 

subsites closed to the public, though the differences between the proportions at closed or open 

subsites was not as great as for Piping Plovers.  

 

 

 Figure 7a.   Figure 7b. 

 
 

 

Figure 7. Proportion of behaviors observed for Ruddy Turnstones at Amagansett, Morton, and 

Chincoteague NWRs in areas (7a) open to public access (n=54) and (7b) areas closed to public 

access (n=43).  
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Sanderling  

Sanderlings spent an equal proportion of time foraging, walking, and flying in open (Figure 8a) 

and closed areas (Figure 8b). They also spent an almost equal proportion of time engaged in 

maintenance behaviors and aggressive behaviors (e.g., chasing) towards other shorebirds, with a 

slightly higher proportion of these behaviors in open subsites. We also observed a very small 

proportion of time spent engaged in alert or vigilant behaviors in open subsites.  

 

While we observed more Sanderlings in closed subsites, we noticed that Sanderlings were the 

only species that were consistently observed continuing to forage or roost in areas of high human 

use. Therefore, it appears Sanderlings are likely not as affected by potentially disturbing 

activities as the other species studied.  

 

 

      Figure 8a.      Figure 8b. 

 
 

Figure 8. Proportion of behaviors observed for Sanderlings at Amagansett, Morton, and 

Chincoteague NWRs in areas (8a) open to public access (n=248) and (8b) areas closed to public 

access (n=98).  
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Semipalmated Sandpiper 

Like for Piping Plovers, Semipalmated Sandpipers spent a greater proportion of time foraging in 

closed subsites (Figure 9b), though this difference was less pronounced than for Piping Plovers. 

They spent more time engaged in maintenance behaviors in open subsites (Figure 9a). They 

spent an equal proportion of time walking in both open and closed subsites. Lastly, they spent an 

almost equal proportion of time flying in both types of subsites.  

 

 

    Figure 9a.       Figure 9b. 

 
 

Figure 9. Proportion of behaviors observed for Semipalmated Sandpipers at Amagansett, 

Morton, and Chincoteague NWRs in areas (9a) open to public access (n=7) and (9b) areas closed 

to public access (n=6).  
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Conclusion  

Pilot testing of these methods allowed valuable lessons to be learned and for improvements to be 

incorporated (e.g., adjusted some disturbance categories, added more detail to datasheets). 

Because the purpose of this study was to field test these methods, as stated above, these results 

should not be generalized beyond what is presented in this report.  

 

Comparison of survey methods 

While the transect and point count survey model results cannot be directly compared, they had 

several similarities. For both surveys, the global model was the top model. For both global 

models, active people and sunbathers negatively affected Sanderling counts. Date had a 

significant positive effect in both models, again likely due to the progression of the migration 

season. Lastly, public access had a significant negative effect with similar effect sizes in both 

models.  

 

However, based on the R2 values of the top models for both survey types, the global model did 

not perform as well for the point count data. The transect surveys may have performed better in 

this pilot study due to characteristics of the site, Chincoteague NWR, and the study species, 

Sanderlings. Chincoteague NWR has a long, linear beach that is clearly divided into 

management sections. This allowed us to easily subdivide sections of the beach into transects of 

equal length that had a consistent management strategy throughout. Additionally, Sanderlings are 

generally not as disturbance sensitive as other species. We observed at this site that Sanderlings 

were generally more spread out than other species, like Red Knots. Because of this, it may not 

have been as necessary to capture fine-scale spatial variability, like point counts allow.  

 

If possible, we recommend conducting both transects and point counts, as these methods can be 

used to answer different questions (see Considerations for Developing Standardized Field 

Methods to Evaluate Shorebird Disturbance). However, managers using these methods may 

be constrained by time or staff, and therefore, may have to choose between the different survey 

methods tested in this study. While transects performed better in this analysis, we recommend 

that managers wanting to select one of these survey methods (transects or point counts) follow a 

similar approach to this report. While these methods cannot be directly compared, it is possible 

to examine and compare broad trends between the methods. We recommend trying both types of 

surveys for an entire migration season and then comparing the results between the different 

methods, like in this report.  

 

Limitations 

The surveys for this pilot study were conducted in July and August, a period that does not fall 

with peak migration season for sites surveyed. This timing affected what birds and disturbances 

were seen. For instance, at all refuges surveyed certain areas of the beach were closed to public 

use to protect nesting birds, and during the peak migration season at these sites, these areas 

would be open to public use. Surveys were conducted during the early migration season due to 

constraints on the availability of the surveyors. Sites using these methods should conduct surveys 

over the entire migration, making sure to capture the peak migration at their site.  
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Future use 

These methods represent one potential set of common metrics for evaluating shorebird 

disturbance at a site. Using similar methods across multiple sites and management types can 

facilitate coordination among these sites and may help understand trends across multiple areas. A 

more standardized approach may also help compare success of management actions across sites 

and avoid duplication of efforts. Additional data collection is needed before conclusions about 

how the individual methods described in this report complement one another to provide a 

complete picture of shorebird disturbance can be drawn.  

 

Before adopting these methods at a site, they should be modified based on site-specific 

information and needs, and survey objectives should be clearly defined before beginning any 

data collection. Depending on the types of information a manager wants to gather, certain 

adjustments can be made to this set of methods. For example, because behavioral observations 

may be very time consuming, a manager may choose not to conduct them if time-limited but 

should be aware that they may lose the ability to actually link disturbance to observed 

abundance. Managers may also consider including habitat characteristics in their surveys, 

depending on resources, time, and research question. Specific adjustments (e.g., changing types 

of disturbances counted, types of behaviors recorded, species counted) may be made, depending 

on site location, human use, research questions, and availability of resources for conducting 

surveys. Additionally, consultation with a statistician may be beneficial when developing a 

sampling designs and to ensure that the sampling design and field methods will result in data that 

addresses the specific survey objectives. 
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Appendix G. Relevant Literature: Human Disturbance of Shorebirds During Migration 

This list of relevant literature includes all literature cited  in the Best Practices document and 

additional resources on human disturbance to migrating shorebirds or human behavior related to 

the priority disturbance types or management that may not have been cited directly in the Best 

Practices document. 
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Appendix H. Audubon New York Be a Good Egg Survey Materials  

 

Outreach Group Pre-Survey 

 
Public beaches are used by beach-nesting birds and by people. As someone who visits public beaches, we 

are interested in your opinions about beach-nesting birds.  This survey should take approximately 5 

minutes to complete. 

 

Before we begin, are you 18 or older? 

 Yes 

 No [if no, exits survey and directs to pledge] 

 

This research is being conducted by Virginia Tech, with support from Audubon.  Your participation is 

voluntary, and your identity will be kept confidential. The results of the survey may be published in 

summary form. Your responses will never be presented in a way that they can be identified. There are no 

known risks associated with this research.      

 

For questions or concerns about this research, please contact Lara Mengak at lfmengak@vt.edu. Should 

you have any questions or concerns about this study’s conduct or your rights as a research subject, you 

may contact the Virginia Tech Institutional Review Board at irb@vt.edu or (540) 231-3732. 

 

Do you consent to participate in this research study? (Select one). 

 Yes 

 No [if no, goes to pledge] 

 

Different people have different experiences when they visit the beach. We are interested in your 

experiences. 

 

In the past 2 years (24 months), how many days (full or partial) have you visited the beach on Long 

Island? (Insert days below). 

____________ days 

 

In the past 2 years (24 months), how often did you do the following on Long Island beaches: 

a. Kept away from marked or fenced areas for birds on the beach 

 Nearly all the time 

 About 75% of the time 

 About 50% of the time 

 About 25% of the time 

 None of the time 

 

b. Carried out trash or used proper receptacles to throw it away 

 Nearly all the time 

 About 75% of the time 

 About 50% of the time 

 About 25% of the time 

 None of the time 

 

 



 

231 

c. Brought your dog to the beach 

 Nearly all the time 

 About 75% of the time 

 About 50% of the time 

 About 25% of the time 

 None of the time 

 Not applicable- I do not have a dog 

 

In the past 2 years (24 months), how often do you think other people like you who visit the beach did the 

following on Long Island beaches: 

a. Kept away from marked or fenced areas for birds on the beach 

 Nearly all the time  

 About 75% of the time  

 About 50% of the time  

 About 25% of the time  

 None of the time  

 

b. Carried out trash or used proper receptacles to throw it away 

 Nearly all the time 

 About 75% of the time 

 About 50% of the time  

 About 25% of the time  

 None of the time 

 

c. Brought a dog to the beach 

 Nearly all the time 

 About 75% of the time 

 About 50% of the time 

 About 25% of the time 

 None of the time 

 

How important do you think protecting beach-nesting birds during nesting season is?  

 Extremely important 

 Very important  

 Moderately important 

 Slightly important 

 Not at all important 

 

About how much time did you spend today visiting the Audubon tent and/or talking with Audubon staff 

and volunteers? (Insert minutes below) 

_________ minutes 

 

 

Would you be willing to be contacted this fall for a short follow-up survey? 

 Yes 

If yes, enter email here: ______________ 

 No 
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Thank you! 

Thank you for your time and effort! If you would like to sign the Be a Good Egg pledge, click the next 

button. Including your name and contact information for the pledge will NOT compromise the 

confidentiality of your survey responses. The survey and pledge responses will be kept in separate lists. 

 

------------------------------------------------------------------------------------------------------------------------------- 

 

Control Group Pre-Survey 

 

Public beaches are used by beach-nesting birds and by people. As someone who visits public beaches, we 

are interested in your opinions about beach-nesting birds.  This survey should take approximately 5 

minutes to complete. 

 

Before we begin, are you 18 or older? 

 Yes 

 No [if no, exits survey] 

 

This research is being conducted by Virginia Tech, with support from Audubon.  Your participation is 

voluntary, and your identity will be kept confidential. The results of the survey may be published in 

summary form. Your responses will never be presented in a way that they can be identified. There are no 

known risks associated with this research.      

 

For questions or concerns about this research, please contact Lara Mengak at lfmengak@vt.edu. Should 

you have any questions or concerns about this study’s conduct or your rights as a research subject, you 

may contact the Virginia Tech Institutional Review Board at irb@vt.edu or (540) 231-3732. 

 

Do you consent to participate in this research study? (Select one). 

 Yes 

 No [if no, exits survey]  

 

Have you interacted with Audubon personnel on the beach or signed the “Be a Good Egg” pledge in the 

last 4 years? 

 Yes [if yes, exits survey] 

 No 

 

Different people have different experiences when they visit the beach. We are interested in your 

experiences. 

 

In the past 2 years (24 months), how many days (full or partial) have you visited the beach on Long 

Island? (Insert days below). 

___________ days 

 

In the past 2 years (24 months), how often did you do the following on Long Island beaches: 

a. Kept away from marked or fenced areas for birds on the beach 

 Nearly all the time 

 About 75% of the time  

 About 50% of the time  

 About 25% of the time  

 None of the time  
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b. Carried out trash or used proper receptacles to throw it away 

 Nearly all the time  

 About 75% of the time 

 About 50% of the time  

 About 25% of the time  

 None of the time  

 

c. Brought your dog to the beach 

 Nearly all the time 

 About 75% of the time 

 About 50% of the time 

 About 25% of the time  

 None of the time  

 Not applicable- I do not have a dog 

 

In the past 2 years (24 months), how often do you think other people like you who visit the beach did the 

following on Long Island beaches: 

a. Kept away from marked or fenced areas for birds on the beach 

 Nearly all the time 

 About 75% of the time 

 About 50% of the time 

 About 25% of the time 

 None of the time 

 

b. Carried out trash or used proper receptacles to throw it away 

 Nearly all the time 

 About 75% of the time 

 About 50% of the time 

 About 25% of the time 

 None of the time 

 

c. Brought a dog to the beach 

 Nearly all the time  

 About 75% of the time 

 About 50% of the time 

 About 25% of the time 

 None of the time 

 

How important do you think protecting beach-nesting birds during nesting season is?  

 Extremely important  

 Very important  

 Moderately important  

 Slightly important  

 Not at all important  
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Would you be willing to be contacted this fall for a short follow-up survey? 

 Yes  

If yes, enter email here: _________________ 

 No  

 

Thank you!  Thank you for your time and effort! To participate in the survey, please leave your name and 

email address. Including your name and contact information for the follow-up survey will NOT 

compromise the confidentiality of your survey responses.  
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Outreach Group Post-Survey 

 

This summer you spoke with Audubon New York during an outreach event at a beach on Long Island and 

participated in a short associated survey from Virginia Tech. We appreciated your participation in our 

research.  You indicated then that you were willing to be contacted for a follow-up survey. We hope you 

will be willing to take the follow-up survey now.  

 

As someone who visits public beaches, we are interested in your opinions. This questionnaire should take 

approximately 15-20 minutes to complete. You may skip any questions you prefer not to answer.  

 

This survey provides an opportunity to give feedback about Audubon New York’s Be a Good Egg 

program and will help inform future improvements of the program. The results will also be shared with 

managers at Long Island beaches you may visit. This research will also contribute to a scientific journal 

article manuscript and my Master’s thesis.  

 

This research is being conducted by Virginia Tech, with support from Audubon.  Your participation is 

voluntary, and your identity will be kept confidential. The results of the survey will be published in 

summary form. Your responses will never be presented in a way that they can be identified. There are no 

known risks associated with this research.      

 

For questions or concerns about this research, please contact Lara Mengak at lfmengak@vt.edu or (540) 

231-1473. Should you have any questions or concerns about this study’s conduct or your rights as a 

research subject, you may contact the Virginia Tech Institutional Review Board at irb@vt.edu or (540) 

231-3732. 

 

Thanks in advance for your time! 

 

Lara Mengak 

Graduate Research Assistant & M.S. Student 

Department of Fish and Wildlife Conservation 

Virginia Tech 

 

 

Before we begin, are you 18 or older? 

 Yes 

 No  [if no, exits survey] 

 

First, we would like to know about your visits to Long Island beaches since mid-August.  

 

Since mid-August of this year, about how many days have you visited the beach on Long Island? (Insert 

days below). 

__________ days   [if 0 days, skip next 2 questions] 

 

Since mid-August of this year, how often did you do the following on Long Island beaches: 

a. Kept away from marked or fenced areas for birds on the beach 

 Nearly all the time 

 About 75% of the time 

 About 50% of the time 

 About 25% of the time 

 None of the time 
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b. Carried out trash or used proper receptacles to throw it away 

 Nearly all the time 

 About 75% of the time 

 About 50% of the time 

 About 25% of the time 

 None of the time 

 

c. Brought your dog to the beach 

 Nearly all the time 

 About 75% of the time 

 About 50% of the time 

 About 25% of the time 

 None of the time 

 Not applicable- I do not have a dog 

 

Since mid-August of this year, how often have you seen the following on Long Island beaches:  

a. People or signs of people (for example, footprints) inside the marked or fenced areas for nesting birds 

 Every time I visit  

 About 75% of the time 

 About 50% of the time 

 About 25% of the time 

 None of the time 

 

b.  Trash on the beach 

 Every time I visit 

 About 75% of the time 

 About 50% of the time 

 About 25% of the time 

 None of the time 

 

c.  Dogs or signs of dogs (for example, tracks) on beaches 

 Every time I visit 

 About 75% of the time 

 About 50% of the time 

 About 25% of the time 

 None of the time 

 

Since mid-August of this year, how often do you think other people like you (i.e., people you would 

consider friends or peers) who visited the beach did the following on Long Island beaches: 

a. Kept away from marked or fenced areas for birds on the beach 

 Nearly all the time 

 About 75% of the time 

 About 50% of the time 

 About 25% of the time 

 None of the time 

 

b. Carried out trash or used proper receptacles to throw it away 

 Nearly all the time 

 About 75% of the time 

 About 50% of the time 

 About 25% of the time 



 

237 

 None of the time 

 

c. Brought a dog to the beach 

 Nearly all the time 

 About 75% of the time 

 About 50% of the time 

 About 25% of the time 

 None of the time 

 

Now, we would like to know about your experiences talking with Audubon staff or volunteers during 

their outreach event(s) this summer.  

 

In addition to signing Audubon’s form, did you talk with Audubon staff or volunteers further and/or look 

at their display under the tent?  

 Yes 

 No 

 

Did you learn anything from talking to Audubon staff or volunteers on the beach this summer? 

 Yes [if yes, go to next question]  

 No [if no, skip next question] 

 

What did you learn from talking to Audubon staff or volunteers on the beach this summer? (Please list 

below). 

 

 

 

 

 

 

People sign Audubon New York’s Be a Good Egg pledge form for different reasons. Which of these 

reasons influenced why you signed the pledge?  (Please check all that apply). 

❑ I already do these behaviors.  

❑ I felt pressured to sign the pledge.  

❑ My friends/family signed the pledge.  

❑ I felt awkward if I did not sign the pledge.  

❑ I wanted to set an example for my friends/family.  

❑ I believe the behaviors are important to do. 

❑ I want to protect beach-nesting birds. 

❑ I want to support the work of Audubon. 

❑ Other, please explain ______________________ 

 

The Be a Good Egg pledge asked beach-goers to do three things (see below).  Please tell us why 

you think doing each of these behaviors is important.  

a. Keep away from marked or fenced areas for birds on the beach  
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b. Carry out trash or use proper receptacles to throw it away  

 

 
 

c. Keep dogs off beaches 

 

 
 

Now, we are interested in your opinions on the National Audubon Society.  The National 

Audubon Society is a national non-profit organization that focuses on conserving and restoring 

natural ecosystems with a focus on birds for the benefit of people and biological diversity.  

 

How familiar are you with the National Audubon Society? 
 Extremely familiar 

 Very familiar 

 Moderately familiar 

 Slightly familiar 

 Not at all familiar [if selected, skip next question] 

 

To what extent do you agree or disagree with the following statements: 

a. You trust the Audubon Society to provide accurate information about birds and beach 

environments. 
 Strongly agree 

 Agree 

 Somewhat agree 

 Neither agree nor disagree 

 Somewhat disagree 

 Disagree  

 Strongly disagree 

 

b. You feel that you have similar values to the Audubon Society.  
Strongly agree 

 Agree 

 Somewhat agree 

 Neither agree nor disagree 

 Somewhat disagree 

 Disagree  

 Strongly disagree 

 

c. You trust other beachgoers to follow the Audubon Society’s guidelines.  
 Strongly agree 

 Agree 

 Somewhat agree 
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 Neither agree nor disagree 

 Somewhat disagree 

 Disagree  

 Strongly disagree 

 

Now, we would like to know your opinions on the management of beaches for birds.  

 

When making decisions about how beaches should be managed, do you think the needs and 

interests of birds or people should be prioritized? (Please drag the slider to your choice).  

 [0-100 sliding scale from birds to people] 

 

How important do you think protecting beach-nesting birds during nesting season is?  
 Extremely important 

 Very important 

 Moderately important 

 Slightly important 

 Not at all important 

 

Below are different statements representing different ways people may feel about beaches. 

Please indicate your level of agreement with each of the statements below.  

 

A primary value of beaches is to generate revenue for local communities.   
 Strongly agree 

 Agree 

 Somewhat agree 

 Neither agree nor disagree 

 Somewhat agree 

 Disagree  

 Strongly disagree 

Beaches are valuable only if they produce recreational opportunities for people.  
 Strongly agree 

 Agree 

 Somewhat agree 

 Neither agree nor disagree 

 Somewhat agree 

 Disagree  

 Strongly disagree 

Nature’s primary value is to provide resources useful to people. 
 Strongly agree 

 Agree 

 Somewhat agree 

 Neither agree nor disagree 

 Somewhat agree 

 Disagree  

 Strongly disagree 
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The value of beaches exists only in the human mind. Without people, beaches have no value.  
 Strongly agree 

 Agree 

 Somewhat agree 

 Neither agree nor disagree 

 Somewhat agree 

 Disagree  

 Strongly disagree 

Beach wildlife have as much right to exist as people.  
 Strongly agree 

 Agree 

 Somewhat agree 

 Neither agree nor disagree 

 Somewhat agree 

 Disagree  

 Strongly disagree 

Nature has as much right to exist as people.  
 Strongly agree 

 Agree 

 Somewhat agree 

 Neither agree nor disagree 

 Somewhat agree 

 Disagree  

 Strongly disagree 

Wildlife, plants, and people have equal rights to live and develop.  
 Strongly agree 

 Agree 

 Somewhat agree 

 Neither agree nor disagree 

 Somewhat agree 

 Disagree  

 Strongly disagree 

Beaches have value whether people are present or not.  
 Strongly agree 

 Agree 

 Somewhat agree 

 Neither agree nor disagree 

 Somewhat agree 

 Disagree  

 Strongly disagree 

 

Background Information:  

Which of the following wildlife or land organizations are you a member of? Please select all that 

apply.  
❑ Audubon  
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❑ Cornell Lab of Ornithology 

❑ National Wildlife Federation  

❑ The Nature Conservancy 

❑ Ducks Unlimited 

❑ Trout Unlimited 

❑ Sustainable Long Island 

❑ Local land trust (please specify _____________) 

❑ Other (please specify ________________________) 

❑ NONE 

 

Are you a birdwatcher?  

 Yes  

 No 

 

What is your gender?  
 Male  

 Female 

 Other 

 

In what year were you born?  

 19_____ 

 

Are you a resident of Long Island?  
 Yes- full-time resident 

 In what county do you live?  

  ___________ county 
 Yes- part-time resident 

  In what county do you live?  

  ___________ county 
 No  

 

Please use the space below for any additional comments you wish to make. 

 

 
 

Thank you for your time and effort! 

 
------------------------------------------------------------------------------------------------------------------------------- 
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Control Group Post-Survey 

 

This summer you spoke with Virginia Tech researchers at a beach on Long Island and 

participated in a short survey. We appreciated your participation in our research.  You indicated 

then that you were willing to be contacted for a follow-up survey. We hope you will be willing to 

take the follow up survey now.  

 

As someone who visits public beaches, we are interested in your opinions. This questionnaire 

should take around 15-20 minutes to complete. You may skip any questions you prefer not to 

answer.  

 

Results from this survey will be used to inform a research project on beach visitor behavior 

related to wildlife. The results of the study will be shared with managers at Long Island beaches 

you may visit and other organizations, such as Audubon New York. This research will also 

contribute to a scientific journal article manuscript and my Master’s thesis.  

 

This research is being conducted by Virginia Tech, with support from Audubon.  Your 

participation is voluntary, and your identity will be kept confidential. The results of the survey 

may be published in summary form. Your responses will never be presented in a way that they 

can be identified. There are no known risks associated with this research.      

 

For questions or concerns about this research, please contact Lara Mengak at lfmengak@vt.edu 

or (540)231-1473. Should you have any questions or concerns about this study’s conduct or your 

rights as a research subject, you may contact the Virginia Tech Institutional Review Board at 

irb@vt.edu or (540) 231-3732. 

 

Thanks in advance for your time! 

 

Lara Mengak 

Graduate Research Assistant & M.S. Student 

Department of Fish and Wildlife Conservation 

Virginia Tech 

 

 

Before we begin, are you 18 or older? 
 Yes 

 No  [if no, exits survey] 

 

Have you signed the “Be a Good Egg” pledge in the last 4 years? 
 Yes  [if yes, exits survey] 

 No 

 

First, we would like to know about your visits to Long Island beaches since mid-August.  

 

Since mid-August of this year, about how many days have you visited the beach on Long Island? 

(Insert days below). 

__________ days [if 0 days, skip next 2 questions] 
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Since mid-August of this year, how often did you do the following on Long Island beaches: 

a. Kept away from marked or fenced areas for birds on the beach 
 Nearly all the time 

 About 75% of the time 

 About 50% of the time 

 About 25% of the time 

 None of the time 

 

b. Carried out trash or used proper receptacles to throw it away 
 Nearly all the time 

 About 75% of the time 

 About 50% of the time 

 About 25% of the time 

 None of the time 

 

c. Brought your dog to the beach 
 Nearly all the time 

 About 75% of the time 

 About 50% of the time 

 About 25% of the time 

 None of the time 

 Not applicable- I do not have a dog 

 

Since mid-August of this year, how often have you seen the following on Long Island beaches:  

a. People or signs of people (for example, footprints) inside the marked or fenced areas for 

nesting birds 
 Every time I visit 

 About 75% of the time 

 About 50% of the time 

 About 25% of the time 

 None of the time 

 

b. Trash 
 Every time I visit 

 About 75% of the time 

 About 50% of the time 

 About 25% of the time 

 None of the time 

 

c. Dogs or signs of dogs (for example, tracks) on Long Island beaches 
 Every time I visit 

 About 75% of the time 

 About 50% of the time 

 About 25% of the time 

 None of the time 
 

Since mid-August of this year, how often do you think other people like you (i.e., people you would 

consider friends or peers) who visit the beach did the following on Long Island beaches: 

a. Kept away from marked or fenced areas for birds on the beach 

 Nearly all the time 
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 About 75% of the time 

 About 50% of the time 

 About 25% of the time 

 None of the time 
 

b. Carried out trash or used proper receptacles to throw it away 

 Nearly all the time 

 About 75% of the time 

 About 50% of the time 

 About 25% of the time 

 None of the time 
 

c. Brought a dog to the beach 

 Nearly all the time 

 About 75% of the time 

 About 50% of the time 

 About 25% of the time 

 None of the time 

 
Below are the three things we asked you about on the previous page. Please tell us why you think doing 

each of these behaviors is important.  

a. Keep away from marked or fenced areas where birds are nesting 

 

 
 

b. Keep the beach clean by using proper receptacles or carrying out trash 

 

 
 

c. Keep my dog off of nesting beaches 

 

 
 

Now, we are interested in your opinions on the National Audubon Society.  The National 

Audubon Society is a national non-profit organization that focuses on conserving and restoring 

natural ecosystems with a focus on birds for the benefit of people and biological diversity.  

 

How familiar are you with the National Audubon Society? 
 Extremely familiar 

 Very familiar 
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 Moderately familiar 

 Slightly familiar 

 Not at all familiar [if selected, skip next question] 

 

To what extent do you agree or disagree with the following statements: 

a. You trust the Audubon Society to provide accurate information about birds and beach 

environments.  
 Strongly agree 

 Agree 

 Somewhat agree 

 Neither agree nor disagree 

 Somewhat disagree 

 Disagree  

 Strongly disagree 

 

b. You feel that you have similar values to the Audubon Society.  
 Strongly agree 

 Agree 

 Somewhat agree 

 Neither agree nor disagree 

 Somewhat disagree 

 Disagree  

 Strongly disagree 

 

c. You trust other beachgoers to follow the Audubon Society’s guidelines.  
 Strongly agree 

 Agree 

 Somewhat agree 

 Neither agree nor disagree 

 Somewhat disagree 

 Disagree  

 Strongly disagree 

 

Now, we would like to know your opinions on the management of beaches for birds.  

 

When making decisions about how beaches should be managed, do you think the needs and 

interests of birds or people should be prioritized? (Please drag the slider to your choice).  

 [0-100 sliding scale from birds to people] 

 

How important do you think protecting beach-nesting birds during nesting season is?  
 Extremely important 

 Very important 

 Moderately important 

 Slightly important 

 Not at all important 
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Below are different statements representing different ways people may feel about beaches. 

Please indicate your level of agreement with each of the statements below.  

 

A primary value of beaches is to generate revenue for local communities.   
 Strongly agree 

 Agree 

 Somewhat agree 

 Neither agree nor disagree 

 Somewhat agree 

 Disagree  

 Strongly disagree 

Beaches are valuable only if they produce recreational opportunities for people.  
 Strongly agree 

 Agree 

 Somewhat agree 

 Neither agree nor disagree 

 Somewhat agree 

 Disagree  

 Strongly disagree 

Nature’s primary value is to provide resources useful to people. 
 Strongly agree 

 Agree 

 Somewhat agree 

 Neither agree nor disagree 

 Somewhat agree 

 Disagree  

 Strongly disagree 

The value of beaches exists only in the human mind. Without people, beaches have no value.  
 Strongly agree 

 Agree 

 Somewhat agree 

 Neither agree nor disagree 

 Somewhat agree 

 Disagree  

 Strongly disagree 

Beach wildlife have as much right to exist as people.  
 Strongly agree 

 Agree 

 Somewhat agree 

 Neither agree nor disagree 

 Somewhat agree 

 Disagree  

 Strongly disagree 
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Nature has as much right to exist as people.  
 Strongly agree 

 Agree 

 Somewhat agree 

 Neither agree nor disagree 

 Somewhat agree 

 Disagree  

 Strongly disagree 

Wildlife, plants, and people have equal rights to live and develop.  
 Strongly agree 

 Agree 

 Somewhat agree 

 Neither agree nor disagree 

 Somewhat agree 

 Disagree  

 Strongly disagree 

Beaches have value whether people are present or not.  
 Strongly agree 

 Agree 

 Somewhat agree 

 Neither agree nor disagree 

 Somewhat agree 

 Disagree  

 Strongly disagree 

 

Background Information:  

Which of the following wildlife or land organizations are you a member of? Please select all that 

apply.  
❑ Audubon  

❑ Cornell Lab of Ornithology 

❑ National Wildlife Federation  

❑ The Nature Conservancy 

❑ Ducks Unlimited 

❑ Trout Unlimited 

❑ Sustainable Long Island 

❑ Local land trust (please specify _____________) 

❑ Other (please specify ________________________) 

❑ NONE 

 

Are you a birdwatcher?  

 Yes  

 No 

 

What is your gender?  
 Male  

 Female 

 Other 
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In what year were you born?  

 19_____ 

 

Are you a resident of Long Island?  
 Yes- full-time resident 

 In what county do you live?  

  ___________ county 
 Yes- part-time resident 

  In what county do you live?  

  ___________ county 
 No  

 

Please use the space below for any additional comments you wish to make. 
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Appendix I. Audubon New York Final Evaluation Report 

 

Evaluating Audubon New York’s Be a Good Egg Pledge Program 

April 13, 2018 

Prepared by: Lara Mengak (lfmengak@vt.edu) and Ashley A. Dayer (dayer@vt.edu) 

Department of Fish and Wildlife Conservation, Virginia Tech, Blacksburg, VA  

 

Background 

 Many management efforts to protect vulnerable species, especially in areas of high human 

impact, rely on high levels of generally voluntary compliance with rules or restrictions put in place to 

protect wildlife (Maguire et al., 2013). One popular method to encourage compliance is to ask people to 

pledge to take a certain action. These types of “commitments” are common in encouraging pro-

environmental behaviors, like recycling or energy conservation, but are less common in wildlife 

conservation. This evaluation examines how a pledge, combined with an outreach campaign, can 

encourage positive wildlife conservation behavior, particularly related to minimizing human impacts on 

shorebirds.  

 Audubon New York’s Be a Good Egg campaign aims to change public perceptions and behavior 

to reduce threats to Long Island’s shorebird populations. The program was started in 2013 and initially 

focused on three sites (Jones Beach State Park, Lido Beach Town Park, and Point Lookout Town Park) on 

Long Island’s South Shore. In 2014, as a collaboration between Audubon New York and Audubon 

Connecticut, the program expanded its efforts to the Long Island Sound side, or North Shore. It has since 

expanded to over eight sites on both shores. The program includes several components, like school 

programming, volunteer engagement days, nest monitoring, and outreach on beaches. During beach 

outreach events, Audubon educates beachgoers about shorebirds and asks visitors to sign the Be a Good 

Egg pledge. By signing this pledge, beachgoers promise to 1) respect symbolic fencing and nest 

enclosures; 2) carry out trash; and 3) keep dogs off nesting beaches. Since the program’s beginning, more 

than 9,000 people have signed the pledge. 

 This research aims to evaluate the effectiveness of Audubon New York’s Be a Good Egg 

outreach program in influencing beachgoers’ conservation stewardship behaviors and provide 

recommendations based on this evaluation.  

 

The specific research questions are: 

1. Why do beachgoers sign the Be a Good Egg pledge, and what do they learn from the program? 

2. Are there differences between those beachgoers who are contacted by the Be a Good Egg 

outreach and those who are not?  

3. Does reported behavior change as a result of beachgoers signing a pledge and participating in the 

outreach program?  

 

Methods 

 

Research Design 

 We used a quasi-experimental design with a pre/post survey to address these research questions. 

The treatment group consisted of beachgoers who signed the Be a Good Egg pledge during the outreach 

events (n=2873). The treatment group further consisted of two participant subgroups, those who took a 

pre-survey (conducted as they were signing the pledge; n = 387) and those who did not but provided their 

emails when they completed the pledge (n = 579).  Both of these groups were contacted to request their 

participation in a post-survey 2 months later (see Surveys below). The control group consisted of 

randomly selected beachgoers on the same beaches as the outreach events (n = 309), yet on a different 

day than the events. All control group participants took the pre-survey and were contacted to participate 

in the post-survey if they provided their email for the follow-up (n = 168; 54%).  
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Survey Participant Recruitment 

 During outreach events, staff and volunteers approached beachgoers, gave them a short 

introduction about nesting shorebirds, and asked them to sign the pledge. Staff and Virginia Tech (VT) 

researchers then administered the pre-survey and pledge form using iPads with the Qualtrics app. A 

screening question was used to determine if the participant was over 18. If the participant was not, then 

the survey advanced automatically to the pledge, skipping the survey questions. If the beachgoer did not 

want to use the iPad, if all iPads were being used, or if the individual did not speak English, then the 

individual was asked to sign a paper pledge form. On the pledge form (both on the iPad and the paper 

form), beachgoers were asked to give their email addresses.  

 Selection of control group participants followed a similar method. VT researchers were 

positioned at the same beach access points at the same times of day the outreach events were conducted 

but on non-outreach days. Beachgoers were approached and asked to participate in short survey about 

beach wildlife and recreation. The control group participants were asked a screening question to ensure 

they had not signed the pledge or interacted with the Audubon staff at other outreach events. Only people 

over 18 were asked to take the survey (verified by a screening question in the survey).  At the end of the 

survey, participants were asked if they would be willing to be contacted for a follow-up survey and if so 

could they provide their email address.  

 

Surveys 

 The pre-survey was 4-5 questions depending on treatment or control group, not including the 

screening questions. Participants were asked how many days they had visited the beach in the last 24 

months. Participants were then asked how often they did each of the three pledge behaviors (nearly all the 

time, 75% of the time, 50% of the time, 25% of the time, none of the time). They were then asked how 

often they thought their peers did each of the three pledge behaviors using same scale. Lastly, they were 

asked how important they find protecting beach-nesting birds to be (extremely important, very important, 

moderately important, slightly important, not at all important). Treatment group participants were also 

asked to estimate how much time (in minutes) they had spent talking with Audubon staff or volunteers 

before agreeing to sign the pledge. This time question was not used in analysis as we observed when we 

administered the surveys that their responses were very inaccurate. The pre-survey was administered to 

the treatment group from June 11-July 16, 2017. Additionally, after the pre-survey period ended, emails 

from pledge-takers were collected at outreach events for the post-survey until August 31, 2017. For 

control participants, the pre-survey was administered from June 30-July 28, 2017.  

 The post-survey was administered from October 16-November 20, 2017 (at least 7 weeks after 

the last survey or outreach event) via an online survey link emailed to participants. Two survey reminders 

were sent to nonrespondents during the survey period. Survey reminders were administered at variable 

times of day, days of the week, and with different email subject lines. The post-survey included all pre-

survey questions (except for amount of time spent with Audubon staff). Each version of the survey also 

included an additional 12-18 questions. Participants in the treatment group only were asked if they 

learned anything from talking to Audubon staff and volunteers and were asked to describe what they 

learned. They were also asked why they signed the pledge. Both groups were given an open-ended 

question to describe why they thought each of the pledge behaviors was important to do. This question 

referenced the pledge for treatment group participants but not for control group participants (i.e., it just 

described the behaviors). Both groups were then asked how familiar they are with the Audubon Society 

and a series of questions measuring their trust in the organization. They were asked a series of questions 

measuring their value orientations and prioritization of beach management for people vis a vis for beach 

wildlife. Finally, they were asked a short series of demographic questions (e.g., gender, age). For the 

value orientations, participants were asked to indicate their level of agreement (based on a 7-point Likert-

type scale from “strongly agree” to “strongly disagree”) with a list of 8 value orientations statements (4 

for nonrespondents) reflecting their opinions about beaches and beach wildlife (adapted from Vaske & 

Donnelly, 1998). Four of these statements reflected a biocentric value orientation, and the other four 

reflected an anthropocentric orientation. A biocentric value orientation is nature-centered and assumes 
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environmental objects (in this case, beaches and beach wildlife) have inherent value. An anthropocentric 

value orientation is a more human-centered view of the natural world. 

 

Nonresponse survey 

 To check for nonresponse bias, we sent people who did not respond to the post-survey a 

nonresponse survey via email. Nonresponse bias is the bias that results when survey respondents differ in 

important ways from nonrespondents. The nonresponse survey was administered from January 4- 

February 1, 2018. The nonresponse survey was a shortened version of the post-survey. The nonresponse 

survey contained all questions from the pre-survey but did not include the full series of trust or value 

orientation questions. We used Mann-Whitney U and chi-square tests to compare groups. There were no 

differences in the respondents and non-respondents from the outreach group that took both the pre- and 

post-survey. For those outreach participants who only took the post-survey, nonrespondents differed in 

their familiarity with Audubon, gender, and reasons for signing. Nonrespondents in this group were less 

familiar with Audubon than respondents. They were also more likely to be male. They indicated less often 

that they signed the pledge for the following reasons than respondents: “I believe the behaviors are 

important to do” and “I want to protect beach-nesting birds.” For the control group, nonrespondents 

differed from respondents in how many days they visited the beach after signing the pledge. 

Nonrespondents visited the beach significantly fewer days. Because the differences between respondents 

and nonrespondents to the full survey were minimal and we had a limited number of respondents, we 

lumped nonrespondents with the survey respondents on all questions they answered to have as robust a 

sample as possible for this report.  

 

Survey Analysis  

 We calculated the frequency of responses for reasons why people signed the pledge. For the 

open-ended question about what they learned, we categorized participants’ responses into common topics, 

or themes. For example, one of our common themes for the question asking what participants learned was 

“birds/wildlife”. If a participant’s response mentioned birds or wildlife, it was given a “1” for that theme. 

If the response did not mention that theme, it was given a “0” for that theme. Responses could fit under 

more than one theme. After all responses were coded into 0s and 1s, we compared outreach and control 

group responses using Fisher’s exact tests.  

 The open-ended coding and subsequent statistical test process was also used for the open-ended 

question about why participants thought the three pledge behaviors were important to do. We used 

independent samples t-tests to compare differences on close-ended Likert-type items between the 

outreach and control groups’ pre- and post-survey responses. We used paired samples t-tests to compare 

any changes in participants’ pre-and post-survey responses. We used Cronbach’s alpha to measure 

internal consistency, or reliability, for the value orientations scale questions. For the value orientations 

questions (see below), we calculated a participant’s mean response for each scale (biocentric and 

anthropocentric) and compared the means between the outreach and control group using independent 

samples t-tests.  

 

Results 

 

Survey Response 

 During the outreach events, 387 people took the pre-survey. Of those, 214 people agreed to 

participate in the follow-up survey and gave their email address, and 202 of those emails were useable 

(e.g., legibly written, did not bounce). Sixty-five beachgoers (hereafter referred to as the “outreach 

pre/post group”) took the follow-up survey (including nonrespondents) for an adjusted response rate of 

32%.  

 Additionally, during the outreach events, 579 people left their email addresses and agreed to be 

contacted for a follow-up survey. Of those, 416 emails were useable. Forty-seven beachgoers (hereafter 
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referred to as the “outreach post-survey only group”) took the follow-up survey (including 

nonrespondents) for an adjusted response rate of 11%.  

 During the control events, 309 people took the pre-survey. Of those, 167 people agreed to 

participate in the follow-up survey and gave their emails, and 158 of those emails were useable. Fifty-

three beachgoers (hereafter referred to as the “control survey group”) took the follow-up survey 

(including nonrespondents) for an adjusted response rate of 34%.  

 

Respondent Demographics 

 Participants were asked demographic questions in the post-survey only. Thus, we do not have 

information about the demographic make-up of participants who took the pre-survey only or who signed 

the Be a Good Egg pledge but did not provide an email for the post-survey. Based on the post-survey 

responses, survey respondents of both groups (outreach and control) were primarily residents of Long 

Island. Sixty-seven percent of outreach participants were full-time residents of Long Island, 7% were 

part-time residents of Long Island, and 26% were non-residents. Eighty-three percent of control 

participants were full-time residents, 3% were part-time residents, and 14% were non-residents. The 

average age of participants was similar for both groups, with outreach participants having an average age 

of 44 and control participants having an average age of 54. This was the only statistically significant 

demographic difference between the two groups. The majority of participants from both groups were 

female (outreach 57% and control 60%). Thirty-one percent of control group participants and 26% of 

outreach group participants reported they were birdwatchers.  

 

RQ1: Why do people sign the Be a Good Egg pledge, and what do they learn from the program? 

 Participants were asked why they signed the Be a Good Egg pledge. They could select more than 

one response. The top 3 most common reasons for signing the pledge were: “I want to protect beach-

nesting birds” (71%), “I already do these behaviors” (68%), and “The behaviors are important to do” 

(67%) (Figure 1).  

 

Figure 1. Reasons beachgoers responding to the post-survey reported signing the Be a Good Egg pledge. 

Participants were allowed to select more than one response.  

 

 Participants in the outreach group were asked if they learned anything from talking to Audubon 

staff or volunteers. Ninety percent of participants said they did learn something; yet of those, only 41% 

(n=39) responded to an open-ended question asking what they learned. In some cases, participant 
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To protect beach-nesting birds

Percent of Responses
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responses were put into more than one theme. Of the 39 participants who wrote in what they learned, the 

majority of participants (74%) mentioned learning about birds or wildlife, and 8% of responses referred to 

nature or beach ecology more broadly, without specifically mentioning birds or wildlife. Of those who 

mentioned birds or wildlife, 36% discussed nesting birds specifically (e.g., I learned “where the birds nest 

on the beach and what the eggs look like,” “About the birds that nest at the beaches and their importance 

to the environment”). Another 15% of those who wrote in what they learned mentioned something about 

the different species of birds using the beaches (e.g., “I learned the names of some bird species that I 

recognized but hadn't known by name prior,” “various species of birds on Long Island”). Fifteen percent 

of people mentioned learning about Audubon and its mission.  

 

RQ2: Are there differences between those beachgoers who are contacted by the Be a Good Egg outreach 

and those who are not?  

 We compared the outreach and control groups’ pre-survey responses to see if there were 

differences between those who signed the pledge and those who did not. The groups were significantly 

different (t=2.252, p=0.03) in how often they reported bringing dogs to the beach with the outreach group 

saying they brought dogs to the beach more often (mean=1.42) than the control group (mean=1.21), but 

there was no difference in their reported frequency of staying away from the marked or fenced areas or 

carrying out trash (Figure 2).  

 

Figure 2. Comparison of pre-survey responses of the outreach and control groups’ self-reported pledge 

behaviors. 

 

 
* p<0.05 

 

 The groups also significantly differed in how often they thought others (e.g., participants’ peers, 

friends) kept away from marked or fenced areas (t=-3.586, p<0.001) and brought dogs to the beach 

(t=4.415, p<0.001). The outreach group believed others kept away from marked or fenced areas on 

average 75% of the time (mean=3.94), and the control group thought others kept away slightly more often 

but also about 75% on average (mean=4.22). The outreach group, on average, believed people brought 

their dogs to the beach more often than the control group did. The outreach group believed people brought 

their dogs to the beach about 25% of the time (mean=2.11), and the control group believed people 

brought dogs to the beach less often but also about 25% of the time (mean=1.75). There was no difference 

in how frequently the two groups thought others carried out trash.  
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 Lastly, the outreach and control groups differed significantly in how important they rated 

protecting beach nesting birds (t=5.136, p<0.001) (Figure 3). The outreach group reported the importance 

as close to extremely important on average (mean = 4.75), while the control group was somewhat closer 

to very important on average (mean 4.48). 

 

Figure 3. Pre-survey comparison between outreach and control groups of how important each group rated 

protecting beach-nesting birds.  

 

 
 

 

 We also compared the outreach and control groups’ post-survey answers. There were no 

differences between the outreach and control groups’ self-reported behavior (Figure 4). The outreach 

group indicated that they thought others carried out their trash less often than the control group thought 

(t=-2.558, p=0.012). There was no difference in how often the groups thought others kept away from the 

marked or fenced areas or brought dogs to the beach. There was also no difference in how important they 

rated protecting beach-nesting birds. In the post-survey only, we asked participants how often they had 

seen people inside the fenced areas, trash on the beach, and dogs on the beach (measured on a 5-point 

Likert-type scale from “every time I visit” to “none of the time”). The outreach group reported seeing 

people or evidence of people inside the marked or fenced areas about 25% of the time they visited the 

beach (mean=1.54), and the control group reported seeing people inside the closed areas almost none of 

the time they visited the beach (mean=1.19, p=0.04). The outreach group also reported seeing trash on the 

beach about 75% of the time (mean=3.69), while the control group reported seeing trash about 50% of the 

time they visited the beach (mean=2.96, p=0.04).   
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Figure 4. Comparison of post-survey responses of the outreach and control groups’ self-reported pledge 

behaviors. 

 

 
 

Participants were also asked to write in why they thought each of the three pledge behaviors was 

important to do (Table 1). Control group participants were asked this question without reference to the 

pledge or Audubon. Both groups mentioned birds or wildlife the most frequently for why the behaviors 

were important to do. Many responses also included reference to nature broadly. The control group 

mentioned following rules significantly more often than the outreach group for why they thought keeping 

away from marked or fenced areas (p=0.002) was important. The control group also mentioned the theme 

aesthetics (p=0.013) significantly more often for why carrying out trash was important.  

 

Table 1. Reasons given by outreach and control participants for why each of the three pledge behaviors 

was important. 

 

Theme Example quote Outreach % Control % 

Keep away from marked or fenced areas 

Birds/wildlife “Want to allow the birds to nest, grow and survive” 74 81 

Nature “We must share our natural resources.” 10 3 

Protection “To protect them” 12 8 

Other “Safety” 5 3 

Following rules “Signs say stay away.” 0 14** 

Carry out trash or use proper receptacles 

Birds/wildlife “So animals/birds don't eat the trash” 48 31 

Clean “To keep the beach clean” 26 22 

Right thing to do “It's the right thing to do!” 14 17 

Nature “Preserve our earth” 12 14 

Human health “Litter on the beach, where bare feet are exposed, 

can also be dangerous.” 

8 19 

Aesthetic “Keeps the beaches pretty” 7 25* 

Water “To prevent pollution… from entering our 

waterways” 

7 19 

Other “Important since prior generations were unaware of 

pollution problems” 

7 17 
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Keep dogs off of nesting beaches 

Birds/wildlife “Dogs may unknowingly disturb nesting areas” 55 40 

Clean “To keep the beaches clean.” 30 17 

Nature “Destruction of habitats” 10 6 

Other “Bc ughh” 8 14 

Following rules “There are signs posted clearly stating they aren't 

permitted” 

4 14 

Note: Participant responses may have been coded as more than one theme, depending on content.   

*p<0.05, **p<0.01 

 

 We asked participants to indicate on a sliding scale from 0-100 if the needs of birds or people 

should be prioritized when making decisions about beach management. The toggle started at the mid-

point of the scale (50) with 0 labeled as “birds” and 100 labeled as “people.” Mean responses from the 

outreach (mean=48.96, sd=25.44) and control (mean=46.24, sd=28.66) group were not significantly 

different. Twenty-three percent of outreach participants favored prioritizing the needs of birds (selected 

between 0-25), and 16% favored prioritizing the needs of people (selected between 75-100). Similarly, 

twenty-four percent of control participants favored prioritizing the needs of birds, and 18% favored 

prioritizing the needs of people. The majority of outreach participants (62%) and control participants 

(59%) were in the middle of the scale (selected between 26-74).  

 In terms of value orientations, ninety-seven percent of outreach participants had average scores 

that agreed (“strongly agree,” “agree,” and/or “somewhat agree”) with statements on the biocentric scale 

(see the Methods for more description of scales), and 11% had average scores that agreed with statements 

on the anthropocentric scale. Eighty-nine percent of control group participants had average scores that 

agreed with statements on the biocentric scale, and 8% had average scores that agreed with statements on 

the anthropocentric scale. Mean responses from the outreach and control group were not significantly 

different.  

 We also asked participants how familiar they were with the Audubon Society and to indicate their 

level of trust in the organization. Those who said they were not at all familiar with the Audubon Society 

were not asked the trust questions. Twenty percent of outreach participants and 27% of control 

participants said they were not at all familiar with the Audubon Society. Trust in Audubon was generally 

very high with 99% of outreach participants and 93% of control participants indicating they trust the 

Audubon Society to provide accurate information. However, while both groups reported high levels of 

trust for this indicator, the outreach group had significantly higher trust scores (t=-2.234, p=0.028). 

Ninety-five percent of outreach participants and 85% of control participants indicated they think Audubon 

has similar values to them. Trust was a little higher for control participants (70%) than outreach 

participants (67%) when asked if they trusted others to follow Audubon’s guidelines.  

 

RQ3: Does reported behavior change as a result of beachgoers signing a pledge and participating in the 

outreach program?  

Using paired samples t-tests, we assessed whether participants’ reported behaviors changed as a 

result of the outreach program. There were no significant differences in any of their self-reported 

behaviors (e.g., kept away from marked or fenced areas, carried out trash, brought dog to the beach). Yet, 

outreach participants’ pre/post responses significantly differed in how often they said others did the 

pledge behaviors (Figure 5) with their post-responses about others showing more frequent pro-

conservation behaviors. Control group participants’ pre- and post-survey responses had fewer significant 

differences. The only significant difference was in how often they thought others carried out their trash 

with the post-survey takers reporting others carried out their trash more often (t=-3.158, p=0.003). The 

pre-survey takers reported others carried out their trash about 75% of the time (mean=4.16), while the 

post-survey takers reported others carried out their trash nearly all the time (mean=4.74).   
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Figure 5. Comparison of pre-survey and post-survey responses of the outreach group on how often they 

thought other people did the pledge behaviors. 

 

 
* p<0.05, ** p<0.001 

 

Participants also significantly differed in how important they rated protecting beach nesting birds. 

Outreach participants said protecting beach-nesting birds was less important (t=3.207, p=0.002) in the 

post-survey (mean=4.74) than when they took the pre-survey (mean=4.92). For the control group, there 

was no difference in reported importance between pre and post surveys. 
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Summary and interpretation of key findings 

 

 Outcomes for learning as a result of the pledge-taking and associated outreach were mixed. 

Almost all outreach participants (90%) reported learning something from their interactions with Audubon. 

However, less than half reported what they learned (in contrast to other open-ended questions that about 

75% of participants answered). While, in general, fewer participants respond to open-ended questions, 

this result may indicate participants or did not retain information learned during the outreach events. 

Further, the general lack of difference between outreach and control groups in the comparison of the 

reasons for why the pledge behaviors are important indicates that the outreach and pledge signing may not 

have taught the outreach participants much about these behaviors. 

 It seems that pledge-taking and associated outreach did not influence the reported behavior of 

beachgoers. There were no significant differences in reported behavior between the pre- and post-survey 

for outreach participants. This may be, in part, due to the prevalence of these behaviors already.  Most 

beachgoers reported doing the pledge behaviors in the pre-survey. Further, the second-most common 

response outreach participants gave for why they signed the pledge was because they were already doing 

the behaviors.  

 Yet, outreach participants reported that others (e.g., participants’ peers, friends) engaged in more 

pro-shorebird behaviors after the outreach. In general, people base their own actions on what others are 

doing, so by reporting that others are engaging in more pro-conservation behaviors, these outreach 

participants may also be reflecting on their own behavior (Cialdini, Kallgren, & Reno, 1991), which could 

indicate that there actually was some change. Or, they may think more favorably of their peers/friends’ 

behavior after signing the pledge and receiving information about the importance of the pledge behaviors. 

In contrast, the control group pre/post measures only differed in one of the pledge behaviors (how often 

others carried out trash).  

 Interestingly, post-survey outreach participants said protecting beach-nesting birds was less 

important in the post-survey than when they took the pre-survey. Thus, the outreach effort did not 

increase the importance they attributed to birds. The counter-intuitive decline in importance may be due 

to social desirability bias, or the tendency to over-report favored behavior (and underreport unfavored 

behavior), during the pre-survey. Because participants took the pre-survey in front of the Audubon tent 

during an outreach event, whereas they took the post-surveys on their own, they may have inflated 

reported importance of protecting beach-nesting birds during the pre-survey.  

 Remarkably, the survey results indicate high levels of trust in Audubon. While participants in the 

outreach group reported very high levels of trust in Audubon, control group participants also generally 

had high levels of trust in Audubon. This finding could be attributed to nonresponse bias (beyond those 

who responded to the shortened non-respondent survey). Participants may have been more likely to 

respond to the survey if they already trusted Audubon. However, about a fifth of outreach participants and 

a quarter of control participants reported that they were not at all familiar with Audubon. These 

participants were not asked the trust questions, but these results show that a proportion of the participants 

were unfamiliar with Audubon and still took the survey. The percentage of outreach participants 

unfamiliar with Audubon was also surprising, given that they had interacted with staff and volunteers 

while signing the pledge.  

 While there were mixed results related to achieving the goals of the outreach program, more than 

two-thirds of beachgoers did affirm that they signed the pledge because they want to protect nesting birds 

(most common response) and they believe the pledge behaviors are important (third-most common 

response). Additionally, we received open-ended comments at the end of the survey that some 

participants felt the program is important and well done. Several participants thanked Audubon for their 

work (“Thank you for your efforts and for this survey,” “Thank you for doing the work you do”). Others 

mentioned the importance of the program (“Your work is extemely [sic] valuable,” “By doing this, you 

inform and educate the general public of the birds and wildlife and the importance of it all to the beach 

habitat”).  
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Recommendations 

 

Addressing limitations 

 Our evaluation had several limitations. First, although children, as well as adults, participated in 

the program and signed the pledge, we did not survey anyone under 18. Therefore, we cannot draw any 

conclusions about the effect of the program on children. We recommend including them in future 

evaluations, if possible. Second, we did not survey non-English speakers or those who don’t speak 

English well, due to the difficulties of translating the survey and having appropriate cross-cultural 

messages. There were some Spanish messaging materials and a pledge in Spanish, but many beachgoers 

spoke other languages and signed the pledge written in English (and perhaps left their emails). We do not 

know how many pledge-signers spoke another language. This may have affected our survey response rate, 

as those who do not speak English likely did not read our recruitment email and click on the link to our 

survey. In the future, it would be useful to track what proportion of pledge-takers speak other languages 

than English and consider an evaluation including survey materials in Spanish if warranted. Third, it is 

impossible for us to tell which email invites went to email addresses people do not regularly check or 

spam folders. Therefore, we do not know how many people never saw the survey request and did not have 

the opportunity to respond. This may also have impacted response rate. Fourth, we were not able to 

conduct the control pre-surveys on weekend days (as we only had enough staff capacity to avoid the 

outreach events and not simultaneously conduct a control elsewhere). There may be differences between 

people that visit the beach on weekdays versus those that visit on weekends. For example, there was a 

significant difference in age between the control and outreach group, with the control group being older, 

on average. This may be due to those of younger age being more likely to visit the beach on a non-work 

day. To have a larger survey sample size in the future, which would allow for a more robust analysis and 

for all surveys to be conducted on the weekend, more surveyors would be needed for control and outreach 

surveys. Fourth, we were limited in our post-survey respondent pool by those who provided an email 

address to contact them for a follow-up survey. We ran a comparison of the pre-survey responses between 

those who agreed to take the follow-up survey and those who did not. We found that those agreeing to the 

follow-up for both the outreach and control participants thought protecting beach-nesting birds was 

significantly more important than those who did not agree to take the follow-up. Therefore, our post-

survey participants were generally biased towards those having positive feeling about birds.  Thus, the 

differences between pre- and post-responses could have been dampened by this bias towards individuals 

who were already more pro-bird conservation. As we were unable to survey those who did not agree to 

the follow-up, we cannot know how the pledge and outreach program affected those beachgoers and if 

they experienced any behavior change as a result of the program. Lastly, we relied on self-reported 

behavior for our survey results. People may not accurately recall their past behavior or may answer 

questions based on what they think is the “right answer” (social desirability bias). Incorporating 

observations of actual behavior of beachgoers could strengthen future evaluations.  

 

Program recommendations 

1. While Audubon may have selected the three pledge behaviors initially because they were issues 

across Long Island, we suggest that Audubon consider whether an extensive outreach effort 

associated with this set of behaviors is the best approach to achieving their goals. As described above, 

many of the survey participants reported high levels of compliance with the pledge behaviors both 

before and after the outreach events. Particularly important to note, the control group participants also 

reported high compliance. These results suggest that most people are already doing these behaviors. 

Further, results from our open-ended questions about why the pledge behaviors are important show 

that outreach participants and control participants do not differ in how much they mention birds and 

wildlife or nature. However, it is also important to note that people who took the survey seemed 

biased towards having positive feelings about birds which could have dampened any behavior change 

effects (see limitations above). Still, we recommend Audubon consider if there are other behaviors 

that benefit shorebirds that would be more worthwhile to focus on because there is less current uptake 



 

260 

of those behaviors currently but potential that, with outreach, beachgoers might change their 

behavior. For example, behaviors might include encouraging beachgoers to fill in holes in the sand 

before leaving the beach (to prevent chicks from falling in), walk or jog on the wet sand to give 

nesting birds and chicks more space or giving all shorebirds a buffer when walking or jogging on the 

beach. These buffer distances could be decided using the scientific literature.  

2. It is also important to consider the timing of outreach events so they align with when the target 

audience for pledge behaviors is present. Half of the pre-survey participants indicated that they do not 

own a dog, so outreach about walking dogs may not be relevant for them. While the outreach events 

are conducted during the busiest time of day for beach recreation (around 9am-3pm), this time block 

does not generally overlap with people who are walking their dogs on the beach, particularly at 

beaches where this behavior is illegal and more likely to be enforced later in the day. Anecdotally, at 

beaches in Long Island, dogwalkers are typically out in the morning and late afternoon/evening. 

Outreach in the mornings or evenings specifically geared towards dogwalkers (e.g., handing out 

leashes for unleashed dogs) may be a more effective way of reaching these recreationists.  

3. While it is well documented in the scientific literature that pledges are an effective way to change 

behavior, most effective pledges require learning about the desired behaviors in order for the person 

to make long-term changes (Lokhorst et al. 2011). Thus, focusing on quality interactions with 

beachgoers over the number of pledges may result in more behavior change. In addition to our 

anecdotal observations of often very quick interactions with beachgoers just to capture their 

signatures for a pledge, some of the respondents (albeit just a small percentage) noted they signed the 

pledge because they felt pressured to do so or felt awkward if they did not do so.  Further, a fifth of 

outreach participants reported that they were unfamiliar with Audubon, despite having interacted with 

Audubon staff and volunteers during the outreach events. This result may indicate that participants 

are not thoroughly engaging with Audubon staff and volunteers (who are clearly identifying as 

Audubon) during the outreach events, or perhaps, the beachgoers are not retaining the information 

they learned. Instead of primarily focusing on pledge numbers as a metric for measuring the 

program’s outputs, additional measures could also be used, like number of people signed up for email 

lists, number of people engaging with Audubon New York on social media, number of volunteers 

recruited, or number of other chapters using the Be a Good Egg materials.  

4. Further, continuing to work with other chapters to use Be a Good Egg will help standardize shorebird 

outreach throughout the coast during nesting season. If people are hearing consistent messaging, 

regardless of location, they may be more likely to comply with the desired behaviors. Coordinating 

outreach with other chapters increases the program’s visibility, and input from other locations may 

help brainstorm additional improvements to the program and its messaging.  

5. Having a presence on the beach may have benefits beyond the actual outreach to the beachgoers who 

signed the pledge (Forys, 2011). Being present on the beach gives beachgoers a change to ask 

questions about the birds, closures, or other beach restrictions. It also may increase compliance with 

beach restrictions if beachgoers (who agree to sign the pledge or not) see Audubon on the beach 

conducting outreach.  This would be best assessed by tracking compliance records over time (before 

outreach programs began and then when they are happening). Additionally, a social-ecological 

evaluation, assessing the social outcomes of the outreach program along with the ecological outcomes 

would be very valuable. For example, do beaches with the Be a Good Egg program have both human 

behavior changes (noted through observation) and better nesting outcomes? This requires long-term 

tracking (and associated funding) of both social and ecological research related to this program but 

would allow Audubon to track the program’s success and tie together different program outcomes.  

Such a social -ecological evaluation would allow for a more complete understanding of how humans 

and shorebirds use and share the beach.   



 

261 

References 

 

Cialdini, R. B., Kallgren, C. A., & Reno, R. R. (1991). A Focus Theory of Normative Conduct: A 

Theoretical Refinement and Reevaluation of the Role of Norms in Human Behavior. Advances in 

Experimental Social Psychology, 24, 201–234.  

Forys, E. A. (2011). An evaluation of existing shorebird management techniques’ success at locations in 

Pinellas County.  

Lokhorst, A. M., C. Werner, H. Staats, E. van Dijk, and J. L. Gale. 2011. Commitment and Behavior 

Change: A Meta-Analysis and Critical Review of Commitment-Making Strategies in Environmental 

Research. Environment and Behavior 45:3–34. 

Maguire, G. S., Rimmer, J. M., & Weston, M. A. (2013). Stakeholder perceptions of threatened species 

and their management on urban beaches. Animals, 3(4), 1002–1020.  

Vaske, J. J., & Donnelly, M. P. (1999). A Value – Attitude – Behavior Model Predicting Wildland 

Preservation Voting Intentions. Society & Natural Resources, 12, 523–537.  

  

 

 


