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Abstract 

The Chignecto Isthmus is a land bridge that connects Nova Scotia to New 

Brunswick and is a critical juncture of the Atlantic Flyway, an internationally recognized 

travel route and management zone for migratory birds. Since the arrival of European 

settlers in the 1600s, the Isthmus has experienced significant changes. Vast saltmarshes 

were drained to create productive agricultural lands (“dykelands”), which led to 

considerable losses of wetland habitat. Human-made wetlands (“impoundments”) were 

introduced in the 1960s to compensate for losses of natural wetlands. In this dissertation, 

I explored how wetland birds use human-created landscapes on the Chignecto Isthmus, 

including dykelands and impoundments. In Chapter 2, through systematic literature 

review, I investigated if impoundments are providing habitat for birds, if bird use is being 

monitored, and if so, if that information is readily available. I found that despite 

impoundments being built for nearly a century, the number of resources detailing 

monitoring are scarce. Despite this scarcity, results suggest a mostly positive response by 

a variety of bird taxa to impoundments, but some papers noted wetland senescence. In 

Chapter 3, I interviewed local people who interact regularly with the land and wildlife to 

understand their perceptions of change on the Chignecto Isthmus. Many people perceived 

an increase in wetland area during their lifetimes, which they attributed to more 

impoundments. Other notable changes that participants discussed were changes in 

wetland productivity, agriculture, aerial insectivore numbers, and ways that people 

interact with wildlife. In Chapter 4, I tested a strategy for rejuvenating productivity in 

impoundments via water-level manipulations (“drawdowns”) through a before-after-

control-impact study. Overall bird abundance increased with the post-treatment stage, but 
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individual taxa showed mixed responses. In Chapter 5, I challenged a long-held 

assumption that the Acadian subspecies of Nelson’s Sparrow (Ammospiza nelsoni 

subvirgata) is a “saltmarsh specialist”. I investigated breeding habitat use and nest 

survival in saltmarshes and dykelands. Despite greater use of saltmarshes, nest survival 

was higher in dykelands. The results of my dissertation highlight the importance of 

human-made habitats for birds in areas with significant landscape changes, like the 

Chignecto Isthmus. My results also emphasize the importance of long-term monitoring 

and social considerations in decisions on landscape changes for bird conservation. 
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1. Chapter 1. General Introduction - Avian and human adaptations to wetland 

change, with a focus on the Chignecto Isthmus 

1.1 Wetland importance and losses 

Humans have altered wetlands around the world for centuries. In North America, 

this destruction dates to the 1600s with the arrival of European settlers who drained 

wetlands for agriculture (Davidson 2014). Despite recent acknowledgements of the 

importance of wetlands, losses continue (Davidson 2014, Fluet-Chouinard et al. 2023). 

Much of the loss of wetlands has been from conversion into different types of agricultural 

land, including crops, pasture, and rice, which accounts for >80% of converted wetlands 

globally since 1700 (Fluet-Chouinard et al. 2023). Coastal wetlands are particularly at 

risk of loss due to sea-level rise, as well as human settlements and continued urbanization 

being disproportionately common in coastal areas compared to inland (Zhao et al. 2016). 

For example, in the province of New Brunswick, > 65% of coastal marshes have been 

lost since the arrival of European settlers, mainly due to agriculture (Government of New 

Brunswick 2002), and in Nova Scotia, 80% of Bay of Fundy tidal marshes are estimated 

to have been lost since 1700 (Government of Nova Scotia 2011). 

Tidal or saltmarshes are highly productive ecosystems that occur at the transition 

zone between marine and terrestrial systems (Greenberg 2006, Greenberg and Maldonado 

2006). They are regularly inundated with saltwater, which provides a relatively harsh 

environment for organisms, and those that use saltmarshes must be uniquely adapted to 

these conditions. There is, therefore, a high amount of endemism in tidal marsh flora and 

fauna (Greenberg and Maldonado 2006). For some organisms living in tidal marshes, this 
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means being able to tolerate high levels of salinity in water and food sources, regular 

inundation from tides, and possible storm surges (Greenberg 2006). Species adapted to 

live in tidal marshes face population declines and possibly extirpation or extinction with 

continued losses of tidal marsh habitat. For example, Saltmarsh Sparrow (Ammospiza 

caudacata) is a species endemic to saltmarshes of the North American Atlantic Coast; 

their populations are declining by 9% annually and are at risk of extinction by 2050 

(Roberts et al. 2019). Protecting existing saltmarshes, and restoring tidal marshes where 

possible, may help ensure that these ecosystems and the unique organisms that rely on 

them persist, which is important for overall biodiversity. 

Anthropogenic climate change, sea level rise, and increased storm events may 

make tidal marshes even more challenging environments for some organisms to live in. 

There is also potential for further losses of saltmarshes as sea levels rise and hard 

boundaries prevent saltmarshes from migrating inland (“coastal squeeze”, Pontee 2013). 

Many tidal marsh habitats are predicted to transition to other habitat types, including 

from low marsh habitat with high primary productivity to habitats that may be less 

suitable for waterfowl and other waterbirds, such as subtidal or mudflat habitats (Livolsi 

et al. 2021; although these habitats can support large populations of shorebirds (Hicklin 

1987)). For these reasons, protection and restoration are especially important, particularly 

in areas where there is room for saltmarsh migration inland. However, in many areas 

migration inland will not be possible and protection and restoration of saltmarshes may 

not be sufficient to meet the needs of diverse wildlife. Alternative wetland habitats may 

be needed to provide habitat for wetland wildlife that can take advantage of other habitat 

types. 
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1.2 Anthropogenic landscapes as habitat 

Many wildlife populations depend on wetlands to carry out different life stages. 

For example, many saltwater species of fishes use tidal marshes as nursery habitat, and 

22 million waterfowl breed in the Prairie Pothole Region each year (Mitsch and 

Gosselink 2007). With significant wetland losses around the world, many wildlife 

populations declined. Along with overexploitation, wetland losses led to catastrophic 

declines in waterfowl abundance in North America in the early 1900s (Suring and 

Knighton 1985). Wetland losses have forced wildlife populations to rely on the limited 

wetlands that remain or adapt to alternative habitats (e.g., Breininger and Smith 1990, 

Murray and Hamilton 2010). In some cases, wildlife populations have adapted to using 

human-created landscapes as habitat (Martínez-Abraín and Jiménez 2015). For example, 

waterfowl regularly take advantage of sewage ponds (Maxson 1981, Murray and 

Hamilton 2010) or agricultural fields (Barney 2008, Fox et al. 2017) because of the 

abundant food supply they can offer. Agroecosystems provide important habitat to birds 

in areas where natural habitats have been lost; for example, in northeastern North 

America, most open grassland is privately-owned agricultural land and provides habitat 

for grassland nesting birds (Askins et al. 2007). Agroecosystems have potential for 

conservation opportunities (e.g., Brown 2019) and conflicts (e.g., McMahon et al. 2024) 

as agricultural lands are working landscapes and wildlife habitat is not often a primary 

goal. Therefore, anthropogenic landscapes created with the primary goal of providing 

habitat to wildlife may be necessary to compensate for wetland losses to maintain 

biodiversity and present levels of populations. 
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To compensate for losses of natural wetland habitat, wildlife managers have built 

or restored wetlands for wildlife and other ecosystem services. Impoundments are one 

type of human-made wetland often built with the primary goal of providing habitat for 

wetland birds, particularly waterfowl. They are usually built with a raised earthen berm 

(or dyke) on multiple sides (i.e., “impounded”) and a water-control structure to 

manipulate water levels (Cowan Jr. et al. 1988). This design provides consistent and 

easily manipulatable habitat for wetland birds.  

1.3 Wetland senescence 

Across North America, wildlife managers have built impoundments as habitat for 

wetland birds since the 1930s. For nearly as long, wildlife managers have acknowledged 

that these sites decline in productivity over time (Suring and Knighton 1985). Wetland 

senescence is the phenomenon by which aging impoundments decline in productivity due 

to limited nutrient inputs into the wetland (Loder 2017). Stable water levels promote 

anaerobic conditions, which can slow decomposition rates and lead to reduced nutrient 

availability (Baldassarre and Bolen 2006). Prolonged stabilization at high water levels 

can also result in reduction of emergent and submergent vegetation, creating an open 

water wetland (Markham 1982). With lower productivity and nutrient availability, 

waterfowl and other wetland bird use declines as well. Many wildlife managers report 

declines in bird abundance only a few years after impoundments are built (Kadlec 1962, 

Whitman 1976, Loder et al. 2018). Impoundments are often built with a primary goal of 

providing habitat to waterfowl and other wetland wildlife; originally, this goal was to 

serve hunters and trappers to provide game for recreation and livelihood. Today, these 

wetlands are built and managed with broader goals in mind, although waterfowl remain a 
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focus because waterfowl advocates still provide the majority of funding and support for 

conservation (Anderson et al. 2015). 

Water-level drawdown has been used effectively to reverse wetland senescence 

because it mimics natural cycles and increases nutrient inputs into the system (Kadlec 

1962, Baldassarre and Bolen 2006; see Chapter 4 for more details on this process). As 

water is draining from an impoundment during drawdown, it can provide habitat for 

species that prefer shallow water conditions, including shorebirds and rails (Rundle and 

Fredrickson 1981, Taft et al. 2002). Drawdowns are also used to promote germination of 

waterfowl food plants, particularly in areas where birds overwinter, a time when many 

waterfowl rely on plant-based foods (Baldassarre and Bolen 2006). In areas where 

waterfowl use impoundments during the breeding season, invertebrates are the main food 

source used by breeding females, broods, and molting males because of the high protein 

content (Baldassarre and Bolen 2006, Schummer et al. 2021). Water-level manipulation 

in impoundments has been shown to increase aquatic macroinvertebrate abundance 

(Schummer et al. 2021). In many cases, wildlife managers have encouraged drawdowns 

approximately every five years to reduce the negative impacts of wetland senescence; 

however, this timing and the response by birds to drawdowns may not be universal across 

regions. Long-term monitoring may help wildlife managers and researchers better 

understand the best management strategies for impoundments in their areas.  

1.4 Social considerations in conservation 

Monitoring wildlife population responses to conservation actions can illuminate 

possible benefits and consequences of these actions for wildlife, which is important in 

assessing if projects are meeting their goals. However, monitoring only the ecological 
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responses can miss potential impacts of conservation actions on people. Incorporating 

social considerations into conservation science and monitoring may highlight additional 

benefits of conservation actions or expose potential areas for conflict (Bennett et al. 

2017). Human dimensions of conservation is a field of research that applies social science 

to wildlife management issues with the goal of finding practical solutions to management 

problems, and recognizes the impacts of human-wildlife and human-habitat interactions 

(Decker et al. 2012). A stakeholder is a person who “is significantly affected, or 

significantly affects, wildlife or wildlife management decisions or actions” (Decker et al. 

1996). Management decisions often provide advantages for some stakeholders and 

disadvantages for others; investigating stakeholder perceptions, values, and attitudes may 

help managers anticipate the impacts of decisions on stakeholders and their responses to 

these management actions (Decker et al. 2012). 

In the late 19th and early 20th century in North America, wilderness preservation, 

animal welfare, and game management were beginning to dominate as values in wildlife 

management, with notable influences from people like Aldo Leopold (Kaltenborn and 

Linnell 2022). The focus was mainly on game animals, especially waterfowl, although 

non-game species also received some appreciation and new protections (e.g., the 

Migratory Bird Convention Act of 1916). The term “biodiversity” appeared in the 1980s, 

suggesting a shift from single-taxa management to communities of species (Haila and 

Kouki 1994). Today, the goals of wildlife management have shifted to a more holistic 

approach, and include frameworks such as socio-ecological systems, biocultural 

conservation, and ecosystem services (Kaltenborn and Linnell 2022). These conceptual 

frameworks acknowledge the importance of social considerations alongside the 
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ecological. It is important to also acknowledge that much of the history of conservation in 

North America has excluded Indigenous knowledge, priorities, and voices. Although 

recent efforts have been made to recognize the importance of Indigenous participation 

and leadership in conservation, the modern conservation movement and wildlife 

management are still rooted in settler colonialism (Eichler and Baumeister 2021). 

1.5 Study setting and historic background 

The Atlantic Flyway is one of the four major migratory routes for birds in the 

Americas (Lincoln 1935; Figure 1.1). At a critical juncture of the Atlantic Flyway is the 

Chignecto Isthmus (Macdonald and Clowater 2005). The Chignecto Isthmus is a narrow 

land bridge that connects Nova Scotia to New Brunswick and the rest of the continent 

and separates the Bay of Fundy from the Northumberland Strait (Needham et al. 2020). 

Since before colonization, this area has been known as Siknikt (“place of drainage”) of 

Mi’kma’ki, the traditional, contemporary, and unceded lands of the Mi’kmaq (Fudge 

2019). When European settlers arrived on the Isthmus, they noted the impressive 

diversity and abundance of wildlife, including migratory birds (MacDonald and Clowater 

2005). Early French settlers named the marshes located on the Chignecto Isthmus 

“Tintamarre” meaning “loud noise” or “uproar,” which describes the cacophony of sound 

produced by millions of migratory waterfowl using these marshes (Government of 

Canada 2023). 

The arrival of French settlers, “the Acadians,” brought major changes to the 

Isthmus. The Acadians used dykes, ditches, and aboiteaux (i.e., one-way sluice gates) to 

drain the saltmarshes and create rich agricultural lands (Butzer 2002). This practice of 

draining or altering coastal wetlands continued with further settlement of the area by the 
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British and Americans (Fudge 2019). Saltmarsh hay was the focus of agriculture on the 

Isthmus, and by the mid-1800s, the Tantramar Marshes were considered the world’s 

largest hayfield (Fudge 2019).  

Today, >85% of coastal wetlands along the Bay of Fundy have been altered, 

many to the point of no longer being wetlands (Boone et al. 2017). To compensate for 

this extensive loss of coastal wetland habitat, Ducks Unlimited Canada and the Canadian 

Wildlife Service began building impoundments in the 1960s on agricultural lands that 

were once saltmarshes (hereafter “dykelands”; Figure 1.1). Wildlife managers have noted 

evidence of wetland senescence in impoundments in this region. Local research has 

shown declines in nutrient availability in impoundments older than 30 years (Loder et al. 

2018) and declines in macroinvertebrate abundance in impoundments older than 10 years 

(Demers 2021). 

Wetlands have played an important role in human history with many human 

settlements strategically placed near or within wetland areas (Mitsch and Gosselink 

2016). People and communities receive many benefits from the ecosystem services that 

wetlands provide, including flood protection, water storage, recreational opportunities, 

and habitat for harvestable animals (Mitsch et al. 2015). Although the importance of 

wetlands to humans has remained throughout time, as values and demands shift, the 

manner and intensity of wetland use also changes and evolves. The Chignecto Isthmus 

provides an interesting case study of how wetlands and habitat for wetland birds have 

changed over time because the Isthmus has faced considerable changes to wetland area in 

the past century, and is an important juncture of the Atlantic Flyway for migratory birds. 

Today, changes to wetlands, other landscapes, and wildlife continue to occur in this area, 
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and this has implications for people living on the Isthmus, particularly stakeholders and 

rightsholders who interact most with the land and wildlife. Figure 1.1Error! Reference 

source not found. emphasizes the layers of anthropogenic history and impacts on the 

Chignecto Isthmus.  

1.6 Research gaps and opportunities 

Despite nearly a century of management and research related to human-created 

habitats for wetland birds, there are still many knowledge gaps. Opportunities abound to 

understand the consequences for birds that use human-created landscapes in place of 

natural ones, particularly during critical life history stages, such as the breeding season. 

For example, the Acadian Nelson’s Sparrow (Ammospiza nelsoni subvirgata) has been 

confirmed using human-made dykelands for breeding (Nocera et al. 2007), but little is 

known about the consequences of using human-made instead of natural habitats for this 

breeding population. This presents an opportunity to compare use of natural and 

anthropogenic habitats by the Acadian Nelson’s Sparrow during the breeding season, 

which could have implications for dykeland management and our understanding of the 

importance of saltmarsh for these birds. The Acadian Nelson’s Sparrow provides a case 

study population to better understand how anthropogenic changes on the Chignecto 

Isthmus affect a wetland-associated bird. 

Impoundments are another anthropogenic landscape feature that require more 

information on their effectiveness as habitat for birds. If regular and long-term 

monitoring of impoundments has occurred, and if it is published and available, then 

filling these knowledge gaps should be relatively easy. There is an opportunity to 

evaluate the literature to determine the extent of monitoring and the availability of this 
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information, particularly because of the resources that go into building and maintaining 

impoundments. Furthermore, there is a need to collate information from impoundment 

monitoring to investigate if wetland senescence is a widespread phenomenon that occurs 

predictably in impoundments across North America. Impoundments differ across North 

America in many ways, including water quality, substrate, size, and design (Loder et al. 

2019). Drawdowns and other methods have been used to restore productivity in aging 

impoundments (Kadlec 1962, Taft et al. 2002). In Atlantic Canada, where wetland 

senescence has been documented (Loder et al. 2018) and impoundments are built on 

marine-derived soils (Loder et al. 2019), there is a need to test the influence of habitat 

manipulation (i.e., drawdowns) on wetland bird use of these sites. Testing this strategy 

will provide important information to conservation managers who build and manage 

these sites for wetland wildlife.  

Another major knowledge gap relates to local perceptions of land and wildlife 

changes, particularly regarding coastal impoundments and stakeholders who interact with 

them frequently. Conservation is a social and political project as well as an endeavour to 

promote biodiversity; therefore, understanding local stakeholder perceptions may provide 

conservation managers with insights and information that promote successful design and 

delivery of conservation projects that benefit ecosystems and stakeholders and 

rightsholders (White et al. 2023). 

1.7 Research questions and objectives 

In this dissertation, I investigated questions related to how wetland birds use 

human-created landscapes, including those landscapes that were made for wildlife 

(impoundments) and those that were not (dykelands). I considered the consequences of 
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using human-made landscapes compared to natural habitats for breeding Nelson’s 

Sparrows (Chapter 5), and some of the additional benefits and drawbacks of 

anthropogenic habitats for people and wildlife more generally (Chapter 3). I examined 

the literature to determine if impoundments or managed wetlands are meeting their goal 

of providing habitat for wetland birds, and to what extent this is being monitored and 

reported (Chapter 2). Finally, I tested a method for improving human-made wetlands for 

birds through water-level drawdown and measured the immediate response by birds 

(Chapter 4). My research mostly focuses on coastal wetlands of the Chignecto Isthmus in 

the Canadian Maritimes, although the literature review in Chapter 2 considers all of 

North America. 

1.8 Dissertation outline 

In Chapter 2 of this dissertation, I completed a systematic literature review to 

investigate the effectiveness of human-made impoundments as wildlife habitat, and the 

accessibility and availability of information on long-term monitoring. In Chapter 3, I 

interviewed local stakeholders of the Chignecto Isthmus to understand their perceptions 

of land and wildlife changes on the Isthmus. In Chapter 4, I manipulated water levels in 

several impoundments on the Chignecto Isthmus to test the effectiveness of this method 

(“drawdown”) to rejuvenate productivity and increase bird abundance. In Chapter 5, I 

investigated how the Acadian subspecies of Nelson’s Sparrow uses human-made 

dykelands as breeding habitat compared to natural saltmarshes. In Chapter 6, I 

summarized findings from the four data chapters and give several recommendations for 

future management and research. I have also included an appendix chapter, which is 

related but adjacent to the research included in this dissertation. 
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1.9 Note for readers 

Chapters 2, 3, 4, 5 and the Appendix Chapter have been written as separate 

manuscripts to be submitted for publication; therefore, some information will be 

repeated. Chapter 5 has been published in Ornithological Applications (Owen et al. 2024) 

and the Appendix Chapter was published in Northeastern Naturalist (Owen et al. 2023). 

Chapter 5 occurs in this dissertation as a modified and expanded version of the published 

manuscript, but the Appendix Chapter occurs the same as published. Spelling in Chapter 

5 and the Appendix Chapter reflect American spelling because they were published in 

American Journals.  

Most of the dissertation is written in first person; however, Chapters 4, 5, and the 

Appendix Chapter are written in third person to reflect the highly collaborative nature of 

those chapters and because they are published or being prepared for submission with 

multiple co-authors. 
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Figure 1.1 Top left: A flock of Canada Goose migrating over the Chignecto Isthmus. Top 

right: Tree Swallows using a human-made nesting alternative (wooden nest box) at the 

edge of an impoundment. Bottom left: A drone photo showing the agricultural landscape 

on the Tantramar Marshes of the Chignecto Isthmus. Bottom right: A drone photo taken 

near Beaubassin Research Station showing a train carrying goods from Nova Scotia to 

New Brunswick over the Missaquash River and passing by dykes and dykelands, 

impoundments, and a road, with saltmarshes and the Bay of Fundy visible in the distance. 

Photos: K. Owen. 
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2. Chapter 2. A systematic review of wetland bird monitoring in North American 

impoundments 

2.1 Introduction 

Wetlands are unique and highly productive ecosystems that serve as ecotones 

between terrestrial and aquatic systems (Mitsch and Gosselink 2006). Globally, wetlands 

have been lost at an alarming rate, particularly in areas where human population density 

is highest (Mitsch and Gosselink 2006). The total global loss of wetlands is estimated to 

be 21% since 1900, with most being drained for agriculture (Suring and Knighton 1985, 

Fluet-Chouinard et al. 2023). Wetlands provide a variety of important ecosystem 

services, such as carbon sequestration, flood control, water storage and purification, and 

habitat for a diversity of plant and animal species (Government of Canada 1991, Mitsch 

and Gosselink 2006). These invaluable services provided by wetlands, and the associated 

impacts to wildlife from their losses, were not realized until the 1920s and 1930s (Suring 

and Knighton 1985). 

Increased awareness of the importance of wetlands motivated wildlife managers 

to build impoundments to compensate for the huge losses of wetlands (Suring and 

Knighton 1985, Clipp et al. 2017). These human-made wetlands were built by 

constructing a raised berm or dyke that holds water in an area, and then installing a 

water-control structure that could be manipulated to allow for water to flow in or out of 

the wetland as desired (Cowan Jr. et al. 1988). The timing of these wetland management 

actions coincided with the creation of Ducks Unlimited, the “Duck Stamp” campaign, 

and other waterfowl conservation initiatives (Bolen 2000). The North American 
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Waterfowl Management Plan was signed in 1986 and facilitated a tri-national (Canada 

and USA in 1986, Mexico in 1994) commitment to protect wetlands and waterfowl 

across North America. In the first decade of the plan, USD$553 million was spent on 

habitat conservation (Williams et al. 1999). However, there have been concerns that little 

of that funding has been put towards evaluation of initiatives (i.e., monitoring) under the 

plan, and thus it can appear unclear whether the investments contributed substantially to 

desired outcomes (Anderson et al. 1996, Williams et al. 1999). 

Impoundments are used by many species of wildlife, notably migrating and 

overwintering waterfowl and shorebirds (Rundle and Frederickson 1981, Erwin 1996, 

Bradshaw et al. 2020). However, many wildlife managers have noted reduced use by 

waterfowl and other wildlife in aging impoundments (Suring and Knighton 1985, Loder 

et al. 2018a). Without a regular and significant input of nutrients, impoundments may 

decline in productivity, a phenomenon termed “wetland senescence” (Loder et al. 2018a), 

although the initial productivity was often higher than natural marshes (Suring and 

Knighton 1985). Today, many impoundments continue to be built and managed by 

organizations, such as Ducks Unlimited, the Canadian Wildlife Service, and the U.S. Fish 

and Wildlife Service, despite these noted declines in productivity, as their creation 

typically results in a net gain for local wildlife habitat. 

With any habitat creation, restoration, or manipulation project, long-term 

monitoring is necessary to understand the effects on wildlife and other variables, and to 

make better informed ecological decisions (Block et al. 2001, Lindenmayer and Likens 

2010). Unfortunately, many projects lack follow-up monitoring (Allen 1993). This may 

be due to many factors, including lack of funding, particularly long-term funding 
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(Caughlan and Oakley 2001, Lindenmayer and Likens 2010), poor design of the 

monitoring program (e.g., inadequate research questions; Lindenmayer and Likens 2009) 

or unclear goals (Muir Hoatling et al. 2002). Funding for long-term monitoring can be 

difficult due to government cutbacks and changing priorities (Cohen et al. 2021), and 

lack of interest from funding agencies to support research that is not hypothesis-driven 

(Lovett et al. 2007). Although long-term monitoring programs can be costly, they are 

inexpensive relative to the cost of the management or policy decisions that the 

monitoring will inform (Lovett et al. 2017). In some cases, monitoring may happen, and 

the results may be communicated internally or with the public, but the results are not 

published in peer-reviewed scientific literature. Publishing in peer-reviewed literature 

better ensures that the methods and interpretations have been scrutinized and are 

scientifically sound and transparent (Lindenmayer and Likens 2010, Parker et al. 2016). 

Furthermore, a lot of the knowledge related to conservation projects, such as 

impoundments, is held by practitioners and managers, who are not typically tasked with 

publishing that knowledge in peer-reviewed journals and may not have access to outlets 

for publishing this type of knowledge. Collaborations between researchers and 

practitioners may help narrow the gap between research and practice (Božic et al. 2022). 

Sharing knowledge with other wildlife managers or scientists is necessary to advance our 

understanding of wildlife and habitat management.  

Given the resources put into building impoundments for habitat in the past 

century, and the associated concerns about monitoring, I compiled information on 

published knowledge on the effectiveness of impoundments as wetland bird habitat 

through systematic literature review. I also investigated what type of monitoring 
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occurred, when it occurred, and if the information is readily available to an external 

researcher. For the purpose of this study, I used the term “publication” to mean a piece of 

literature that has: (1) undergone peer-review and is published in a scientific journal; (2) 

was a form of report produced by government, non-government, or other agencies or (3) 

was a completed thesis or dissertation. 

2.2 Research questions and objectives 

The goal of this systematic literature review was to investigate if impoundments 

built as habitat for wildlife were effective in meeting their intended goals. More 

precisely, through systematic literature review, I sought to determine not only if the 

information existed but if it was accessible to be used for future land and habitat 

management decisions. 

I used the following research questions to guide the systematic literature review: 

(1) Did impoundments or managed wetlands built with the primary goal of providing 

habitat for waterfowl and wetland birds meet that goal? 

(2) Were these wetlands being monitored to determine if they are meeting this goal, 

i.e., providing habitat to wetland birds? 

(3) If so, was that information readily available and accessible to researchers and 

external parties? 

For this study, I included the following definitions of terms included in the 

research questions: 



 

25 

 

Term Definition 

Impoundment or 

managed wetland 

For this study, I only considered human-made 

wetlands that were created with a primary goal of 

providing habitat to wildlife. These wetlands usually 

have dykes on multiple sides and a water-control 

structure for water-level management. 

Waterfowl and 

wetland birds 

Avian wildlife including waterfowl, waterbirds, 

shorebirds, waders, and other wetland-specialists. 

Organizations Groups that were involved in the planning, 

construction, or monitoring of impoundments. 

Monitoring Wildlife surveys or assessments of vegetation, water 

chemistry, soil, or other attributes of impoundments as 

habitat. 

Readily available or 

accessible 

Could be found in several common literature 

databases, and could be read in full by researchers or 

external parties (i.e., those working for organizations 

other than the ones involved in the source being sought 

out) if they have access to such databases. 

2.3 Methods 

I searched in bibliographic databases using truncated terms and Boolean phrases. I 

started with a naïve search using three common literature databases: Scopus, BIOSIS 

Citation Index, and Academic Search Premier. I chose these three because they were 

available via University of New Brunswick Libraries. I created four categories of search 

terms: wetland birds, wetland type, monitoring, and geographic region. I chose to focus 

my literature review on North America because there have been several international 

agreements between the three North American countries (Canada, Mexico, and the 

United States of America) related to migratory birds and habitat management, including 

waterfowl specifically (e.g., North American Waterfowl Management Plan, NAWMP 

2012). I added and removed terms to see if the number of results changed, and did not 
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keep terms if no new results were added. I went through the process of seeking additional 

search terms via litsearchr, an R package (v1.0.0, Grames et al. 2019), but found that the 

process provided an unreasonably long search string that was not appropriate for this 

study. I did, however, add some additional terms from the litsearchr process to my search 

string. Ultimately, I used the following search string:  

Category Search Terms 

Wetland birds *bird* OR *fowl OR duck* OR swan* OR goose OR geese 

OR wader* OR rail* OR specialist* OR avian OR heron* 

OR mallard* OR coot* OR crane* 

 AND 

Wetland type impound* OR created wetland OR managed wetland OR 

*made AND wetland OR artificial wetland 

 AND 

Monitoring success* OR effective* OR chang* OR monitor* OR 

suitab* OR goal* OR objective* OR target* OR improv* 

OR assess* OR evaluat* OR measur* OR track* 

 AND 

Geographic region Mexic* OR Canad* OR United States OR America* OR 

USA OR U.S.A. 

 

I checked the search string against the Peer Review of Electronic Search 

Strategies (PRESS; McGowan et al. 2016) guidelines and determined that no changes 

were required at this stage. It is possible that I missed some relevant results with my 

search string, but this applies to my second research question, which asked, “Is the 

information readily available or accessible to other researchers or the general public?” If 

results did not appear in my search, then it is likely that the publication or report was not 
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readily available. When possible, I searched for my terms in the abstract, title, and 

keywords.  

I completed my literature search on 25 November 2024, and I exported search 

results from Scopus, Academic Search Premier, and BIOSIS Citation Index as RIS files, 

which I then imported into Zotero to deduplicate the results. Then, I exported the results 

into a single CSV file from which I manually examined each title and abstract and 

determined if it was relevant. 

When I had a completed list of potentially relevant resources, I searched for each 

resource via the University of New Brunswick Libraries. If the resource was not found, 

then I conducted an additional search via Google Scholar. If a resource was not available 

via either search option, it was listed as “No Access” and removed from the list; this was 

the case for 10.5% of total resources from the original search that seemed potentially 

relevant. After going through all results and determining eligibility for inclusion, I 

completed backward- and forward-tracing for each included resource in January 2025. 

Backward-tracing involves going through the Literature Cited (References) of a paper to 

find additional papers that were cited by the authors. Forward-tracing involves looking at 

the list of literature that has cited the paper since publication. I completed forward-tracing 

using Google Scholar. In multiple cases, I found more than one publication from the 

same study area with a slightly different focus. For example, Monfils et al. (2014) 

published a paper on breeding bird use of dyked and undyked wetlands, as well as a 

paper on post-breeding bird use of the same sites (Monfils et al. 2015). On a few 

occasions, I also found reference to a thesis during backward- and forward-tracing that 

was the same study as a journal publication included in my systematic search. In cases 
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where I had similar publications, I treated them as one study (as in Monfils et al. 2014, 

2015) or I focused on the journal publication rather than the thesis. 

Many impoundments were built with a primary goal of providing habitat to 

waterfowl, however, I chose to include papers on other wetland birds because many sites 

are now managed for wetland birds more generally, including groups like shorebirds and 

waders (e.g., Weber and Haig 1996). I excluded wetlands built for any other purpose 

(e.g., mosquito control, rice production) unless habitat for wildlife or waterfowl was 

explicitly listed as an additional goal at the time of construction, and I excluded any 

papers where the purpose of the wetland was unclear. I also excluded any papers where 

the type of wetlands was not clear (i.e., I could not determine if the wetlands were 

human-made). Finally, I only included papers that were clearly “impoundments” due to 

the inclusion of any word starting with “impound-”, reference to raised earth (e.g., 

“dyke,” “berm,” “levee,”), or mention of a “water-control structure.” In two cases, I was 

able to look at diagrams or photos included in the document to confirm that they were 

created wetlands that fit my inclusion criteria.  

I excluded several papers detailing monitoring studies or programs because the 

impoundments in these papers were being managed for waterfowl but had originally been 

built for other uses (e.g., rice production; Landers et al. 1976). I was specifically 

interested in studies monitoring the effectiveness of impoundments built with a primary 

goal of habitat for waterfowl and other wetland birds. I also excluded papers that 

monitored the effect of specific management strategies, for example, comparing different 

water-level manipulations (e.g., Brasher et al. 2007) or burning schedules (e.g., Gabrey et 

al. 2001). 
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Finally, in some cases, I had access to papers, reports, or theses that were not 

found in my systematic literature search. These were all publications that were provided 

to me by my personal network. I chose to include these sources in the results, but have 

labeled them as “Non-systematic sources”. 

2.4 Limitations and potential biases 

Many different terms are used to describe wetlands built for waterfowl and other 

wildlife, including impoundments, managed wetlands, restored wetlands, moist-soil 

management units, and constructed wetlands. Many of these terms also refer to wetland 

types that are not wetlands built or managed for wildlife, for example, impoundments for 

mosquito control or constructed wetlands for water storage. I did not include some of 

these terms (i.e., “restored” or “moist-soil” or “constructed”) in my original search string 

because these terms are either too broad or too management-focused and would have 

greatly increased the number of results from my search string. It is possible that by 

excluding these terms, I may have missed some publications; however, through 

backward- and forward-tracing, I am comfortable that I captured most of the published 

literature that is available in my search and tracing. 

In addition to the papers that I found through systematic literature review, 

including forward and backward tracing, I also included several papers in my analysis 

that were found via non-systematic methods. I included these publications so that I could 

better address research questions #1 and #2 (“Are impoundments meeting goals as habitat 

for wildlife?” and “Is that being monitored?”), but I have noted which papers were found 

via non-systematic methods so that I can still address research question #3 (“Is the 

information readily available and accessible?”). Non-systematic methods include papers 
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or reports given to me by colleagues or personal acquaintances and publications that I 

found online through non-systematic literature review (e.g., on ResearchGate or 

organizational websites). These documents were biased towards New Brunswick because 

it was my focal study area for other research in this dissertation. These documents are not 

likely to be easily accessible to someone doing this literature review in another part of 

North America. Through the systematic search and tracing, I was aware many of these 

documents existed, but they were unavailable online and only accessible to me through 

non-systematic means; however, for some documents, particularly internal reports, there 

was no trace of their existence during systematic search and tracing. 

I recognize the potential bias for English-language publications due to English 

being the primary language of all authors in this study, as well as the primary language 

for the databases and websites where I focused my search (see Amano et al. 2021). This 

may have contributed to the lack of studies included from Mexico. Although some 

Spanish papers were included in the search results, it was only those with translations of 

the abstract into English.  

2.5 Results 

My search string produced 401 results in Scopus, 173 results in Academic Search 

Premier, and 381 results in Biosis Citation Index. Using Zotero and manual checking, I 

removed 298 duplicated results, for a total of 657 results to be manually evaluated for 

relevance. From this search, 12 publications were deemed appropriate for inclusion. 

Backward and forward tracing added 15 publications to the final list. Because some 

papers or theses were written by the same authors from the same study sites, I removed 

them or considered them as the same study as another paper, and therefore, I finished 
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with a total of 27 documents that were included in my analysis that came from systematic 

literature search and tracing. I included an additional five unpublished documents to my 

analysis that I obtained through non-systematic methods (i.e., from personal 

connections). 

2.5.1 Geographic distribution 

Ten studies were focused on impoundments in Canada and 22 in the United States 

(Figure 2.1). I found no papers that met my requirements for inclusion from Mexico. Of 

the 32 studies included in the literature view, eight (25%) focused on impoundments in 

land-locked provinces or states, and 24 (75%) were from provinces or states with a coast 

on the Pacific or Atlantic Oceans, the Gulf of Mexico, or the Great Lakes. 

2.5.2 Wetland monitoring 

Among the 32 studies in my analysis, there were four types of studies which 

comparatively evaluated these sites as habitat for wetland birds: impoundments to 

reference sites (n = 20), impoundments of different ages or the same impoundments over 

time (n = 12), impoundments to the pre-construction habitat (i.e., before-after 

comparison; n = 2), and impoundments to alternative habitats (n = 1; Table 2.1). Some 

studies combined monitoring types (e.g., monitoring pre-construction and several years 

post-construction; Pollard 2000). In two papers, monitoring began before the 

impoundments were built. Most monitoring was completed in concurrent years; however, 

in five studies, monitoring was carried out in two or three time periods, with unmonitored 

years in between. Most studies examined multiple impoundments, and only two papers 

evaluated a single site, which was compared to pre-construction habitat instead of natural 

reference wetlands. The studies included 1 – 8 years of monitoring (mean: 2.6 years; 

Table 2.1, Figure 2.2). Some studies did not provide a wetland construction date, and 
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therefore, I could not determine the age of the impoundment, but for those that did, 

impoundment age ranged between 0 and 50 years (Table 2.1) and were built between 

1954 and 2013 (Figure 2.2). Impoundments were built on land owned or managed by 

private landowners, municipal governments, Ducks Unlimited, Ducks Unlimited Canada, 

Canadian Wildlife Service, US Fish and Wildlife Service, and various state agencies in 

the United States; however, many did not state who owned or managed the land. 

Impoundments ranged in size from 0.14 ha to 175 ha; however, several studies did not 

provide the size of the impoundments. Most studies provided a range for sizes or ages; 

therefore, I could not determine the averages of these measurements.  

Publications included authors that listed affiliations with academic institutions (n 

= 22 papers), state or provincial agencies (n = 13 papers), non-governmental 

organizations (n = 6 papers), and federal government (n = 7 papers). Studies were 

published between 1976 and 2021 in 14 journals, with the journal Wetlands having the 

most publications (n = 7). Results also included five government reports and three theses 

(Table 2.1). Funding for these studies came from a variety of sources including 

government (provincial/state or federal) agencies, Ducks Unlimited (Inc. or Canada), and 

academic sources (e.g., research grants to the authors). 

 Most papers (n = 22) listed waterfowl or waterbirds as the focal taxa for which 

the wetland was created, but several papers looked at broader bird communities, 

including songbirds and raptors, rather than the original target taxa. Of the 32 papers that 

met my criteria, five studies did not include any measurement of avian activity or 

numbers but instead focused on aspects of the habitat that are important to birds, 

including water or soil nutrients (Whitman 1976, Loder et al. 2018a, 2018b, 2019, 
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Demers 2021), and food abundance (Whitman 1976, Livolsi et al. 2021, Demers 2021). 

For avian research methods, the studies included methods such as point-count surveys, 

transect surveys, GPS tracking with tags, stomach content analysis, fixed-wing aerial 

surveys, call-playback surveys, and bird and nest censuses. Habitat and other 

measurements included aquatic invertebrate sampling, vegetation surveys, water 

chemistry and soil nutrient analyses, and other wildlife surveys (e.g., for anurans). Most 

papers focused on the breeding season (approximately May to July); however, there were 

also studies that looked at wintering and migrating life history stages, and some studies 

focused specifically on the brood-rearing season (Table 2.1). 

Twenty studies compared impoundments to reference (natural) wetlands in terms 

of bird densities, abundance, richness, or some other measures of the avian communities. 

Of the studies comparing impoundments to reference sites, 65% (n = 13) suggested that 

bird community or habitat variables showed positive responses to impoundments, 25% (n 

= 5) had mixed or neutral responses, and 15% (n = 3) showed negative responses. Twelve 

studies looked at bird response to wetland age by looking at different aged impoundments 

(n = 7) or the same impoundments over time (n = 5).  For studies examining bird 

community or habitat variable response to impoundment age, 50% (n = 6) showed 

positive relationships with age, 17% (n = 2) were mixed or neutral, and 33% (n = 4) were 

negative. Eight papers did not provide a construction date or impoundment age. Of the 

studies where construction date was known (n = 24), the studies that reported negative (n 

= 6) or mixed/neutral (n = 10) responses by birds (or habitat-related variables) were all 

studies that included at least some impoundments greater than 5 years old, with a range of 

0.5 to 50 years. Studies that reported positive responses by birds included impoundments 
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between 0 and 32 years, with five of 12 studies only examining impoundments <5 years 

old (Table 2.1). 

2.6 Discussion 

Despite impoundments being built in North America since the 1930s with a 

primary goal of providing wildlife habitat, very few studies (n = 27) have appeared in the 

peer-reviewed literature that evaluated the success of these sites in meeting that goal. 

Five additional publications were found via non-systematic methods, which is 19% of the 

total publications used in this literature review and suggests that information on 

impoundment monitoring may exist but not be available through systematic literature 

review. In fact, in my discussions with active or retired practitioners (Chapter 3), it was 

clear they had much information on local sites that simply do not exist in published form. 

Most studies compared constructed impoundments to reference or natural wetlands, and 

some compared to the same wetlands over several years. Additionally, some studies 

compared the newly constructed impoundment(s) to a non-wetland site, such as the pre-

construction site of the impoundment, or nearby alternative habitats. Bird communities 

showed a variety of responses to impoundments based on impoundment age or 

comparison to natural wetlands, which I classified as positive, negative, or mixed/neutral 

depending on the result. 

2.6.1 Differences in wetland bird responses 

The different responses by wetland bird communities across studies is likely 

attributable to several factors which may vary locally in intensity. First, impoundments 

are highly variable and dynamic ecosystems, which make it difficult to compare wetland 

creation projects across different geographic regions or biomes (D’Avanzo 1990). Studies 
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were located across Canada and the United States. In a study comparing waterfowl 

habitats in different locations, Loder et al. (2018b) found differences in water chemistry 

of freshwater impoundments in the New Brunswick – Nova Scotia border region 

compared to freshwater wetlands in Ontario, Maine, southern Nova Scotia, and the 

Prairie Pothole Region. The study noted differences in underlying soils, history of 

landscape alterations, and climate as potential influences (Loder et al. 2018b). 

Descriptions of impoundments included in my review showed differences in size (0.14 – 

175 ha), age (0 – 50 years), and management (e.g., water-level manipulations). In a study 

on mitigation wetlands created after mining activities, wetland size was the most 

important variable determining waterfowl use of the wetlands (McKinstry et al. 2001). 

Several studies in this review argued that wetland age affected wildlife use because of 

successional changes in the wetland and senescence (Whitman 1976, Monfils et al. 2014, 

Loder et al. 2018a, Demers 2021). To counteract wetland senescence, many wildlife 

managers have employed different management practices or habitat manipulations, which 

have influenced wildlife use (Kaminski and Prince 1981, Schummer et al. 2021). Many 

of the studies in my review did not specify if there was current, past, or no management. 

All these factors could influence wetland bird use of impoundments, and with limited 

information and few studies, it is difficult to infer which factors influence bird 

communities the most. 

Traditionally, impoundments were built with waterfowl populations in mind and 

monitoring focused on those populations (Kadlec 1962, Gordon et al. 1998); however, 

many of the studies included in my literature review considered other birds as well, 

including songbirds (Hapner et al. 2011), shorebirds (Weber and Haig 1996), raptors 
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(Fleming-Singer and Horne 2005), and species of conservation concern (Benson et al. 

2018). Responses by birds to impoundments, by site age or compared to reference sites, 

is likely dependent on the taxa being studied. There were not enough studies in my 

literature review to draw conclusions about how different groups of birds use 

impoundments; however, in general these studies showed that a variety of birds from 

different taxa use impoundments and the adjacent areas (e.g., Post and Seals 1991, Weber 

and Haig 1996, Anderson and Rooney 2019). New research that focuses on which bird 

groups derive the most benefit from impoundment creation and endurance, and which 

groups are negatively influenced by these in the short and long-term, will provide greater 

insights for managers, policy-makers and the public to define goals for wetland creation. 

2.6.2 Impoundments as habitat for birds 

Most studies (74%) found that impoundments provided similar conditions, or 

performed better than, reference wetlands. In all cases, these results were deemed a 

success because impoundments were providing as good or better habitat for the target 

taxa compared to natural or reference wetlands. In a few cases, the projects were not 

deemed to be particularly successful due to lower-than-expected numbers of waterfowl or 

wetland-associated birds (Weller et al. 1991, Monfils et al. 2014). One study, focused on 

shorebirds, found that birds used impoundments more or less than expected depending on 

the time of year (Weber and Haig 1996). 

Studies that looked at impoundments of different ages or the same wetlands over 

time found more varied responses by birds. Of these, five studies (42%) suggested 

negative relationships between impoundment age and habitat variables (Whitman 1976, 

Beauchamp and Kerekes 1980, Loder et al. 2018a). Interestingly, none of the studies that 
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I found documented declining bird use with impoundment age, despite several papers 

suggesting that this is an accepted phenomenon (Kadlec 1962, Baldassarre and Bolen 

2006, Loder et al. 2018b), and conversations with active and retired practitioners who 

described their perceptions of declining bird use (Chapter 3).These papers either cite a 

personal communication or documents that were not available online. Instead, studies 

investigating impoundment age found differences in community composition (Maillet et 

al. 1999, Clipp et al. 2017, Hapner et al. 2011) or an increase in bird use (VanRees-

Siewert and Dinsmore 1996, Kenawell 2002). Even within bird families, there were 

differences in responses to impoundment age, with breeding pairs of some species 

showing a positive relationship, such as Ring-necked Duck (Aythya collaris), and others 

showing a negative relationship, such as Blue-winged Teal (Spatula discors; Maillet et al. 

1999). These results underscore the importance of considering community composition 

and setting clear target taxa for the habitat so that goals can be monitored and measured 

(Muir Hoatling et al. 2002). 

Despite few publications that met my criteria, in the papers that I examined, I 

found evidence suggesting that wetland senescence may be occurring in many 

impoundments across North America. Papers that documented mixed or negative 

responses by birds or habitat variables were mainly in impoundments that were >5 years 

old (e.g., Weller et al. 1991, Loder et al. 2018a, Demers 2021). Meanwhile, positive 

responses were noted in studies examining impoundments that were <10 years old, 

although there were some exceptions (e.g., Post and Seals 1991). This stresses the critical 

need for long-term monitoring and evaluation of human-created habitats for wildlife, 

particularly in terms of wildlife use. Measuring habitat variables can result in a better 
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understanding of the mechanisms behind wetland senescence but does not provide a 

clearer answer to the question of whether impoundments are (still) providing habitat to 

wildlife. Aging impoundments may show reduced nutrients (Loder et al. 2018a), reduced 

bird use (Kadlec 1962), or changes in bird or macroinvertebrate community composition 

(Maillet et al. 1999, Clipp et al. 2017, Hapner et al. 2011, Demers 2021) but they may 

still provide adequate habitat for a variety of species (Maillet et al. 1999) and, therefore, 

still be meeting their goals. 

Across studies, it was clear that impoundments of any age are still used by birds. 

In one of the papers included in this literature review, the authors argue that “providing 

habitat for birds” is not a clear and measurable goal that allows for straightforward 

evaluation (Muir Hoatling et al. 2002). In every study that I examined, impoundments 

were meeting the primary goal of providing habitat to wetland birds in the simplest sense, 

and in no cases were impoundments not used by birds. To deal with declining 

productivity, wildlife managers can manipulate water levels to rejuvenate productivity 

(i.e., drawdowns; Kadlec 1962, Whitman 1976), which may enhance impoundments as 

habitat for wetland birds and result in higher use (but see Chapter 4 of this dissertation). 

In the future, impoundments may become increasingly important as wildlife habitat with 

ongoing anthropogenic climate change causing rising sea levels (Livolsi et al. 2021) and 

extreme weather events (e.g., drought; Conlisk et al. 2022, Pearse et al. 2024) that result 

in further losses or degradation of natural wetlands. In years of drought, impoundment 

use is high, suggesting they act as a refuge in dry years (Conlisk et al. 2022). Livolsi et al. 

(2021) predicted that sea-level rise will result in some productive coastal habitat (e.g., 
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low marsh) transitioning to less productive habitat (e.g., mudflat), but that coastal 

impoundments will continue to provide consistent energy resources to waterfowl. 

2.6.3 Monitoring of impoundments 

The oldest paper I was able to access (Whitman 1976) documented evidence of 

wetland senescence in aging impoundments; despite this, eight of the studies included in 

my review only examined impoundments ≤8 years old, and six of those (75%) found 

positive responses by bird communities to aging impoundments. Long-term monitoring is 

necessary to determine if the positive effects continue as these impoundments age, 

especially with evidence of wetland senescence of impoundments documented across 

North America (e.g., Kadlec 1962, Loder et al. 2018a). Despite several papers suggesting 

that declining bird use with impoundment age is an accepted phenomenon, none of the 

papers that I included in my literature review documented this. The papers that provided 

evidence of wetland senescence measured water nutrients or aquatic invertebrates (i.e., 

food sources) rather than bird abundance. In some cases, observations of declining bird 

use were mentioned as a personal communication with wildlife practitioners (e.g., Loder 

et al. 2018a), and in other cases, publications were cited that could not be found or were 

not accessible online. The lack of documentation on this phenomenon suggests there is a 

need for researchers to revisit this topic and publish the results. 

Long-term and scientifically rigorous monitoring of wetland habitat and the 

wildlife it supports is critical to ensuring that these habitat creation projects better inform 

future management activities (Lovett et al. 2007, Lindenmayer 2018). In multiple cases, I 

found reports documenting the first year of monitoring with information about a multi-

year monitoring program that would follow (e.g., Hanson et al. 1994). In these cases, I 
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was not able to find a follow-up report or paper with the successive years of monitoring, 

and I cannot determine if long-term monitoring took place or if the program was 

discontinued after the initial monitoring. I refer to this as the “Best Laid Plans Syndrome” 

where practitioners put time and resources into developing a monitoring plan but cannot 

continue it beyond the initial years due to financial or other constraints. Many challenges 

exist that hinder long-term monitoring of wetland birds and created wetlands. There is a 

lack of standardization in methods used to monitor birds and habitat variables making 

comparisons difficult, and there are often financial burdens and time constraints that 

impede long-term monitoring (Caughlan and Oakley 2001, Lindenmayer and Likens 

2009, Soulliere et al. 2013). Funding agencies and scientific journals generally favour 

novel research, which can make long-term monitoring difficult to fund or publish, and 

most funding is for short-term projects (Lindenmayer 2018). Ideally, when a habitat 

creation, restoration, or enhancement project is developed, funding agencies would 

provide enough support for long-term monitoring to evaluate the effectiveness of the 

project, particularly given the large amount of money that goes into building these 

habitats (Bolen 2000). The costs of monitoring are usually a small fraction of the cost of 

the project or the estimated benefits from the project (Lovett et al. 2007). Long-term 

ecological monitoring can help researchers and managers better understand phenomena 

like wetland senescence, while also evaluating the effectiveness of conservation projects 

such as impoundments. 

Funding for conservation projects often relies on government sources, and due to 

government budget cuts and turnover, funding for monitoring programs is often very 

limited (Cohen et al. 2021). Community-based monitoring (i.e., monitoring completed by 
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volunteers) is increasingly being used as a cost-effective means to collect ecological data, 

while also engaging communities in conservation awareness (Conrad and Hilchey 2011). 

There are, however, challenges with community-based monitoring including volunteer 

capacity, participant objectivity, and data accuracy. Therefore, community-based 

monitoring must augment monitoring done by governmental or other agencies rather than 

replace it (Whitelaw et al. 2003). 

Monitoring of conservation projects should also incorporate social considerations, 

such as the many potential advantages (e.g., environmental education or recreational 

opportunities) or disadvantages (e.g., loss of agricultural land or local history) of 

impoundments beyond wildlife habitat (Chapter 3 of this dissertation). Future research 

could look at a cost-benefit analysis of impoundments, however, it is challenging to 

measure given that some benefits or drawbacks of impoundments are difficult to assign a 

dollar value and may require a qualitative look at the value of impoundments (Chapter 3 

of this dissertation). 

2.6.4 Accessibility of documentation 

Several publications, mainly theses (e.g., Ivins 1964), government reports (e.g., 

Whitman 1976), and unpublished documents (e.g., Huizer and Henshaw 1997) were 

found through tracing that were not found in my original systematic literature search, 

and, once found via tracing, were not accessible. Additionally, I had access to five 

unpublished reports or theses that were not accessible or found through the systematic 

literature review or tracing but were provided to me by personal contacts (Table 2.1). 

Furthermore, I found papers that acknowledged monitoring and confirmed the 

effectiveness of impoundments but without a citation, suggesting there was no published 
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report. For example, one paper discussed an evaluation of a small impoundment program 

by the State of Maine, which found that impoundments were successfully providing 

habitat to breeding waterfowl, but no citation was provided (Suring and Knighton 1985). 

It is likely that monitoring of impoundments has occurred and been documented but the 

results cannot be easily accessed or are only available as internal documents. The 

timeline of events (Figure 2.2) suggests that construction, monitoring, and publication 

increased around the early 1990s. This could reflect an increase in awareness of the 

importance of wetland habitat and funding to improve conditions for wildlife. For 

example, in Canada, the Federal Policy on Wetland Conservation was released in 1991, 

which set out goals of “no net loss of wetland functions” and “enhancement and 

rehabilitation of wetlands” (Government of Canada, 1991). This policy may be one 

example of changes in the way North Americans were thinking about wetlands, as well as 

a means to create, restore or protect wetlands across Canada. 

I chose to focus on publications that could be found via a systematic literature 

review and that were accessible for someone with access to most academic journals. In 

the 2012 report of the North American Waterfowl Management Plan, one of the main 

principles of the plan reads, “Sound science and knowledge is the foundation for 

planning, implementing, and evaluating the NAWMP programs” (NAWMP 2012). I 

chose to search for documented monitoring efforts via a systematic literature review, 

which yielded, mainly (75%), peer-reviewed scientific publications. I justified that choice 

by looking to the principle of the NAWMP report highlighting the importance of “sound 

science and knowledge,” and emphasized the importance of peer-review in the process of 

producing sound science and knowledge. Furthermore, publishing monitoring results in 
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peer-reviewed literature lends credibility and visibility to these projects, allowing 

funders, the public, and other researchers or wildlife managers to be better informed 

about the results of these programs (Lindenmayer and Likens 2010). Secondly, I sought 

to determine if information on monitoring of impoundments was readily available to 

researchers and external parties (i.e., organizations other than those doing the 

monitoring). Information that exists in internal reports and graduate theses may be more 

difficult to find or access for those seeking information on wetland management, 

particularly when seeking information across a broad area or timeframe. Contacting 

government employees and various organizations involved in wetland management to 

gain access to reports or internal documents uses valuable time and resources and is not 

practical. Much of the information on impoundments and other wildlife management 

exists as local knowledge by practitioners, and, if not published, this knowledge can be 

lost when these people retire or leave an organization. This type of practitioner 

knowledge does not often make it into academic publications due to several barriers: 

editorial expectations to publish novel and rigorous research, practitioners may not have 

access to academic outlets or funding for publishing, and practitioners are often focused 

on questions that require long-term commitments and supports. Collaborations between 

academics and practitioners may be one way to overcome this barrier, as long as 

priorities between both parties align (Božič et al. 2022). 

2.7 Recommendations 

My study yields the following recommendations:  

1) Monitor to determine the effectiveness of human-made wetlands over longer 

timeframes to detect the long-term responses of wildlife to these habitats (i.e., 
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long-term monitoring occurring for at least 10 years, Lindeman and Likens 2010). 

If considering community-based monitoring or long-term monitoring, plan for this 

at the design phase to encourage that the data collected are accurate and useful. To 

measure wetland senescence, monitoring should occur frequently, at least once 

every five years, but more often if funding allows. 

2) Define clear, measurable goals for impoundments, including target species and 

life stages, and timelines for success (i.e., short-term vs. long-term goals). 

3) Where appropriate, publish results from monitoring efforts in scientific journals 

(preferably open access) or open data repositories so that they go through peer-

review and can be readily available to researchers and external parties.  

4) Continue research on the effects of impoundments or management strategies on 

wildlife, particularly looking at which species or populations are most positively 

and negatively affected by the creation and management of these habitats.  

Additionally, research incorporating additional benefits or trade-offs of 

impoundments, such as cost-benefit analysis or exploration of social impacts, could add 

important considerations for evaluating waterfowl impoundments. Impoundments built 

for other purposes, although not covered in this literature review, should also be 

monitored in cases where they are acting as habitat for wildlife. 

2.8 Conclusion 

From this systematic literature review, impoundments clearly provide valuable 

habitat to wetland birds and other wildlife. Furthermore, some researchers and wildlife 

managers have monitored these impoundments as wetland bird habitat and published the 
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results for nearly half a century. However, the number of studies and amount of 

monitoring that has taken place over nearly a century of impoundment construction is 

scarce, which could be due to a lack of monitoring, a low priority placed on follow-up or 

reporting, or the information not being readily available. Evaluating impoundments and 

sharing the information widely is necessary to ensure that they are meeting goals, and 

those goals should be clearly stated and measurable so that effectiveness can be properly 

evaluated. Publishing these results in peer-reviewed literature provides an avenue to share 

information with scientists, wildlife managers, and funders, which could result in more 

funding opportunities and knowledge-sharing between wildlife managers and researchers 

(Lindenmayer and Likens 2010). Given significant losses of wetland habitat throughout 

North America and continued anthropogenic effects from climate change, wetlands 

should continue to be protected, restored, and created where possible, and subsequently 

monitored to ensure success. 
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Table 2.1. All studies included in the literature review, found via systematic and non-systematic searching. Information in the tables 

includes authors, year published, name of journal or the type of document if not a published article, the province or state where the 

research took place, age of the impoundment in years, the number of years that monitoring took place, the focus of monitoring (i.e., 

bird community or habitat variables measured), life history stage on which the study focused, what the impoundments were compared 

to (e.g., natural wetlands, same wetlands at different time), and how the document was found. 

Authors 
Year State or 

Prov. 

Age 

(years) 

# years Focus of 

monitoring 

Life 

history 

stage 

Comparison Main findings Method 

found 

Anderson 

and Rooney 

2019 Alberta 3 – 10 2 Bird communities 

(abundance, 

diversity, 

composition) 

Breeding To reference 

(natural) 

wetlands 

Abundance and 

average species 

richness similar 

between restored 

and natural 

wetlands but 

community 

composition 

differed. 

Tracing 

Austin and 

Buhl 

2009 South 

Dakota 

>10 2 Waterfowl use and 

number of broods 

Breeding To reference 

(natural) 

wetlands 

Largest 

proportions of 

indicated pairs 

and broods 

observed most 

often on 

modified 

semipermanent 

wetlands 

(impoundments). 

Literature 

search 

Balcombe et 

al. 

2005 West 

Virginia 

4 – 21 2 Vegetation and 

invertebrate 

Breeding To reference 

(natural) 

wetlands 

Mitigation 

wetlands 

consistently 

Literature 

search 
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diversity; avian and 

anuran rankings 

scored better for 

all communities 

analysed than 

reference 

wetlands. 

Beauchamp 

et al. 

1980 New 

Brunswick 

0 – 8 3 Water chemistry 

and nutrients 

Breeding To reference 

(natural) 

wetlands 

All major ionic 

constituents and 

nutrients 

declined with 

impoundment 

age. 

Non-

systematic 

Benson et 

al. 

2018 New York ~15 3 Wildlife 

assemblages and 

SGCN (abundance, 

richness) 

Breeding To reference 

(natural) 

wetlands 

No differences 

in measurements 

of community 

assemblages 

between restored 

and reference 

wetlands. 

Tracing 

Casazza et 

al. 

2020 California Not 

indicated 

1  Habitat use (GPS 

locations) 

Year-

round 

To reference 

(natural) 

wetlands 

Managed 

wetlands 

consistently and 

strongly selected 

by waterfowl 

over tidal 

marshes. 

Literature 

search 

Clipp et al. 2017 West 

Virginia 

1 and 13 2 Waterbird 

communities 

(richness, diversity, 

composition) 

Wintering Two different 

aged 

impoundments 

Species richness 

and diversity 

were similar, but 

composition and 

species use 

differed between 

Tracing 



 

 

5
9
 

old and new 

impoundments. 

Connor and 

Gabor 

2006 New 

Brunswick 

Not 

indicated 

2 Waterfowl brood 

abundance, 

wetland obligate 

bird richness 

Brood-

rearing, 

breeding 

To reference 

(natural) 

wetlands 

Brood density 

and mean 

species richness 

of wetland 

obligate birds 

was higher on 

impoundments 

than seasonally 

flooded 

wetlands. 

Literature 

search 

Demers 2021 New 

Brunswick 

0 – 50 1 Water nutrients and 

macroinvertebrate 

communities 

Breeding, 

brood-

rearing, 

spring and 

fall 

migration 

Different age 

classes of 

impoundments 

Nutrients 

declined and 

invertebrate 

community 

composition 

changed with 

age 

Non-

systematic 

Fitzsimmons 

et al. 

2012 Texas 6 – 9 2 Bird diversity, 

densities; species 

of conservation 

concern 

Migrating 

(spring & 

fall), 

wintering 

To reference 

(natural) 

wetlands 

Managed 

marshes 

supported more 

bird species 

greater waterbird 

densities, greater 

plant diversity 

and aquatic 

invertebrate 

biomass but 

lower density 

Tracing 
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and species of 

secretive marsh 

birds than 

unmanaged 

marshes. 

Fleming-

Singer and 

Home 

2005 California Not 

indicated 

4 Bird communities 

(richness, diversity, 

abundance); 

aqueous nitrogen 

Non-

wintering 

To reference 

(natural) 

wetlands 

Total number of 

birds species 

was much higher 

than reported 

values for 

natural wetlands. 

Literature 

search 

Gordon et 

al. 

1998 South 

Carolina 

Not 

indicated 

3 Waterfowl 

occurrence 

Wintering To reference 

(natural) 

wetlands 

Occurrence of 

dabbling ducks 

in managed 

coastal 

impoundments 

was greater than 

expected for all 

species except 

American Black 

Duck (Anas 

rubripes). 

Literature 

search 

Hanson 2008 New 

Brunswick 

6 – 8 4 Waterbird density, 

waterfowl brood, 

water chemistry 

and nutrients, 

aquatic 

invertebrates 

Breeding, 

post-

breeding 

To same 

wetland over 

time 

Aquatic 

nutrients did not 

decline up to 8 

years after 

wetland 

creation; 

abundance and 

richness of 

waterbirds and 

Literature 

search 
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broods was 

similar across 

years. 

Hapner et al. 2011 Wisconsin 11 – 15 3 Bird communities 

(densities, 

abundance, 

richness) 

Breeding To same 

wetlands over 

time 

Increase in total 

number of bird 

species and 

mean bird 

density over 10 

years, but shifted 

from wetland to 

oldfield habitat 

guilds. 

Tracing 

Hickman et 

al. 

1994 Illinois 0 – 2 3 Bird communities 

(diversity and 

abundance) 

Breeding To same 

wetlands over 

time 

Increases in 

number of 

individuals and 

species of 

waterfowl using 

the site; increase 

in number of 

endangered 

species visiting 

the site. 

Literature 

search 

Kenawell et 

al. 

2002 Kentucky 1 – 11 1 Avifauna diversity 

and richness 

Breeding, 

migrating 

To reference 

(natural) 

wetlands and 

different aged 

impoundments 

Constructed 

wetlands had 

higher richness, 

diversity, and 

abundance than 

reference sites. 

Oldest site had 

greatest species 

richness. 

Tracing 
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Livolsi et al. 2021 Delaware Not 

indicated 

2 Winter duck foods Wintering To reference 

(natural) 

wetlands 

Food-energy 

density was 

greater in 

freshwater 

impoundments 

for nearly all 

dabbling ducks. 

Literature 

search 

Locky et al. 2005 Ontario 1 – 5 2 Bird species 

richness, 

abundance, habitat 

changes 

Breeding To same 

wetlands pre- 

and post-

construction 

Total species 

richness, number 

of rare species, 

and bird 

abundance 

increased post-

construction. 

Literature 

search 

Loder et al. 2018b 

 

New 

Brunswick 

1 – 30+ 1 Water nutrients Breeding, 

brood-

rearing 

Different aged 

impoundments 

Macro and 

micronutrients 

were reduced in 

impoundments 

older than four 

years.   

Tracing 

Maillet et al. 1999 New 

Brunswick 

1 – 27 1 Wetland obligate 

birds and broods 

(abundance, 

breeding pairs) 

Breeding Different aged 

impoundments 

Positive (Ring-

necked Duck 

(Aythya collaris) 

breeding pairs, 

waterfowl 

broods) or 

slightly positive 

but non-

significant 

(waterfowl and 

marsh bird 

Non-

systematic 
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numbers) 

correlations with 

impoundment 

age. 

Monfils et 

al. 

2014 Michigan 40+ 3 Bird communities 

(richness, 

abundance, 

similarity) 

Breeding To reference 

(natural) 

wetlands 

Diked wetlands 

did not benefit 

the bird 

community to 

the degree 

expected with 

deep water and 

stabilized water 

levels. 

Literature 

search 

Monfils et 

al. 

2018 Michigan, 

Ohio, 

Wisconsin 

Not 

indicated 

8 12 wetland species 

(occupancy, 

detection, 

abundance) 

Breeding To reference 

(natural) 

wetlands 

Marsh bird 

abundance (8 of 

12 species) and 

occupancy 

estimates (8 of 9 

species) greater 

in impounded 

compared to 

unimpounded 

wetlands. 

Literature 

search 

Muir 

Hoatling et 

al. 

2002 Maryland 1 – 8 2 Bird communities 

(richness, 

abundance, 

densities) 

Breeding To alternative 

habitats 

Wetland-

dependent, 

shorebirds, total 

species richness, 

and bird 

abundance were 

highest in 

Tracing 
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restored 

wetlands. 

Nareff 2009 South 

Carolina 

Not 

indicated 

2 Waterfowl and 

shorebirds 

(richness, 

abundance) 

Wintering, 

migrating 

To reference 

(natural) 

wetlands 

Waterfowl used 

managed 

impoundments 

more than 

expected but 

shorebirds used 

tidal marshes 

more than 

expected. 

Tracing 

Nedland et 

al. 

2007 Wisconsin 13 – 16 1 Waterfowl 

richness, breeding 

pair abundance; 

anuran and plant 

communities 

Breeding To same 

wetlands over 

time 

No significant 

changes between 

time periods. No 

new species 

detected in later 

surveys. 

Tracing 

Pollard 2000 Nova 

Scotia 

-2 – 4 6 Wildlife 

communities 

(waterfowl, broods, 

breeding pairs, 

marsh birds, 

songbirds, 

amphibians, small 

mammals, 

muskrats) 

Breeding To reference 

and same 

wetlands pre- 

and post-

construction 

(2 years 

before, 4 years 

after) 

Increases in 

waterfowl brood 

production, 

American Black 

Duck pairs, 

brood use, and 

songbird species 

richness. 

Non-

systematic 

Post and 

Seals 

1991 South 

Carolina 

>30 2 Nest of non-

waterfowl (density, 

productivity) 

Breeding To reference 

(natural) 

wetlands 

Bird population 

density and 

productivity 

were similar in 

Tracing 
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impounded 

compared to 

natural marshes.  

Vanausdall 

and 

Dinsmore 

2020 Iowa 1 – 11 2 Songbirds, marsh 

birds (densities) 

Breeding To reference 

(natural) 

wetlands 

No difference 

between younger 

and older 

restored sites; 

greater densities 

of breeding birds 

at restored sites 

compared to 

non-restored 

(natural) sites. 

Tracing 

VanRees-

Siewert and 

Dinsmore 

1996 Iowa 1 – 4 2 Waterfowl and 

other birds 

(richness, 

abundance) 

Breeding Different aged 

impoundments 

Positive 

relationship 

between number 

of breeding bird 

species and 

wetland age; No 

change in 

number of 

breeding 
waterfowl 

species or total 

number of 

species; species 

composition 

changed. 

Tracing 

Weber and 

Haig 

1996 South 

Carolina 

Not 

indicated 

3 Waterfowl and 

shorebird use 

(density, 

Wintering To reference 

(natural) 

wetlands 

Mixed response 

by shorebirds; 

use higher in 

Tracing 
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abundance), 

invertebrate density 

managed 

wetlands and 

lower in mudflats 

than expected, 
but this pattern 

was dependent 

on time of 

season. 

Weller et al. 1991 Iowa >25 5 Waterfowl brood 

and pair abundance 

Breeding, 

brood-

rearing 

To reference 

wetlands and 

same wetlands 

over time 

Waterfowl did 

not increase as 

expected. Only 

observed 

increases likely 

due to 
installation of 

boxes, islands.  

Tracing 

Whitman 1976 New 

Brunswick, 

Nova 

Scotia 

0.5 – 8 2 Soil and water 

nutrients, 

macroinvertebrates, 

vegetation 

Breeding Different aged 

impoundments 

Downward trends 

in dissolved 

aquatic nutrients; 

invertebrate 

abundance 

increased rapidly 

then stabilized 
after 2 years. 

Non-

systematic 
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Figure 2.1. Map of North America showing locations of studies included in this literature 

review by province or state. Note that the high number of studies (n = 7) from New 

Brunswick (NB) is partly due to the addition of five studies that were not found via 

systematic literature review.  
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Figure 2.2. Timeline showing the timing of wetland construction (dark blue bars) and the 

timing of monitoring (turquoise bars) completed by the authors for each study. Note that 

some studies did not provide a construction date and, therefore, only show monitoring 

time.
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3. Chapter 3. Stakeholder perceptions of change in land and wildlife populations of 

the Chignecto Isthmus: implications for conservation and management 

3.1 Introduction 

As anthropogenic pressures continue to affect landscapes, people and wildlife 

must respond to these changes. Wildlife may respond with changes in numbers (Ahlering 

et al. 2018), distributions (Freeman et al. 2018), behaviours (Wong and Candolin 2015; 

Cox et al. 2023), and both wildlife and people may alter how they interact with the land 

or other animals (Fisher and Burton 2018). People who interact most with the land and 

wildlife (i.e., active stakeholders and rightsholders), may be those most suited to 

providing information on changes in the landscape and wildlife populations. Due to 

limited time and resources, conservation scientists and managers often must choose 

among many issues to target for research and conservation action. Stakeholder 

perceptions, attitudes, and values may help scientists and managers prioritize issues that 

are most important to stakeholders and the general public (Ban et al. 2013), which could 

subsequently lead to more support for conservation science (Niemiec et al. 2021). 

Conversely, ignoring stakeholder perceptions and attitudes, and failing to incorporate 

them into the decision-making process, could hinder conservation success (Ban et al. 

2013). Therefore, for those who work in land and wildlife management, understanding 

how other stakeholders perceive changes, as well as causes and consequences of those 

changes, could be instrumental to their management goals. 

Values, beliefs, and attitudes help shape how people perceive and interpret their 

world. A “value” can be seen as “a moral, social, or aesthetic principle accepted by an 
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individual or society as a guide to what is good, desirable, or important” (American 

Psychological Association 2018). Values related to nature can be instrumental (how 

nature benefits people), intrinsic (nature’s value despite people), or relational (values 

related to people’s relationships with and their responsibilities to nature; Chan et al. 

2016). Values guide how people construct attitudes (Rokeach 1973, Stern and Dietz 

1994), which can influence how people perceive and experience their world (Pickens 

2005). For example, a person might value nature because it provides recreational and 

provisioning ecosystem services in the form of hunting. Attitudes reflect peoples’ 

thoughts, feelings, and beliefs towards objects or situations with an emotional or 

evaluative component (Rokeach 1973). For example, a person’s attitude about hunting 

may be that it is necessary to control wildlife populations and contribute to conservation.  

Perceptions are ways in which individuals observe, interpret, understand, and evaluate the 

things around them, such as objects, processes, or experiences (Bennett 2016). For 

example, a person may perceive that there are fewer people hunting deer and there are 

more deer compared to the past. Perceptions have received less research focus than other 

concepts (e.g., as beliefs, values, attitudes, and norms), but deserve consideration in 

conservation science because they ultimately affect public or stakeholder support for 

projects and initiatives (Bennett 2016). Perceptions can influence peoples’ behaviours, 

including how they choose to interact with land and wildlife (Kross et al. 2018). 

Therefore, I argue that understanding how people perceive changes in land and wildlife 

populations, and the associated causes and consequences, should be important 

considerations in conservation decision-making. Conservation managers make complex 

decisions that ultimately have significant impacts to local people who interact the most 
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with the land and wildlife (Kadykalo et al. 2021). Therefore, including local knowledge 

and perceptions in the decision-making process, and effectively communicating this 

process with local people, is crucial to conservation success. 

Perceptions are often considered less valuable to conservation science than 

evidence collected through scientific inquiry and are often dismissed as unreliable and 

unimportant (Bennett 2016). However, conservation projects do not typically occur 

independently from social contexts, and public support is often an important contributor 

to the success of conservation efforts (Davenport et al. 2010). Conservation initiatives 

have social impacts, especially for those who interact most with the land and wildlife, and 

it may be beneficial to understand perceptions of these impacts by stakeholder groups and 

local people. For example, efforts to reintroduce Eastern wolves (Canis sp.) to the 

Adirondack Mountains in New York State was derailed after public perceptions about the 

impacts to an already struggling population of White-tailed Deer (Odocoileus 

virginianus) became the dominant narrative (Heberlein 2012). Responses to conservation 

initiatives may guide support or resistance to future conservation projects in an area or 

new policies addressing conservation issues (Bennett 2016). In another example related 

to wolf reintroductions, public perceptions changed before and after wolf reintroductions 

in Colorado, with perceptions of negative impacts increasing and potential benefits 

decreasing after the wolves were reintroduced (Niemiec et al. 2022). Increasingly 

negative perceptions of a conservation initiative could delay or even derail a project. 

Understanding public and stakeholder perceptions can provide critical information to 

conservation managers who may need to consider changes or alternatives to the project, 

or improve communications and public outreach. Managers should, however, recognize 
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that educating or communicating with stakeholders may not translate into support for 

conservation projects or guarantee changes in public perceptions or attitudes (Schultz 

2002; Simis et al. 2016). 

In Atlantic Canada, landscape and wildlife changes have occurred in the past four 

centuries following European colonization. One area that has experienced considerable 

changes is the Chignecto Isthmus, a land bridge between the provinces of New 

Brunswick and Nova Scotia. One of the most conspicuous changes has been the 

conversion of saltmarsh to agricultural lands (since the 1600s), and then, the building of 

freshwater wetlands (“impoundments”; since the 1960s; Figures 3.1 and 3.2) as a 

conservation initiative to compensate for the associated losses in wetland habitat.  

In this chapter, I used qualitative methods to explore stakeholder perceptions of 

changes in wildlife populations and the landscapes of the Chignecto Isthmus, as well as 

perceived drivers and consequences of these changes. The Chignecto Isthmus is a mosaic 

of agricultural lands, saltmarshes, impoundments, and relatively small urban centers with 

a history of pronounced land changes, and thus provides an interesting  study area for this 

research. I was especially interested in understanding how local stakeholders perceived 

changes in wetlands and associated wildlife populations given the emphasis on creating 

impoundments on the Isthmus over the past 70 years by Ducks Unlimited Canada and the 

Canadian Wildlife Service. 

3.2 Research questions 

Through semi-structured interviews with stakeholders, I wanted to answer the 

following questions:  
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(1) What are stakeholders’ experiences and perceptions of landscape and wildlife 

population changes, particularly, but not exclusively, related to wetlands and 

birds?  

(2) What are the perceived causes and consequences of these changes? 

(3) What changes have people experienced in how they and others interact with the 

land and wildlife? 

Using information gathered in interviews, I summarized the perceptions of 

changes and the perceived causes and consequences of these changes. 

3.3 Methods 

3.3.1 Research setting and landscape history 

I chose the Chignecto Isthmus to investigate questions about perceptions of 

change. The Chignecto Isthmus is a narrow land bridge that connects the Canadian 

province of Nova Scotia to the rest of the continent and separates the Bay of Fundy from 

the Northumberland Strait. In the 1600s, French settlers (“Acadians”) made significant 

changes to the landscape by dyking, ditching, and draining saltmarshes to create 

productive agricultural lands (Butzer 2002). This practice of draining or altering coastal 

wetlands continued with further settlement of the area by the British and Americans 

(Fudge 2019). Saltmarsh hay was the focus of agriculture on the Isthmus, and by the mid-

1800s, the Tantramar Marshes were considered the world’s largest hayfield (Fudge 

2019).  

Today, up to 85% of coastal wetlands along the Bay of Fundy have been altered 

or degraded (Thomas 1983, Boone et al. 2017). To compensate for this extensive loss of 

coastal wetland habitat on the Chignecto Isthmus in the 1960s, Ducks Unlimited Canada 
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and the Canadian Wildlife Service began building impoundments on agricultural lands 

(also known as “dykelands”) that were previously saltmarsh. The area is a critical 

juncture of the Atlantic Flyway and includes several Important Bird Areas (IBA Canada 

2024). For these reasons and more, the Chignecto Isthmus provides an ideal location to 

study local perceptions of change. 

3.4 Research Rationale and Approach 

In this chapter, I demonstrate how local people interpret changes in the landscape 

and wildlife populations around them, and the perceived drivers and consequences of 

these changes. Although all land and wildlife changes can be of importance, I placed a 

particular focus on wetlands and bird populations because the study location is an area 

with a long history of wetland change and an importance to migratory bird populations 

(Macdonald and Clowater 2005, Fudge 2019). I collected data from local people on a 

very localized topic; therefore, qualitative methods were ideal. Qualitative approaches are 

used to gather descriptive, non-numerical data that explain social phenomena or peoples’ 

experiences. The goal of this chapter was not to have a broad understanding of a topic 

that could be generalized beyond the study area (i.e., quantitative data) but to gain a 

deeper understanding of a specific topic, in a specific area, from specific participants (i.e., 

qualitative data). Unlike quantitative methods, qualitative methods tend to be inductive 

and acknowledge the role of the researcher in the process. In this study, I was interested 

in understanding the experiences and perceptions of stakeholders identifying with 

different interest groups in a place of conservation importance. Qualitative methods, such 

as interviews, are an effective means for understanding the current state of public or 

stakeholder knowledge on a particular topic (Greenland-Smith et al. 2016, Lieske et al. 
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2019). Additionally, interviews promote the inclusion of diverse voices in scientific 

research, which may lead to increased support for conservation initiatives and 

engagement from local people, and for science and research in general (Needham et al. 

2020). 

For this study, I used reflexive thematic analysis, a method for analysing 

qualitative data that involves identifying common themes or patterns within data (Braun 

and Clarke 2006, Braun and Clarke 2021). Thematic analysis is flexible and can be 

applied to a variety of research questions and data, and is often used to look at the data 

from a bottom-up approach, allowing the data to guide identification of themes (Braun 

and Clarke 2013). Reflexive thematic analysis recognizes subjectivity and bias on the 

part of the researcher because they must design the study and interpret the data in a 

particular context (Braun and Clarke 2021). 

I approached this research from a contextualist perspective. Contextualism falls 

somewhere between positivism, which looks at the data themselves and largely ignores 

the social influence or the role of the researcher (i.e., what are the data), and 

constructivism, which focuses on the process of producing the data (i.e., how and why a 

person has those experiences or perceptions). Contextualism instead acknowledges the 

influence that the researcher’s background and position may have on the data, but still 

seeks to find the meaning in the data (Charmaz 2006). Semi-structured interviews fit well 

with the set of questions I developed to remain objective and reduce my influence on 

what participants shared with me. However, I also acknowledge that, as the researcher, I 

wrote the questions, guided the semi-structured interviews, and interpreted the data. I also 
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acknowledge that the social cultures and demographics of the participants influenced 

their experiences and perceptions, and therefore, the production of the data. 

3.4.1 Recruitment 

I used purposive sampling, which involves selecting candidates who are most 

likely to have information, insights, and experience that help address the research 

question (Rice 2008); therefore, I focused my recruitment on those who were most likely 

to interact regularly with wildlife and the land (i.e., active stakeholders). Because I was 

interested in perceptions of change over time, I sought participants with at least three 

decades worth of experience in the area. To include a diversity of participants, I recruited 

people who identified with at least one of these four groups: (1) farmers, (2) hunters or 

trappers, (3) birdwatchers or naturalists, and (4) biologists or those who had worked in 

biology or wildlife management. In many cases, representatives belonged to more than 

one group (e.g., biologists who also hunt). I asked participants to which groups they felt 

that they belonged. Grouping participants by identities served only to ensure that I 

included a diversity of voices, and helped guide my questions (i.e., for each identity, I 

had a few additional questions that I only asked those who chose that particular identity). 

Originally, my intention was to recruit relatively equal proportions of participants from 

each identity group. As data collection progressed, I realized that many people belonged 

to multiple groups. As such, I tried to include participants who belonged to every 

combination of identities, including those who only chose one identity and those who 

chose all four.  

To begin recruitment, I created a list of potential participants using my own and 

my supervisors’ networks. Then, during interviews, I asked participants for additional 
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recommendations of people within their networks who might be interested in 

participating in the study. This sampling method is known as “chain referral” or 

“snowball sampling” and is a common recruitment technique in qualitative research 

(Braun and Clarke 2013). I also contacted local interest groups or organizations to recruit 

people beyond my network. For those involved in hunting and trapping, I contacted the 

Sackville Rod and Gun Club and attended a monthly meeting to introduce the project and 

ask for participation. I contacted members of the Chignecto Naturalist Club to recruit 

those who identified as birdwatchers and naturalists. After completing some initial 

interviews, I strategically chose participants to promote a diversity of backgrounds and 

responses. For example, after interviewing multiple participants who were Canadian 

Wildlife Service biologists as well as local hunters, I purposely sought out hunters who 

were not also biologists, and biologists who were not also hunters. To increase the 

probability of hearing from a diversity of participants with varying views and 

experiences, I had several concurrent chains or snowballs, i.e., participants were not all 

from the same social group or network. I stopped recruiting new participants when: (1) 

the chains or snowballs began to repeat names I had already interviewed or contacted; or 

(2) new interviews yielded similar answers to previous interviews. In qualitative research, 

the point where new interviews do not yield new information is called “saturation” 

(Guest et al. 2006). In a meta-analysis of qualitative research, saturation was achieved 

after 9 to 17 interviews (Hennink and Kaiser 2022).  

3.4.2 Interviews 

To gather information and knowledge from participants, I used semi-structured 

interviews. Semi-structured interviews are flexible and allow participants to discuss the 

topics that are important to them or that I have not considered (Braun and Clarke 2013). 
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In qualitative research, smaller sample sizes are acceptable for data like those gathered 

from in-depth interviews; 15-30 participants is a common sample size (Braun and Clarke 

2013). The semi-structured nature of the interviews also allowed me to ask follow-up 

questions to participants’ answers. Interviews can also incorporate bias from the 

interviewer if questions are worded in a leading way. To avoid this, I put careful thought 

into the wording of my questions, had my supervisors read over the question set, and did 

a pilot test of the questions with an individual who lives in the study area and identifies 

with multiple user or interest groups to ensure the questions were clear and appropriate. 

I created an initial set of questions based on broad research goals and interests 

related to changes in wetlands and wildlife populations of the Chignecto Isthmus. After 

making minor changes, this research and question set were subsequently approved by the 

Research Ethics Board at the University of New Brunswick (protocol # REB 2022-144). 

Given that these were semi-structured interviews, the interviews did not follow the 

question set exactly, and were often asked out of order. The initial question set that was 

approved by the Research Ethics Board provides the list from which I based my questions 

and is included in Appendix 2.  

I interviewed nearly all participants in person, however, one interview was 

conducted via video-conferencing (Microsoft Teams) and another was over the phone as 

per the participants’ requests. Each interview took 45-120 minutes to complete. Most 

interviews were with one individual, however, in some cases, participants included 

couples who provided information together. I would prompt the participant with 

questions from my set, and then ask additional questions based on their responses. 

Storytelling and anecdotes were welcomed, and I explained this at the beginning of each 
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interview. Participants were encouraged to speak about topics that were important to 

them, and I would prompt with a question on a new topic when it felt like the participant 

was ready to move on. The interview ended when the participant and I felt that we had 

both covered all the topics we wished to discuss. At the end of each interview, I asked the 

participant if there was anything else they would like to add, and if they had anyone they 

would recommend that I interview. I also asked some basic demographic questions at the 

end of the interview if the participant had not already answered them throughout the 

interview (i.e., age, length of time in the area, and education history). 

3.4.3 Coding and analysis 

I recorded each interview on a smartphone with consent and later transcribed the 

interviews using Otter.ai auto-transcription software (v3.43.0, Otter.ai 2024). Then, I 

listened to each recording and edited transcriptions as needed. After transcriptions were 

completed and checked for errors, participants were given the opportunity to review their 

transcripts before I coded them. I began coding while still completing new interviews. 

Coding is the process of categorizing parts of the data and giving them a short name, and 

they are compiled in a codebook. Codes are later used to produce themes and find 

patterns that emerge from the data (Charmaz 2006). I used Atlas.ti software (v24.0.1, 

Atlas.ti 2024) to code interviews.  

Coding is a highly subjective method. To reduce subjectivity and researcher bias, 

I did a series of initial codes, often referred to as “open coding,” in which the researcher 

creates many codes that are more specific to the section of text, and that will later be 

organized into fewer and broader categories. During and after creating my initial codes, I 

went through and would think critically about each code to ensure that I was remaining 
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objective and not shaping the codes to fit a biased narrative. From those initial codes, I 

eventually shifted to “closed coding,” in which I created fewer and broader categories 

based on the themes that emerged from the data. 

3.5 Results 

I completed 19 interviews with 22 individuals between the ages of 41 and 91 

(mean age = 71 years old based on responses from 17 individuals) between December 

2022 and February 2024. This included 17 men and five women. Most interviews were 

with a single individual, sometimes with a spouse present who did not contribute, and in 

three cases, I interviewed couples where both individuals contributed. In the case of 

couples, I combined them as single participants in all numbers and proportions in the 

results. Participants had lived in the area for > 30 years and, therefore, had decades of 

experience to influence their perceptions of change. Information on identities is provided 

in Table 3.1. Reported identities and combinations of identities by participants 

interviewed for this study from December 2022 to February 2024 on the Chignecto 

Isthmus. and 3.2.  

3.5.1 Changes in wildlife 

All participants spoke of perceived changes in wildlife populations during their 

time in the area. More than 60 species of wildlife were mentioned during interviews, 

mostly birds because of the focus of the study, however, people also discussed several 

species of mammals, fish, and amphibians. Thirty-six species were perceived by 

participants to have increasing populations, and of those, 21 species’ populations and two 

wildlife groups were perceived by more than one participant to be increasing (i.e., 

corroboration; Figure 3.3). One of the most frequently noted changes in wildlife was an 
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increase in the Canada Goose (Branta canadensis) population. In 16 out of 19 interviews 

(84%), participants discussed an increase in Canada Goose abundance. Most participants 

(n = 12 or 63%) attributed this to an introduction of Canada Goose by the provincial 

government:  

“To hunt geese down here back then, you had to go to Prince Edward 

Island. You’d get the odd bunch of geese come down. Then the people from 

Toronto decided that they had too many and they wouldn’t mind giving us a 

few thousand, which they did, and we have lots now” (HN1).  

The introduction of resident Canada Goose to the Isthmus has provided new hunting 

opportunities for waterfowl hunters, including a waterfowl hunt that can take place 

mostly in fields rather than over wetlands:  

“Since we’re fortunate to have those great big Canada Geese, more of my 

friends are hunting geese. First of all, there’s a bigger bang for the buck, and 

like I said before, hunting in a field is a lot easier than slogging through a 

marsh. See, you don’t have to do that when you’re hunting geese, and there is 

no shortage of them” (HN1).  

Most participants noted that the geese can be a nuisance by defecating on park trails or 

causing damage to gardens,  

“They are creating problems too with the landowners, crapping on 

peoples' lawns and on the trails at the waterfowl park, so there are issues, 

there's no question. And they can be aggressive” (NB3).  
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Some participants had stronger negative associations with the geese and discussed 

impacts to local wildlife and habitats, or damage to crops, which resulted in financial 

losses:  

“I had a grain crop last year and when it was up about four inches, they 

park, they’re not hoards like there is on Folkins Drive, but, we had enough 

that we lost a couple acres of grain and they just decimated it” (F2). 

White-tailed Deer (Odocoileus virginianus) are another species that participants 

(n = 9) perceived populations had increased drastically:  

"In my early teens, you would see a deer here about as often as you'd see 

a white elephant. Lots of moose, and now it’s just the reverse, the deer 

population, especially the last three years with our mild winters" (F2).  

Participants attributed this increase to milder winters and changes to habitat, particularly 

clear-cutting forests on the Isthmus. Several consequences were mentioned by 

participants, including an increase in ticks (n = 5) and damage to gardens and crops (n = 

3). In some cases, participants discussed having to alter behaviours to deal with the 

increase in deer. One participant discussed having to use netting over their gardens to 

keep deer and Ring-necked Pheasants (Phasianus colchicus) from taking produce, and 

another participant said,  

“You hardly dare go for a walk, you know, in case you got bit by ticks” 

(F1). 

Some participants (n = 4) perceived an increased abundance in breeding and 

resident waterfowl in the area, and most attributed this to the increase in freshwater 
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wetlands (impoundments). One participant stated, with reference to the establishment of 

National Wildlife Areas and DUC impoundments:  

“So up to then, it was mostly migratory birds that were coming through, 

there wasn’t an awful lot of resident birds until we got those areas 

established and then we started seeing a lot more, especially waterfowl, 

accumulating” (FBNH1).  

Often, participants discussed more general changes in bird populations. For 

example, three participants discussed overall declines in bird populations, particularly 

songbirds: 

“I’d get up to go and go out and it'd be nothing. You're walking across 

the marsh… the birds’d be chirping, the blackbirds, you’d see all kinds of 

them. You don't see that anymore for some reason. I don’t know why” (H1).  

No participants connected any direct causes or consequences to this decline. Participants 

perceived an increase in Mallard (Anas platyrhynchos; n = 8), Gadwall (Mareca 

strepera; n = 6), American Wigeon (M. americana; n = 3), and Northern Pintail (A. 

acuta; n = 2). Most often, the increase was attributed to the increase in habitat, in the 

form of freshwater impoundments. A few participants (n = 5), however, questioned 

whether there was an actual increase in abundance of some of the wetland species or if 

the impoundments had made some species easier to detect by making them more visible.  

“I think the Sackville Waterfowl Park has given us more opportunities to 

see the wigeons and the gadwalls, and maybe even the wood ducks, than we 
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used to get, but I think that’s a habitat thing more than an actual change in 

population.” (NF1).   

Some participants also perceived increases in abundance of other wetland-

associated birds, such as American Coot (Fulica americana; n = 3), Virginia Rail (Rallus 

limicola; n = 1), and Pied-Billed Grebe (Podilymbus podiceps; n = 1). Many participants, 

however, perceived a more recent decline in some of these species after the initial 

population increase, particularly American Coot. Other perceived increases in bird 

populations included Bald Eagle (Haliaeetus leucocephalus; n = 4), Turkey Vulture 

(Cathartes aura; n = 4),  Ring-necked Pheasant (n = 2),  Mourning Dove (Zenaida 

macroura; n = 2),  Northern Cardinal (Cardinalis cardinalis; n = 2),  Red-bellied 

Woodpecker (Melanerpes carolinus; n = 2), White-breasted Nuthatch (Sitta carolinensis; 

n = 1), and rarities such as Sandhill Crane (Grus canadensis; n = 3), Cattle Egret   

(Bubulcus ibis), Great Egret (Ardea alba), n = 3), and rare birds in general (n = 4). 

Participants discussed 46 species in which they perceived local populations had 

declined, and for 15 of these species and three wildlife groups, there were at least two 

participants that perceived the same trend (Figure 3.4). The most frequently discussed 

declining populations were Snowshoe Hare (Lepus americanus; n = 5; often referred to as 

“rabbits”) and swallows collectively (n = 5) but people also specifically discussed 

declines in Bank (Riparia riparia; n = 2) and Barn Swallows (Hirundo rustica; n = 3). 

Additionally, six participants, all of whom identified at least partly as hunter-trappers, 

perceived declines in waterfowl abundance:  

“But if you had been here back in the 70s, early 70s, in the fall, you could 

stand in the marsh in the evening and start counting ducks until you just 
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couldn't count anymore because it was too dark. But I've seen like 3000 or 

4000 come into, into some small marsh” (HN1).  

Interestingly, some participants perceived declines in populations of species that 

others had suggested were increasing, including, Mallard, Pied-billed Grebe, Black Tern 

(Chlidonias niger), Northern Shoveler (Spatula clypeata), Northern Cardinal, Eastern 

Bluebird (Sialia sialis), Northern Pintail, Short-eared Owl (Asio flammeus), and Snowy 

Owl (Bubo scandiacus). 

3.5.2  Changes in landscapes 

One of the landscape features mentioned most by participants were 

impoundments. This was partly because I specifically asked about changes in wetlands, 

however, I did not ask about specific types of wetlands. There was consensus across all 

participants in the perception that the number and area of freshwater wetlands has 

increased in the area in their lifetimes.  

“Below Fort Beauséjour, all that marsh that’s now flooded, we remember 

hay carts coming off there. That was all hay” (NF1). 

Attitudes towards impoundments differed greatly between among participants. Some 

participants talked positively about the conservation projects:  

“There’s been a few really good impoundments created by Ducks 

Unlimited. I love the work that they’ve done on there, where the biological 

station is, the Beaubassin Research Station. It’s just beautiful what they did 

there” (NB1).  
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However, in reference to the very same location, another participant had negative 

sentiments:  

“I’m quite upset about them being there because that was the site of the 

Acadian authority… to me, like, it should be an archaeological site” (F1). 

Many participants noted benefits of impoundments, including birdwatching, 

hunting, and recreational opportunities. Multiple participants observed that the Sackville 

Waterfowl Park, a large series of impoundments built near the center of town, has 

provided local people with an area to walk, exercise, and observe nature.  

“It’s not just birdwatchers and photographers, people walking 

recreationally, awareness of the value of wetlands, and all those things. It’s 

just, it’s beyond all our original conception of what the park could do for the 

town” (NB3).  

Participants also discussed the Tantramar Wetland Center, which includes an 

impoundment adjacent to the local high school and provides educational opportunities to 

high school students in the town of Tantramar and beyond.  

“It’s brought so much really, because I think that’s what spawned the 

Tantramar Wetland Center too, at the high school… that was a major draw 

because you had your high school students who got their feet wet, well 

probably literally as well as figuratively, in biology and wildlife and that sort 

of thing” (NF1).  

Many participants had negative comments regarding impoundments, particularly in 

regard to loss of agricultural land:  
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“It has also created more viewing opportunities for the general public to 

see wildlife, migrating birds in particular, and the downside is that it’s 

reduced some of the agricultural production” (NF1) 

  “If you’re going to have an agriculture industry here, we’re at our max 

on ponds and wetlands… certainly plots of land now that are wetlands were 

top agricultural lands.” (F1). 

One of the most discussed criticisms of impoundments was the lack of productivity in 

these wetlands as they age, a phenomenon known as wetland senescence. Nearly all 

participants noted declines in productivity in local impoundments over time, and most 

participants were familiar with the concept of wetland senescence (although no 

participant used the term). For example,  

“I think wetlands, with the exception of the newer ones that they built, are 

just, well, I’m going to say deteriorating to some extent, some more than 

others” (HN1) 

 “I know that it’s been studied, like these man-made habitats seem to have 

a production curve, you know, like the first five years they’re super 

productive, then six, seven years, they start slowing down and they become a 

bit stagnant” (NB1).  

One participant that expressed frustration with the use of agricultural land for 

impoundments perceived a lack of use of these sites by waterfowl:  
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“It would be one thing if those wetlands were productive, but we don’t see 

anything using them” (F1).  

Two participants also mentioned that in the early days of these impoundments, some land 

had been expropriated:  

“And a farmer gets connected to their land. Their land is so much a part 

of them. And to say you have to sell…” (NF1).  

Several participants mentioned that local conservation organizations had used some 

prime agricultural land for impoundments in the past, but most of these participants noted 

that this was no longer the case, and that, presently, conservation organizations make a 

concerted effort to work with farmers and local land users.  

Another landscape change that many participants (n = 9) discussed was the loss of 

marsh barns. Before the switch to wrapping hay in plastic, the Tantramar Marsh had 

hundreds of hay barns:  

“You could go, years ago, to the saltmarsh on the Tantramar and there’d 

be literally hundreds of barns. There’s two now” (HN1).  

Several participants discussed how changes in infrastructure, including marsh barns, 

might affect wildlife. Two participants noted that the barns were used by raptors, such as 

hawks, owls, and eagles, and two different participants associated the loss of barns with a 

loss of nesting habitat for Barn Swallows. 

Participants mentioned other changes to the landscape including increases in land-

forming (n = 4), shoreline hardening and bank erosion (n = 4), wind turbines (n = 2), 
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siltation in the rivers (n = 2), and clear-cutting of forests (n = 6). Four participants 

discussed the communication wires that run across the Tantramar Marsh,  

“They used to have a shortwave radio station on the marsh… and of 

course it was wires galore on there and that was killing an awful lot of birds. 

The birds wouldn't see them at night. They’d hit the wires, and there’d be 

dead birds all over the place” (HN1).  

Two participants described rescuing injured birds under the wires, and one participant 

mentioned being very vocal in advocating for birds threatened by these wires. Common 

Eiders (Somateria mollissima) and raptors (i.e., hawks, owls, eagles) were mentioned as 

being affected by the communication wires.  

3.5.3 Changes in interactions 

People described many changes to how people interact with the land or wildlife, 

particularly in reference to the four focal groups (hunter-trapper, birdwatcher-naturalist, 

farmer, biologist). Although many changes were discussed, I have chosen to focus here 

on the most frequently mentioned changes. I asked participants questions specific to the 

group they identified with, however, many participants discussed perceived changes with 

other stakeholder groups (i.e., those they did not identify with). 

Most participants (n = 11 or 58%), including those who identified as hunters and 

those who did not, perceived a decrease in the number of hunters.  

“Hunters have pretty well faded out… when we first came to Sackville, on 

the first day of hunting season, it sounded like the Battle of the Marne. And 

now we never hear a shotgun out on the marsh” (NB2).  
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Some participants noted that many hunters are getting older and younger people are not 

taking their places (i.e., hunter recruitment has declined, Enck et al. 2000). Perceived 

reasons for this could be changing sentiments about hunting, lack of time spent hunting 

or outdoors with their parents when they were young, and young people moving away to 

cities (Brown et al. 2000, Vrtiska et al. 2013). Research on hunter numbers in the United 

States support this perception that hunter numbers are declining, particularly hunter 

recruitment (Enck et al. 1993, Enck et al. 2000). 

Similarly, participants (n = 5) perceived that trapping has declined on the Isthmus. 

One participant described trapping as a kid,  

“I mean it was territorial here for a trapper, you had to fight your way 

into the system… and you know, trap your areas. And if you wanted to 

expand, you had to bump and rub shoulders” (BH1).  

Participants attributed the decrease in trapping to declines in fur prices, which were 

linked to changing attitudes about fur and the production of ranch mink (Bowman et al. 

2007),  

“Younger people aren’t interested in wearing fur and being harassed” 

(BH1), 

 “It’s down now because there’s been an overproduction of ranch mink 

and it’s plugged the market” (BH3).  

These changes in the number of hunters and trappers in the area were linked to 

negative consequences for wildlife and people. For example, participants discussed an 

overabundance of predator species that are affecting hare and waterfowl populations. 
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This perception is supported by research showing a rise in mesopredators (medium-sized 

mammalian predators, e.g., Raccoon, Procyon lotor) following declines in large 

predators, which are contributing to declines in prey populations (Prugh et al. 2009, 

Roemer et al. 2009). 

One participant suggested that the decline in hunters leads to an associated decline 

in support and resources for conservation. Research on hunting trends in North America 

support this perception, and have equated the decline in waterfowl hunting to financial 

losses for conservation and a reduction in the amount of wetland and upland habitat that 

was being protected compared to previous decades (Vrtiska et al. 2013). 

Other changes to the hunter-trapper group included the shift from hunting over 

water to hunting over fields. Participants (n = 5) suggested that hunting over water is 

more work and requires more equipment (e.g., waders, canoe) than hunting in a field;  

“Usually hunt waterfowl only in the fields now. It’s just too hard to put in 

the canoe and try to battle through the pondweed. It’s just too tiring” (HN1).  

Some participants connected this increase in hunting in fields to an aging hunting 

population who find hunting in fields much easier. Many discussed hunting Canada 

Geese in the fields, as well as shifts to more cropland that create foraging opportunities 

for waterfowl, that in turn, create local hunting opportunities.  

All participants discussed changes to farming and agriculture. Some participants 

(n = 4) perceived a decrease in farming and the number of farmers generally,  

“New Brunswick and Nova Scotia were very similar, 23 or 24 percent of 

agricultural land isn’t being farmed anymore” (BNH1).  



 

92 

Participants also discussed the consolidation of small farms into much larger operations. 

Participants perceived that reasons for this decline in farming could be related to financial 

difficulties, lack of interest from younger generations, and the rise in prices for fuel and 

other necessities for farming:  

“Well certainly farmers have become fewer and larger, and machinery 

has become much larger, and the price of diesel has become much, much 

higher.” (NF1).  

However, some participants (n = 2) perceived an increase in some farming in the area, 

particularly in organic farming, market gardening, and fruit farming. Many participants (n 

= 7) described increases in the size and efficiency of farming equipment. Participants 

discussed consequences of changes in farm equipment, including reduced waste grain for 

waterfowl. 

Of the four groups, the most reported identity was “birder-naturalist” (n = 13). 

Participants perceived changes in how this group interacts with wildlife, including an 

increased interest in birds, both generally and locally:  

“And they say that bird watching is one of the most, you know, quickly 

increasing activities for people” (FBNH1).  

Locally, this was partly attributed to the number of biologists living in the area. Two 

participants discussed the shift from using binoculars to cameras in birding;  

“What I have observed is that the idea of birdwatching has become 

focused on long-lenses and lists.” (N1).  
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These participants suggested that consequences of this could be disturbances to wildlife 

and their habitat, and less time observing birds and learning about them and more time 

photographing them. 

Participants perceived a variety of changes in the biology field, both locally and 

more generally. Two participants mentioned an increase in the number of women 

involved in biology (and birdwatching).  

“The {Canadian} Wildlife Service, it was all male except for one female 

biologist…but now it's probably 50-60% female biologists. Not male-

dominated anymore that's for sure. So that's a big change, a good change I'd 

say" (NB3).  

Another change related to biology that was discussed by participants (n = 2) is the shift in 

focus away from waterfowl. One participant suggested that this shift could be due to 

fewer people engaged in waterfowl hunting, many waterfowl-specialist biologists retiring 

and being replaced by more general biologists, and more interest and support going 

towards other groups of wildlife (i.e., not just harvestable animals). 

3.6 Discussion 

Participants in this study reported marked changes in wetland area, agricultural 

practices, and several wildlife populations covering a 70+ year period, including blatant 

changes to biodiversity and human use of the Chignecto Isthmus habitats. Their answers 

provided a wealth and diversity of insights to these changes, attributing patterns to a suite 

of factors including broad-scale ecological drivers, economic influences, cultural change 

and social priorities. I have focused on some of the key themes that emerged from the 
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data and that provide some understanding of the drivers and consequences of these 

changes. Based on these interviews, the main drivers of change in the area are: (1) 

impoundments and wetland senescence (anthropogenic habitat modification); (2) 

agricultural changes (economic drivers); (3) climate change and associated changes 

(environmental influences); and (4) changes in how people interact with wildlife (social 

change). There was clearly overlap in what drivers led to certain responses; few changes 

were thought to be attributable to a single driver, highlighting the ecological, economic 

and social complexity of the region. While there was clearly a range of interpretations of 

factors influencing change, I highlight several consistent themes below. 

3.6.1 Impoundments and wetland senescence 

Many of the participants involved in this study can remember a time before the 

Chignecto Isthmus had impoundments, and all participants have lived in the area in a 

time when impoundments have been installed. Although no participants used the term 

“wetland senescence,” most participants described the decline in productivity in aging 

impoundments and associated this decline with perceived changes in abundance of 

certain wildlife species, a phenomenon that wildlife managers and researchers refer to as 

wetland senescence. Many of the species associated with wetlands had seemingly 

conflicting perceived population changes (i.e., some participants noted increases, while 

others noted decreases). For example, one participant noted that there were “certainly 

more pintails” (NB3) while another exclaimed, “Where the heck are the pintails now?” 

(NB1). Wetland senescence is likely the cause of these apparent conflicts in perceptions. 

Participants perceiving increases in wetland-associated species are likely comparing to a 

time before impoundments were installed on the Chignecto Isthmus, for example,  
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“When I was a young fella, my father hunted ducks and they came 

home, never saw a Mallard, and didn’t see Ring-neckeds, didn't see any of 

these things” (BNH1). 

Participants describing decreases in wetland-associated species were likely referring to a 

shorter time scale. For example,  

“Muskrat populations on this marsh have decreased by... I wouldn’t even 

want to put a number on it, but it's really significant. At one time, I'm 

looking... I'm thinking maybe up to 40 years ago, we were harvesting 

anywhere from 20,000 to 30,000 muskrats on this marsh annually. And you 

would be lucky to be able to harvest 1000 muskrats on this marsh with 

tremendous effort to get those kind of numbers.” (BH1).  

The local ecological knowledge data that I collected was largely consistent with 

recent scientific studies of impoundments in this region. For example, research on the 

Isthmus looking at wetland senescence found declines in nutrient levels and changes in 

macroinvertebrate communities and concluded that older impoundments may not be 

providing optimal habitat for waterfowl (Demers 2021, Loder et al. 2018). Most species 

of waterfowl require high biomass or abundance of macroinvertebrates during brood-

rearing because they are an important food source for ducklings. Therefore, it is 

unsurprising that local stakeholders have observed these peaks in wetland wildlife that 

may be exploiting the newly constructed impoundments, then moving on or failing to 

maintain a long-term population as productivity declines. 
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The phenomenon of wetland senescence has long been known by wildlife 

managers, and there have been many attempts to counteract this decline in productivity in 

human-made wetlands (Kadlec 1962, Taft et al. 2002, Baldassarre and Bolen 2006). One 

popular strategy used to rejuvenate productivity is water-level drawdown, which is also 

used to control vegetation (e.g., cattails (Typha spp.); Kadlec 1962). Participants of this 

study discussed some impoundment management strategies occurring on the Isthmus in 

the past, including drawdowns (i.e., draining and refilling an impoundment to rejuvenate 

productivity; see Chapter 4) and use of a machine called the “cookie-cutter” for cattail 

management (Sojda and Solberg 1993). Some participants suggested that they would like 

to see more active management, monitoring, and research occurring on local 

impoundments,  

“We know that productivity changes over time, and I think the slant from 

DU, or at least at one time was, yea we're going to manage these marshes, 

but now it's just build them and they do their own thing, that's what I see 

anyway” (BNH1).  

Some participants who identified at least partly as biologists noted some of the 

challenges associated with research and management of wetlands and waterfowl on the 

Chignecto Isthmus, including a shift in research focus from waterfowl-specific to broader 

research and management (Beattie 1996, Bolen 2000, Thomas 2007), and reduced 

support and funding because of declines in hunting and the numbers of people engaged in 

hunting (Vrtiska et al. 2013). These challenges could be exacerbated if some stakeholders 

have negative sentiments about impoundments that could be partly due to declining 

productivity and perceived lack of use by wildlife. Strategies to garner more public 
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support for these projects might include enhanced stakeholder engagement, and active 

management and monitoring of existing impoundments (Stedman et al. 2024). 

3.6.2 Agricultural changes 

Another phenomenon that may be behind many of the wildlife population changes 

described by participants is agricultural change. Participants noted several changes in 

local agriculture, including consolidation of farms, bigger equipment, changes to hay-

cutting regimes, shifts in crop and cover types, loss of hay barns, and land-forming 

consistent with what has been reported elsewhere in Canada/North America. Data from 

the most recent New Brunswick Census of Agriculture Report supports several of these 

perceptions; the total number of farms in New Brunswick declined by 18% between 2016 

and 2021, and 42% of this decline was small-scale farms (i.e., annual gross revenue was 

less than $10,000; Province of New Brunswick 2021). Grassland bird population declines 

have been associated with agricultural changes, particularly loss or conversion of 

hayfields and changes to hay-cutting regimes (Nocera et al. 2005). Many of the species 

that participants perceived as having populations that decreased are farmland- or 

grassland-associated species that were most likely not on the Isthmus in large numbers 

before the arrival of the Acadians and the advent of agriculture (Stewart et al. 2015). 

However, Askins (1995) argued that many grassland bird species would have occurred 

along the northeast coast of North America pre-European colonization in patchy natural 

or Indigenous-managed grasslands; examples include Bobolink (Dolichonyx oryzivorus), 

Eastern Meadowlark (Sturnella magna), Eastern Bluebird, and House Sparrow (Passer 

domesticus). Some waterfowl species, such as Northern Pintail and Blue-winged Teal, are 

grassland-nesting species that occur in very large numbers in the Prairies and may also 

take advantage of human-made dykelands. Therefore, agriculture and the creation of 
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dykelands may have encouraged these populations to increase on the Isthmus, however, 

as agricultural changes occur, these dykelands may become less suitable breeding 

habitats for many of these grassland birds (Stewart et al. 2015).  

Participants discussed specific agricultural changes as potential drivers of wildlife 

changes. For example, participants associated declines in grassland-nesting birds, such as 

Bobolink, with increases in the number of cuts of hay, including the earlier cut of hay, 

which has been noted in studies on grassland birds in Atlantic Canada (Nocera et al. 

2005; Stewart et al. 2015). Another participant suggested that improvements in 

equipment that increase efficiency may affect waterfowl that feed on waste grain. A study 

in southern Ontario found that spring waste corn densities were potentially limiting to 

migrating waterfowl due to harvester efficiencies (Barney 2008). Land-forming 

(crowning the land instead of having flat fields) was associated by two participants with 

the loss of ditches and channels that provided habitat for waterfowl, particularly hens 

moving broods between sites. Therefore, agricultural changes that improve efficiency for 

farmers may negatively influence wildlife (Barney 2008, Fleskes et al. 2012). Two 

participants discussed declines in House Sparrow being associated with fewer horses in 

the area, which would have provided food to House Sparrows in the form of waste grain 

and feces. A study of House Sparrow in the Canadian Maritimes (Erskine 2006) found 

declines in populations, speculating that these declines began as early as the 1940s with 

increased use of automobiles, and continued to present, particularly in New Brunswick, 

Prince Edward Island, and northern and eastern parts of Nova Scotia (including the 

Chignecto Isthmus). 
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Agricultural changes were perceived to be affecting wildlife populations; 

however, the consequences of these impacts were not clearly articulated, and it is 

important to consider the conservation goals for different wildlife species. Some species, 

like House Sparrow, which were perceived to have decreased, are “Introduced” in North 

America and globally listed as “Least Concern” (Birdlife International 2019; Lowther 

and Clink 2020). Other species, like Bobolink, are threatened across much of their range 

due to habitat loss, and mortality or nest failure due to agricultural activities (COSEWIC 

2022); therefore, much conservation focus has been on protecting this population in the 

Maritimes (MacDonald 2021; Government of Nova Scotia 2024). As in any area, 

conservation goals usually seek to recover or preserve biodiversity, which is important in 

maintaining a healthy ecosystem (Burton et al. 1992); therefore, losses of species, even 

those that may have experienced natural (or in some cases, artificial) range expansion, are 

generally considered to hinder conservation goals (Walther et al. 2009; Hooper et al. 

2012). One participant who identified as a farmer discussed biodiversity goals,  

“Beef is really the only farming industry that can offer a biodiversity to 

the full extent where everything can, can work together. Out on the 

Tantramar Community Pasture, we partnered with the federal government 

and Ducks Unlimited, and I put a group of cattle out there to see what we 

can do about carbon storage, what we can do about biodiversity accounts 

and intensive livestock grazing” (FH1).  

Similar to the previous statement, many stakeholders discussed ways in which they or the 

groups they identified with are part of the solution in protecting or promoting biodiversity 

and wildlife conservation.  
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Multiple participants involved in farming discussed ways in which they are 

actively involved in conservation of birds. For example, one farmer discussed how they 

manage their own land,  

“And then what I'm not using I just leave, I let it grow. So for me, it's 

habitate-like, okay, it's habitat. I'm not using it… we're going to sort of co ” 

(F3).  

Another talked about specific changes farmers are making locally to help the Bobolink,  

“The Bobolink is one of the really considered endangered birds, we can 

keep nesting areas, cattle out of those areas, until the nest is off, so by, 

instead of letting them roam everywhere, we can contain them for certain 

months in our rotation so that the birds can have a certain length of time to 

get their hatch off” (FH1). 

Therefore, despite some perceptions that agricultural changes may negatively impact 

wildlife populations, participants involved in farming displayed values of land and 

wildlife stewardship, and demonstrated examples of how they or their community are 

actively incorporating conservation considerations in their work or daily lives. 

3.6.3 Climate change 

A third phenomenon that people discussed as a major driver of change was 

climate change and associated processes such as sea-level rise, global warming, and 

increased storm events. Participants perceived milder winters on the Isthmus and 

associated this change with increases in deer populations and decreases in hare 

populations. Some participants (n = 4) perceived an increase in the number of rare bird 
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species, and one participant speculated that this increase was associated with climate 

change and global warming, in particular. Two participants discussed that the increase in 

rare birds could have eco-tourism benefits for the area. Participants also noted several 

species that have shifted their ranges northward, including American Oystercatcher 

(Haematopus palliates), Red-bellied Woodpecker, Turkey Vulture, and Northern 

Cardinal (Fink et al. 2023). Some of these bird species may be taking advantage of 

changes in the way people interact with wildlife, particularly the increase in feeding 

birds, as well as milder winters (Princé and Zuckerburg 2014, Greig et al. 2017).  

3.6.4 Consequences of changing behaviours 

Participants perceived that many wildlife changes were related to changes in how 

people interact with wildlife. For example, participants (n = 4) perceived an increase in 

the number of people feeding birds. Many species that were perceived as having 

increased are associated with bird feeders, including Ring-necked Pheasant (which were 

originally introduced from Asia; Guidice et al. 2022), Red-bellied Woodpecker, 

Mourning Dove, Northern Cardinal, and White-breasted Nuthatch; for example,  

“They’re only here because of bird feeders, mostly, you know, if they 

didn’t have bird feeders, then they probably wouldn’t survive. But we have a 

relatively healthy population of pheasants” (FBNH1).  

No participants suggested why bird-feeding has become more popular, however, some 

noted increases in general interest in birds and birdwatching. Research has suggested that 

the number of people involved in birdwatching is increasing (Cordell et al. 1999, Cordell 

et al. 2002), and became particularly popular during the Covid-19 pandemic and 

subsequent lockdowns (Brock et al. 2021). In 2016, over 57 million people in the United 
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States were reportedly using bird feeders and collectively spending US$4 billion on bird 

seed, making it one of the most common ways in which people in North America engage 

with wildlife (USFWS 2016). On the Chignecto Isthmus, participants perceived that this 

behaviour is causing a fairly significant influence on bird populations, leading to 

increases in populations of several species. 

Participants also discussed changes in the amount of hunting and trapping on the 

Isthmus. Most participants discussed declines in the number of hunters, although no one 

explicitly related these declines to changes in wildlife populations. Declines in trapping 

were linked to changes in wildlife, including species targeted by trappers and those 

influenced by changes in furbearers. Participants discussed changes in numbers of 

predators, particularly Coyote (Canis latrans) and Raccoon, and connected these 

increases with changes in trapping and hunting:  

“I think duck numbers are down…I think when the trapping industry has 

kind of gone down, the amount of predators out there right now is off the 

charts” (FH1). 

 Several other harvestable animals were perceived to have increased, but the link was not 

made to changes in trapping and hunting, including White-tailed Deer, River Otter (Lutra 

lutra), and American Mink (Neovison vison).  

Hunters and trappers have long played an important role in wildlife management 

and conservation. One of the first laws in North America to protect wildlife was the 

Migratory Bird Law of 1913 and was supported by most hunters (Baldassarre and Bolen 

2006). Waterfowl and waterbirds are one of the only groups of birds with increasing 



 

103 

trends (Rosenburg et al. 2019), and this is largely attributed to efforts by early 

conservationists, of which most were hunters, and continued support from hunters to this 

day. Much of the funding for wildlife management in North America comes from the 

sales of hunting, angling, and trapping licenses, tags, and permits as well as equipment 

(Price Tack et al. 2018). In Canada, the sale of Migratory Game Bird permits declined by 

46% from 1978 to 2002 but has remained relatively stable from 2002 to 2022 (GC 

National Harvest Survey 2022).  Most participants in the present study perceived a 

decline in the number of hunters and trappers on the Isthmus. Some of the participants 

who identified at least partly as hunters or trappers discussed actions they take to support 

conservation and wildlife management locally, including trapping over-abundant 

problematic wildlife such as racoons, volunteering for fundraising events for Ducks 

Unlimited Canada, and installing nesting boxes for cavity-nesting waterfowl. With 

decreases in the number of hunters and trappers on the Isthmus and across North 

America, there may be reduced financial and political support for conservation initiatives 

(Vrtiska et al. 2013), and fewer people involved in on-the-ground conservation and 

wildlife management work (Brown et al. 2000). Despite perceived increases in the 

birdwatcher-naturalist group and a documented general increase in interest in birds 

(Cordell et al. 2002, Brock et al. 2021), it is unclear if these increases are adequately 

filling in the gaps in conservation supports left by potential declines in hunter and 

trappers. In fact, there is some speculation that non-consumptive users, such as 

birdwatchers, are not contributing to the same degree as consumptive users (i.e., hunters 

and trappers; Heberlein 2006). Declines in consumptive users could have negative 

implications for wildlife management, as well as reduced financial support for 
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conservation initiatives, particularly those focused on waterfowl and other harvestable 

animals. 

3.6.5 Aerial insectivores 

A final theme worth noting is not a driver of change but a group of species that 

was mentioned by several participants (n = 7): aerial insectivores, which includes 

swallows, flycatchers, swifts, and nightjars. Participants did not discuss this overall 

group, aerial insectivores, but focused on particular species (e.g., Barn Swallows) or a 

group within the aerial insectivores (e.g., flycatchers). The perceived trend by all 

participants was the same: aerial insectivore populations have declined on the Chignecto 

Isthmus. Participants suggested several possible drivers: (1) declines in insects (n = 1); 

(2) breeding habitat loss (n = 5), such as loss of barns and mud banks for swallows; and 

(3) overwintering habitat loss (n = 2). Aerial insectivores have experienced the most 

extreme declines in Canada of any bird group (NABCIC 2019); for example, in New 

Brunswick, Bank Swallows have experienced a population change of -99% between 1970 

and 2017 (Smith and Edwards 2021). Despite many participants discussing the declines 

in aerial insectivore populations, no participant provided any direct consequences of this 

decrease. One participant, however, when discussing swallows that nest on their property 

and use swallow boxes that they installed, described positive feelings that result from 

helping birds:  

“You just feel like you're doing something to help, I guess. Especially 

when the numbers like go up and go up every year. It's like, you kind of feel 

like, hey, maybe… I don't know. Maybe you're doing something good” (F3).  
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Therefore, it is evident that participants care about declines in aerial insectivores despite 

that clear consequences of these declines were not articulated. This could be related to 

instrumental values, such as the joy and excitement provided by watching birds such as 

swallows, or relational values, such as a sense of responsibility and stewardship when it 

comes to taking care of wildlife, particularly those experiencing steep population declines 

(Chan et al. 2016, Arias-Arévalo et al. 2017). This theme is noteworthy because of the 

number of participants that discussed it unprompted and without making direct links to 

consequences, thereby suggesting that the declines are so apparent to be noticed by 

several participants, or the birds hold values that were not explicitly discussed by 

participants. 

3.6.6 Management implications 

Current perceptions of wildlife population and landscape changes are 

predominantly based on stakeholders’ observations and experiences that began at the start 

of their time in the area. Shifting Baseline Syndrome describes the tendency for new 

generations to accept the situation at the beginning of their life or time in an area as the 

natural, normal, or truthful situation (Soga and Gaston 2017). Perceptions of change by 

those interacting most with the land are, therefore, measured against a baseline from 

when they first began interacting with the land and wildlife of the Chignecto Isthmus, i.e., 

older people may perceive changes differently than younger people. Additionally, with 

time, stakeholders may value populations differently due to shifting baselines. For 

example, Bobolink are considered Threatened (COSEWIC 2022) in Canada, and are, 

therefore, managed to reduce further loss of Bobolink despite this species being likely to 

have not occurred (or occurred in smaller numbers) on the Isthmus before European 

colonization. Shifting Baseline Syndrome may explain why many stakeholders value and 
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support conservation of species like the Bobolink, because they have experienced 

Bobolink population declines in their lifetimes. Similarly, many participants spoke 

negatively about the introduction of a population of Canada Goose from Ontario, and 

described several negative impacts related to this management decision. These sentiments 

echo the thoughts of many in Eastern Canada where Canada Geese were once considered 

in a positive light, but exponentially increasing resident populations have now led to this 

species often being reviled (Ankney 1996). Most participants that discussed Canada 

Goose referenced a baseline prior to the introduction of Canada Goose, and hence, may 

see the increasing Canada Goose population as a deviation from “normal” or “natural”. It 

is important for conservation managers to consider the baselines they use when setting 

conservation goals, and to consider how these may differ from others who interact 

regularly with land and wildlife. With limited funding and resources for conservation, it 

may also be worth considering the role of Shifting Baseline Syndrome in our perceptions 

of which populations to manage and what our conservation targets should be (i.e., what is 

natural or normal). 

With ongoing anthropogenic pressures on land and wildlife, conservation 

managers often must choose between different priorities. Local knowledge from 

stakeholders who interact significantly with the land and wildlife may be able to provide 

insights into population changes and potential drivers. This could save time and resources 

for conservation managers by directing their efforts to particular areas or populations 

identified by stakeholders (e.g., Padmanaba et al. 2013; Castello 2023). For example, 

researchers interviewed shepherds in Almeria, Spain to gather information on abundance 

and distribution of Greek Tortoise (Testudo graeca) population, and determined, through 
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cost analysis, that using local knowledge instead of traditional quantitative methods was 

about 100 times more cost-effective (Anadón et al. 2009). 

With limited resources, conservation managers may wish to focus efforts on areas 

or populations that are identified as important to stakeholders (i.e., “conservation 

opportunities”; Ban et al. 2013), or those that stakeholders perceived to have undergone 

significant change. For example, in the current study, aerial insectivores were a group of 

wildlife that many participants perceived to have declined. Despite there not being clear 

and direct consequences to stakeholders, the widespread observation of declines suggests 

that these population changes are notable to stakeholders, and they may be more 

supportive of initiatives aiming to support aerial insectivore populations. Participants also 

discussed many populations whose changes have direct consequences for stakeholders, 

including Canada Goose, White-tailed Deer, and Ring-necked Pheasants. Management of 

these populations may be welcomed by stakeholders if it provides benefits or reduces 

negative impacts. Finally, when asked about wildlife or landscapes that were particularly 

important to participants, people discussed a variety of landscapes including restored and 

natural saltmarshes, the wildlife corridor across the Chignecto Isthmus, and Johnson’s 

Mills, which is an important foraging area for shorebirds. Knowing the priority areas for 

stakeholders and community members may help guide the allocation of resources and 

project planning (Ban et al. 2013). 

Incorporating social considerations into conservation initiatives is beneficial to 

conservation managers because it is more likely to lead to desired outcomes for wildlife 

managers and communities alike (Ban et al. 2013). For example, in the present study, 
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some participants, including those involved in conservation planning and those who 

identified as farmers, talked about the mutual benefits of farm ponds;  

“When it benefits your pocket and the environment at the same time, it's a 

no brainer” (FH1).  

In many instances, conservation and stakeholder goals align, but when they do not, 

conflict can arise; therefore, communicating and collaborating with stakeholders can help 

drive conservation goals forward while ensuring that stakeholder needs are also met 

(Druschke and Hychka 2015). 

The themes of changes that emerged from the data suggest that stakeholders are 

collectively experiencing and perceiving changes in the land and wildlife around them. In 

some cases, participants were able to identify potential drivers, in other cases, 

participants perceived changes that are consistent with suspected drivers (e.g., wetlands). 

The changes that people discussed could be those that are most obvious to them (e.g., 

aerial insectivore declines) or those that impact them the most (e.g., Canada Goose 

population for hunters or farmers). For conservation managers, it is important to 

understand what changes people are experiencing (perceptions), how they feel about 

them (attitudes), and why they might feel that way (values). A greater appreciation of 

local perceptions, attitudes, and values surrounding changes in land and wildlife can help 

guide management priorities and improve messaging around conservation initiatives. 

3.6.7 Stakeholder values 

Through interviews, it was apparent that participants held many values related to 

their perceptions and attitudes about changes on the Chignecto Isthmus, and related to 

their identities. People discussed instrumental values of the Isthmus, such as its rich 
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agricultural landscape and hunting opportunities. Participants also suggested many 

intrinsic values of the Isthmus, including its value as a migratory corridor for birds:  

“Yea, the migration through this area, we’ve got an interesting site in that 

we have a lot of bird species pass through and over the marshes in the 

Isthmus, the Chignecto Isthmus, here, so we see a lot more birds here perhaps 

that other parts of this region” (FBNH1).  

Some participants also discussed the highly productive saltmarsh:  

“What I see with the old marsh, saltmarshes, using that as an example, is 

just what an incredible food factory it is. And, you know, we have a daily 

parade of wildlife on this marsh, every day, 365 days of the year. And so, you 

know, it's just proof positive of how important saltmarshes are.” (N2). 

Interviews with participants revealed many relational values associated with the Isthmus 

and their identities, including deep place attachment to the area. For some, this related to 

family histories in the area dating back several generations:  

“I find that there’s something really special, especially in the Tantramar 

Marsh… It’s a special place, you know, being of Acadian descendance too, 

that area means a lot to me, like history-wise… and it’s so rich in history in 

that area” (NB1).  

The history and attachment to the area likely play an important role in how people 

perceive and respond to changes in the area. Environmental changes can influence place 

attachment and sense of place; therefore, it is important for conservation and land 

managers to consider how changes to the landscape may influence local peoples’ sense of 
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place (Beckley 2003; Rogan et al. 2005). For example, in the case of impoundments, 

members of the community who attribute strong agricultural and historical significance to 

this land, may see these projects as erasing some of their culture, heritage, and history. 

The potential implications of this are lack of support or even public dissent against future 

conservation work in the area.  

Another relational value that was apparent in interviews across identity groups 

was stewardship and a responsibility towards nature:  

“Matter of fact, they have property that was one of ours, and I'm a 

steward for them, sort of watch over about 10 properties for them a little bit 

from time to time” (NF1). 

In some cases, participants even recognized other groups’ contributions to stewardship 

and conservation,  

“ hunt, and if they're good I believe in hunting, if they're using what they 

hunters that hunt in a traditional way, in that they, they know their animal 

and they know, the best way to, you know, to hunt, and they hunt the weakest, 

so that there are benefits to that system. And it keeps, it keeps the wildlife 

healthy, and it keeps the numbers down so that they remain healthy” (F1).  

Stewardship values have been linked to care and sense of place, with sense of place 

motivating care for the land and wildlife, and thus leading to stewardship action (West et 

al. 2018). 

Other relational values that were evident during interviews were social 

connections made through activities such as hunting (Arnett and Southwick 2015), 
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recreating at wetlands (e.g., walking or paddling), and birdwatching (Brock et al. 2021), 

and the mental and physical health benefits of spending time in nature or observing 

wildlife (Bratman et al. 2019, Methorst et al. 2020). For example, when asked about the 

benefits of having birds around their property, a participant stated mental health benefits,  

“I love going outside and watching them…I wake up and it's like, I can 

just watch them and listen to them. And I guess it's like…it's my highlight” 

(F3).  

Another participant discussed the physical health benefits of the Sackville Waterfowl 

Park for community members who now use the park for recreation. 

Being aware of the diversity of values held by stakeholders and community 

members can help conservation managers better understand stakeholder perceptions, 

predict reactions to proposed conservation projects, and help reduce conflict (Chapman et 

al. 2019). Additionally, understanding stakeholder and community members’ values may 

help guide conservation project designs and communication strategies (Bennett et al. 

2017).  

3.7 Conclusion 

“There’s not just one truth, there are other truths as well, but all 

truths can’t overlap, you know? They can’t delete a truth for someone else. It 

has to work for everybody” (F1).  

This statement, made by one of the participants, serves as a reminder of the importance of 

different perceptions. Whether reality and perceptions are similar, people’s actions and 

attitudes will be influenced by their perceptions and experiences. Therefore, while 
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biologists and conservation managers may focus on discovering “the truth” through 

quantitative methods, they may not be acknowledging or adequately understanding the 

many truths held by community members. Without properly addressing these truths, 

support for local conservation projects may wane, and it may, therefore, be necessary to 

understand these “truths” for conservation managers to reach their goals. 
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Figure 3.1. A collection of small impoundments built on dykelands that were once 

saltmarshes. Additional and larger impoundments can be seen in the background. The 

linear feature running behind the white house is the railway that carries goods between 

Nova Scotia and the rest of Canada. Photo: K. Owen. 
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Figure 3.2. Aerial imagery showing part of the study area near the Nova Scotia-New 

Brunswick border in October 1960 (top) and June 2024 (bottom). Red arrows point to 

several examples of freshwater impoundments that exist in 2024 that did not exist in 

1960. These aerial images show the increase in freshwater wetland area on the landscape 

since 1960. Imagery from Smith 1967 (top) and Google Earth (bottom). 
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Table 3.1. Reported identities and combinations of identities by participants interviewed 

for this study from December 2022 to February 2024 on the Chignecto Isthmus. 

Identities 
Number of 

participants 

Biologist, Hunter/Trapper (BH) 3 

Biologist, Birdwatcher/Naturalist and Hunter/Trapper (BNH) 1 

Birdwatcher/Naturalist and Biologist (NB) 3 

Birdwatcher/Naturalist only (N) 3 

Farmer only (F) 3 

Hunter only (H) 2 

Farmer, Birdwatcher/Naturalist (NF) 1 

Hunter/Trapper, Birdwatcher/Naturalist (HN) 1 

Farmer, Hunter/Trapper (FH) 1 

All four identities (FBNH) 1 

Total 19 

 

Table 3.2. Number of participants who identified, at least partly, with each group 

who were interviewed for this study from December 2022 to February 2024 on the 

Chignecto Isthmus. 

Identities 
Number of 

Participants 

Farmer 6 

Biologist 8 

Hunter/Trapper 9 

Birdwatcher/Naturalist 10 
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Figure 3.3. Perceived increasing changes in wildlife populations of the Chignecto 

Isthmus mentioned by at least two participants, as well as perceived drivers and 

consequences. Colours of species represent proportion of participants that perceived this 

trend with the darkest colour being the highest proportion (58%) and the lightest colour 

being the lowest proportion (11%). Different line types have been used to ease in 

following the driver to associated wildlife species, and wildlife species to associated 

consequence. 
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Figure 3.4. Perceived decreasing changes in wildlife populations of the Chignecto 

Isthmus mentioned by at least two participants, as well as perceived drivers and 

consequences. Colours of species represent proportion of participants that perceived this 

trend with the darkest colour being the highest proportion (26%) and the lightest colour 

being the lowest proportion (11%). Different line types have been used to ease in 

following the driver to associated wildlife species, and wildlife species to associated 

consequence. 
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Appendix 3.1. Positionality Statement 

It is important to acknowledge my own views and background as the researcher in 

this study. While quantitative research aims for, and often falsely assumes (to a degree), 

an objective approach, qualitative studies generally acknowledge that the researcher’s 

views, beliefs, and values influence the study design, the questions they choose to ask, 

and the interpretation of the data. Of the four groups that I recruited for interviews, I 

identify with biologist and birder-naturalist. I have participated in hunting once, 

therefore, although I do not identify as a hunter, I am not opposed to hunting. I have 

never identified as a farmer but grew up on a rural property with some farm animals. As 

someone with a background in conservation science, wildlife biology, and birdwatching, 

I recognize my inherent bias and the lens through which I viewed the participants’ 

responses. Nevertheless, throughout the study, I attempted to listen fully and objectively 

to each participant, and I carefully constructed the interview guide with a goal of creating 

open and objective questions. While conservation of birds and habitat is of central 

importance to me, I also believe that understanding local peoples’ experiences and 

perceptions, especially from those who interact the most with wildlife and the land, is 

critically important to conservation goals. Therefore, I endeavoured to accurately portray 

participants’ experiences and perceptions throughout this chapter.  

At the outset of this study, I had limited knowledge, opinions, and pre-

conceptions about the study area and associated research topics. I assert that my relatively 

limited local knowledge and lack of family connections in the study area likely reduced 

potential bias that would have come from having a long history or attachment to the area. 

Had I been more connected, however, and knowledgeable of the study area, it is possible 
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that my research questions would have been better informed. Semi-structured interviews 

helped guide questions to the topics most relevant to this study area; therefore, I do not 

believe that my ignorance of some of the local history and ecology of the area affected 

the study. 

Finally, this work took place in the Siknikt region of Mi’kma’ki but did not 

include Mi’kmaw voices (to my knowledge). I sought to speak to different stakeholders 

with chosen identities (e.g., hunter, naturalist) as opposed to ethnic or other identities 

(e.g., Mi’kmaq, Acadian). The lack of Mi’kmaw voices in this chapter does not discount 

the importance of their views on changes in the land and wildlife, instead, I believe that 

that topic requires a dedicated and in-depth investigation that was outside the scope of 

this research. Changes in the land and wildlife of Mi’kma’ki have surely been felt most 

by the Mi’kmaw as the original stewards of this land since time immemorial. In this 

dissertation I speak a lot about conservation and land or wildlife management. Here, I 

would like to emphasize that conservation and management on the Chignecto Isthmus 

must be done in collaboration with Mi’kmaq, and by including their voices, values, 

knowledge, and priorities. 
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Appendix 3.2. Question set for semi-directed interviews approved by 

University of New Brunswick Research Ethics Board in 2022 and used 

for all interviews in 2022 – 2023. Question set includes questions that 

were asked to all participants, and specific questions for each identity: 

farmers, hunter-trappers, birdwatcher-naturalists, and biologists. 

General questions to be asked to all groups: 

1. How long have you lived in this area (between the communities of Moncton, NB 

and Oxford, NS)? 

2. How would you describe your relationship with or how you interact with 

wetlands/wildlife, if at all? 

3. Have you noticed any changes in the wildlife numbers during your time living in 

this area? 

4. Have you noticed any changes in waterfowl numbers during your time living in 

this area? 

5. Are there any specific waterfowl or wildlife that stand out to you as having had 

significant changes (increases or decreases or shifts in movements or timing) 

during your time living in this area? 
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6. On a scale of 1 to 10, how confident are you in your ability to identify or 

differentiate wildlife/waterfowl species?1 

7. What changes to the landscape have you observed during your time living in this 

area? 

8. Have you noticed any changes in the amount or type of wetlands in the area? 

9. Do you have any thoughts on why the changes you’ve observed might be 

occurring? What the potential causes could be? 

10. Are there wildlife or habitat types that are of particular importance or interest to 

you? 

11. Are you familiar with any projects or actions taken locally by organizations 

directed at benefitting wildlife or wetlands? Have you noticed any results from 

these projects? 

12. Is there anything else you’d like to share with me today? 

 

Specific questions for landowners and farmers 

1. How long have you been farming in the area? 

 

 

1 After the first interviews, I removed this question from the set that asked participants to rate their 

ability to identify species. This question could be seen as discrediting the observations of participants who 

were less confident in their abilities to identify wildlife, or who were confident with some wildlife groups 

(e.g., waterfowl) but not others (e.g., songbirds). 
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2. How have farming or agricultural practices changed during your time living in 

this area? 

3. Are there differences in the types of crops grown or equipment used during your 

time living in this area? 

 

Specific questions for hunters and trappers 

1. How long have you been hunting/trapping in this area? 

2. How would you describe yourself as a hunter/trapper? How often do you 

hunt/trap per year, and when? 

3. Have you noticed any changes in other harvestable animals during your time 

hunting/trapping in this area? 

4. How do you think that hunting or trapping practices have changed (if at all) 

during your time hunting/trapping in this area? Why? 

5. Have there been shifts in the species of focus for harvesting in the area since 

you’ve been hunting/trapping here 

 

Specific questions for biologists 

1. How long have you been a biologist in the area? 

2. What significance are waterfowl and wetlands in your work? 

3. What experience do you have working with waterfowl and wetlands in the area? 

4. Have you observed any changes in the way that biologists work with waterfowl 

and wetlands in the area during your time working here? 
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Specific questions for bird-watchers and naturalists 

1. How long have you been bird-watching or observing nature in the area? 

2. How would you describe yourself as a birder/naturalist and how much time do 

you spend observing nature/birds? 

3. Have you noticed any changes in the way we conserve wetlands bird or their 

habitat in the area? 

4. Are there are wildlife or habitat types that are of particular importance or interest 

to you?
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4. Chapter 4. Wetland bird use of impoundments and responses to drawdown 

4.1 Introduction 

Wetlands, the transition zones between terrestrial and aquatic environments, provide 

critical ecosystem services and support rich biodiversity. Ecosystem services provided by 

wetlands include carbon sequestration, flood mitigation, water storage, and habitat for 

diverse wildlife (Mitsch and Gosselink 2007, Mitsch et al. 2015). Despite their 

importance, wetlands have faced significant global losses, with over 50% of natural 

wetlands lost since the 1700s (Davidson 2014, Fluet-Chouinard et al. 2023). Coastal 

wetlands have suffered particularly from loss and degradation because humans tend to 

settle in rich and biodiverse coastal areas to take advantage of the ecosystem services that 

they provide (Mitsch and Gosselink 2007, Barbier et al. 2011).  

Human-made wetlands (such as “impoundments”) are often created to offset loss 

of wetlands and compensate for some of the lost ecosystem services provided by natural 

wetlands, particularly habitat for waterfowl and other wetland wildlife (Keith 1961). 

Despite providing important habitat to wetland wildlife, managers have noted that as 

impoundments age, there is a decline in nutrient availability (Baldassarre and Bolen 

2006), changes in invertebrate communities (Demers 2021), and reduced wildlife use 

(Kadlec 1962; Loder et al. 2018a). The declining productivity in older impoundments is 

known as “wetland senescence” (Loder et al. 2018a). Unlike many natural wetlands 

where water levels can vary, impoundments are human-controlled systems and are 

typically kept at consistent water levels (Fredrickson 1985). Over time, the wetland goes 
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through successional stages as static water levels lead to reduced availability of nutrients 

with nutrients slowly being depleted from the system and limited new nutrients being 

added (Baldassarre and Bolen 2006, Loder et al. 2018b).  Older impoundments do not 

have regular inputs of organic matter and have slow decomposition rates due to anaerobic 

conditions (Loder et al. 2018a).  

Water-level drawdowns emerged as a potential management action in the 1950-

60s to rejuvenate productivity in aging impoundments (Kadlec 1962, Meeks 1969). 

Drawdowns input nutrients into a depleted wetland system in two main ways. First, by 

draining a wetland, aquatic and emergent vegetation die, decompose, and are replaced by 

non-aquatic or semi-aquatic vegetation. When the site is refilled, the non-aquatic 

vegetation cannot survive; therefore, these plants also die, decompose, and contribute 

nutrients to the water column. Second, wetland soils are anaerobic and nutrients stored in 

the soils are unavailable. During drawdown, wetland soils are exposed to aerobic 

conditions, fostering microbial activities that decompose organic matter and release 

soluble nutrients that will be added to the water column when reflooded (Kadlec 1962, 

Baldassarre and Bolen 2006). In other parts of North America, drawdowns increase 

nutrient availability (Kadlec 1962), macroinvertebrate densities (Lumsden et al. 2015, 

Schummer et al. 2021), waterbird abundance (Kadlec 1962), and revert impoundments to 

an earlier successional stage, in terms of the vegetative community (Meeks 1969). 

Impoundments provide habitat for a wide variety of wildlife (Hapner et al. 2011, 

Fitzsimmons et al. 2012, Clipp et al. 2017). Wildlife managers have used habitat 

manipulations, such as drawdowns, to improve habitat conditions for target wildlife, 

usually waterfowl and other harvestable species. Comparisons of impoundments have 
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shown lower relative abundances of waterfowl and other waterbirds in unmanaged 

wetlands compared to those that undergo regular hydrological manipulation (i.e., 

drawdowns; Kaminski et al. 2006). When undergoing drawdown, water-levels change in 

an impoundment, and can, therefore, support a different subset of species through 

dynamic habitat availability, thereby increasing annual diversity (Rundle and Fredrickson 

1981). For example, in the shallow water or exposed mud stages of drawdown, 

impoundments may provide habitat for species of the aquatic surface foraging group, 

which includes many species of shorebirds and waterfowl. Conversely, when an 

impoundment is refilled and reaches a high enough water level, it can provide habitat to 

members of the aquatic surface-diving foraging niche (Taft et al. 2002). Although the 

goal of drawdown may be to rejuvenate productivity in an aging impoundment and 

improve habitat conditions for waterfowl and other wetland wildlife, the act of drawing 

down an impoundment can also improve conditions for different populations of birds and 

should be considered as more than just a means to an end (i.e., refilling to improve 

productivity). 

In the Atlantic Flyway of North America, coastal wetlands provide important 

habitat to breeding, migrating, and overwintering migratory birds; therefore, wetland 

losses may have considerable impacts on migratory bird populations (Erwin 1996, 

Baldassarre and Bolen 2006). In the Maritime provinces , which are comprised of the 

provinces of New Brunswick, Nova Scotia, Prince Edward Island, at least two-thirds of 

coastal wetlands have been lost since the arrival of European settlers in the 17th century 

(Government of Canada 1991). Settlers dyked, ditched, and drained coastal wetlands to 

create rich agricultural lands (Butzer 2002). Today, many areas that were once coastal 
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wetlands exist as agricultural or urban landscapes (Fudge 2019). To compensate for these 

losses in coastal wetlands, Ducks Unlimited Canada and the Canadian Wildlife Service 

began creating impoundments as habitat for waterfowl and other wildlife in Atlantic 

Canada during the mid-20th century (Loder et al. 2019). Most impoundments were built 

on former coastal wetlands that had been converted to dykelands (van Proosdij et al. 

2010, Loder et al. 2018a). Impoundments of Atlantic Canada differ from those in other 

parts of North America because they are built on marine-derived soils, impermeable 

clays, and silts; therefore their nutrients occur in substantially lower concentrations than 

those of the Prairie Pothole Region (Loder et al. 2019). Wetland senescence has been 

documented in impoundments in Atlantic Canada in terms of nutrients (Loder et al. 

2018b) and invertebrates (Demers 2021). Impoundments showed lower nutrients in older 

impoundments and higher nutrients in younger impoundments, suggesting that wetland 

senescence is occurring at these sites (Loder et al. 2018b, Demers 2021). Research on 

macroinvertebrate communities in the same region also provided evidence of wetland 

senescence, with taxonomic communities differing by impoundment age (Demers 2021). 

Local wildlife managers in Atlantic Canada have also observed declining wildlife use of 

older impoundments (Loder et al. 2018a).  

Drawdown has been used as an effective strategy to rejuvenate impoundments 

across North America (Kadlec 1962, Schummer et al. 2021), however, there is no peer-

reviewed literature evaluating this strategy in Atlantic Canada where freshwater wetlands 

are often in close proximity to the marine coast. Much of the information available on 

drawdowns in coastal impoundments has tested this management strategy in southern 

areas where birds are using these sites for overwintering habitat (e.g., Tennessee, Wiebe 
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1946; California, Taft 2002). There is an opportunity and need, therefore, to test the 

effect of drawdowns on coastal impoundments of Atlantic Canada. We investigated the 

influence of drawdowns on species-level and community-level data because habitat 

manipulation studies generally focus on community-level responses, and there is a need 

for more information on species-level responses. 

4.2 Hypotheses and predictions 

The goal of this study was to understand how wetland birds are using 

impoundments in Atlantic Canada, and to investigate the immediate species-level and 

community-level response by birds to water-level drawdown using a Before-After-

Control-Impact design with replication (Stewart-Oaten et al. 1986). We hypothesized that 

water-level drawdowns in Atlantic Canadian impoundments can alter productivity and 

bird use. We predicted that water-level manipulation would result in increased abundance 

and biomass of macroinvertebrates, an important food source to migratory and breeding 

birds, in treatment sites after reflooding. we predicted that the species-level responses 

would show increase occupancy at treatment sites post-drawdown (i.e., “post-treatment”) 

than in those same sites prior to drawdown or to control sites (i.e., “untreated” 

collectively), and that occupancy in control sites would not significantly differ between 

years. For community-level data, we similarly predicted that overall bird abundance 

would be higher in post-treatment sites compared to untreated sites. Finally, we predicted 

that some species or groups respond positively (i.e., increased occupancy or abundance) 

to water-level drawdowns during the drawdown phase, while others respond negatively 

(i.e., decreased occupancy or abundance). For example, I predicted that shorebirds and 

aquatic surface-foraging species (e.g., Mallard, Northern Shoveler, and Green-winged 
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Teal) would show increased occupancy or abundance at drawdown sites during the 

drawdown phase, and lower occupancy or abundance before and after treatment. 

Conversely, we predicted that aquatic surface divers, (e.g., Ring-necked Duck) and 

aquatic diving predators, would be negatively affected by water-level drawdowns in the 

treatment phase and would respond with lower occupancy or abundance at treatment sites 

undergoing drawdown. 

4.3 Methods 

4.3.1 Study locations 

We monitored impoundments in southeastern New Brunswick (45 53’N, 64 

19’W). Seven impoundments were selected for experimental treatment (drawdown) with 

at least one other impoundment nearby that remained unmanipulated to act as a control. 

Additional control sites occurred as clusters of impoundments with no sites selected for 

manipulation; therefore, we monitored 19 impoundments (control: n = 12; treatment: n = 

7; Figure 4.1, Table 4.1). We selected impoundments based on accessibility, proximity to 

other impoundments, and recommendations from other researchers and Ducks Unlimited 

Canada biologists. We determined which impoundments would undergo drawdowns and 

which would remain as controls after collecting baseline data on macroinvertebrate, 

vegetation, and bird productivity, alongside logistical considerations. These decisions 

were made in collaboration with Ducks Unlimited Canada, who were also responsible for 

administering the drawdowns.  

All wetlands that we included in our study were freshwater impoundments built 

on dykelands that occurred in pairs or clusters with other impoundments (Figure 4.1). 

Each impoundment was impounded by an earthen berm on all sides, with a water control 
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structure installed in the berm to allow for water-level manipulation (Kelly et al. 1993). 

Adjacent lands to these impoundments included farmland, forested areas, National 

Wildlife Areas, and rural properties. Impoundments included in this study were close to 

the Bay of Fundy, the Memramcook River, large, channelized ditches, or bog, and all 

impoundments were located on land owned or managed by Ducks Unlimited Canada or 

the Canadian Wildlife Service. 

We monitored all impoundments (i.e., treatments and controls) at least once per 

week during three field seasons, from early April to end of September 2021 – 2023, to 

coincide with the breeding season of wetland birds, as well as some of spring and fall 

migration. In 2021, we collected baseline data at all wetlands, including wetland bird 

occupancy and abundance, and macroinvertebrate abundance and biomass. Occupancy 

refers to presence/non-detection of species, and abundance refers to counts of individuals 

of a species per wetland. For macroinvertebrates, biomass refers to the dry weight of all 

individuals per wetland per year. Water-control structures were removed in late winter of 

2022 and we collected the same information on all wetlands while undergoing 

drawdown. Water-control structures were reinstalled in the fall after draining and drying 

through the summer, and allowed to refill passively (i.e., precipitation and snowmelt) 

through the winter. We collected the same information at all sites in 2023 after refilling. 

During drawdowns, impoundments were drained but at all sites water remained in borrow 

pits (i.e., ditches along the inside perimeter of the wetland where material was removed 

to build raised berms that hold water when impoundment is filled). One of the 

impoundments chosen for treatment did not fully drain or refill and was therefore 

excluded from analyses; all other treatment wetlands refilled to normal operating levels in 
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time for field surveys in 2023. Due to inconsistent bird detection probabilities, we 

excluded data from July, August, and September for most models (detailed below). 

4.3.2 Wetland bird surveys 

One or two observers completed bird surveys by walking the perimeter of an 

impoundment and counting all birds seen or heard within the boundaries of the 

impoundment. We did not count individual songbirds because they were not the focus of 

this investigation but instead noted presence/absence. Similarly, we also noted 

presence/non-detection of mammals, amphibians, and reptiles. Survey length varied by 

wetland size with most surveys completed in 30 to 75 minutes. For two sites, walking the 

perimeter of the impoundment was not possible due to (a) one side of the impoundment 

being completely overgrown with dense vegetation, or (b) the impoundments being small 

and directly adjacent (six impoundments) so that walking the perimeter would influence 

counts for the remaining sites. Instead, these sites were surveyed using a spotting scope at 

pre-determined locations. In all cases, methods remained the same for each wetland 

throughout the study. Because waterfowl identification is mostly by sight, we started the 

first surveys of the day when it was light enough to accurately identify birds visually (i.e., 

just before sunrise on clear days). No surveys were initiated five hours after sunrise or in 

rain or heavy fog.  

For surveys with a center dyke that separated two adjacent impoundments, both 

observers walked the center dyke at the same pace to avoid flushing birds off the other 

observer’s impoundment before they completed that portion of their count. Walking the 

center dyke together also allowed both observers to note movements of birds between 
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impoundments due to observer presence and reduce double-counting. For adjacent 

impoundments that did not share a center dyke, observers kept in contact using handheld 

radios to confirm movements of birds between impoundments. Birds coming into the 

survey area during the survey were counted if the observer was reasonably certain that 

they did not fly in from the other impoundment or due to observer presence. Flyovers 

were not counted unless they were determined to be actively interacting with the wetland 

(e.g., raptors hunting in the wetland, Black Terns (Childonias niger) flying low over the 

water, swallows foraging above the wetland). In most surveys, the number of flyovers or 

fly-ins was minimal and therefore likely had limited impact on the numbers observed in 

our counts. 

At the beginning of each survey, observers recorded the time, date, weather 

conditions (i.e., precipitation, wind, and temperature), and any disturbance. Observers 

also collected a photo of the impoundment from the starting point to visually compare 

vegetation changes throughout the season. 

4.3.3 Macroinvertebrate sampling 

We completed macroinvertebrate sampling in late May, which coincides with 

when female waterfowl are laying eggs or young are beginning to hatch, depending on 

the species (Schummer et al. 2021). We used a D-frame dip net and methods outlined by 

Demers (2021), which involves sweeping the net through the water column with three 

bounces along the bottom sediment for two meters in a V-shaped pattern. We used water 

from the impoundment to wash the sample into a sealable plastic bag. We sampled five 

randomly chosen points along the edge of each impoundment, and repeated sampling at 
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these locations each year. We sorted macroinvertebrates >4 mm (in any direction) from 

debris, vegetation, and smaller invertebrates. We identified macroinvertebrates to Order, 

counted individuals, and stored them in ethanol. We used counts to calculate abundance 

(counts per wetland) of macroinvertebrates by pooling all five samples into one 

abundance measurement per wetland per year. In 2024, invertebrate samples were 

transferred to coffee filters to drain the alcohol then left to dry. Once dry, each filter 

containing invertebrates was weighed to collect information on biomass. Three randomly 

chosen unused coffee filters were weighed (1.93 g, 1.95 g, 1.99 g) and averaged (1.96 g), 

and this average was subtracted from all filter weights to get an approximate measure of 

total biomass per wetland per year in grams (for macroinvertebrates over 4mm). 

4.3.4 Additional site-level data 

Using Sentinel-2 L2A imagery via the Copernicus Data Space Ecosystem 

Browser (Copernicus Data Space Ecosystem 2024), we calculated an average Normalized 

Difference Vegetation Index (NDVI; Pettorelli et al. 2005) for each site across each 

month of surveys. We also extracted data on wetland area (km2) for each site from the 

same source. These data provide an estimate of greenness of vegetation and are 

commonly used to evaluate vegetation density and health in an area. We calculated 

relative NDVI by first calculating the average annual NDVI across a single season for 

each site, then subtracting average annual NDVI value from the raw NDVI value for each 

site and year. Relative NDVI provided a value that was relative to the average NDVI 

value and removed the effect of treatment on NDVI.  
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4.4 Statistical analyses 

4.4.1 Generalized Additive Mixed Models 

We used Generalized Additive Mixed Models (GAMM) to test our predictions 

about treatment, and to examine temporal patterns in bird use of impoundments. GAMMs 

are powerful models that can be used to model linear and non-linear relationships, and 

allow for the inclusion of fixed and random effects. GAMMs are particularly useful for 

temporal relationships, such as bird use over a season, which often do not follow a linear 

trend. 

We built all generalized additive mixed models using the R package “mgcv” 

(v1.9-3, Wood 2017). For all GAMMs, we used a cubic regression spline for the basis 

function. The cubic regression spline is ideal for univariate simple, low dimensional 

datasets and it penalizes bases on the number of knots.  We set the basis function to k = 4 

for all models to increase interpretability and reduce the risk of overfitting the data. 

We used the R package “fitdistrplus” (v1.2-4, Delignette-Muller & Dutang 2015) 

to determine the distribution family for each model. As a result, we used the binomial 

family for all occupancy models and the negative binomial family for all abundance 

models. The global model included several independent variables as smoothing terms, or 

linear or categorical effects, which included relative NDVI, wetland area (km2), aquatic 

macroinvertebrate biomass (g), year, ordinal date, and treatment. We also included site as 

a random effect. Finally, we included treatment as a categorical effect and as an 

interaction with ordinal date. Our dependent variables were bird abundance or 

occupancy. For most species, we were able to include an interaction between ordinal date 

and treatment, however, in some species, there were not enough data to include the 

interaction, which was the case for Pied-billed Grebe and Sora. 
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For most models, we focused on early to mid-season data (i.e., early April – end 

of June) because we assumed consistently high detection rates. Later season (i.e., 

beginning of July – end of September), detection rates for most birds are severely 

affected by emergent vegetation. Relative NDVI and ordinal date were highly correlated 

(r >0.7), so we removed relative NDVI for all models because ordinal date provides a 

clear comparison between years.  We also justified removing NDVI because from April 

to June there was consistently low NDVI values and not enough variance to address in 

the model. 

We used Akaike’s Information Criterion (AIC) to identify top models because we 

were working with an adequately large sample size and comparing relatively complex 

models. We started with the global model for each species or group and then performed 

model selection by removing variables and comparing AIC values. We chose the most 

parsimonious model with the lowest AIC score to avoid overfitting and used an AIC 

threshold of two AIC scores.. We determined which variables were linear and non-linear 

by assessing estimated degrees of freedom (edf), with non-linear variables being those 

that were significantly different than one. In all analyses, we used an alpha of 0.05 and 

used R version 4.4.1 (R Core Team 2024). 

4.4.2 Community-level response variables 

For community-level data, we analyzed count data (i.e., abundance) to determine 

the magnitude of site use. We analyzed the influence of water-level drawdown on 

abundance of the entire wetland bird community for all species that were counted (i.e., 

does not include songbirds for which only presence/absence data were collected). In 

addition to looking at the community as a whole, We also created three groups based on 



 

151 

foraging niches described by Avibase: Aquatic Surface Herbivores, Aquatic Diving 

Predators, and Aquatic Ground Predators (Lepage 2024; Appendix 1). We chose to 

include these foraging groups because they are three well-represented groups of birds 

with different foraging strategies, and because many of these species, separately, were 

otherwise excluded from analyses because they were in the lower quantile range. We 

only used early season (i.e., April – June) count data for analyses including foraging 

groups. 

We also investigated the influence of water-level manipulation on one additional 

community-level group, that includes the four locally-occurring swallow species 

(Appendix 1). Aerial insectivores have faced significant population declines across North 

America (Birds Canada and Environment and Climate Change Canada 2024). Swallows 

use local impoundments as foraging and roosting habitat (Fensore 2024). For the swallow 

group, we used the entire dataset (i.e., early April to end of September) because the 

swallows had consistently high detection probabilities (swallows fly above the 

vegetation), and we modeled occupancy instead of abundance because we did not count 

individual swallows during surveys. 

4.4.3 Species-level response variables 

For species-level data, we assessed occupancy (i.e., presence/non-detection) to 

determine site selection by focal species. For focal species, we chose to include all 

species that were detected on 20% or more surveys, thereby removing the lower quantile 

species from analyses. Lower quantile species included birds not considered as “wetland 

birds” based on the 2024 State of Canada’s Birds report (Birds Canada and Environment 

and Climate Change Canada 2024). This resulted in a list of 13 species (Table 4.2) that 
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were included for occupancy analyses of individual species (Appendix 2). For all focal 

species, we only included early season data (i.e., April – June). 

4.4.4 Macroinvertebrate data analysis 

For aquatic macroinvertebrate data analyses, we used ANOVA and Tukey HSD 

tests to compare abundance and biomass of macroinvertebrates in control and impact 

sites, and between treatment levels. We used ANOVA to compare the variance in the 

macroinvertebrate data from control sites before and after treatment and in impact sites 

before and after treatment. We also tested the interaction between treatment (control vs. 

impact) and time (before vs. after). We also used ANOVA to compare the same three 

treatment levels that I used for the GAMMs, i.e., Untreated, Drawdown, and Post-

treatment. Then, we used Tukey HSD tests to do pairwise comparisons between the 

different levels. We were only interested in the comparison between untreated and post-

treatment sites, and, therefore, have only reported those results in this dissertation. 

4.5 Results 

4.5.1 Community-level response 

During 1529 surveys over three years from April to September (2021 – 2023), I observed 

108 avian species using our study impoundments. We examined the overall response to 

treatment by all birds that were counted (i.e., excludes songbirds). Bird abundance was 

not significantly affected by the drawdown phase (i.e., undergoing treatment), however, 

there was a weak negative response that was significant at α = 0.1 (β = -0.18, SE = 0.11, z 

= -1.68, p = 0.09). There was, however, a significant positive response of overall bird 

abundance to the post-treatment stage at α = 0.05, such that after reflooding, bird 

abundance was higher in the post-treatment sites compared to untreated sites (β = 0.37, 
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SE = 0.10, z = 3.60, p <0.001). The top models included relative NDVI, ordinal date, 

treatment, and the random effect of site, however, relative NDVI was removed from final 

models. 

For the community-level groups, the Aquatic Ground Predator group had a 

significant positive response to the treatment stage (Figure 4; Appendix 3), such that the 

probability of more individuals using these sites during drawdown also increased. The 

Aquatic Diving Predator group had a significant negative response to the treatment and 

post-treatment stages, such that diving predators used impoundments in lower abundance 

when they were undergoing drawdown, as well as in the first year after reflooding 

(Figure 4.4; Appendix 4.3). The Aquatic Surface Herbivore groups showed a significant 

negative response to the treatment stage but a significant positive response to the post-

treatment stage, such that birds in this group used impoundments in lower abundance 

when they were undergoing drawdown but higher abundance once the impoundments 

were refilled to operating levels (Figure 4.4; Appendix 4.3). Occupancy by swallows was 

positively influenced by the post-treatment stage, such that after the impoundments 

refilled, occupancy of sites by swallows increased compared to untreated sites (Figure 4; 

Appendix 3). 

4.5.2 Species-level response 

We examined species-level response to treatment in occupancy of nine waterfowl 

species, two waterbird species, and two songbird species (Appendix 1). Occupancy of 

Blue-winged Teal and Green-winged Teal had a significant positive response to the 

treatment stage (Figure 3; Appendix 2), such that when impoundments were undergoing 

drawdown, the probability of these birds occupying these sites was higher. Conversely, 
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several species negatively responded to the drawdown phase of treatment: Ring-necked 

Duck, Wood Duck, Pied-billed Grebe, and Sora (Figure 3; Appendix 2). In the post-

treatment phases, i.e., after reflooding, no species-level analysis showed positive 

responses by birds (Figure 3; Appendix 2). Ring-necked Duck and Pied-billed Grebe had 

negative responses to post-treatment, such that these birds had a lower probability of 

occupying sites post-treatment compared with untreated sites (Figure 3; Appendix 2). 

Swamp Sparrow had higher than expected parameter estimates in the response to the 

post-treatment phase in the same direction as the Swallow group, such that both species 

showed a weak positive response to the post-treatment (Appendices 2 and 3). 

4.5.3 Macroinvertebrate response 

We tested differences in treatment (control vs. impact) and time (before vs. after) 

and found differences in treatment between abundance and biomass of 

macroinvertebrates (abundance: F1, 35 = 6.08,  p = 0.02; biomass: F1, 35 = 7.63,  p = 

0.009; Figure 5). Abundance and biomass of macroinvertebrates before and after 

drawdowns showed no difference (abundance: F1, 35 = 2.44, p = 0.13, biomass: F1, 35 = 

3.74, p = 0.06), although biomass was approaching significance. We also tested the 

interaction between the two predictor variables (Treatment*Time) and found no 

difference in abundance (F1, 35 = 2.67, p = 0.11) but a difference in biomass (F1, 35 = 5.12, 

p = 0.02). Tukey HSD tests revealed that for abundance, control sites and treatment sites 

in 2023 (after drawdowns) were significantly different (95% CI = -272.35, -11.99, p = 

0.02), with control sites having higher abundance than treatment sites. Tukey HSD tests 

also revealed that biomass in control sites was significantly different in before and after 

years (95% CI = 0.01, 0.34, p = 0.03), despite no manipulation of these sites. Similarly to 

abundance, biomass was significantly different in the two treatment levels in 2023 (95% 
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CI = -0.42, -0.06, p = 0.005), with biomass being lower in treatment sites than in control 

sites. 

Abundance and biomass of macroinvertebrates between control and treatment 

sites before any manipulation occurred (i.e., all untreated sites) showed no difference 

(abundance: F1,17 = 0.50, p = 0.49; biomass: F1,17 = 0.08, p = 0.78), such that pre-

drawdown, sites did not differ significantly in macroinvertebrate abundance or biomass. 

We visually examined community composition between untreated and post-treatment 

sites and did not observe any obvious differences; therefore, we did not take this analysis 

further. 

4.6 Discussion 

We found that overall bird abundance increased in coastal impoundments after 

drawdown treatment, although individual taxa or foraging groups showed mixed 

responses. Conservation managers responsible for managing these impoundments must 

carefully consider the wildlife species or groups for which they are managing these sites, 

and which populations will be affected by manipulation. Our results highlight that many 

populations, including species of conservation concern, that are traditionally not the focus 

of impoundment management may be affected by water-level manipulation.  

4.6.1 Community-level responses 

We found support for the hypothesis that drawdowns lead to increased bird 

abundance in the post-treatment phase (one year post-drawdown), with a significant 

positive response in overall bird abundance (passerines excluded). This suggests that 

water-level drawdowns may be an appropriate strategy for conservation managers 
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looking to increase overall wetland bird abundance at impoundments, as is commonly 

used in other parts of North America (Suring and Knighton 1985).  

Abundance of birds in each of the three foraging groups was affected by the 

treatment (drawdown) stage, with Aquatic Ground Predators having a positive response, 

and Aquatic Surface Herbivores and Aquatic Diving Predators having negative 

responses. Species that dive for food prefer deeper water (>25 cm) for foraging (Taft et 

al. 2002, Baschuk et al. 2012); therefore, it is unsurprising that the birds in the Aquatic 

Diving Predator group would have a negative response to decreasing water depths. 

Species in the Aquatic Surface Herbivore group are dabbling ducks that prefer foraging 

habitats of 5 – 25 cm (Isola et al. 2000, Taft et al. 2002). Shorebirds, which make up a 

large proportion of the Aquatic Ground Predator group, prefer shallow water or areas of 

exposed mud, which drawdowns provide (Rundle and Frederickson 1981). Abundance at 

post-treatment sites peaked in late April to mid-May, which coincides with peak 

migration of shorebirds through this part of the Atlantic Flyway (Erwin 1996, eBird 

2024). If drawdowns are considered in future management plans, timing drawdowns to 

coincide with shorebird migration would allow these sites to be used as stopover habitat. 

Migratory shorebirds are a group of species whose overall populations have declined by 

42% in Canada since 1980, and wetland and coastal habitat loss is suspected to be a 

major contributor (Birds Canada and Environment and Climate Change Canada 2024); 

therefore, any habitat management that could negatively or positively affect this group of 

birds should be carefully considered. 

In the post-treatment phase, the Aquatic Diving Predator group continued to show 

a negative response, although weaker than during the treatment stage. The Aquatic 
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Surface Herbivore group, however, had a positive response to the post-treatment stage, 

with increased abundance of dabbling ducks, particularly American Black Duck and 

Mallard, in impoundments after reflooding. I did not observe any response in occupancy 

of these two species, however, during exploratory analyses, I observed a positive 

response in abundance of both American Black Duck and Mallard but not occupancy, 

which suggests that site selection (occupancy) is not influenced by treatment but the 

abundance of these two species is affected by treatment. 

Occupancy by swallows was positively influenced by the post-treatment stage, 

such that after the impoundments refilled, the probability of sites being occupied by 

swallows increased compared to untreated sites. Research on drawdown as a management 

tool for impoundments has largely focused on waterfowl, and to a lesser extent, other 

waterbirds. However, many other wildlife use these wetlands for foraging, nesting, 

stopover during migration, and other activities (e.g., Griffin 1982, Cooper and Campbell 

1997). It is, therefore, important to understand how other wildlife, especially those facing 

population declines, might be affected by management actions. To the best of our 

knowledge, this is the first examination of water-level drawdown on aerial insectivores. 

Previous research from the Chignecto Isthmus found that impoundments provide 

important roosting habitat for swallows (Saldanha 2016). Their positive response to 

drawdown could suggest an immediate response by some aerial insects to the post-

treatment stage. The timing of our macroinvertebrate sweeps could have missed a pulse 

in emergent insects that had already hatched and become aerial by the time of sampling. 

Future research might investigate the potential effect on emergent insect communities 

with wetland manipulation. 
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4.6.2 Species-level response 

Four species had significant negative responses to the drawdown phase of 

treatment: Pied-billed Grebe, Sora, Ring-necked Duck, and Wood Duck. Wood Duck 

have been reported feeding at depths between 19 – 40 cm (Drobney and Fredrickson 

1979). Sora densities did not differ significantly between drawdown and high-water sites 

(Baschuk et al. 2012), which appears to conflict with our observation that Sora had a 

negative response to drawdown and suggests that some other aspect of drawdown may 

drive reduced attendance by Sora than simply food supply. The negative response by 

some populations may simply reflect reduced habitat availability (wetland area) as these 

sites drained. Two species had a significant positive response to the drawdown phase: 

Green-winged Teal and Blue-winged Teal. Shallow water and mudflats are the primary 

foraging habitats for both Green and Blue-winged Teal (Bellrose 1980). I observed no 

positive species-level response in occupancy of sites that were in the post-treatment 

group, however, as mentioned previously, during exploratory analyses, I observed a 

positive response in abundance of American Black Duck, Mallard, and Green-winged 

Teal to the post-treatment phase. Aquatic macroinvertebrate sampling from late May 

showed a decrease in abundance and biomass in post-treatment sites; therefore, it is 

unlikely that macroinvertebrate food sources explain the positive response to post-

treatment (unless preferred prey became more abundant later in the season).  

4.6.3 Macroinvertebrate responses 

We tested the hypothesis that drawdowns rejuvenate productivity and that I could 

measure this in changes in macroinvertebrate abundance and biomass before and after 

drawdowns. We did not find support for this hypothesis; instead, we found that 

macroinvertebrate abundance and biomass were lower one year after drawdown than in 
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untreated sites. Overall bird abundance, therefore, increased despite this decrease in 

aquatic macroinvertebrates. The decrease in aquatic macroinvertebrates could suggest 

there is a delay in response by nutrient levels or macroinvertebrates. Because we did not 

measure water chemistry over the full three-year study period, we cannot say if nutrient 

levels changed after drawdowns. A project testing drawdowns in impoundments near our 

study area found that nutrient availability increased post-drawdown, while 

macroinvertebrate numbers and biomass were lower post-drawdown in treatment sites 

compared to controls (Hanson 1993). It seems likely that our results mirrored this earlier 

observation. Results from both studies could reflect a delay in recovery of 

macroinvertebrate communities to drawdown, or an overall lack of response. A closer 

look at our data show that some treatment sites had higher counts or biomass of 

macroinvertebrates, but most sites showed a negative response. We sampled aquatic 

macroinvertebrates once per season towards the end of May. It is possible that if we had 

sampled throughout a season, or at a different time of the season, the result may have 

been different, but an earlier study (Pollet et al., in review) found that macroinvertebrate 

abundance or biomass changed little within local wetlands and impoundments through 

the seasons. We also found that biomass of macroinvertebrates in control sites was higher 

in our post-treatment year compared to our pre-treatment sampling. It is possible that 

there was annual variation in macroinvertebrate abundance and biomass that we cannot 

account for with our data.  

4.7 Recommendations 

Immediate responses to water-level manipulation by bird and macroinvertebrate 

communities were mixed. Wildlife managers in Atlantic Canada should consider which 
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species they are targeting before implementing management action such as drawdowns. 

Drawdowns benefitted Green-winged Teal, Blue-winged Teal, Swallows, Aquatic 

Surface Herbivores and Aquatic Ground Predators, but had negative impacts on Ring-

necked Duck, Pied-Billed Grebe, Sora, Wood Duck, and Aquatic Diving Predators. 

Furthermore, some birds, such as the Aquatic Ground Predators, only responded 

positively to the drawdown phase but not post-treatment. Wildlife managers might 

consider water-level management on a rotating schedule so that some sites remain at 

normal operating levels to benefit birds, such as Ring-necked Duck and Pied-billed 

Grebe, while other impoundments provide preferable habitat to shorebirds and other 

Aquatic Ground Predators (Rundle and Frederickson 1981, Taft et al. 2002). Many 

impoundments exist in a cluster of sites; therefore, we recommend that wildlife managers 

only manipulate water levels in one site per cluster at a time. This would increase habitat 

heterogeneity for different wildlife, which promotes biodiversity (MacArthur and 

MacArthur 1961). 

Our research was limited to one year each of baseline, treatment, and post-

treatment monitoring. Sites were drained for a single year, and in some cases, water 

levels did not drain enough during the treatment year to include in our analyses. Future 

studies on impoundment management in Atlantic Canada could test the effect of 

drawdowns over several years of monitoring before and after drawdown, or a longer 

duration of drawdown. Specifically, we recommend continued monitoring of the sites 

from this study to understand the longer-term response to drawdowns, particularly in 

macroinvertebrate communities and bird use between April to June. This information will 

improve our understanding of the effectiveness of drawdowns for the rejuvenation of 
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productivity. Our study showed immediate positive and negative responses to 

drawdowns, however, it is important to understand if these responses change in the years 

following treatment. In the long term, we expect that the relationships that we observed in 

the first year post-treatment would dissolve as productivity and nutrient availability 

decline because research on wetland senescence in this area suggests that impoundments 

show signs of senescence after five to seven years (Loder et al. 2018b, Demers 2021). We 

do not know, however, how the response by specific populations or groups progresses 

over time, which warrants future research. 

4.8 Conclusion 

Wildlife managers have manipulated water levels in impoundments for decades as 

a strategy to improve habitat conditions for waterfowl and other wetland birds, however, 

our research shows that there are trade-offs with drawdowns provoking different 

responses from different populations. Recognizing these trade-offs and considering 

strategies to provide heterogeneity in impoundments, such as drawdowns, can lead to 

increased biodiversity and healthier wetland ecosystems.  
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Figure 4.1.Maps of study sites in southeast New Brunswick. Left: Map of 17 

impoundments (control and treatment sites) in Southeast New Brunswick. Bottom right: 

Smaller scale map providing a clearer view of eight impoundments (control and treatment 

sites) along the Missaquash River in southeast New Brunswick. Top right: Two 

impoundments (control sites) near the Memramcook River that are located outside the 

area of the larger map (Left). Black polygons outline impoundments selected as control 

sites and white polygons outline impoundments selected as treatment sites. Inset map 

shows the location of the study sites within the Canadian Maritimes (New Brunswick, 

Nova Scotia, and Prince Edward Island) with a black star showing the location of most 

impoundments included in the study (Left and Bottom right) and white star showing 

location of two additional control impoundments (Top right).  
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Figure 4.2. Drone photos of two impoundments included in this study. Left: White Birch 

#3 impoundment before drawdown (top) and during drawdown (bottom). Right: Toler’s 

Flyway impoundment during drawdown (top) and post-drawdown (bottom). Photos: K. 

Owen. 
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Figure 4.3. Effect sizes for the influence of two treatment types on bird occupancy of 13 

species: during treatment or drawdown (orange), and post-treatment (blue). Species-

specific rates that differed significantly from zero (dashed grey line) are denoted with an 

asterisk (*). Points represent standardized effect sizes, while error bars are the 95% 

critical intervals. Grey bands have been added to aid visualization. 
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Figure 4.4. Smoothed curves showing relationship between day of year (Day 100 = April 

10th, Day 180 = June 28th, Day 250 =  September 6th) and abundance of the three foraging 

groups (Aquatic Surface Herbivores, Aquatic Ground Predators, and Aquatic Diving 

Predators) and occupancy of one taxonomic group (Swallows). Data are from wetland 

bird surveys at impoundments of southeastern New Brunswick. Curves are coloured by 

treatment: green = Untreated (data pooled from all sites in 2021, n  = 19, control sites 

only in 2022 and 2023, n = 12), orange = Drawdown or during treatment (2022 treatment 

sites only, n = 6), and blue = Post-treatment (2023 treatment sites only, n = 6). For the 

Swallow group, only “Untreated” and “Post-treatment” responses are displayed to ease 

interpretation (i.e., the “Drawdown” response has been removed). Note that the Y-axis 

scale varies by panel to visually maximize patterns. 
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Figure 4.5. Boxplots comparing aquatic macroinvertebrate counts (top) and weight in 

grams (bottom) in control (orange) and treatment (dark green) impoundments before 

(left) and after (right) treatment. Each data point represents pooled data from five sweeps 

per impoundment per year. Unfilled circles indicate outliers and filled circles represent 

the raw data. All data are from macroinvertebrate sweeps in impoundments in 

southeastern New Brunswick collected 2021 – 2023.  
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Table 4.1. Names, coordinates, and treatments for all impoundments in southeastern New 

Brunswick that were monitored from 2021 – 2023. 

Name Treatment Coordinates 

Beaubassin 1* Treatment 45.855699, -64.268277 

Beaubassin 2* Control 45.860054, -64.277362 

Fort Beauséjour 1† Treatment 45.865171, -64.301064 

Fort Beauséjour 2 Control 45.868326, -64.298852 

Research Cell 1 Treatment 45.851062, -64.277907 

Research Cell 2 Control 45.850409, -64.278423 

Research Cell 3 Treatment 45.849558, -64.279525 

Research Cell 4 Control 45.848083, -64.281483 

Research Cell 5 Treatment 45.847023, -64.281270 

Research Cell 6 Control 45.846614, -64.282226 

Dorchester 1 Control 45.891113, -64.537281 

Dorchester 2 Control 45.893208, -64.537434 

Le Coupe 1 Control 45.936077, -64.257256 

Le Coupe 2 Control 45.931374, -64.260786 

Toler’s Flyway Treatment 45.909125, -64.301987 

Estabrooks Control 45.910801, -64.304719 

White Birch 3-1 Control 45.962975, -64.343395 

White Birch 3-2 Control 45.970067, -64.345721 

White Birch 3-3 Treatment 45.964030, -64.332163 

* These sites are sometimes referred to as Beauséjour impoundments in other studies. We chose to refer to 

them as Beaubassin impoundments to reduce confusion with Fort Beauséjour impoundments. 

† Impoundment removed from analyses because it did not refill to operating levels. 
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Table 4.2. List of focal species, including common and scientific names, and proportion 

of surveys that the species was detected on.  

Common name Scientific name Proportion 

of surveys 

(%) 

Mallard Anas platyrhynchos 66 

Red-winged Blackbird Agelaius phoeniceus 52 

American Black Duck Anas rubripes 48 

Green-winged Teal Anas crecca 46 

Ring-necked Duck Aythya collaris 45 

Canada Goose Branta canadensis 41 

Swamp Sparrow Melospiza georgiana 39 

Wood Duck Aix sponsa 37 

Blue-winged Teal Spatula discors 36 

Pied-billed Grebe Podilymbus podiceps 35 

American Wigeon Mareca americana 34 

Northern Shoveler Spatula clypeata 24 

Sora Spatula clypeata 22 
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Appendix 4.1. Species grouped by foraging niches based on information 

from Avibase (Lepage 2024) and by taxonomy. English common names 

are given with the scientific names in parantheses. 

Group name Species and genera included  

Aquatic surface herbivores American Black Duck (Anas rubripes) 

Mallard (Anas platyrhynchos) 

American Black Duck or Mallard (could not identify 

to species) 

American Black Duck x Mallard (hybrid) 

Green-winged Teal (Anas crecca) 

Blue-winged Teal (Spatula discors) 

Gadwall (Mareca strepera) 

Northern Pintail (Anas acuta) 

Aquatic ground predators Great Blue Heron (Ardea herodias) 

Wilson’s Snipe (Gallinago delicata) 

American Bittern (Botaurus lentiginosus) 

Virginia Rail (Rallus limicola) 

Tringa sp. 
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Calidris sp. 

Black-bellied Plover (Pluvialis squatarola) 

Aquatic diving predators Greater Scaup (Aythya marila) 

Lesser Scaup (Aythya affinis) 

Ring-necked Duck (Aythya collaris) 

Aythya sp. 

Long-tailed Duck (Clangula hyemalis) 

Bufflehead (Bucephala albeola) 

Common Goldeneye (Bucephala clangula) 

Common Merganser (Mergus merganser) 

Red-breasted Merganser (Mergus serrator) 

Mergus sp. 

Hooded Merganser (Lophodytes cucullatus) 

Ruddy Duck (Oxyura jamaicensis) 

Double-crested Cormorant (Nannopterum auritum) 

Common Loon (Gavia immer) 

Red-throated Loon (Gavia stellata) 

Swallows Barn Swallow (Hirundo rustica) 
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Bank Swallow (Riparia riparia) 

Cliff Swallow (Petrochelidon pyrrhonota) 

Tree Swallow (Tachycineta bicolor) 
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Appendix 4.2. Model results from generalized additive mixed models for 

occupancy of 13 focal species. For each species, the English common and 

Latin names, and adjusted R2 are provided. Results are displayed by 

treatment level, which includes Untreated (intercept; pooled data from 

all sites in 2021, control sites in 2022 and 2023), Drawdown (2022 

treatment sites only), and Post-treatment (2023 treatment sites only). 

Within each treatment level, sample size (n), proportion of detections 

(%), the beta coefficient (β), standard error (SE), and p-value (p) are 

displayed. Treatment levels are shown in bold when significant at α = 

0.05. Sample size (n) refers to the total number of surveys where at least 

one individual was detected, and proportion (%) refers to the 

proportion of those surveys with detections to the total number of 

surveys included in that treatment level of the model. 

Common name  

Latin name 

R2 Treatment level n (%) β SE p 

American Black 

Duck 

Anas rubripes 

0.30 Untreated 

(intercept) 

333 (57.3) 0.25 0.43 0.6 

Drawdown 32 (38.1) -0.41 0.37 0.3 
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Post-treatment 35 (50.0) 0.24 0.38 0.5 

American Wigeon 

Mareca americana 

0.37 Untreated 

(intercept) 

244 (42.0) -0.49 0.57 0.4 

Drawdown 18 (21.4) -0.69 0.43 0.1 

Post-treatment 19 (27.1) -0.21 0.41 0.6 

Blue-winged Teal 

Spatula discors 

0.47 Untreated 

(intercept) 

237 (40.8) -1.95 4.53 0.7 

Drawdown 17 (20.2) 1.16 0.51 0.02 

Post-treatment 11 (15.7) 0.57 0.51 0.3 

Canada Goose 

Branta canadensis 

0.53 Untreated 

(intercept) 

379 (65.2) 1.22 5.95 0.8 

Drawdown 33 (39.3) -0.40 0.44 0.4 

Post-treatment 36 (51.4) 0.25 0.48 0.6 

Green-winged Teal 

Anas carolinensis 

0.38 Untreated 

(intercept) 

266 (45.8) -0.88 2.07 0.7 

Drawdown 40 (47.6) 1.75 0.48 <0.001 

Post-treatment 21 (30.0) 0.20 0.46 0.7 
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Mallard 

Anas platyrhynchos 

0.40 Untreated 

(intercept) 

447 (76.9) 1.92 1.44 0.2 

Drawdown 47 (56.0) -0.58 0.45 0.2 

Post-treatment 40 (57.1) -0.53 0.44 0.2 

Northern Shoveler 

Spatula clypeata 

0.33 Untreated 

(intercept) 

232 (39.9) -1.26 0.20 <0.001 

Drawdown 24 (28.6) -0.04 0.26 0.9 

Post-treatment 22 (31.4) 0.15 0.25 0.6 

Pied-billed Grebe 

Podilymbus 

podiceps 

0.45 Untreated 

(intercept) 

252 (43.4) -0.92 3.11 0.8 

Drawdown 1 (1.2) -5.95 1.15 <0.001 

Post-treatment 19 (27.1) -1.77 0.56 0.002 

Ring-necked Duck 

Aythya collaris 

0.34 Untreated 

(intercept) 

391 (67.3) 1.03 1.76 0.6 

Drawdown 9 (10.7) -2.74 0.54 <0.001 

Post-treatment 26 (37.1) -0.84 0.37 0.02 
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Red-winged 

Blackbird 

Agelaius phoeniceus 

0.66 Untreated 

(intercept) 

588 (54.6) -1.30 0.30 <0.001 

Drawdown 49 (29.5) -0.21 0.26 0.4 

Post-treatment 62 (46.3) 0.31 0.19 0.1 

Sora 

Porzana carolina 

0.67 Untreated 

(intercept) 

270 (25.1) -6.64 4.35 0.1 

Drawdown 1 (0.6) -4.26 1.19 <0.001 

Post-treatment 24 (17.9) 0.26 0.72 0.7 

Swamp Sparrow 

Melospiza 

georgiana 

0.19 Untreated 

(intercept) 

428 (39.8) -2.07 0.59 <0.001 

Drawdown 35 (21.1) 0.17 0.23 0.5 

Post-treatment 43 (32.1) 0.39 0.21 0.07 

Wood Duck 

Aix sponsa 

0.62 Untreated 

(intercept) 

186 (32.0) -2.82 5.02 0.6 

Drawdown 6 (7.1) -2.83 0.72 <0.001 

Post-treatment 18 (25.7) -0.08 0.64 0.9 
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Appendix 4.3. Model results from community-level data analyses using 

generalized additive mixed models for abundance of three foraging 

groups and occupancy of the swallows group with adjusted R2 provided. 

Results are displayed by treatment level, which includes Untreated 

(intercept; pooled data from all sites in 2021, control sites in 2022 and 

2023), Drawdown (2022 treatment sites only), and Post-treatment (2023 

treatment sites only). Within each treatment level, sample size (n), 

proportion of detections (%), the beta coefficient (β), standard error 

(SE), and p-value (p) are displayed. Treatment levels are shown in bold 

when significant at α = 0.05. Sample size (n) refers to the total number 

of surveys where at least one individual was detected, and proportion 

(%) refers to the proportion of those surveys with detections to the total 

number of surveys included in that treatment level of the model.  

Common name  

Latin name 

R2 Treatment level n (%) β SE p 

Aquatic Surface 

Herbivores 

0.53 Untreated 

(intercept) 

508 (87.4) 1.75 0.26 <0.001 

Drawdown 60 (71.4) -0.36 0.14 0.009 
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Post-treatment 53 (75.7) 0.88 0.13 <0.001 

Aquatic Ground 

Predators 

0.17 Untreated 

(intercept) 

160 (27.5) -2.06 0.49 <0.001 

Drawdown 24 (28.5) 2.00 0.40 <0.001 

Post-treatment 10 (14.3) 0.24 0.55 0.7 

Aquatic Diving 

Predators 

0.30 Untreated 

(intercept) 

306 (52.7) -0.28 0.25 0.3 

Drawdown 5 (6.0) -2.36 0.47 <0.001 

Post-treatment 20 (28.6) -0.86 0.23 <0.001 

Swallows 

 

0.46 

 

Untreated 

(intercept) 

223 (20.7) -3.51 1.02 <0.001 

Drawdown 6 (3.6) -1.35 1.93 0.5 

Post-treatment 18 (13.4) 1.45 0.65 0.03 
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5. Chapter 5. Breeding Ammospiza nelsoni subvirgata (Acadian Nelson’s Sparrow) 

exploits both saltmarsh and hayfields in northern habitats2 

5.1 Introduction 

Anthropogenic changes to landscapes force wildlife to move, adapt to the 

changes, or face local population declines. Behavioural changes are often an early 

response by wildlife to anthropogenic change. For instance, wildlife often use novel 

habitats created by humans (Lowry et al. 2013). Some anthropogenic landscape changes 

are intentionally created as wildlife habitat, such as freshwater impoundments for 

waterfowl (Mitsch and Gosselink 2016) and nesting platforms for raptors (Bohm 1977), 

while other landscapes, such as agricultural fields, are unintentional wildlife habitat 

(Lieske et al. 2012). Many of these human-made habitats supplement natural habitats or 

features that are lacking, such as nesting boxes in place of natural cavities or agricultural 

fields where natural grasslands are limited; however, human-made and natural habitats 

may provide a different suite of benefits and consequences for wildlife that use them. 

 

 

2 This chapter has been published and is represented here as a modified version: 

 Owen, K. C., N. R. McLellan, M. L. Mallory, and J. J. Nocera. 2024. Breeding 

Ammospiza nelsoni (Nelson’s Sparrow) exploits both saltmarsh and hayfields in 

northern habitats. Ornithological Applications 127:duae065. 
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Adaptation allows future generations to exploit natural habitats with increased 

efficiency. For example, wildlife that use saltmarshes often contend with tides, salinity, 

competition with other individuals, and predation risks; therefore, species that rely on 

saltmarshes have adaptations that enable them to take advantage of this highly productive 

habitat despite the challenges (Greenberg 2006). Saltmarshes are unique, highly 

productive habitats that provide food resources for birds and other wildlife (Greenberg 

2006). For example, few songbirds nest in saltmarsh (Greenberg and Maldonado 2006), 

but, through behavioral adaptations, Ammospiza caudacata (Saltmarsh Sparrow) can 

reduce loss of nests to flooding. For example, the timing of nesting for A. caudacata is 

synchronized with lunar tidal cycle and nesting cycle is known to influence nest survival 

in A. caudacata in New England because of this synchrony (Shriver et al. 2007). 

Additionally, eggs remain viable after submersion (Gjerdrum et al. 2008, Bayard and 

Elphick 2011), and chicks climb up grass to avoid drowning (Bayard and Elphick 2011). 

Despite these adaptations, 60% of failed nests were lost to flooding in one study in Maine 

(Shriver et al. 2007), and a range-wide study found that nest flooding was the main 

abiotic source of nest failure (Ruskin et al. 2017). Predation is often hypothesized to be 

the main cause of nest failures in tidal marsh sparrows (Roberts et al. 2017), but is often 

masked by flooding occurring at the same time (Greenberg et al. 2006). In tidal marsh 

sparrows, the two threats have been shown to interact and increase the risk of nest failure 

from flooding and predation simultaneously (Hunter 2017). 

Unlike A. caudacata, which are restricted to tidal marshes, the closely related A. 

nelsoni (Nelson’s Sparrow) uses both tidal and non-tidal habitats for breeding, migrating, 

and overwintering. A. nelsoni is a small songbird with three named subspecies: A. n. 
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nelsoni, A. n. alterus, and A. n. subvirgata. Two of the subspecies breed in freshwater 

marshes and meadows mainly in the Prairie provinces of Alberta, Saskatchewan, and 

Manitoba (A. n. nelsoni) and along the Hudson and James Bays (A. n. alterus) in Canada. 

The third subspecies, A. n. subvirgata, or the Acadian Nelson’s Sparrow, breeds mainly 

in saltmarshes of Atlantic Canada and northern New England (Shriver et al. 2020, Walsh 

et al. 2021). Saltmarshes across this area differ considerably; along the Bay of Fundy and 

northern New England, saltmarshes are larger and less fragmented than those in southern 

New England (Hanson and Shriver 2006). A. n. subvirgata is considered a saltmarsh-

specialist species (Correll et al. 2017); however, they have also been reported to 

successfully breed in floodplain meadows as well as upland habitats, such as hayfields 

and dikelands of Atlantic Canada, a behaviour not observed elsewhere in its range 

(Nocera et al. 2007a). Dikelands are areas that were once saltmarsh, however, due to 

human-built raised dikes, these landscapes are now protected from tides. Compared to 

saltmarshes, dikelands have relatively higher diversity of plants and wildlife including a 

variety of grasses, forbs, and shrubs, many of which are introduced species. The 

dikelands in our study area consist of fields that were once cut for hay but are now left 

fallow, and only the grass on the dikes are cut for maintenance. The dikelands have 

associated drainage ditches that run parallel to the dikes. Generally, saltmarshes of 

eastern North America have low diversity of plants and wildlife due to high salinity, but 

high endemism (Greenberg 2006) and are dominated by cordgrass (Sporoborlus sp., 

formerly Spartina sp.; Mitsch and Gosselink 2016). Little is known about how or why A. 

n. subvirgata use human-made dikelands in the northern extent of their breeding range, 
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and there is limited data on reproductive success in saltmarsh compared to dikeland 

habitats. 

Unlike most songbirds, A. n. subvirgata do not defend breeding territories 

(Shriver et al. 2010). Males have larger home ranges than females, and many individuals 

use different core areas in their home range depending on the lunar tidal cycle (Shriver et 

al. 2010). Movement and home ranges of breeding A. n. subvirgata have not been 

investigated in landscapes where this subspecies use both saltmarshes and dikelands, such 

as in Atlantic Canada. Previous research on A. n. subvirgata showed evidence of higher 

reproductive success in saltmarshes than dikelands, suggesting that saltmarshes are better 

quality breeding habitat (Nocera et al. 2007a). A previous investigation using the same 

study population as our study found higher densities of singing male A. n. subvirgata in 

saltmarsh habitats (88 males/km2) than in dikelands (25 males/km2; Rose 2013). Studies 

on other saltmarsh specialists suggest that several trade-offs exist between nesting in 

saltmarsh versus farther inland including food availability, competition, and risks of 

predation or flood (Greenlaw and Rising 1994, Shriver and Greenberg 2012). 

To better understand how and why A. n. subvirgata uses both human-made 

dikelands and natural saltmarshes, we monitored movements of individual sparrows 

through radio-tracking, nest success through nest-monitoring, and diet through fecal 

samples. We hypothesized that home range sizes might differ between saltmarsh and 

dikelands due to habitat quality, with home ranges in the saltmarsh being smaller because 

individuals do not need to travel as much to find food resources or mates. We predicted, 

therefore, that individuals using mainly dikelands would have larger home ranges than 

individuals using mainly saltmarsh. We also hypothesized that A. n. subvirgata nesting in 
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dikelands would have lower flood risk compared to nesting in saltmarshes. We therefore 

predicted that nest success would be higher in dikelands than saltmarsh. However, given 

that A. n. subvirgata densities appear to be higher in saltmarsh, we recognize that 

saltmarshes are still critically important to breeding A. n. subvirgata and that trade-offs 

likely exist for individuals that nest in dikelands. Specifically, we hypothesized that food 

resources are of better quality and/or more available in the saltmarsh, and that individuals 

using dikelands may remain close to saltmarsh so that they can take advantage of food 

available in the adjacent saltmarsh. We therefore predicted that isotope analysis of fecal 

samples would show similar carbon values that would reflect individuals foraging in 

similar habitats (i.e., individuals from dikelands foraging in saltmarsh).  

5.2 Methods 

5.2.1 Study site 

We conducted our study near Beaubassin Research Station (hereafter 

“Beaubassin”) in Aulac, New Brunswick (45°50'51.08", -64°17'7.27") from 2021 to 

2023, and in Dorchester, New Brunswick (45°53'32.01", -64°32'27.2") in 2023 only. 

Beaubassin is surrounded by dikelands, with natural and restored saltmarshes along the 

shore of the bay (Figure 5.1). The site in Dorchester was added to the study after we 

found A. n. subvirgata nests there in 2023. The Dorchester site includes two large 

impoundments (human-made diked wetlands), directly adjacent to a large dike that 

separates a narrow saltmarsh along the Memramcook River (Figure 5.1). Beyond the 

impoundments are dikelands used for cattle pasture and hayfields. We did not conduct 

any radio-tracking or banding of adults at the Dorchester site, but monitored several nests 

at this site in 2023. The area we covered in Dorchester had a much narrower saltmarsh, 
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measuring approximately 130 m wide, than the one near Beaubassin, where the saltmarsh 

extends up to 700 m from the dike. Although the dikelands or agricultural land area was 

over 7 km2, we restricted our nest searching efforts to the narrow area (approximately 

10% of the total) on or near the dike because these lands were publicly accessible. 

5.2.2 Radio-telemetry and home range estimation 

A. n. subvirgata are difficult to monitor: they have soft songs, often sing and 

move within dense vegetation, and nest near the ground. We therefore used a 

combination of radio telemetry and color-banding to track female and male sparrows in 

2021 and 2022. To capture sparrows, we set up multiple mist-nets in either dikelands or 

saltmarsh. In the saltmarsh, most nets were set inside ditches because A. n. subvirgata, 

when disturbed, would often fly into the ditches and could be coaxed into the net. In the 

dikelands, if a ditch was not present, we set multiple nets parallel to the dike or near 

shrubs or small trees where the net would be camouflaged. We had limited success with 

playback or passive netting and did not use these techniques beyond a few initial 

attempts. 

Once captured, we tagged individuals with Lotek nano tags (Lotek NTQB2-2-M) 

registered with the Motus network (Taylor et al. 2017). In 2021, we used the clip-and-

glue method (Raim 1978; Diemer et al. 2014), but switched to leg-loop harnesses 

(Rappole and Tipton 1991) in 2022 due to retention issues with the clip-and-glue method. 

The clip-and-glue method involved clipping some interscapular feathers, gluing a small 

piece of cotton fabric to the tag to improve adhesion, then gluing the tag to the clipped 

area on the individual’s back. The leg-loop harness method involved creating two 

adjacent loops out of elastic cord then gluing on the tag. Harnesses were sized to fit the 
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individual; therefore, we made the harnesses in the field while holding the individual. All 

individuals successfully flew away after tagging and we confirmed that individuals 

continued their normal activities after relocating them using radio telemetry. The weight 

of the tags with the glue, cotton fabric, and cord was < 0.4 g, which is <5% of handled 

individuals’ weights (range: 14.5 – 22 g). With the leg-loop harness method, we had one 

mortality due to entanglement of the tag antenna in grass, a problem that has been 

reported with this method in the past, particularly for species that spend a lot of time on 

the ground among grass (Hill and Elphick 2011, Choi et al. 2021).  

We also banded each individual with a unique combination of color bands to ease 

identification during resighting, and one metal band with a unique federally issued 

number. For each individual, we collected information on weight (g), wing length (mm), 

fat score (0-5), age (i.e., hatch-year or after hatch-year) and sex, determined by the 

presence of a cloacal protuberance or brood patch. In 2022, we also measured tarsus 

length (mm), tail length (mm), and collected a fecal sample from each individual. All 

birds were handled and banded following animal use protocols of the University of New 

Brunswick (AUP #s: 21034, 22028, 23025) and under banding permit #10801 E. 

We recorded locations of individuals every 2-3 days throughout the breeding 

season and at different times of day. We used handheld radio telemetry equipment (Lotek 

SRX800 receiver and 8-element Yagi antenna) and ensured the tag was on the individual 

by resighting the color bands or tag or flushing the individual from the location and 

confirming that the tag location moved. We also included locations of individuals that 

died or whose tags dropped if we could confirm the color band combination (n = 68 

locations). Once located, we marked the location using a handheld Garmin GPS and 
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recorded coordinates, time, and date. We did not track individuals on days with rain, 

heavy fog, or a high risk of lightning. 

We created kernel density estimates derived from each individual’s utilization 

distribution using “adehabitatHR,” an R package for home range analysis (v0.4.22, 

Calenge 2019). We only included individuals with ≥ 5 locations (n = 50), which is the 

minimum number of locations required by “adehabitatHR” to create home ranges. We 

used R package “sp” to convert the individuals’ locations to a SpatialPointsDataFrame 

object (v2.2-0, Pebesma and Bivand 2005), one of the two data types that can be used 

with “adehabitatHR”. Then we used “adehabitatHR” to create 50% kernel density 

estimates to look at home ranges for each individual (with ≥ 5 locations; range 5 – 26 

locations; mean = 13 locations). The 50% kernel density estimate is usually considered 

representative of the core range of an individual, and the area where it spend most of its 

time. We also created kernel density estimates at the 95% level to represent the whole 

home range with 5% removed to deal with extreme values. We focussed on the 50% core 

home ranges for analysis because the 95% whole home ranges included substantial 

overlap that made it difficult to interpret visually.  

5.2.3 Nest searching and monitoring 

In 2023, we searched for A. n. subvirgata nests in dikelands and saltmarsh 

habitats from 16 June - 23 August. Nest searching was both opportunistic (i.e., while 

completing other tasks in the field) and systematic (i.e., dedicated searching). Nearly all 

nests were found by first flushing the female off the nest. We used a variety of methods 

to find nests: walking through the habitat, rope-dragging, searching with the assistance of 

a thermal camera, and following a female carrying food. We found that a combination of 
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multiple methods was the most useful. For example, in many cases, we would split up 

and walk around the habitat watching for behavioral signs of females with nests nearby, 

such as carrying food or flushing late (i.e., taking flight when someone was very close to 

the bird). When one was encountered, we would leave a marking flag and return to the 

area with the rope. Then, after flushing the female close to the nest with the rope, we 

would use the thermal camera to try and pinpoint the exact location of the nest. We used 

an AGM Global Vision Thermal Monocular ASP-Micro TM160 to assist with nest 

searching efforts. This follows the recommendation of Galligan et al. (2003) of pairing a 

handheld thermal camera with traditional nest-searching methods. Once we found a nest, 

we marked the location with two flags placed 2m on either side of the nest.  

We checked nests once every three days, unless weather or logistics prevented a 

check on the third day, in which case we would check on the second or fourth day. 

During each nest check, we determined if the nest was still active and gathered 

information on the number of eggs or nestlings, age of nestlings, and if eggs were warm 

or cold. We also noted if the female flushed when we approached, which can suggest the 

nest is still active. If the nest was not active, we tried to determine the cause of failure. 

We also monitored tides to determine when flooding was likely, and we monitored 

weather, particularly rain events, to determine when nest wetness might be due to rain 

rather than flooding. Two high tide events resulted in failures at many of our nests; on 6 

July at approximately 0145h, the height of the tide at a local tidal station (Pecks Point, 

45°45'0", -64°28'58.8") reached 13.02 m, and on 4 August at approximately 0130h, the 

tide reached a height of 13.28 m (Government of Canada 2024). 
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5.2.4 Nest survival 

We concluded whether each nest had failed or fledged based on observations at 

the nest. If we determined that at least one nestling had fledged, then we assigned a fate 

of “fledged’ (i.e., a successful nest). For each failed nest, we assigned a nest failure type: 

flooded, depredated, or unknown. Flooded nests were due to high tides and could be 

determined by nest wetness during nest checks (especially if there was no precipitation in 

the past 24 hours) and by using tide tables. We considered a nest to be depredated if there 

were signs of disturbance at the nest or broken shells. If we could not determine the nest 

fate, we assigned a nest fate of “unknown”. Some nest failures occurred after an extreme 

rain event, and some of “unknown” nest failures may have been due to this extreme 

weather event, which did not coincide with a particularly high tide. Nest failure due to 

heavy rains and winds has been reported in other tidal marsh nesting sparrows 

(Greenberg et al. 2006) 

We weighed, measured, and collected fecal samples from nestlings once they were 7-

8 days old. We used chick aging guides from the Saltmarsh Sparrow Research Initiative 

(Robinson 2021) and the Saltmarsh Habitat and Avian Research Program (SHARP 2021). 

The former reference guide is specific to A. caudacata, and the latter uses examples of A. 

caudacata, A. n. subvirgata, and A. maritimus (Seaside Sparrow). We found that our 

population of A. n. subvirgata were developmentally more advanced (by one day) than 

the examples in the two guides. We weighed nestlings (g), and measured wing chord 

(mm), tarsus (mm), and the length of the outermost primary feather (P9; mm). 

We included 35 nests in our survival analyses after removing one nest from the 

analysis that we suspected had already failed before we discovered it (and the clutch had 
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not been completed by the female). We created several models looking at nest success 

with a combination of three variables: exposure days, habitat, and nesting cycle. We 

measured exposure days from the first day an egg was laid, and therefore exposed to 

threats or could potentially fail, to the day the young successfully fledge. Habitat was a 

binary variable of saltmarsh or dikelands. Nesting cycle was also a binary variable; the 

first-cycle nests (nests that failed or fledged before 5 July), and second-cycle nests (nests 

that failed or fledged after 5 July). In our study area, the first series of very high tides of 

the nesting season occurred around 5 July, and six saltmarsh nests failed. About 10 days 

after these high tides, we found 10 new nests, which we suspect were due to females 

renesting after failures. In three cases, the nests were <5 m from a recently failed nest. 

We considered any nest in the egg stage after 6 July to be a second-cycle nest. We 

included nesting cycle in the models because the nesting cycle of A. n. subvirgata is 

hypothesized to be synchronized with lunar cycles (Shriver et al. 2007) and, therefore, we 

tested for an effect. For A. n. subvirgata, nesting cycle is estimated to be 23 days (4 days 

for egg-laying, 9 days for incubating, and 10 days to fledging; Shriver et al. 2007). 

We used a discrete proportional hazards approach and fit binomial regression 

models with a complementary log-log link and exposure days as an offset term to 

estimate daily nest survival probability (de Zwaan and Martin 2018). We compared 

models using corrected Akaike’s Information Criterion (AICc), which corrects for small 

sample sizes to avoid overfitting (Hurvich and Tsai 1993), and we considered models to 

have different support if ΔAICc was >2. We used the complementary log-log link 

because it fit the data better than a logistic curve; the complementary log-log link is 

appropriate for time series data when the timing of an event (e.g., nest failure) cannot be 
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precisely determined, but can be assigned to a time interval (e.g., a calendar day; Heisey 

et al. 2007). We used parameter estimates from the best-supported model to calculate 

overall nest success. We then back-calculated daily nest survival by taking the inverse 

exponential of the overall nest success based on the average nesting cycle for A. n. 

subvirgata. 

5.2.5 Diet 

We collected fecal samples from all adults banded in 2022 and all nestlings 

banded in 2023 to determine if adults were foraging in saltmarsh or dikeland habitats, 

both for their own dietary needs and to feed nestlings. To determine foraging location, we 

analyzed δ13C. We also looked at 15N values, which provide information about the 

trophic position of prey items. In 2022, adult sparrows were placed in a brown paper bag 

instead of the usual cloth bag. We placed all nestlings from the same nest into a single 

paper bag. Usually, individuals released a fecal sample into the bag before we removed 

them to band, tag, and measure. The paper bags with the samples were then labeled and 

frozen. 

At the Stable Isotope in Nature Laboratory (SINLAB) at the University of New 

Brunswick, we analysed carbon isotopic signatures of fecal samples from adult and 

nestling A. n. subvirgata collected in 2022 (adults: n = 27) and 2023 (nestlings: n = 16). 

Samples were dried in an oven at 60°C for 48 – 72 hours, then were ground, prepared in 

tin capsules (8 x 5mm; Elemental Analysis), and weighed ( 0.001 g). We submitted 49 

samples, of which four were blind duplicates, to the SINLAB who used Continuous 

Flow-Isotope Ratio Mass Spectrometry to obtain 13C and 15N ratios. To ensure quality 

and comparability of data, samples were measured alongside standard and reference 
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materials. Carbon and nitrogen ratios were calibrated to international standards (Vienna 

Peedee Belemnite for carbon, atmospheric air for nitrogen), and are reported in delta 

notation () parts per thousand (per mille ‰). The SINLAB calculated analytical error as 

0.2‰ for δ13C and 0.3‰ for δ15N based on repeat analyses of certified standard 

materials: bovine liver standard (developed by SINLAB, δ13C = −18.76‰, δ15N = 

7.17‰), muskellunge muscle (developed by SINLAB, δ13C = −22.30‰, δ15N = 

14.00‰), Nicotinamide (batch 237264, δ13C = −32.53‰, δ15N = 2.10‰). These 

standards were calibrated against secondary reference materials: USGS61 (caffeine, 

certified by USGS, δ13C = −35.05‰, δ15N = -2.87‰), CH7 (polyethylene foil, certified 

by IAEA, δ15N = 20.3‰), N2 (ammonium sulfate, certified by IAEA, δ13C = −32.15‰). 

In habitats like dikelands and saltmarsh, which are isotopically different, 13C values 

from fecal samples can provide information on where the individual was foraging 

because of dominant photosynthetic pathways by freshwater or terrestrial (C3) and 

saltmarsh (C4) vegetation (Brittain et al. 2012). Lower δ13C values would suggest a diet 

with a terrestrial or freshwater origin indicative of vegetation using the C3 photosynthetic 

pathway, while higher δ13C values suggest a diet with a saltwater origin from vegetation 

using the C4 photosynthetic pathway (Kelly 2000). Nitrogen values provided information 

on trophic position of prey items, which can be used as a proxy for food quality, as 

protein content is generally positively correlated with trophic position in arthropods 

(Wilder et al. 2013). To compare carbon and nitrogen values from nestling and adult fecal 

samples between habitats, we used Welch’s Two-sample t-tests with ɑ = 0.05.  
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5.2.6 Vegetation surveys 

We sampled 300 vegetation quadrats (0.5 m x 0.5 m square; Jones et al. 2021) at 

100 locations between 6-15 June 2023, when females were choosing nest site locations 

for first-cycle nests. In each quadrat, we made the same measurements at five points: 

each of the four corners, and the center of the quadrat using a meter-long ruler (SHARP 

2019). For each point in the quadrat, we measured the average height of vegetation crown 

(an estimate based on the height of continuous vegetation around the ruler; cm), species 

and height (cm) of tallest plants, and thatch depth (cm). We defined thatch as the 

horizontal layers of dead vegetation from previous years. We randomly selected one 

location for each adult A. n. subvirgata that was tagged in 2021 and 2022 and had at least 

five locations based on radio tracking or resighting. Therefore, half of the vegetation 

quadrats were completed at a location where a unique individual was observed during the 

2021 or 2022 breeding season (n = 50). For the other 50 quadrat locations, we created a 

polygon outlining the study area, then overlayed a grid of points on the polygon with 100 

m spacing. We used random sampling with no replacement to select locations and 

removed any points that were located in water. To assess differences in vegetation 

structure between saltmarsh and dikeland habitats, we used Welch’s Two-sample t-tests 

to compare means, and F-tests to compare variances, with ɑ = 0.05.  

All analyses were completed in R version 4.3.1 (R Core Team 2023). All outliers 

were defined as values above Q3 + 1.5*IQR (Interquartile Range) or below Q1 – 

1.5*IQR. 
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5.3 Results 

5.3.1 Home ranges 

In 2021, we banded and tagged 43 individuals (11 females and 32 males), and we 

recaptured six individuals and retagged five of those (only one had retained the tag when 

recaptured). In 2022, we banded and tagged 33 individuals (seven females and 22 males) 

and recaptured two individuals from 2021, which we retagged, and another two from 

2022 that still retained their tags. In 2021, we recorded locations of 40 A. n. subvirgata 

(nine females, 31 males). In 2022, we recorded locations of 40 A. n. subvirgata (seven 

females, 33 males).  In total, we recorded locations of 72 individuals, with eight banded 

individuals from 2021 also being tagged or resighted in 2022. 

Kernel density estimates set to the 50% level showed A. n. subvirgata core areas 

were 0.07-29.04 ha with a mean core area size of 3.01 ha (Figure 5.2). Set at the 95% 

level, A. n. subvirgata home ranges were between 0.30-215.11 ha with a mean of 22.17 

ha (Table 5.1). Among the 50 individuals included in the home range analyses, only nine 

were females. The mean core area and home range sizes for males were significantly 

larger than females (core area; t46.0= 2.36, p = 0.02 and home range; t47.9 = 2.11, p = 0.03). 

We divided observations of individuals into those observed mainly (i.e., > 50% of 

locations in saltmarsh) or only in saltmarsh, and those who were observed mainly or only 

in dikelands. Nine individuals were observed mainly in dikelands and 41 individuals 

were observed mainly in saltmarsh (coincidentally matching the female-male ratio). 

There was no significant difference in mean core areas (t10.6 = -1.32, p = 0.21) or home 

ranges (t10.2 = -1.13, p = 0.29) sizes between dikelands and saltmarsh (Table 5.1). For 

these analyses, we pooled data from females and males despite differences in female and 

male core areas and home ranges. We felt that this was appropriate due to small sample 
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sizes, and because both habitats included females and males with similar ratios 

(Dikeland: 1F:8M, Saltmarsh 1F:7M), we do not believe this influenced the results. 

There was substantial overlap in A. n. subvirgata core areas (Figure 5.2), even at the 

50% level. A. n. subvirgata core areas and home ranges were clustered in two main areas: 

the main saltmarsh bordered by the Bay of Fundy and a narrower saltmarsh between the 

Missaquash River and the dikelands. Dikelands west of the Missaquash River showed no 

A. n. subvirgata home ranges and we observed no individuals there during tracking 

efforts. This absence of A. n. subvirgata farther inland in the dikelands suggests that 

individuals tended to stay close to the edges of the dikelands, i.e., close to the 

saltmarshes. Conversely, the southeast section of the main saltmarsh that includes only 

one core area (light green in Figure 5.2) is an area where several A. n. subvirgata were 

observed. However, it was beyond the limits of our banding and tagging focal areas. This 

single individual was a male that was banded closer to where the other core areas were 

located but it moved beyond the previous extent of our study area. 

5.3.2 Nest monitoring and survival 

We found 36 A. n. subvirgata nests in 2023 (27 in saltmarsh, 9 in dikelands). 

Overall, 12 (33%) of those nests successfully fledged at least one young and 24 (66%) 

nests failed. Six (22%) of the nests in saltmarsh were successful and 21 (78%) failed, due 

to flooding (33%), depredation (11%), and unknown causes (34%). Six (67%) of the 

dikeland nests were successful and three (23%) failed due to depredation (15%) and 

unknown causes (8%). 

After model selection (Table 5.2), we used parameters from the most-supported 

parsimonious model to estimate nest success in each habitat and both habitats combined. 
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Across both habitat types, we estimated nest success to be 50.2  2.6%. We estimated 

nest success to be 36.2  1.1% in saltmarsh and 81.5  1.7% in dikelands, which 

indicated a higher estimated success for nests in the dikelands than in saltmarshes (β = 

1.3, p = 0.02). We estimated daily nest survival for both habitats combined as 0.970 ( 

0.002), for saltmarsh nests as 0.957 ( 0.002) and for dikeland nests as 0.991 ( 0.002), 

such that daily nest survival was higher for nests in dikelands than in saltmarshes (Figure 

5.3). 

5.3.3 Diet 

Isotope analysis of fecal samples from adult and nestling A. n. subvirgata revealed 

that individuals in dikelands and saltmarsh have different diets. Fecal samples from adult 

sparrows using mainly saltmarsh had a δ13C of -16.1‰ (± 2.3‰), and for those from 

mainly dikeland habitats it was -21.4‰ (± 5.3‰), however this difference was not 

statistically significant (t3.2 = 2.0, p = 0.13). We were only able to obtain fecal samples 

for four adults and one of these was an outlier; therefore, results must be interpreted 

cautiously (Figure 5.4).  

Nestling diet was significantly different between saltmarsh and dikeland nests (t2.7 

= 9.7, p = 0.02; Figure 5.4). The mean δ13C value for saltmarsh nestlings was -16.1‰ (± 

2.1‰) and for dikelands nestlings was -19.9‰ (± 3.3‰), such that nestlings in the 

dikelands have a diet made up of invertebrates in a terrestrial or freshwater environment 

(i.e., dikelands) and saltmarsh nestlings have a diet made up of invertebrates from a 

saltwater environment (i.e., saltmarsh). There was no difference in 15N values between 

saltmarsh and dikelands nests (t-0.2 = 10.1, p = 0.85), such that A. n. subvirgata nestling 



 

202 

diets in both habitats were made up of prey items with similar trophic position and 

protein content. 

5.3.4 Vegetation 

Based on all vegetation sampling locations, there were differences in vegetation 

composition and structure between saltmarsh and dikeland habitats (Figure 5.5). The 

average height of vegetation and the tallest height of vegetation per quadrat were both 

higher in dikelands compared to saltmarshes (average height, t170 = 6.2, p = 4.692e-09; 

tallest plant height, t174 = 6.3, p = 4.579e-09). Thatch was deeper in dikelands than in 

saltmarsh (t178 = 2.2, p = 0.03). Sporobolus pumilus (formerly Spartina patens) was the 

most common species observed in saltmarsh, with considerably more observations than 

any other saltmarsh species. Other commonly recorded species in the saltmarsh include 

Sporobolus alterniflorus (formerly Spartina alterniflora), Triglochin maritima, and 

Juncus gerardii, which are all native saltmarsh species. In dikelands, Alopecurus 

pratensis was the most common species observed, along with Bromus inermis and 

Phleum pratense. All three of these species are non-native Eurasian grasses. Many of our 

surveys were on or near dykes where the vegetation transitions between saltmarsh and 

dikeland communities; therefore, Sporobolus pumilus and Alopecurus pratensis were 

often recorded in dikelands and saltmarsh, respectively.  

In dikelands, A. n. subvirgata were observed in areas with higher average and 

tallest vegetation height compared to randomly-selected locations (average height, t62 = -

2.2, p = 0.03; tallest height, t65 = -2.1, p = 0.04). Thatch depth in dikelands did not differ 

between locations where we observed sparrows and random locations (t58 = 0.3, p = 

0.78.). In saltmarsh, differences were more pronounced between areas with sparrows and 
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randomly selected areas. We observed A. n. subvirgata in locations with lower average 

(t81 = 4.3, p < 0.001) and tallest vegetation (t83 = 4.3, p < 0.001), and shallower thatch 

depth (t98 = 4.7, p < 0.001). 

There was a difference in the variance of vegetation data in locations where 

individuals were observed compared to random locations in the saltmarsh. Average 

vegetation height, tallest vegetation height, and thatch depth were less variable where we 

observed A. n. subvirgata compared to random locations, such that, the locations where 

we observed sparrows in the saltmarsh were structurally similar (average height, F70, 119 = 

2.99, p < 0.001; tallest: F71, 119 = 8.24, p < 0.001; thatch depth: F71, 119 = 7.28, p < 0.001). 

For dikelands, the variances were equal between with  A. n. subvirgata observed and 

randomly selected locations, such that the habitat being used by individuals had similar 

structural diversity to randomly-selected areas across the dikelands (average height: F74, 29 

= 1.34, p = 0.39; tallest: F73, 29 = 1.45, p = 0.27; thatch depth: F74, 29 = 1.19, p = 0.62). 

5.4 Discussion 

Our study showed that A. n. subvirgata use saltmarsh and dikeland habitats 

differently. We observed higher use of saltmarsh than dikelands, with most tagged 

individuals spending all or some of their time in the saltmarsh. However, tracking data 

also showed that some individuals may be only using dikelands. Home range sizes did 

not differ between the two habitat types which could mean that individuals may fulfill all 

their needs during the breeding season in either of the two habitats. Home range sizes 

were larger for males than for females, which is expected since females likely remain 

close to their nest. Males do not defend territories and contribute no parental care 

(Shriver et al. 2010); therefore, they had larger home ranges than females. A movement 
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study on A. n. subvirgata in Maine found similar differences in male and female home 

ranges, although mean sizes of home ranges were considerably larger in that study than in 

ours (Shriver et al. 2010). This difference in home range sizes between study areas could 

reflect differences in habitat quality, resource availability, or density of potential mates. 

Success and daily nest survival rates were considerably higher in dikelands 

compared to saltmarsh. Including habitat in the models improved fit, and there were 

multiple lines of additional evidence to suggest that habitat is an important factor in nest 

survival rates for A. n. subvirgata breeding in the Upper Bay of Fundy, New Brunswick. 

Higher nest survival rates in dikelands than saltmarshes fit the pattern seen in other 

sparrows that have tidal-marsh and inland breeding populations. For example, 

populations of Melospiza melodia and M. georgiana that nest in tidal marshes had lower 

nest success than their inland counterparts (Greenberg et al. 2006). We observed that a 

third of nests failed due to flooding (possibly more because many failures were listed as 

“unknown cause”), which could contribute to the higher nest success that we observed in 

dikelands, where no nests failed due to flooding. A higher sample size would be needed 

to confirm if predation rates or failure due to flooding was significantly different between 

habitat types. 

Overall nest success for A. n. subvirgata in 2023 was 50.2%. In a study on the 

breeding ecology of A. n. subvirgata and A. caudacata in Maine, Shriver et al. (2007) 

estimated nest success for the A. n. subvirgata to be 25.3%. The estimated nest success 

for saltmarsh in our study was 36.2%, which is slightly higher than the value reported by 

Shriver et al. (2007). For tidal-marsh nesting songbirds, Greenberg et al. (2006) reported 

average nest survival to be 31% with a range of 5 – 64%; nest survival rates in our study 
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fall in the middle of this range, however, data from these two studies are now nearly two 

decades old and may not reflect current nest success rates in those areas. 

Although we did not find new nests after 25 July, we observed evidence of 

possible third-cycle nests (i.e., new nests after the high tides around 5 August), which 

included females carrying food in mid to late August. This could mean that some females 

undertook a third nesting attempt after having two unsuccessful previous attempts or 

some females attempted a second brood much later in the season. A. n. subvirgata in 

Maine were observed renesting within 10 days after nest failure (Shriver et al. 2007), and 

we observed females renesting within meters of a recently failed nest. Second-brooding 

has been observed in Maine (Shriver et al. 2007), but we cannot confirm this happened at 

our study site. A. n. subvirgata appear less synchronized with the lunar cycle than A. 

caudacata (Shriver et al. 2010); therefore, nesting cycle may have less influence on 

overall nest success for A. n. subvirgata. Additional research on A. n. subvirgata breeding 

ecology in the Maritimes could elucidate the importance of nesting cycle to nest success. 

Tracking data showed that A. n. subvirgata in dikelands will also use saltmarsh or 

areas close to saltmarsh. For example, we observed female sparrows carrying food on 

two occasions from the saltmarsh to their nests in dikelands. We therefore expected that 

isotopic analyses of fecal samples would show little difference in carbon values between 

adults or nestlings from saltmarsh and dikeland habitats. We predicted that individuals 

nesting or occupying areas near saltmarsh would take advantage of better quality or more 

abundant food resources in saltmarshes. Instead, isotopes revealed clear differences in 

diets of nestlings in dikeland versus saltmarsh nests. Due to small sample sizes, results 

from diet analyses for adults should be interpreted cautiously; however, three of the four 
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adult fecal samples from dikelands had carbon values much lower than any of the adults 

observed using mostly saltmarsh, which suggests that there may be a difference in the 

diets of adult sparrows, similar to nestlings. More fecal sample data might elucidate if a 

true difference exists. Results from nestlings suggest that A. n. subvirgata using dikelands 

during the breeding season are mainly feeding their nestlings invertebrates from dikeland 

sources and not provisioning most food items from saltmarshes. Previous research on A. 

n. subvirgata breeding in dikelands found a strong positive relationship between A. n. 

subvirgata abundance and hayfield drainage ditches (Nocera et al. 2007b). These 

drainage ditches often occur directly adjacent to the dikes that separate dikelands and 

saltmarsh; therefore, A. n. subvirgata in dikelands are possibly choosing locations close 

to the dikes and saltmarsh to take advantage of these drainage ditches rather than the 

nearby saltmarsh habitat. Nitrogen values between saltmarsh and dikeland nests were 

similar indicating no difference in trophic position of prey items consumed from 

saltmarsh and dikelands. The amount of protein in arthropods is associated with trophic 

position (Wilder et al. 2013); therefore, similar nitrogen values could suggest that birds 

can find similar quality food in both habitats. We cannot say, however, if food 

availability is similar between habitats. Future research on this population might 

investigate if food availability is similar, and if the amount of time that females must 

spend away from the nest while foraging differs between saltmarshes and dikelands. 

We found differences in vegetation structure between saltmarshes and dikelands, 

as expected. The average height, tallest height of vegetation, and thatch depth differed 

between saltmarshes and dikelands, with a much stronger relationship between vegetation 

height and habitat than for thatch depth and habitat. For vegetation heights, this 
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difference becomes increasingly evident in late summer, when the vegetation reaches its 

maximum height, which is significantly higher in dikelands than in saltmarsh. Future 

research comparing saltmarsh and dikeland habitat might consider repeating vegetation 

surveys later in the breeding season to better represent the difference in these two 

habitats; however, it is important to consider that some dikelands are hayed in the 

summer. Taller vegetation in the dikelands may provide better cover to ground-nesting 

sparrows and reduce predation risk. A study on A. caudacata and A. maritimus found 

evidence for tidal marsh sparrows selecting habitats with a deeper thatch layer (Gjerdrum 

et al. 2005). We observed that many nests, particularly those in the saltmarsh, were built 

into the thatch layer with the upper layer of thatch often acting as a partial canopy. The 

thatch layer was significantly deeper in dikelands than in saltmarsh but with a low effect 

size; therefore, the difference in thatch may be smaller than in vegetation heights, but it 

could still influence nest site locations if females prefer to nest in deeper thatch. 

Our study can provide several recommendations for management and future 

research. Given the higher densities of A. n. subvirgata in saltmarsh compared to 

dikelands, and their higher use of saltmarsh, we recommend that saltmarsh conservation 

and restoration remain a high priority. Global losses of saltmarsh habitats by the end of 

the 21st century are estimated to be 40 – 95% (Valiela et al. 2020). Anthropogenic 

climate change is increasing the number and severity of storms, which could result in 

higher rates of nest loss for tidal marsh-nesting species (Michener et al. 1997). 

Management of saltmarsh habitats should, therefore, consider climate projections and 

future sea-level rise. There are still many knowledge gaps with regard to A. n. subvirgata, 

particularly the population that we studied in Atlantic Canada. Future research should 
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focus on resource availability and habitat quality of dikelands and saltmarshes for A. n. 

subvirgata to provide clear management recommendations for this species. It would also 

be useful to examine fledgling survival and habitat use, as there is very little known on 

the topic in this species. Although A. nelsoni is considered globally as Least Concern 

(BirdLife International 2021), the species is on multiple watch lists and priority lists 

(Nocera et al. 2007a), and the population of A. n. subvirgata in the northeastern United 

States declined annually by 4.2% from 1994 to 2012 (Correll et al. 2017). Additionally, 

the closely related A. caudacata that occupies slightly lower elevations of saltmarsh 

habitats in the United States is globally listed as Endangered (BirdLife International 

2020) and is estimated to be extinct by the middle of the century (Field et al. 2017, 2018). 

Proactive planning is required to keep A. n. subvirgata from following the same 

trajectory as the A. caudacata. There is concern for the future of the Bay of Fundy’s 

dikelands and associated saltmarshes, with many restoration projects completed or 

underway (Boone et al. 2017). Understanding the resource requirements of the A. n. 

subvirgata may provide useful information to be considered during land and restoration 

decisions, which could improve persistence of A. n. subvirgata populations. 

Coastal habitat loss, due to sea-level rise and anthropogenic changes, is affecting 

coastal nesting species globally (Rush et al. 2009, Valiela et al. 2018, Klingbeil et al. 

2021). A. n. subvirgata provides an example of how a tidal marsh breeding species has 

responded and adapted to historic coastal habitat loss by exploiting human-made habitats. 

This highlights the behavioral plasticity of the A. n. subvirgata, and the potential 

importance of alternative habitats close to coastal areas where habitat loss has occurred. 

Habitat restoration or human-made habitats may provide refuge to populations 
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experiencing habitat loss due to anthropogenic changes or sea-level rise. In the southern 

part of the A. n. subvirgata breeding range, alternative habitats are very limited; 

therefore, with increasing habitat loss, A. n. subvirgata breeding in New England may not 

have as many opportunities to adapt to alternative nesting habitats as those using 

dikelands in Atlantic Canada. This emphasizes the importance of saltmarsh protection, 

restoration, and the creation or conservation of alternative habitats that meet the needs of 

breeding A. n. subvirgata. Currently, coastal areas along the Bay of Fundy appear less 

affected by sea-level rise than other coastal areas (Saintilan et al. 2022). However, as sea 

levels continue to rise, dikelands could become increasingly important to breeding A. n. 

subvirgata in Atlantic Canada. The Canadian population of A. n. subvirgata may provide 

insights to conservation managers and researchers regarding how breeding birds can 

adapt to novel habitats in the face of ongoing change. 
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Figure 5.1. Satellite imagery of study areas for A. n. subvirgata research. Left: 

Beaubassin Research Station and surrounding areas, where we conducted radio-tracking 

(2021 – 2022) and nest monitoring (2023). Right: Dorchester Island impoundments and 

adjacent saltmarsh and dikeland habitats along the Memramcook River, where additional 

nest monitoring took place in 2023. Inset maps show relative locations of the two study 

sites and their location within the Canadian Maritimes (New Brunswick, Nova Scotia, 

and Prince Edward Island). 
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Table 5.1. Minimum, maximum, and mean core areas (50%) and home ranges (95%) 

sizes in hectares for all A. n. subvirgata males, females, those observed mainly in 

saltmarsh, and those observed mainly in dikeland. 

Core areas (50%) 

Size (ha) 

Home ranges (95%) 

Size (ha) 

 n Min Max Mean Min Max Mean 

All individuals 50 0.07 29.04 3.01 0.30 215.11 22.17 

Mainly saltmarsh 41 0.07 29.04 2.27 0.30 196.73 20.29 

Mainly dikelands 9 0.57 26.61 6.58 3.51 215.11 47.20 

Male 41 0.07 29.04 3.48 0.30 215.11 25.45 

Female 9 0.02 2.95 1.16 1.90 35.32 9.03 
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Figure 5.2.  Map of A. n. subvirgata home ranges (50% kernel density estimates) at 

Beaubassin Research Station across three habitat types: saltmarsh (light grey), dikelands 

(diagonal lines), and other (dark grey). Unshaded areas of the map refer to flowing water. 

Each polygon represents the core area of a single individual in different colours to ease 

differentiation. All data are from A. n. subvirgata tracked in 2021 and 2022. Map created 

using R version 4.3.1 (R Core Team 2023) and QGIS version 3.18.1 (QGIS.org 2023). 
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Figure 5.3. Daily nest survival probability curves for A. n. subvirgata nests in dikeland 

habitats (left) and nests in saltmarsh habitats (right) from southeastern New Brunswick 

that were monitored in 2023.  

  



 

222 

Table 5.2.Model selection results for seven candidate models of A. n. subvirgata daily 

nest survival probability ranked by Akaike’s Information Criterion corrected for small 

sample sizes (AICc) using nest fate data from southeastern New Brunswick in 2023. The 

number of parameters (K), ∆AICc, weights (w), cumulative weights (cw) are provided for 

each model. Model variables include nest success, habitat (saltmarsh or dikeland), 

exposure days, and nesting cycle. 

Model K AICc ∆AICc w cw 

Success ~ habitat + exposure days + cycle 3 33.26 0.00 0.42 0.42 

Success ~ habitat + exposure days 2 33.61 0.35 0.35 0.77 

Success ~ exposure days 1 35.79 2.54 0.12 0.89 

Success ~ exposure days + cycle 2 36.12 2.86 0.10 0.99 

Success ~ cycle 3 40.41 7.15 0.01 1.00 

Success ~ habitat 2 43.92 10.66 0.00 1.00 

Success ~ habitat + cycle 2 45.12 11.86 0.00 1.00 
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Figure 5.4. 13C (carbon) values for fecal samples from A. n. subvirgata adults (A) 

tracked in dikelands and saltmarsh in southeastern New Brunswick in 2021 and 2022, and 

from A. n. subvirgata nestlings (B) in dikeland and saltmarsh nests monitored in 2023. 

Open circles indicate outliers and closed circles represent the raw data. 
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Figure 5.5. Comparison of three vegetation measurements in dikeland and saltmarsh A n. 

subvirgata habitats of southeastern New Brunswick taken in 2023: (A) average height of 

vegetation, (B) tallest height of vegetation, and (C) thatch depth.
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6. Chapter 6: General Discussion 

6.1 Introduction 

In this dissertation, I explore how wetland birds use human-created landscapes, 

with a focus on coastal wetlands of the Chignecto Isthmus. The Chignecto Isthmus has 

experienced many changes in the past four hundred years, with perhaps the most 

significant change being the conversion of extensive tidal marshes to dykeland (Fudge 

2019). More recently, wildlife managers have built freshwater impoundments, 

particularly along the coast, to compensate for the losses of natural wetlands and tidal 

marshes (Loder et al. 2018a). Most of these impoundments were originally built for 

waterfowl (Loder et al. 2018a), although many additional species benefit from them as 

well (Chapter 4). Although research on impoundments has occurred over the past 50 

years, this research has not always been published in peer-reviewed literature and is 

inaccessible or difficult to find (Chapter 2). Additionally, much of the research has been 

on impoundments built in breeding areas inland, such as the Prairie Pothole Region (e.g., 

Murkin et al. 1982, Meredino et la. 2006), or coastal areas where large numbers of birds 

overwinter (e.g., Montague et al. 1987, Livolsi et al. 2021). Although there are examples 

of research on coastal impoundments where birds breed (e.g., Loder et al. 2018a, 2018b, 

2019), there are still many knowledge gaps that exist. Through my dissertation, I increase 

our understanding of how wetland birds use impoundments (Chapters 2 and 4), dykelands 

and saltmarshes (Chapter 5). I also provide insights into how local people who interact 

regularly with the land and wildlife understand these landscape changes and impacts to 

wildlife (Chapter 3). Finally, I show that impoundment drawdowns (Chapter 4) provoke 

an immediate response by birds, and that this may be a viable strategy for increasing 



 

226 

productivity in older impoundments; however, more research is needed to determine if 

the effects last beyond a single year. 

In this chapter, I integrate findings from my four data chapters to better 

understand what these results mean in the context of bird populations, wetland 

management, and landscape changes. I briefly summarize the results of each chapter 

below, followed by synthesis of the results. I consider how my findings relate to wetland 

senescence, long-term monitoring, and social considerations in habitat management. 

Finally, I give management recommendations and suggestions for future research 

directions. 

In Chapter 2, through systematic literature review, I demonstrate that despite 

nearly a century of building impoundments for waterfowl and other wetland wildlife, 

there is relatively little documentation of monitoring after construction. The few studies 

that I found describe how many taxa of birds are using impoundments for various life 

history stages. Evidence of wetland senescence could be found in several studies that 

looked at aging impoundments. Results from this chapter emphasize the need for 

continued long-term monitoring of impoundments and publication of results in peer-

reviewed scientific journals. 

In Chapter 3, I present results from semi-structured interviews with people living 

on the Chignecto Isthmus who regularly interact(ed) with the land and wildlife. They 

discussed many changes to the landscape and wildlife in their lifetimes, with an emphasis 

on the increase in wetland area because of impoundments. Many people discussed the 

benefits of impoundments, beyond habitat for wildlife, but also some concerns about 

these sites (e.g., loss of farmland, need for active management). Other topics that people 
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discussed include changes in agriculture (e.g., loss of marsh barns), human-wildlife 

interactions (e.g., more people feeding backyard birds), and aerial insectivores (e.g., 

declines in swallows). Declining productivity in older impoundments (i.e., wetland 

senescence) was noted by several participants. 

In Chapter 4, with Ducks Unlimited Canada, I manipulated water levels in a 

subset of coastal impoundments and monitored immediate responses by birds using a 

before-after-control-impact study design. I find that overall bird abundance increased in 

post-treatment sites. Looking at taxa separately yields mixed responses with some taxa 

having positive, negative, or no response to the different treatment stages. These results 

provide support for consideration of active management of impoundments to improve 

conditions for wetland birds, but conservation managers should rotate which sites are 

manipulated to benefit the most taxa. 

In Chapter 5, I look at wetland bird use of a different human-created landscape: 

dykelands. I challenge the idea that the Acadian subspecies of Nelson’s Sparrow 

(Ammospiza nelsoni subvirgata) is a “saltmarsh specialist” by monitoring breeding 

habitat use and nest survival in natural saltmarshes and human-made dykelands. Nelson’s 

Sparrows disproportionately use saltmarshes over dykelands, with very few birds being 

detected in dykelands only; yet sparrows nesting in dykelands had higher nest success. 

Nest and home ranges in dykelands were relatively close to the dykes, and therefore also 

close to saltmarshes, which led me to hypothesize that birds remain close to saltmarshes 

to take advantage of food resources in saltmarshes. This was not the case, as I found that 

nestlings and adults in dykelands were feeding almost exclusively on dykeland foods. 
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These results emphasize the importance of protecting the remaining saltmarsh habitats 

and considering the role of human-made habitats like dykelands for wetland birds. 

There is abundant literature emphasizing the importance of long-term monitoring 

of habitat creation or restoration projects (Lyons et al. 2008, Lindenmayer and Likens 

2009). Nevertheless, through my systematic literature review (Chapter 2), I found <30 

studies that specifically evaluated impoundments as habitat for waterfowl or other birds. 

Despite this scarcity, these studies and my own research on impoundments of the 

Chignecto Isthmus (Chapters 3 and 4), show that impoundments provide habitat for many 

bird populations beyond waterfowl. However, there were some mixed results, particularly 

when looking at individual taxa. Similarly, individual taxa respond differently to 

manipulation of impoundments through drawdown (Chapter 4). These findings suggest 

that impoundments may benefit wetland wildlife overall, but some taxa may face 

negative effects. 

My dissertation contributes to our understanding of wetland senescence by: (1) 

compiling literature that provide evidence for wetland senescence occurring in human-

made or managed wetlands across North America; (2) showing that local people who 

interact regularly with the land and wildlife are aware of and affected by wetland 

senescence; and (3) that drawdowns of coastal impoundments on the Chignecto Isthmus 

may help reverse wetland senescence. The specific mechanism that encouraged increased 

use by birds on these impoundments post-treatment requires further investigation. 

Research on impoundments of the Chignecto Isthmus suggests these wetlands are highly 

productive for the first few years after construction, then begin to senesce and decline in 

aquatic nutrients, macroinvertebrates, and bird use (Whitman 1976, Loder et al. 2018b, 
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Demers 2021). Therefore, manipulating water levels of impoundments every 5 – 10 years 

could help rejuvenate productivity and increase bird use (Whitman 1976, Chapter 4). My 

macroinvertebrate sampling did not show an immediate effect of treatment on 

macroinvertebrate abundance or biomass, despite the positive response of overall bird 

abundance and many individual bird taxa. A more thorough sampling regime across an 

entire season might clarify how macroinvertebrate communities in coastal impoundments 

respond to water-level manipulations. 

My dissertation and previous research on impoundments of the Chignecto Isthmus 

(Smith 1967, Whitman 1976, Maillet et al. 1999, Hanson 2008, Loder et al. 2018a, 

2018b, 2019, Demers 2021) provide detailed information on the value of impoundments 

as wetland habitat, and the effects of wetland senescence. Chapter 4 of my dissertation 

improves our understanding of the effect of management (e.g., drawdowns) on local 

impoundments, despite a long history of construction and management of these sites that 

has mostly remained unpublished. There is, therefore, a need and opportunity to continue 

research on impoundment management on the Chignecto Isthmus to fill knowledge gaps 

on the long-term effects of drawdowns (e.g., how long do the effects last?), the specific 

factors that provoke a response by birds during and after treatment, and the effects of 

different strategies for manipulation (e.g., timing and duration of drawdown, alternative 

methods). These research opportunities can occur concurrently with management of 

wetlands for wildlife, meeting multiple objectives at the same time. These topics have 

been studied for decades in other areas where managed impoundments occur, but less 

research has focused on coastal impoundments of the Canadian Maritimes. Given the 

difference in response by macroinvertebrate communities to drawdowns on the Chignecto 
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Isthmus (Chapter 4, Hanson 1993) and the differences in aquatic nutrients compared to 

managed wetlands in other parts of North America (Loder et al. 2019), I argue that 

research completed elsewhere may not fully apply to coastal impoundments of the 

Canadian Maritimes. Local research on wetland senescence and management will better 

inform and justify management decisions for wetland and wildlife conservation. 

Social considerations, such as local perceptions and values, should also be 

included in the decision-making process regarding wetland management. Local people 

who interact regularly with the land and wildlife were aware of wetland senescence, and 

some were vocal about the need for active management. Others were opposed to the 

building of new impoundments because they perceived current impoundments as not 

being used by wildlife, and they associated new impoundments with losses of farmland, 

and potentially, local culture and history of the landscape. These perceptions may be 

evidence that active management of current impoundments would be supported by some 

local stakeholders more so than building new impoundments.  

In Chapter 3 of this dissertation, I did not interview members of the general public 

living on the Isthmus who may be less aware of wetland senescence and the need for 

active management of impoundments. Emptying a wetland via drawdowns is a startling 

change to the landscape and would need to be carefully communicated to the public, 

particularly for more public sites, like the Sackville Waterfowl Park. Engaging in public 

consultation to better understand the perceptions and values of the general population and 

sharing information about results of drawdowns in other wetlands, may be the key to 

public support of wetland management on the Isthmus. Furthermore, listening to public 

values and incorporating them into the design and communication of management plans 
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may help drive the success of projects (Niemiec et al. 2021). For example, interviewees 

often discussed aerial insectivores, especially swallows, without being prompted, and 

expressed relational values of responsibility and stewardship (Chapter 3). I found that 

swallows had a positive response to the post-treatment phase of drawdowns (Chapter 4). 

Therefore, local wildlife managers may find it beneficial to share the potential positive 

effects of management on species of local interest, like swallows, when proposing new 

initiatives.  

With ongoing saltmarsh restoration, impoundment construction, and water-level 

manipulations, it would be worthwhile to compare bird use of these sites to improve our 

understanding of which populations are best served by these different habitat types or 

management strategies, while considering the long list of additional benefits these 

different wetlands offer (e.g., restored saltmarsh provides protection from storm surges 

(Möller et al. 2020), impoundments provide recreational opportunities (Chapter 3)). 

There are birds that rarely use impoundments but heavily use saltmarshes (e.g., Nelson’s 

Sparrow, Chapter 5), and likewise, freshwater species that have greatly benefitted from 

the increase in freshwater wetland habitat on the Isthmus (e.g., Mallard (Anas 

platyrhynchos) and Gadwall (Mareca strepera), Chapter 3). A thorough comparison of 

the value of these sites as habitat for birds may help wildlife managers make better 

informed decisions on habitat management, especially when conservation or deterrence 

of specific populations is the goal. In most cases, it is likely that providing a variety of 

habitats is the best approach. 

Some results from my dissertation may give the false impression that human-

made landscapes provide better habitat to wetland birds than saltmarshes. For example, 
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some of the literature from Chapter 2 suggested that impoundments had higher densities 

or abundance of birds than natural wetlands. In Chapter 5, Nelson’s Sparrows had higher 

nest survival in dykelands compared to saltmarshes. Despite higher nest success in 

dykelands, Nelson’s Sparrows use saltmarshes in higher densities, which suggests that 

some factor discourages Nelson’s Sparrows from using dykelands to a larger extent than 

they already do. Sporobolus alterniflorus (smooth cordgrass, previously Spartina 

alterniflora) is one of the most abundant grasses in the saltmarshes of my study area 

(Virgin et al. 2020). However, S. alterniflorus growing in freshwater environments can 

grow to 90 cm height compared to 30 cm in Bay of Fundy saltmarshes (Boone et al. 

2017). Similarly to S. alterniflorus, Nelson’s Sparrows may exhibit high densities in 

saltmarshes because they are one of the few species that can tolerate this harsh 

environment, but when given the opportunity to use alternative habitats, both species 

show evidence of higher success (i.e., growth or reproductive success). It could be that 

competition forces both species to rely on saltmarshes as their main habitats. 

Investigating competition in Acadian Nelson’s Sparrows could be an interesting avenue 

for future research. Regardless of the cause, the higher densities of Acadian Nelson’s 

Sparrows in saltmarshes compared to dykelands suggest that this population may be 

dependent on saltmarshes and may suffer from further losses of saltmarsh habitats. 

Another avenue of future research may be to look at Acadian Nelson’s Sparrow use of 

restored compared to natural saltmarshes. Overall, findings from this dissertation do not 

discount the importance of saltmarshes but rather support the continued commitment to 

saltmarsh protection and restoration.  
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Results from my dissertation emphasize the importance of three different 

landscapes on the Chignecto Isthmus for wetland birds: saltmarshes, dykelands, and 

impoundments. Saltmarshes support high densities of Nelson’s Sparrows, even though 

dykelands may act as a refuge from flood risk and lead to increased nest success (Chapter 

5). Impoundments provide habitat for a variety of wetland birds, particularly those that 

depend on freshwater wetlands (Chapters 2 - 4). A landscape that offers several potential 

habitat types may be the best for supporting biodiversity (habitat heterogeneity 

hypothesis, Tews et al. 2004). On a smaller scale, drawdowns affect wetland bird species 

differently, suggesting that manipulating water levels on a rotating schedule would create 

habitat heterogeneity to best support a broad suite of species (Chapter 4). On a larger 

scale, we can achieve habitat heterogeneity by providing a variety of landscape types that 

can be used by birds, including dykelands, saltmarshes, and impoundments. Most 

dykelands are working landscapes; therefore, continued collaboration with farmers and 

landowners will be crucial to ensure that we can meet shared goals of supporting 

biodiversity while promoting a successful local agricultural industry (Chapter 3). 

Additionally, any changes to these landscapes must take social values and perceptions 

into consideration (Chapter 3). 

Despite limited studies evaluating the effectiveness of impoundments as habitat 

for wetland birds, human-made wetlands are clearly meeting their primary goals of 

providing habitat to a broad suite of bird taxa. It is also clear that productivity declines in 

older impoundments leading, in some cases, to reduced use by birds. If the goal is to have 

highly productive habitats for wetland wildlife, active management of impoundments 

may be necessary. Social considerations should be added to the decision-making process 
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when planning potential management. For example, as impoundments age and become 

less productive, local people may see them as a waste of farmland. Likewise, people who 

use impoundments for hunting and trapping may be disappointed by the declining 

productivity. If wildlife managers decide that active management is necessary, 

drawdowns are one method to rejuvenate productivity in aging impoundments and 

increase bird use. It is important for managers to consider, however, that not all species 

respond positively to drawdowns. Therefore, manipulating impoundments on a rotating 

schedule can help create habitat heterogeneity that benefits multiple taxa each year, while 

promoting productive impoundments. Long-term monitoring of impoundments and 

management are critically important, and publishing results in scientific journals 

promotes knowledge sharing and progress in wildlife management. 

6.2 Limitations and local considerations 

Much of the research in my dissertation is localized and cannot be easily 

generalized beyond the Chignecto Isthmus. The Chignecto Isthmus is an area that has 

recently gained a lot of attention due to the ongoing conversation about how to protect 

the infrastructure and properties on the land bridge from anthropogenic climate change 

(i.e., sea level rise, increasing storm events). Recently, the provincial and federal 

governments agreed to spend $650 million in the next decade to strengthen dykes and 

protect the Isthmus from potentially catastrophic environmental disaster (Poitras 2025). 

The research in this dissertation, therefore, may be able to contribute to the conversation 

on the future of the Chignecto Isthmus, particularly the importance of different habitat 

types for birds, local perceptions and values related to the land and wildlife of the 

Isthmus, and recommendations for management and research. 
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The Isthmus hosts several globally significant Important Bird Areas (IBA 2025) 

and is home to the Atlantic headquarters for Ducks Unlimited Canada, Birds Canada, the 

Canadian Wildlife Service, and other organizations focused on bird and wildlife 

conservation.  Participants from Chapter 3 may be more familiar with ideas such as 

wetland senescence and aerial insectivore conservation because of the close proximity of 

these conservation organizations and the considerable number of biologists, researchers, 

and wildlife managers who reside on the Isthmus. Several of the studies included in 

Chapter 2 were from the Chignecto Isthmus. This was partly due to sources that I 

included that were found non-systematically, but there were also disproportionately more 

studies in my systematic review that were from New Brunswick compared to other parts 

of North America. This could suggest two things: (1) the Chignecto Isthmus has been a 

focal area of wetland senescence research since the 1970s and research completed here 

has contributed substantially to our understanding of this phenomenon; or (2) my 

familiarity with local literature on impoundments of the Chignecto Isthmus biased the 

search terms and definitions that I used to complete the literature review. It is likely that 

both statements are at least partially true. 

Nevertheless, my findings have wider implications and lessons beyond the 

Isthmus, including the importance of long-term monitoring, social considerations in land 

and wildlife management, and human-created landscapes for wildlife. In the next section 

of this chapter, I provide recommendations for future research and management on the 

Chignecto Isthmus and more broadly.  
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6.3 Recommendations 

My dissertation focuses on applied conservation and management questions 

related to bird responses to habitat creation (intentional, such as impoundments, or not, 

such as dykelands) and manipulation (drawdowns). My research fills in some knowledge 

gaps related to bird use of human-created landscapes; however, my studies also highlight 

opportunities for future research. Therefore, in the following section, I provide 

recommendations for management and research, focused on but not limited to the 

Chignecto Isthmus. 

Recommendations for management: 

1. Follow up monitoring of all impoundments that underwent recent drawdowns 

to determine if effects can be measured past the first year of post-treatment. 

Monitor birds and macroinvertebrates especially. Monitoring should occur as 

frequently as possible, but ideally some monitoring would take place on an 

annual basis, and more intensive monitoring might occur once every four to 

five years, when evidence of wetland senescence has been shown to appear. 

2. Create a schedule to systematically drawdown all managed impoundments 

(where possible) on a rotating basis every five to ten years, and monitor to 

ensure effectiveness of this management strategy for rejuvenating productivity 

and increasing bird use. Monitor specific populations to ensure drawdowns do 

not have significant and lasting negative impacts on some populations.  

3. Create management and monitoring plans when any new impoundment is 

built to ensure that these human-made wetlands remain productive and 

provide habitat to wildlife over time. 
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4. Try to publish all findings in scientific peer-reviewed journals, as well as 

communicate those findings with local people, especially those who interact 

regularly with the land and wildlife. Inform the public and other land and 

wildlife managers of the need for and results of management. 

5. In addition to encouraging habitat heterogeneity through rotating drawdowns 

at impoundments, also promote the protection and restoration of saltmarsh, 

and collaborations with dykeland managers to provide a variety of habitat 

types for birds and other wildlife, which could encourage resilience to climate 

change. 

6. Where possible, work with local landowners and dykeland managers to reduce 

disturbance to nesting birds, such as Nelson’s Sparrow, that may be nesting on 

or near dykes. 

Research opportunities: 

1. Complete a systematic literature review on management strategies for 

rejuvenating productivity in impoundments with a focus on coastal areas of 

New England and the Canadian Maritimes that would better inform local 

management. 

2. Through literature review and data analysis, determine which populations 

benefit most from the building of coastal impoundments, and determine if 

there any that are negatively affected by these human-made wetlands. 

3. Examine the influence of impoundments on non-avian wildlife, particularly 

anurans and mammals, through literature review or field-based research. 
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4. Complete a cost-benefit analysis of coastal impoundments, included social 

considerations and other ecosystem services beyond wildlife habitat. 

5. Test effectiveness of multi-year drawdowns or different timing of drawdowns, 

as has been done in other parts of North America, to determine the best 

schedule for impoundments of the Canadian Maritimes. Collect information 

on aquatic nutrients, macroinvertebrates, vegetation and birds to better 

understand the mechanism that leads to increased bird use in post-treatment 

impoundments. 

6. Further investigate Acadian Nelson’s Sparrow reproductive success in 

dykelands and saltmarsh to better understand the benefits and consequences of 

breeding in human-made compared to natural habitats. 

7. Investigate Acadian Nelson’s Sparrow use of restored saltmarshes during the 

breeding season. Particularly, examine how long it takes (years) for Nelson’s 

Sparrows to nest in restored saltmarshes, and evaluate nest survival compared 

to natural saltmarsh. 

6.4 Conclusion 

Although many local stakeholders perceive lower bird abundance in 

impoundments than in the past (Chapter 3) and wetland senescence has been confirmed at 

many sites in the area (Loder et al. 2018b), it is evident that birds are still using 

impoundments to carry out many important life history stages (Chapters 2 and 4). Many 

wildlife managers have noted that impoundments built for wildlife habitat often host a 

high abundance of birds when they are newly created (Loder et al. 2018b), and that the 

levels of abundance are often higher than in natural or unmanaged wetlands (Kaminski et 
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al. 2006). Very few natural freshwater wetlands exist in my study area with which to 

compare the freshwater impoundments; therefore, it is impossible to say if abundance at 

local impoundments is similar to natural wetlands. Those who manage impoundments 

must constantly evaluate the goals for these habitats and determine if they are meeting 

those goals. Management efficacy will vary by species. Management has evolved from 

concern with game species to broader concerns over topics such as biodiversity, species 

at risk, and ecosystem services. Some of the impoundments that I monitored had higher 

bird abundance than others (Chapter 4), and not necessarily based on age of the site. 

Therefore, future research in this area might focus on improving our understanding of 

what variables wildlife are selecting for when deciding to use an impoundment. 

On the Chignecto Isthmus, impoundments may be adequately providing habitat 

for wetland bird populations that once mainly relied on vast tidal marshes. However, not 

all wetland birds can use impoundments instead of saltmarsh. The Acadian Nelson’s 

Sparrow still uses the remaining saltmarshes in high densities during the breeding season 

but will also use human-made dykelands.. This emphasizes the importance of having 

multiple landscapes across the Isthmus that can be used as habitat by many different 

birds. Although dykelands may provide refuge from high tides for nesting Nelson’s 

Sparrows, these are still working landscapes with considerable human use in some areas. 

The comparatively low number of nests in dykelands had higher nest success, but 

dykelands may not be able to support the Acadian Nelson’s Sparrow population if 

saltmarshes were lost. Therefore, protection and restoration of saltmarshes, as well as 

working with landowners and the province to potentially reduce disturbances near the 

dykes, could help sustain this population of Acadian Nelson’s Sparrow. 
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Due to ongoing anthropogenic climate change, there is a lot of uncertainty for 

what the future will hold. There is a continuing, and at times, contentious, conversation 

about what to do with the Chignecto Isthmus in regard to sea level rise and increasing 

extreme storm events. Biologists have concerns about the future of the important wildlife 

corridor across the Isthmus (MacDonald and Clowater 2005), and available habitat for a 

variety of different wildlife populations. Based on the findings of my dissertation, I argue 

that we need to provide wildlife with a mosaic of habitat types (habitat heterogeneity) 

that support a broad suite of species and increases biodiversity. Impoundments can 

provide habitat to wildlife when other wetland areas may be impacts by droughts and dry 

weather (Conlisk et al. 2022). Saltmarshes migrate inland with rising sea levels, and must 

be given space to do so (“coastal squeeze,” Pontee 2013, Torio and Chmura 2013). 

Coastal impoundments will also provide habitat to birds if saltmarshes transition to 

alternative habitats or are lost because of inadequate space for inland migration (Livolsi 

et al. 2021). Restoring saltmarshes may help buffer some of this potential future loss of 

saltmarsh habitat (Boone et al. 2017). Dikelands may provide refuge for some species, 

like the Acadian Nelson’s Sparrow, as sea levels rise and storms intensify, while serving 

populations of grassland birds and other wildlife, such as Bobolink (Dolichonyx 

oryzivorus).  

 

  



 

241 

Literature Cited 

Boone, L. K., J. Ollerhead, M. A. Barbeau, A. D. Beck, B. G. Sanderson, and N. R. 

McLellan. 2017. Returning the tide to dikelands in a macrotidal and ice-influenced 

environment: challenges and lessons learned In Coastal Wetlands: Alteration and 

Remediation. C. W. Finkl and C. Makowski (Eds.).  

Conlisk, E. E., K. B. Byrd, E. Matchett, A. A. Lorenz, M. Casazza, G. H. Golet. M. D. 

Reynolds, K. A. Sesser, and M. E. Reiter. 2023. Changes in habitat suitability for 

wintering dabbling ducks during dry conditions in the Central Valley of California. 

Ecosphere 14:e4367. 

Demers, J. A. S. D. 2021. Aquatic ecosystem senescence of wetland impoundments in the 

Upper Bay of Fundy, Atlantic Canada. Master’s Thesis, Mount Allison University. 

Fudge, A. 2019. Memory, Place & Change: A Landscape Narrative of the Tantramar 

Marshes. Master’s Thesis, University of Guelph.  

Hanson, A. 2008. Chemical limnology and waterbird use of an urban constructed 

wetland. Acta Zoologica Academiae Scientiarum Hungaricae 54:35 – 44. 

Kaminski, M. R., G. A. Baldassarre, and A. T. Pearson. 2006. Waterbird response to 

hydrological management of Wetlands Reserve Program Habitats in New York. 

Wildlife Society Bulletin 34:921 – 926. 

Lindenmayer, D. B., and G. E. Likens. 2009. Adaptive monitoring: a new paradigm for 

long-term research and monitoring. Trends in Ecology and Evolution 24:482 – 486. 



 

242 

Livolsi, M. C., C. L. Williams, J. M. Coluccy, and M. T. Dibona. 2021. The effect of sea 

level rise on dabbling duck energetic carrying capacity. Journal of Wildlife 

Management 85:686 – 695. 

Loder, A. L., M. L. Mallory, I. Spooner, N. R. McLellan, C. White, and J. P. Smol. 

2018a. Do rural impoundments in coastal Bay of Fundy, Canada sustain adequate 

habitat for wildlife? Wetlands Ecology and Management 26:213-230. 

Loder, A. L., M. L. Mallory, I. S. Spooner, M. Turner, and N. R. McLellan. 2018b. 

Nutrient availability reduced in older rural impoundments in coastal Bay of Fundy, 

Canada. Hydrobiologia 814: 175 – 189. 

Loder, A. L., I. S. Spooner, N. R. McLellan, J. Kurek, and M. L. Mallory. 2019. Water 

chemistry of managed freshwater wetlands on marine-derived soils in coastal Bay of 

Fundy, Canada. Wetlands 39:521 -532. 

Lyons, J. E., M. C. Runge, H. P. Laskowski, and W. L. Kendall. 2008. Monitoring in the 

context of structured decision-making and adaptive management. Journal of Wildlife 

Management 72:1683 – 1692. 

Merendino, M. T., L. M. Smith, H. R. Murkin, and R. L. Pederson. 2006. The response of 

prairie wetland vegetation to seasonality of drawdown. Wildlife Society Bulletin 

18:245 – 251. 

Möller, I., M. Kudella, F. Rupprecht, T. Spencer, M. Paul, B. K. van Wesenbeeck, G. 

Wolters, K. Jensen, T. J. Bouma, M. Miranda-Lange, and S. Schimmels. 2014. Wave 



 

243 

attenuation over coastal salt marshes under storm surge conditions. Nature 

Geoscience 7:727 – 731. 

Murkin, H. R., R. M. Kaminski, and R. D. Titman. 1982. Responses by dabbling ducks 

and aquatic invertebrates to an experimentally manipulated cattail marsh. Canadian 

Journal of Zoology 60:2324 – 2332. 

Poitras, J. 2025. Ottawa, New Brunswick, Nova Scotia strike deal on Chignecto funding. 

CBC News. 20 March 2025. https://www.cbc.ca/news/canada/new-brunswick/ottawa-

nb-ns-deal-chignecto-isthmus-funding-1.7488579 

Pontee, N. 2013. Defining coastal squeeze: a discussion. Ocean and Coastal 

Management 84:204 – 207. 

Smith, A. D. 1967. Waterfowl habitat, productivity, and management at Missaquash 

Marsh, Nova Scotia. Master of Science Thesis, Acadia University. 121 pp. 

Tews, J., U. Brose, V. Grimm, K. Tielbörger, M. C. Wichmann, M. Schwager, and F. 

Jeltsch. 2004. Animal species diversity driven by habitat heterogeneity/diversity: the 

importance of keystone structures. Journal of Biogeography 31:79 – 92. 

Torio, D. D., and G. L. Chmura. 2013. Assessing coastal squeeze of tidal wetlands. 

Journal of Coastal Research 29:1049 – 1061. 

Virgin, S. D. S., A. D. Beck, L. K. Boone, A. K. Dykstra, J. Ollerhead, M. A. Barbeau, 

and N. R. McLellan. 2020. A managed realignment in the upper Bay of Fundy: 



 

244 

Community dynamics during salt marsh restoration over 8 years in a megatidal, ice-

influenced environment. Ecological Engineering 149:105713. 

Whitman, W. R. 1976. Impoundments for Waterfowl. Canadian Wildlife Service 

Occasional Paper Number 22.  



 

245 

Appendix Chapter 1: Radio Telemetry Reveals Two Cases of Predation 

on Nelson’s Sparrow (Ammospiza nelsoni)3 

Nelson’s Sparrows (Ammospiza nelsoni) are inconspicuous songbirds that breed in 

coastal areas of the Canadian Maritimes, New England, and Hudson’s Bay in Northern 

Ontario, as well as an interior breeding population that breeds mainly in the Canadian 

Prairies (Shriver et al. 2020). On the east coast of Canada, the Acadian subspecies of 

Nelson’s Sparrow (A. n. subvirgata) uses both saltmarshes and diked agricultural lands 

for breeding habitat (Nocera et al. 2005, Nocera et al. 2007). Female Nelson’s Sparrows 

are solely responsible for nest site location, nest building, egg-laying, incubating, 

provisioning, and defense (Greenlaw and Rising, 1994). 

Tidal marsh sparrows face trade-offs associated with nest site location related to 

risks of flooding and predation. Their nests are intricately woven structures placed low in 

the surrounding vegetation to reduce attention from predators (Shriver et al. 2020). 

Nelson’s Sparrows that choose to nest in low-lying areas near the ground may reduce the 

risk of predation; however, these lower areas also expose nests to potential flooding 

 

 

3 This chapter has been published and is represented here as published: 

Owen, K. C., K. R. Schweighardt, and E. Peacock. 2023. Radio Telemetry Reveals Two 

Cases of Predation on Nelson's Sparrow (Ammospiza nelsoni). Northeastern 

Naturalist 30:N23 – N30. 
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during periods of high water levels. Heavy rainfall or tidal surges can lead to nests being 

submerged, potentially resulting in the loss of eggs or nestlings (Greenberg et al. 2006). 

To mitigate the risks associated with flooding, tidal marsh species may construct their 

nests above high watermark (Greenberg et al. 2006), or potentially, by nesting in areas 

that have no tidal flood risk, such as dikelands. 

 There is limited information on predation of Nelson’s Sparrows. Known 

predators of adults that occur in the Canadian Maritimes include Northern Harrier (Circus 

hudsonius), Short-eared Owl (Asio flammeus), and Garter Snake (Thamnophis sirtalis; 

Hill 1968, Shriver et al. 2020). Heterospecific sparrows that use similar habitats to the 

Nelson’s Sparrow, such as Savannah Sparrow (Passerculus sandwichensis) and 

Saltmarsh Sparrow (Ammospiza caudacuta), have additional known predators not 

reported for Nelson’s Sparrow, including Raccoon (Procyon lotor), Domestic Cat (Felis 

domesticus), Short-tailed Weasel (Mustela erminea), Red Fox (Vulpes fulva), and 

Norway Rat (Rattus norvegicus; Wheelwright and Rising 2020, Greenlaw et al. 2020, 

Cook et al 2021). A recent observation in Rhode Island added White-tailed Deer 

(Odocoileus virginianus) to the list of confirmed mammalian predators of Saltmarsh 

Sparrow nests (Herbert et al. 2023). Avian predators of Nelson’s and other sparrows 

include owls, hawks, gulls, and corvids (Hill 1968, Wheelwright and Rising 2020, 

Greenlaw et al. 2020, Shriver et al. 2020). 

As part of a research project examining habitat use by the Acadian Nelson’s Sparrow, 

we radio-tagged and tracked movements of male and female Nelson’s Sparrows from 

June to August of 2022. We collected location information on individuals regularly in 

saltmarsh and dykelands habitats of Aulac, New Brunswick (45°51’N, 64°17’W). 
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Dikelands are areas that were once saltmarsh and converted to agricultural lands by 

diking and draining the marsh, thereby removing the tidal influence (Bilodeau et al. 

2021). Dikelands and saltmarshes differ in species composition and habitat structure 

(Nocera et al. 2007, Boone et al. 2017). Northeastern saltmarshes generally exhibit low 

diversity of vegetation (Hanson and Shriver 2006). In our study area, saltmarsh hay 

(Spartina patens) and saltmarsh cordgrass (Spartina alterniflora) dominate the saltmarsh. 

On the other side of the dike, the dykelands habitat is much more diverse in vegetation 

structure and composition, made up mainly of terrestrial species including grasses, forbs, 

and shrubs (Boone et al. 2017).  Birds were tracked until we no longer recorded a signal 

from the tag or we found a tag that had been dropped. In two cases, the tags led us to 

discover two instances of predation on adult female Nelson’s Sparrows, with one case 

including the female’s nestlings as well. 

On 14 July 2022, we picked up a signal from a tagged female Nelson’s Sparrow after 

not locating this individual for several days. The receiver picked up a weak signal after 

we had traveled just beyond the area that we had previously searched. We located the tag 

inside a regurgitated pellet that was on a large log in a saltmarsh. The pellet was oval 

(Fig. 1), approximately 45 mm long, and contained identifiable parts of the tagged 

sparrow including feathers, upper mandible, tarsus and toes with color bands still 

attached, as well as the radio tag (Fig. 2). There was also a fully intact organ that was 

likely the stomach of the sparrow (Fig. 3). The pellet appeared to include the remains of 

only one individual. 

Short-eared Owls and Northern Harriers are both known predators of Nelson’s 

Sparrows and are frequently observed within our study area. Both species produce oval 
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pellets that are relatively small and contain limited amounts of bone material (Clark 1972, 

Holt et al. 1987). Short-eared Owls are reported to consume more birds in coastal and 

island habitats, than in inland areas (Holt 1993). Short-eared Owls also hunt several 

species closely related to the Nelson’s Sparrow including Savannah Sparrow, Song 

Sparrow (Melospiza melodia) and Vesper Sparrow (Pooecetes gramineus; Johnston 1956, 

Tomkins 1936). Similarly, Northern Harriers in saltmarsh habitats consume 

predominantly birds from the Emberizidae family, to which the Nelson’s Sparrow 

belongs (Collopy and Bildstein 1987). A nearby study found that breeding Northern 

Harriers preyed upon large numbers of passerine birds, including sparrows (Barnard et al. 

1987).  

Northern Harrier and Short-eared Owl pellets are difficult to distinguish but some 

characteristics differ between the two. Short-eared Owl pellets tend to be longer and more 

uniform while Northern Harrier pellets are typically shorter and rounded (Holt et al. 

1987). Short-eared Owl pellets tend to have limited amounts of bone material, with 

feathers and stomachs of small birds usually undigested (Moon 1940). During the 

dissection, we found what we believed to be an intact stomach from the female sparrow. 

Northern Harriers typically pluck the feathers of larger birds before consuming them and 

small birds are usually beheaded, bewinged, and befooted (Smith et al. 2020). While we 

cannot determine the species that created the pellet we found, some evidence suggests the 

predator may have been a Short-eared Owl. While tracking in saltmarsh, we regularly 

observed a Short-eared Owl perched on logs or flying over the area where the pellet was 

found. We also found the head, legs, and possibly stomach of the sparrow inside the 
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pellet, which suggests that the Short-eared Owl is the more likely predator although this 

cannot be conclusive. 

Another incident revealed the predation of a female Nelson Sparrow and her 

nestlings. On 23 July 2022, we tracked the signal of the tagged bird to a location within 

diked agricultural grassland. We discovered an empty ground nest located at the base of 

some tall grasses. We continued to receive a strong signal from the radio tag in this area 

then discovered some vole-sized holes in the ground and placed the receiver cable into 

the holes, resulting in the highest signal. This led us to find underground tunnels within 

the grass where we located the deceased bird, buried and still intact, with the radio tag 

and color bands (Fig. 4). Some evidence of injury was present on the adult female with 

broken limbs and some blood near the bill. The female sparrow was buried with three, 5 - 

6 day old nestlings (SHARP 2011), two of which were still intact and one that was 

partially eaten and missing a head.  

Following this discovery, we deployed a motion-sensor camera at the exact location 

where the predation took place for five days, then collected the camera. One photo 

showed a small rodent on the night of 8 August 2022. Another photo showed a short-

tailed weasel passing in front of the camera during the evening of 13 August 2022 (Fig. 

5). Although we cannot conclude with certainty that the short-tailed weasel was the 

predator of the female Nelson’s Sparrow and her brood, we suspect that this is the likely 

predator based on these images and in comparison with similar documented predation 

events by weasels on other species of passerines. We suspect that the tunnels and holes 

were created by a vole or other small rodent. 
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Short-tailed weasels, also known as stoats or ermine, can locate well-hidden prey 

using their acute senses of smell, hearing, and sight (Gillingham 1984). Short-tailed 

weasels may use the burrows or dens from prey or other species and can easily fit through 

small tunnels in grass (King et al 2006, Simms 1979). They are solitary hunters and will 

attack small rodents, rabbits, and birds. Many studies throughout North America provide 

accounts of weasels eating eggs and killing young or adult birds (Hussell 1974, King et 

al. 2006). In one case, an adult Savannah Sparrow was killed by either a short-tailed or a 

least weasel (M. nivalis) after unsuccessfully defending her nestlings (Pietz and Granfors 

2005). Where prey is abundant or vulnerable, weasels tend to cache food (King et al 

2006). A weasel will typically eat the brain of its prey first, moving backward to the rest 

of the body, and leaving the feet, tail, intestines, and stomach until last (King et al 2006). 

When many prey are available, they will often eat the brains and abandon the rest (King 

et al 2006). A study on predators of sparrows (Passer spp.) revealed signs of weasel 

predation, including broken eggshells and canine marks on corpses. The study also 

described bite marks on chicks with the brain eaten (Codero 1989). Other mammalian 

predators occurring in the area, including Raccoon, Domestic Cat, Red Fox, and Mink 

(Neogale vison), are likely too large to cache prey underground in a rodent tunnel such as 

the one in which we found the sparrows. 

Small rodents, such as the one we saw on our camera footage, have also been 

reported as predators of birds and their nests (Bures 1997, Sealy 1982). In one study, 

nestlings were pulled by common voles (Microtus arvalis) into their burrows and were 

sometimes found partly devoured (Bures 1997). Meadow voles (Microtus 

pennsylvanicus) have been observed using abandoned sparrow nests but there are no 
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reports of voles as nest predators (Shriver et al. 2020). We believe the small rodent in our 

photo is a deer mouse (Peromyscus maniculatus) based on the body shape and large ears. 

Deer mice are largely granivorous but have been noted to predate on bird eggs and young 

nestlings (Bradley and Marzluff 2003). We did not find any accounts in the literature of 

voles, mice or other small rodents attacking and killing adult songbirds and caching their 

bodies underground. 

Based on the evidence, we conclude that two of the tagged female Nelson’s Sparrows 

in our study were depredated, one by an avian predator, likely Short-eared Owl or 

Northern Harrier, and one by a mammalian predator, likely short-tailed weasel. Although 

predation was not the focus of the study, these events demonstrate some of the additional 

benefits and information that can be gained through tagging and handheld tracking of 

animals. To our knowledge, this is the first suggestion of a short-tailed weasel preying on 

this species. Our observations contribute to the limited ecological knowledge of Nelson’s 

Sparrows, particularly the Acadian subspecies that breeds in both saltmarsh and adjacent 

non-tidal lands. Future research comparing predation events between saltmarsh and 

dykelands habitats could improve our understanding of the risks associated with nesting 

in these two habitat types. 
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Appendix Figure 1. Pellet in the hand with radio tag wrapped inside (antenna visible). 

Photo: K. Owen. 
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Appendix Figure 2. Some contents of the dissected owl pellet, including fully intact tail 

(lower left), upper mandible, and both legs. The radio tag (top) was also fully intact and 

functioning. Photo: K. Owen. 
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Appendix Figure 3. Photo of fully intact dead adult female Nelson’s Sparrow and two 

intact nestlings (5 - 6 days old; SHARP 2011). Adult female shows signs of injury, 

including broken legs and blood near bill. Colour bands and tag are visible on the adult 

female. Photo: K. Owen. 
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Appendix Figure 4. Organ found in the pellet that we identified as the sparrow’s gizzard. 

Photo shows the organ in a shallow container of water after being cut open. Small rocks 

and other debris can be seen flowing out of the organ. Photo: K. Owen. 
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Appendix Figure 5. Two images taken with a wildlife camera on the evening of 13 

August 2022 showing a short-tailed weasel passing in front of the opening to shallow 

underground tunnels where we found the adult Nelson’s Sparrow and three nestlings. The 

camera was placed pointing directly at the area where we uncovered the buried sparrows. 

Photo: K. Owen. 
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Appendix Figure 6. Small rodent captured on trail camera in same location where we 

observed the short-tailed weasel. Photo was taken in early morning, before first light. 

Although the photo isn’t in focus, the small mammal shows large ears and body shape 

suggestive of a deer mouse (Peromyscus maniculatus). Photo: K. Owen. 
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