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ABSTRACT 

 

FACTORS AFFECTING THE ABUNDANCE OF A DECLINING GRASSLAND BIRD: 

IMPLICATIONS FOR RECOVERY STRATEGY PLANNING AND 

IMPLEMENTATION  

 

Danielle M. Ethier 

University of Guelph, 2016 

Advisors: Dr. Thomas Nudds 

Dr. Steve Crawford

 

Uncertainty is pervasive in all conservation decisions, the systematic treatment of which is 

necessary when evaluating the causes of species endangerment and deciding on appropriate 

actions to better ensure persistence. In Canada, a guiding principal of endangered species 

legislation for reducing uncertainty is adaptive management; however, adaptive management is 

not explicit in the development and application of most recovery strategies. To set the context for 

adaptive management recovery programming for at-risk species in Ontario, Canada, I 

synthesized existing knowledge, articulate and test critical uncertainties as hypotheses, and begin 

model development to predict expected outcomes of management alternatives, using the geo-

politically defined population of Bobolink (Dolichonyx oryzivorus) in Ontario as a case study. 

Specifically, in Chapter 1, I combine evidence from empirical studies and expert judgement to 

model causal mechanisms driving Bobolink abundance dynamics and characterize the structural 

complexity of the management system. In Chapter 2, I spatially resolved Bobolink abundance 

trends to determine which areas of the province are contributing most substantially to overall 

abundance decline, and which presently satisfy recovery targets. In Chapter 3, I examined spatio-

temporal variability in landscape pattern and processes to determine by which mechanism(s), and 

to what extent, changes in quantity and quality of agricultural grassland habitats have contributed 

to regional changes in abundance. Finally, in Chapter 4, I developed regionally scaled habitat 

suitability index (HSI) models to facilitate development of predictive population viability 



 

 

 

 

models. HSI models were used to evaluate to what extent lower-order proxies for processes of 

habitat selection influence patterns in abundance regionally. My research highlights how a 

science-based approach to recovery strategy planning can more effectively identify and address 

uncertainties in knowledge, and be used as an avenue to set the foundation of an adaptive 

management program.  
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Prologue 

 

Uncertainty is pervasive in all conservation decisions, manifesting  in numerous ways (Regan et 

al. 2005), from the current state and dynamics of a system under consideration to the potential 

effects of alternative management options (Burgman et al. 2005, Conroy et al. 2008).  

Endangered and threatened species can exacerbate uncertainty due to their often specialized, 

narrowly dispersed, newly classified and/or secretive characteristics (Flather and Sieg 2007). As 

a result, the status of these species may not be well known, including information about 

population size, spatial extent, and demographic rates (Tear et al. 1995, Runge 2011). Further, 

species-at-risk legislation often creates situations where decisions are made to satisfy mandated 

timelines, irrespective of the data available, increasing the reliance on expert judgement to deal 

with uncertainty during the decision-making process. 

Of the species identified as Threatened or Endangered on the U.S. Endangered Species 

Act list between 1988-1991, nearly half of the reported total population sizes (44%, n=79) were 

founded on guesses or best approximations rather than extensive census or survey data (Tear et 

al. 1995). Similarly, the Committee of the Status of Endangered Wildlife in Canada (COSEWIC) 

uses qualitative data and expert opinion to up- or down-designate species from what would be 

expected based on quantitative data alone (Lukey and Crawford 2009, Trout 2013). Expert 

judgement, educated guesses or tentative assumptions are not necessarily problems in and of 

themselves, but this type of evidence can become ingrained as fact rather than treated as untested 

hypotheses (McAbee et al. 2013), leading to conservation practices that are based on anecdote 

rather than systematic appraisal of evidence (Macnab 1983). As a result, management 

alternatives that might be simpler, more cost-effective, or produce better outcomes for the 

species in question may be overlooked (Sutherland et al. 2004).  
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In recent years, interest has grown in the systematic treatment of uncertainty to evaluate 

the causes of species endangerment and decide on appropriate courses of action to ensure 

persistence (Schemske et al. 1994). Decision support and analysis tools are increasingly applied 

as a means to identify, incorporate, and analyze uncertainty, while making transparent how 

different assumptions can affect the predicted behavior of a system (Varis and Kuikka 1999, 

Marcot et al. 2001). Further, these tools enable the organized elicitation of stakeholder opinions, 

facilitating communication, consensus building, and promote co-learning, which can improve the 

acceptance of conservation programs (Biggs et al. 2011, Bernacchi et al. 2015). Coupled with a 

focus on improving knowledge through hypothesis testing and experimentation, adaptive 

management forms an integral part of the structured decision making process, enabling the 

reduction of uncertainty through scientific inquiry and the application of new knowledge to 

recurrent management decisions (Holling 1978, Walters 1986).   

In Canada, endangered species legislation professes to use adaptive management as a 

guiding principle for decision-making (Government of Canada 2014). Perhaps the most obvious 

application of adaptive management for endangered species conservation is in the 

implementation of recovery actions prescribed in recovery strategies (see Background, below). 

These actions advise on-the-ground management, which, if implemented as experiments, could 

provide an avenue for ólearning while managingô to reduce uncertainties and inform subsequent 

decisions (Macnab 1983). Vital to an adaptive management program is careful óplanning for 

learningô, which at the outset, requires the synthesis of existing knowledge, articulation of 

critical uncertainties as hypothesis, and forecasting expected outcomes of management 

interventions. Models play an important role in óplanning for learningô since they help to 

formalize uncertainty, illustrate competing views, and can make testable predictions about the 
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likely impacts of proposed management actions (Lahoz-Monfort et al. 2014). For example, 

through the articulation of critical uncertainties in the form of competing predictive population 

models, alternative hypotheses can be tested through on-the-ground management. Learning 

occurs when predicted outcomes are compared to those observed through targeted monitoring 

(Lahoz-Monfort et al. 2014).  Recovery strategies are therefore an intuitive avenue for adaptive 

management planning for species-at-risk.   

In Ontario, species-at-risk management requires that a recovery strategy be prepared for 

each species listed as Endangered or Threatened (see Background, ESA 2007). The recovery 

strategy identifies factors affecting speciesô or population persistence (i.e., threats), population 

recovery objective, and actions required to reach objectives. The content of the recovery strategy 

is evidence-based, relying on both scientific findings and expert judgment. However, 

uncertainties inherent in this evidence are not explicitly identified, nor is using predictive models 

to forecast the likely outcomes of management alternative necessarily a component of a recovery 

strategy. As a result, assumptions about ecological patterns and processes are more likely to be 

accepted as conventional wisdom rather than testable hypotheses, management alternatives are 

not necessarily linked to monitoring, and opportunities for ólearning while managingô may be 

missed.  

 

Thesis Goal 

The goal of my thesis is to use aspects of decision analysis (i.e., óplanning for learningô) to set 

the context for an adaptive management recovery strategy for a geo-politically defined 

population of Bobolink (Dolichonyx oryzivorus) throughout its current breeding range in 

Ontario, Canada (Figure 1).  To achieve this goal, I formalized uncertainty about drivers of 
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population abundance change, to treat them as competing, though not necessarily mutually 

exclusive hypotheses, and thereby set the foundation for developing predictive models to 

facilitate óplanning for learningô.  Specifically, in Chapter 1, I combined evidence from empirical 

studies and expert judgement to visually model causal mechanisms driving Bobolink population 

dynamics (hereafter, population dynamics means variation in population size, unless otherwise 

noted) through the annual cycle. In doing so, I characterized the structural complexity of the 

management system in a stakeholder arena to identify drivers of population dynamics as 

hypotheses to be tested in subsequent chapters. In Chapter 2, I spatially resolved Bobolink 

abundance trends to determine which areas of the province contributed most substantially to 

variation in population size (i.e., the provincial trend used for risk assessment), and which areas 

currently exceed recovery targets for abundance identified in the recovery strategy (see 

Background, below). In Chapter 3, I examined spatio-temporal variability in landscape patterns 

and processes to determine by which mechanism(s), and to what extent, changes in quantity and 

quality of agricultural grassland habitats contributed to regional changes in Bobolink abundance. 

I identified important predictors of spatial patterning in abundance trends, which can be used to 

inform regionally tailored management strategies. In Chapter 4, to facilitate the development of 

regionally scaled population viability models, which require spatially explicit information. I 

developed regionally scaled habitat suitability index models. Specifically, I determined whether 

knowledge of local mechanisms of habitat selection predict regional patterns in abundance.  In 

the Epilogue, I discuss how these findings will be used to develop landscape-based population 

viability models to predict the effects of alternative management scenarios and facilitate an 

adaptive management program. 
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Background  

Agricultural Grasslands 

North Americaôs native grasslands historically covered the largest area of any ecosystem on the 

continent (Ricketts et al. 1999). With the advent of agriculture and urbanization by early 

European settlers, native grasslands were significantly modified. For example, Canadian prairie 

declined by 61-99% due to cropland conversion and the interruption of natural disturbance 

cycles, such as beaver activity and fires, which maintained early-successional habitats (Sampson 

and Knopf 1994). Although natural grasslands were extensively modified or destroyed, land 

clearing by settlers created surrogate grasslands (e.g., hayfields and pastures) where they 

previously did not occur, particularly in the forest-dominated east (Askins 2000). These 

infrequently disturbed surrogate grasslands were used by a variety of obligate grassland species, 

since these grasslands types structurally and functionally mimic their native counterparts 

(Herkert 1991a, Askins 2000), resulting in range expansions eastward by several obligate 

grassland species (Vickery & Dunwiddie 1997; Vickery & Herkert 1999). 

In the past half century, surrogate grasslands substantially declined. For example, in some 

regions 95% of hayfields and pastures have been lost due to natural succession, urbanization, 

replacement by monoculture and a slowing dairy industry (Jobin et al. 1996). Increased use of 

pesticides, chemical fertilizers, earlier planting and harvesting, and loss of traditional crop 

rotations are also implicated in negatively affecting the quality of surrogate grasslands for 

wildlife (Bollinger and Gavin 1992, Knopf 1994, Jobin et al. 1996, Chamberlain et al. 2000).  
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Grassland Birds 

As a group, the guild of grassland birds requires prairie, savanna, pampas, steppe or similar open 

habitat types all year round. As such, they are vulnerable wherever loss and degradation of 

grasslands occurs throughout the annual cycle (McCracken 2005). Due to the widespread 

conversion of natural grassland to agriculture, grassland birds now largely rely on surrogate 

grasslands. In North America and elsewhere (e.g., Great Britain and western Europe; (Newton 

2004a)) abundance declines in grassland birds parallel that of habitat loss and degradation (Sauer 

et al. 2005).  

 

Bobolink (Dolichonyx oryzivorus) 

Bobolink are an obligatory grassland songbird related to blackbirds and orioles (family: 

Icteridae). Breeding males are mostly black with a white rump and scapula, and a straw-coloured 

patch on the crown. Females and non-breeding males have similar plumage, which is buffy 

brown, streaked with dark brown on the back and flanks, bold brown stripes on the crown, and 

un-streaked on the nape of the neck (The Cornell Lab of Ornithology 2015).  

Bobolink make one of the longest migrations of any North American songbird, travelling 

20,000 km to and from South America where they overwinter (Renfrew and Saavedra 2007). 

Individuals from different breeding areas arrive synchronously at the non-breeding grounds, 

where they form large foraging flocks (Renfrew et al. 2013). Mixing of Bobolink from different 

breeding areas during the non-breeding period (also called weak connectivity) suggest that the 

strength of natural selection during the non-breeding season will be equal across individuals, 

regardless of breeding origin (Webster and Marra 2005).  
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Bobolink breed in southern Canada from British Columbia to Newfoundland, and in the 

northern United States. Historically, Bobolink bred in tall-grass and mixed-grass prairie, but like 

many other grassland birds, they are now primarily dependent on surrogate grasslands (Martin 

and Gavin 1995). Bobolink return to the breeding grounds in early May, with males typically 

returning one week prior to females (Martin and Gavin 1995). Both sexes show site fidelity, 

which is influenced by breeding success in the previous year (Bollinger and Gavin 1989) and 

social information (Nocera et al. 2006). Nests are made on the ground where there is standing 

dead vegetation, low percent litter cover, and low percent bare ground (Warren and Anderson 

2005). Clutch size varies from three to seven eggs, which are incubated by the female for 11-12 

days before hatching. Young fledge around day 9-10, but remain poor flyers for several days 

after. Bobolink generally make only one breeding attempt per year, perhaps due to their long 

migration and short nesting season (Martin and Gavin 1995).  

Across their breeding range, Bobolink abundance increased from 1970 to the early 1980s, 

then began to decline rapidly, with the exception of the Prairie Pothole Bird Conservation 

Region (BCR) where they appear to be stable (Government of Canada 2015). In Canada, 

Bobolink experienced a 38% abundance decline between 1998-2008, largely driven by declines 

in Ontario (52% from 1998-2008) (COSEWIC 2010), where 40% of the Canadian breeding 

population resides (Government of Canada 2015). Bobolink in Ontario were added to the 

Species-at-Risk in Ontario List on 28 September 2010 (COSSARO 2010), which, hereafter, 

defines the geo-politically breeding population under study in my thesis (unless otherwise noted) 

(Figure 1). 
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Endangered Species Act (2007) 

The Endangered Species Act (ESA 2007) is the Ontario governmentôs legislative commitment to 

protect and recover species-at-risk and their habitat. Its primary purpose is to identify species-at-

risk based on the best available information, and protect and recover identified at-risk species 

and their habitat through stewardship activities (Section 1, ESA 2007). To identify species-at-

risk, the members of the Committee on the Status of Species-at-Risk in Ontario (COSSARO) use 

the best available scientific information, including Aboriginal and community knowledge, to 

designate species based on predefined quantitative assessment criteria, which are similar to those 

used by the International Union for Conservation of Nature (IUCN 2001) (Section 5.3, ESA 

2007). Under the Act, species listed on the Species-at-Risk in Ontario List as Endangered or 

Threatened are afforded species and habitat protection, which can either apply across the species 

Ontario range (defining the geo-political population) or at specific geographic locations within 

the province where the species resides, as indicated by COSSARO (Section 5.2, ESA 2007). 

Endangered species are defined as those facing imminent extinction or extirpation, and 

Threatened species are those not currently endangered, but likely to become endangered if steps 

are not taken to address threatening factors (Section 5.1, ESA 2007). Provisions for species 

protection prohibit killing, harming or harassing an Endangered or Threatened species; 

provisions for habitat protection prohibit damaging or destroying an area a species listed as 

Endangered or Threatened depends on, directly or indirectly, to carry out its life processes 

(Section 9.1 and 10.1, ESA 2007). Once a species is listed, a Recovery Strategy is prepared for 

each Endangered and Threatened species, which identifies its habitat needs, describes threats, 

provincial recovery objectives, and approaches to achieve recovery (Section 11.2, ESA 2007). 

The precautionary principle applies, in that the lack of full scientific certainty cannot be used as a 
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reason for postponing measures to avoid or minimize threats (Section 11.3, ESA 2007).  The 

Ontario Ministry of Natural Resources and Forestry must then publish a Government Response 

Statement summarizing the governmentôs objectives and intended actions and priorities in 

response to the Recovery Strategy (Section 11.8, ESA 2007).  

 

Exemption Regulation  

Bobolink nest in surrogate agricultural grasslands during the time period that broadly coincides 

with hay harvest and livestock grazing (May-July). These, and other farming activities destroy 

nests (Bollinger et al. 1990, Perlut et al. 2006) in contravention of species and habitat protection 

provisions of the ESA (Section 9.1 and 10.1, ESA 2007). To address stakeholder concerns about 

the consequences for the agriculture sector of legally protecting Bobolink, a General Regulation 

(Ontario Regulation 242/08; the exemption Regulation) under the ESA was approved, which 

allows certain agricultural activities to proceed that would otherwise contravene the species and 

habitat protection provisions. This exemption Regulation extends through 2025.  

 

Recovery Goals, Objectives and Actions 

The Bobolink Recovery Strategy, published on 31 May 2013, recommended the long term 

recovery goal should be to maintain a stable, self-sustaining population of Bobolink in Ontario 

and, in doing so, contribute to the conservation of the guild of grassland birds. In the short-term 

(over a 10-year period: 2013-2023) the objective is to slow the annual rate of abundance decline 

to an average of no more than 1 percent per year, or no more than 10% over 10 years 
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(McCracken et al. 2013). On 15 December 2015, the Government Response Statement 

committed to the objective of slowing the current rate of decline to 0% by 2036 (within 20 

years), intended to result in a stable, self-sustaining population of Bobolink at 65% of its current 

abundance throughout its current range in Ontario. Stakeholder objectives have yet to be elicited.  

 The Bobolink Round Table, an advisory group comprised of stakeholders from 

agriculture, conservation, industry, and the development sector, was appointed by the Ontario 

government to recommend actions to support Bobolink recovery in the province. Recommended 

actions included, but were not limited to, modifications of hay cutting dates (e.g., delay first cut 

until after July 1), managed grazing (e.g., fencing for rotational systems), and setting aside areas 

to maintain or create grassland habitat. The Government Response Statement committed to the 

objective of creating, maintaining, and enhancing 30,000 ha of grassland habitat through 

community-led stewardship.  
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Figures 

 

Figure 1: Bobolink (Dolichonyx oryzivorous) in Ontario, Canada, predominantly breeding in 

Bird Conservation Region 13 (BCR 13, lightest grey). This area of the province defines the geo-

political extent of my study population. 
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Chapter 1: Complexity of Factors Affecting Bobolink Population Dynamics Communicated 

with Directed Acyclic Graphs  

 

Abstract 

North American grassland birds experienced steeper, more consistent, and widespread 

abundance declines than birds of any other habitat type in the past quarter century. Despite the 

surge of research into grassland bird ecology and conservation, there remains considerable 

uncertainty about the proximate and ultimate causes of declines, and a need to clearly 

communicate its structural complexity among policy makers, resources managers and 

stakeholders. I organized evidence from published literature about factors affecting population 

dynamics of Bobolink, augmented by stakeholder knowledge, in directed acyclic graphs (DAGs) 

depicting hypothesized cause-effect relationships. My contrast between knowledge as depicted in 

the literature and among stakeholders, revealed several factors and relationships not in evidence 

in the other knowledge system. For example, stakeholders identified three secondary factors 

alleged to affect Bobolink habitat quantity on the breeding grounds not identified in the 

literature: tree planting incentives, green energy incentives, and crop values. These, and other 

structural uncertainties in the management systems are made transparent using DAGs, 

facilitating communication and co-learning among knowledge holders. Unanticipated outcomes 

and poor choices may be reduced by taking structural complexity into account and making this 

complexity transparent at the outset of the decision-making process. 
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Introduction 

Temperate grasslands are some of the most altered ecosystems globally, yet are afforded some of 

the least protection (IUCN 2014). For example, North American tallgrass prairie is considered 

the most endangered ecosystem on the continent, with approximately one percent of 240 million 

acres remaining (Ricketts et al. 1999), of which >70 % is under private ownership (Backlund et 

al. 2008). Agricultural practices may now create and maintain surrogate grasslands (e.g., 

hayfields and pastures), which mimic the structure and function of native counterparts and 

provide habitat to grassland-dependent flora and fauna (Herkert 1991a). Nevertheless, during the 

past quarter century, grassland birds experienced steep and widespread abundance declines in 

North America (Askins 1993, Peterjohn and Sauer 1999, Vickery et al. 2000). Despite a surge of 

research into grassland bird ecology and conservation (Koper and Nudds 2011), considerable 

uncertainty remains about the proximate and ultimate causes of population dynamics and, 

therefore, potential management alternatives to arrest or reverse declines (Vickery et al. 2000).  

Establishing clear cause-effect relationships between population size and habitat 

condition is complicated by species-specific responses to multiple factors that affect avian 

population dynamics during the breeding and non-breeding periods (Newton 2004b), and spatio-

temporal variability in environmental and demographic patterns and processes (Sæther et al. 

2006, Corace et al. 2009). Evidence can lend support to several alternative, perhaps competing, 

hypotheses, creating ambiguity, confusion and controversy about preferred management 

decisions (Haapasaari et al. 2012). To identify, characterize and accommodate the complexity of 

structural uncertainty into decision-making processes, modeling frameworks are required that 

can incorporate multiple sources of information (e.g., data, empirical models, expert judgement) 

to identify key drivers of population change, while facilitating communication, co-learning, and 
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transparency among researchers, policy makers, managers and stakeholders (Biggs et al. 2011). 

Transparency is especially important if conservation-oriented policies are perceived to put some 

stakeholdersô economic or other cultural interests at risk. For example, visual models (e.g., flow 

charts, influence diagrams, directed acyclic graphs) map information in simple, clear, and 

transferable ways, and are foundational to understanding the complexity of a system, 

conceptualize cause-effect relationships, and determine the degree to which there is common 

understanding of complex issues among knowledge systems (Biggs et al. 2011). Further, the 

identification and visual mapping of factors alleged to affect species population dynamics form 

the basis of more complex models used in structured decision-making (e.g., Bayesian belief 

networks; Marcot et al. 2006).  

Bobolink are among the obligate grassland birds that have experienced significant 

declines in abundance since the 1960s (Peterjohn and Sauer 1999). Despite numerous studies, 

many of the hypothesized mechanisms of decline have yet to be tested empirically, and existing 

scientific evidence is often inconsistent temporally and spatially (reviewed herein). 

Consequently, it remains unclear which management actions might arrest or reverse declines and 

be embraced by the stakeholders on whom conservation implementation largely falls. To assist 

management planning in a stakeholder arena, I compiled, reviewed and organized evidence about 

factors alleged to cause abundance declines in a visual model. Specifically, I used directed 

acyclic graphs (DAGs) to organize a review of the scientific literature, augmented by stakeholder 

knowledge, to illustrate structural complexity of factors affecting Bobolink population dynamics 

(U.S. Fish and Wildlife Service 2002, COSEWIC 2010) 
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Methods 

In anticipation of eliciting stakeholder knowledge to compare to a review of the primary 

literature, I identified two core demographic and two core environmental parameters that drive 

population dynamics, based on a conceptual two-season migratory bird population model 

(Pulliam and Danielson 1991; Sutherland 1996, 1998): habitat quantity, habitat quality, 

fecundity, and mortality. I selected these parameters as model starting points for stakeholder 

elicitation, as research suggests guidance can improve model building efficiency when working 

with stakeholders (Rassweiler et al. 2014). I used these same core parameters to organize the 

results of the literature review about how changes in habitat quality and quantity might relate to 

change in Bobolink abundance, mortality and fecundity (Figure 1). I used ISI Web of Science© 

and web-based search engines (current to January 2014) with the search term óBobolinkô.  

I elicited stakeholder knowledge at a workshop on 4 April 2014 in Guelph, Ontario, 

Canada. While the workshop was regionally focused, the elicitation of knowledge was intended 

to be range wide for Bobolink. Stakeholders included agency managers and policy makers, 

researchers, and representative organizations of those affected by policy in the agricultural and 

environmental communities. Of the thirty-eight meeting attendees, twenty (53%) volunteered to 

participate in the exercise to elicit their beliefs about how specific aspects of habitat quality and 

quantity might be associated with fecundity and mortality on the breeding and non-breeding 

areas (Appendix A). I restricted the number of nodes in the DAGs, otherwise they become too 

large and complex (Cain et al. 1999), and lead to intractable probability tables later in the 

development of BBNs (Marcot et al. 2006). 

I overlaid information from the literature review with that elicited from stakeholders to 

construct DAGs for each of the four core parameters of interest. DAGs depict causal 
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relationships among ecological factors that influence the outcome of a parameter of interest 

(Marcot et al. 2006). Variables are represented as nodes (e.g., box, circle, or oval) in the diagram 

and their dependencies are depicted as links and arrows. I estimate the support among 

stakeholders for specific links between nodes as the proportion of respondents that identified that 

causal factor in a directional relationship (i.e., thicker lines represented more support). Factors 

identified in the literature but not by stakeholders, and by stakeholders but not in the literature, 

were represented in DAGs using dashed and double lines, respectively.  

 

Results 

I first summarize information from the literature that informed the assembly of the DAGs 

(Figures 2-4). I then characterize the state of the published literature with respect to which nodes 

and links have been most studied, and overlay each DAG with information about which potential 

drivers are important causes of variation in Bobolink abundance from the perspectives among 

my sample of stakeholders.  

1. Habitat Quantity 

For a migratory bird, habitat loss during any stage of the annual cycle can result in magnified use 

of remaining habitats, can result in increased negative density-dependence and cause higher 

mortality or lower reproductive output due to processes such as interference or resource 

depletion (Fretwell 1972; Sutherland 1996, 1998; Norris 2005). Evidence for the role of 

landscape change in the decline of grassland birds primarily comes from temporal and spatial 

correlation analyses between agricultural land-based data and breeding bird census data (Newton 

2004b).  The exact drivers of such landscape changes are less well documented in the biological 

literature and ascribing unequivocal cause-effect relationships between abundance trends and 



22 

 

 

 

habitat change is therefore challenging.  Here I summarize the correlative evidence for habitat 

loss on the breeding and non-breeding grounds, and its relationship to Bobolink abundance 

trends (Figure 2).   

1.1 Breeding habitat quantity: Prior to European settlement, Bobolink breeding habitat was 

largely maintained by natural disturbances, such as fire, tree diseases, beaver activity, and 

indigenous land clearing (Vickery and Herkert 1999, Askins et al. 2007).  With the advent of 

agriculture and urbanization by early European settlers, native grasslands were significantly 

modified or destroyed. However, land clearing by settlers also created surrogate grasslands (e.g., 

hayfields and pastures) where they previously did not occur, particularly in the forest-dominated 

east (Askins 2000). These infrequently disturbed surrogate grasslands were used by a variety of 

obligate grassland species, resulting in range expansions eastward by several obligate grassland 

species (Vickery & Dunwiddie 1997; Vickery & Herkert 1999). As a result, the abundance and 

distribution of Bobolink became largely dependent on these surrogate agricultural grasslands. 

Broad-scale changes to the agricultural landscape since the onset of Bobolink abundance 

declines in the 1960ôs are documented (e.g., Statistics Canada Census of Agriculture, United 

States Census of Agriculture), and correlations between Bobolink abundance trends and 

farmland habitat quantity are recognized.  

In the U.S. Great Lakes states, at a county-scale, Bobolink abundance trends were better 

explained by aspects of habitat quantity (land use and cover types) than by habitat quality  

(an index of mowing intensity (IMI)) based on date of first hay harvest, number of harvests, and 

weeks between harvests (Corace et al. 2009). Similarly, in northern Illinois, earlier and more 

frequent cutting of hay fields had less influence on Bobolink abundance trends than did a decline 

in the area of pastures, hayfields and oats (Herkert 1997a). On a broader scale, Bobolink 
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abundance trends across 40 states were positively associated with an increase in area of hayfields 

and negatively associated with increase in area of pasturelands, and were more often positive in 

central than eastern states (Murphy 2003).  

Researchers speculate that farm abandonment, leading to reforestation, and factors 

associated with growing human populations (abundance and distribution) are responsible for 

habitat loss on the breeding grounds (Perlut 2014). Another line of evidence suggests that Bovine 

spongiform encephalopathy (BSE) outbreaks in Europe may have had a time-delayed cascade 

effect on global beef markets, affecting hayfield quantity in North America, and subsequently 

Bobolink abundance (Nocera and Koslowsky 2011). Increases in cash crop value, tree planting 

incentive programs, and changes in energy policy (e.g., Energy Policy Act 2005) are also 

hypothesized by stakeholders as being important drivers of landscape change resulting in the loss 

of Bobolink breeding habitat.  

1.2 Non-breeding habitat quantity:  Bobolink migrate from breeding grounds in the autumn to 

overwinter in South America, during which they stopover in the Caribbean Islands (Chapman 

1890), northern Venezuela, and eastern Colombia in open habitat types one-tenth the area of the 

breeding range (Renfrew et al. 2013). They continue to Bolivia and Argentina and stage in 

similarly equally small areas (Renfrew et al. 2013).  The extent of the non-breeding range is not 

well described (Martin and Gavin 1995), but Bobolink are known to occur in wet natural 

grassland habitats associated with the main rivers and marshes, and to a lesser extent, crop fields 

in Argentina (Di Giacomo et al. 2005). In Bolivia, Bobolink were recorded foraging in soybean 

fields, rice fields, idle grasslands, and wetlands (Renfrew and Saavedra 2007).  

Bobolink form flocks during the non-breeding season, which are highly mobile and 

responsive to land use changes (Renfrew and Saavedra 2007). However, patterns of land use 
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change on the wintering range have yet to be investigated in relation to abundance trends in 

Bobolink (Vickery and Herkert 2001). Natural grasslands are a highly threatened habitat in 

Argentina, with an estimated 90 percent converted to agriculture or urban developments 

(Krapovickas and Di Giacomo 1998). Other habitat changes include conversion of forests, 

pastures, grasslands, wetlands and shrublands to cultivated crops (Renfrew and Saavedra 2007), 

and increased rice production in Venezuela (628% from 1951 to 2010; IRRI 2012) and Argentina 

(200% from 1970 to 2000; SAGPyA 2002). It is hypothesized that if rice production continues to 

shift northward in Bolivia, the distribution of Bobolink may follow, as Bobolink are known to 

forage on rice seeds (Renfrew and Saavedra 2007).  

2. Habitat quality 

Habitat selection is a behaviour that relies on environmental  (e.g., vegetation structure; Cody 

1968; Wiens 1969, 1974) and social cues (e.g., intra ï or interspecific interactions; Martin 1993) 

that correlate with habitat quality at the time of settlement. Generally speaking, habitat selection 

in migratory birds is viewed as a hierarchical process, in which individuals first consider 

landscape conditions before selecting habitats at a finer spatial scale (Johnson 1980, Hutto 1985). 

Here I summarize the evidence for the effect of perceived habitat quality on the distribution and 

abundance of Bobolink on breeding and non-breeding areas (Figure 3).  

2.1 Breeding habitat quality: Cues of habitat quality used by Bobolink during habitat selection on 

the breeding grounds are hypothesized to be a response to landscape condition, patch condition, 

and social information. The evidence for this assertion is summarized below.  

  2.1.1 Landscape condition ï  Landscapes with lower cover type diversity and with fewer 

patches attracted higher numbers of Bobolink (Ribic and Sample 2001). Habitat openness, as 

affected by the proportions of wooded and grassland areas, also positively influenced Bobolink 
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occurrence at the landscape scale (Ribic and Sample 2001, Winter et al. 2006, Thogmartin et al. 

2006b).  

2.1.2 Patch condition ï The most frequently cited patch-level predictor of Bobolink 

abundance was field area; all researchers reported a positive relationship (Bollinger et al. 1990, 

Bollinger and Gavin 1992, Herkert 1994a, Vickery et al. 1994, Bollinger 1995, Vickery and 

Herkert 1999, Helzer and Jelinski 1999, Horn 2000, OôLeary and Nyberg 2000, Johnson and Igl 

2001, Horn et al. 2002, Thogmartin et al. 2006b, MacDonald 2014). This trend, known as area-

sensitivity, results in birds either less likely to occur or less abundant in small habitat patches 

(Herkert 1994a, Vickery et al. 1994, Winter and Faaborg 1999, Helzer and Jelinski 1999, 

Johnson and Igl 2001). Research suggests that a perimeter-area ratio (Helzer and Jelinski 1999) 

or measures of visual habitat openness (Keyel et al. 2013) may be a more effective measure of 

habitat quality than field area alone, because they take into consideration patch size, shape, 

and/or surrounding habitat types. These measures could therefore be exchanged with ófield areaô 

in the DAG.  Bobolink avoid edges, perhaps due to competition with edge-dominant species 

(Herkert 1991), nest predation and parasitism (Johnson & Temple 1986), and/or aversion to 

habitat edges by birds that evolved in large contiguous tracts of habitat (Temple and Cary 1988, 

Bollinger and Gavin 2004). Edge effects are reported adjacent to forests, hedgerows and roads, 

but to a lesser extent adjacent to open habitat types (e.g., agricultural fields; Fletcher and Koford 

2003, Bollinger and Gavin 2004, Keyel et al. 2013, Perkins et al. 2013). Edge effects may extend 

50-100m into the nesting habitat (Bollinger and Gavin 2004, Perkins et al. 2013) and up to 10m 

from fence lines (Perlut and Strong 2011).  

Vegetation structure may be the most important aspect of habitat selection in grassland 

birds, and as a result, predictor of habitat-specific density (Wiens 1969, Rotenberry and Wiens 
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1980, Bollinger 1995, Winter et al. 2005). Eight vegetation variables were identified in literature 

sources as important predictors of Bobolink density (abundance/area) at the patch-level, 

including vegetation height, vegetation height-density (HD; obstruction measure), total cover, 

patchiness, grass-legume ratio, forb cover, frequency of native grasses, and litter depth (Table 1). 

These variables were collapsed into a summary variable in the DAG and referred to as 

óvegetation structureô (Figure 3). Vegetation structure differs markedly among habitat types and 

fields of different ages (i.e., the number of years since the habitat was established). For example, 

in hayfields, percent total cover and percent legumes decrease with field age and percent grass 

and litter depths increase with field age (Bollinger 1995). In pastures, livestock trampling alters 

vegetation structure (Kantrud 1981, Baker and Guthery 1990), affecting the patch quality for 

grassland breeding birds. Vegetation HD in the spring (i.e., pre-breeding season) is also 

associated with increased occupancy and density of Bobolink (Nocera et al. 2007), as HD is 

suspected to facilitate nest concealment and reduced predator detection (Fondell and Ball 2004). 

Thus, the last cutting date in the preceding year is an important predictor of vegetation structure, 

as late cutting (e.g., after late August) may not permit enough vegetation re-growth prior to the 

winter (Nocera et al. 2007).  

 Bobolink abundance is positively correlated with Orthoptera and Hemiptera, which form 

part of the adult diet during the breeding season (Nocera et al. 2007). Bobolink provision young 

with a higher proportion of Orthoptera and Lepidoptera during nesting than Hemiptera 

(Wittenberger 1982, Skipper and Kim 2013), even though Hemiptera have greater gross energy 

content and fat composition than other insects in agro-ecosystems (Robel et al. 1995).  

2.1.3 Social information ï  In some species, social information may be strong enough to 

override habitat selection responses based solely on environmental cues, leading individuals to 
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occupy areas on the basis of previously established site attachments (Wiens and Rotenberry 

1985). Bobolink obtain social information about habitat quality by the presence of other 

individuals of the same species during spring settlement, preceding the breeding season in the 

fall  (i.e., carry-over attraction; Nocera et al. 2006), and based on past breeding success 

(Bollinger and Gavin 1989).  

2.2 Non-breeding habitat quality:  Food may be an important limiting factor determining the 

distribution and abundance of birds during the non-breeding season (Sherry et al. 2005). The 

patchy distribution of Bobolink during the non-breeding season is hypothesized to be a response 

to limited food resources (Renfrew et al. 2013). During this period, Bobolink primarily have a 

plant-based diet (Di Giacomo et al. 2005), feeding on grass seeds (Martin and Gavin 1995) and 

rice during the ómilk stageô of its growth (Pettingill 1983). Thus, it is speculated that variation in 

rice cultivation has influenced the distribution and abundance of Bobolink (Section 1.2; Renfrew 

and Saavedra 2007). During the non-breeding period, Bobolink have also been observed feeding 

on insects (e.g., caterpillar larva; Renfrew and Saavedra 2007). Anecdotal evidence suggests that 

the occurrence of Bobolink may be positively affected by the El Niño Southern Oscillation 

(ENSO), in particular, warmer and wetter weather that results in greater flooding (Di Giacomo et 

al. 2005), in turn, leading to outbreaks of insects and seeds in habitat used by migratory birds 

(Jaksic and Fariña 2010).  

3. Fecundity 

Factors affecting reproductive output in Bobolink (number of fledglings produced/female/year) 

are generally well studied (Figure 4). Five factors are identified as having an important influence 

on nesting success, and thus realized fitness based on habitat choice: first hay harvest date, 

livestock trampling, predation, pesticide use, and prey availability.    



28 

 

 

 

3.1 First hay harvest date:  It is estimated that ~320 thousand Bobolink nestlings are lost 

annually due to mechanical disturbance associated with mowing (Tews et al. 2013). This is 

because modern hay harvest operations generally occur before most Bobolink young fledge, 

resulting in nestlings being destroyed (Bollinger et al. 1990, Bollinger and Gavin 1992, Martin 

and Gavin 1995, Herkert 1997a, Nocera et al. 2005, Perlut et al. 2006, Corace et al. 2009, Frei 

2009). In the Champlain Valley of Vermont and New York, fledgling rates were assessed under 

three hay-harvest treatments: early-hayed (hayed between 27 May and 11 June and generally 

again in early-to mid-July); middle-hayed (hayed between 21 June and 10 July); and late-hayed 

(hayed after 1 August) (Perlut et al. 2006). Middle-hayed fields offered high quality breeding 

habitat, similar to late-hayed fields, with reproductive outputs of 2.22 ± 0.26 and 2.79 ±0.18, 

respectively (number of fledglings/female/year ± standard error), whereas early-hayed fields had 

very low reproductive success (0.05 ± 0.05).  

The timing of first hay harvest, in turn, was affected by the capacity of the land for 

agricultural production. In New York, 51% of the high-quality agricultural areas were cut by 17 

June, compared to 12% of low-quality areas (Bollinger et al. 1990). High-quality agricultural 

areas had younger alfalfa-dominated fields with fewer Bobolink than low-quality agricultural 

areas where fields tended to be more grass-dominated. Greater use by Bobolink of older, grass-

dominated hayfields reduced mowing mortality because older hayfields tended to be cut later 

than younger fields. Thus, mowing reduced nesting success by 29-45% in high-quality hay areas, 

but only by 6-8% in low-quality areas. The grass to legume ratio, and hence date of first harvest, 

is also influenced by the livestock type for which forage is being provided. For example, forage 

grown for beef cattle, small ruminants, and the equine industries generally had greater grass: 
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legume ratios than forage grown for the dairy industry, due to differences in nutritional 

requirements of these livestock (Pearson et al. 2006).  

Factors correlated with latitude also influence the date of first harvest. In the Upper Great 

Lake States of Michigan, Minnesota and Wisconsin, the IMI was significantly lower in the 

Upper Peninsula of Michigan than further south (Corace et al. 2009). There was, however, no 

relationship between hayfield mowing patterns and Bobolink abundance trends. Rather, trends at 

the county-scale were better explained by cover types. 

3.2 Livestock trampling:  Livestock trampling can not only alter the composition and structure of 

vegetation within a field (Kantrud 1981, Baker and Guthery 1990) but can also result in direct 

nest lost (Jensen et al. 1990, Renfrew et al. 2005). In continuously grazed systems, livestock 

have unrestricted access to the entire pasture throughout the grazing season. In rotationally 

grazed systems, smaller fenced paddocks are grazed for short periods of time, with cattle rotated 

frequently, resulting in each individual paddock grazed more than once during the grazing season 

(MacPhail and Kyle 2012). Stocking density generally increases with the number of paddocks or 

as paddock size decreases. For example, stocking density for summer yearling production in 

tallgrass was reported as 0.6 head/ ha under continuous grazing. Under an 8-paddock short 

duration grazing program, cattle stock densities increased to 4.9 head/ ha, and 9.9 head/ ha under 

a 16-paddock system (Jensen et al. 1990). Thus, stocking density and grazing system can be used 

interchangeably in the DAG. Rotational grazing can result in nest failure due to high stocking 

densities and frequent nest disturbance (Temple et al. 1999, Renfrew et al. 2005), which can 

account for 1-100% of Bobolink nest failures due to trampling (Perlut et al. 2006, Kerns et al. 

2010, Perlut and Strong 2011, MacDonald 2014). In Ontario, the negative effect of cattle grazing 

on Bobolink reproductive success increases as a function of the number of paddocks grazed 
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(MacDonald 2014). In this, and other systems (Paine et al. 2006), regardless of stocking density, 

all nests that were exposed to cattle were trampled. Only if stocking densities were less than 0.08 

animals/acres/days were pastures considered beneficial to Bobolink, which is 7 times lower than 

the average stocking density in Ontario (MacDonald 2014). Entry date of livestock into paddocks 

strongly predicted reproductive success of Bobolink in Ontario, such that the later the date, the 

greater the reproductive success (MacDonald 2014). Successful reproduction in this system was 

only documented in paddocks that cattle had not entered before fledglings were capable of 

sustained flight (7 days following nest emergence; Martin and Gavin 1995).  

3.3 Nest predation and parasitism:  Nest predation and brood parasitism both negatively affected 

nesting success in grassland birds (Pease and Grzybowski 1995). Nest depredation typically 

results in complete nest failure, whereas brood parasitism diminishes the number of host young, 

functionally similar to partial nest depredation. Effects of depredation and brood parasitism on 

nesting success were influenced by distance to edge and edge type. Evidence for this assertion is 

summarized below. 

In managed tallgrass prairie in western Minnesota, rates of brood parasitism were higher 

for nests closer to wooded edges, and greater for nests on small than large habitat fragments 

(Johnson and Temple 1990). Similarly, daily nest survival rates (DNS) of Bobolink in New York 

were greater at sites >100m than at sites <50m from forests or hedgerows (Bollinger and Gavin 

2004). Similar to nest density, there was no difference in nestling survival between edge and 

interior if the edge type was road, old field, or pasture (Bollinger and Gavin 2004, Renfrew et al. 

2005). However, in Minnesota, Bobolink nesting success was not consistently higher in large or 

treeless prairie patches, suggesting that variation in nesting success was caused mainly by 

differences in the abundance or activities of nest predators (Winter et al. 2006). Similarly, in an 
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experiment that manipulated woody cover to influence depredation rate, the probability of 

Bobolink fledging 1 young varied positively with distance from woody edges (0.63 and 0.82 at 

30 and 120 m, respectively), but did not differ pre- and post-tree removal ( 0.35 (95% C.I., 0.18, 

0.54) and 0.32 (0.12, 0.51), respectively) (Ellison et al. 2013). Following the removal of woody 

vegetation, activity of woodland associated predators (e.g., raccoon (Procyon lotor) and striped 

skunk (Mephitis mephitis)) nearly ceased, while the activity of grassland predators (e.g., thirteen-

lined ground squirrel (Ictidomys tridecemlineatus)) increased. Similarly, Renfrew et al. (2005) 

found that agricultural edges did not appear to concentrate mammalian predators as expected, 

and that the activity of those predators was high along both wooded and non-wooded edges.  

3.4 Pesticides: Some studies attribute declines of grassland farm birds with pesticide exposure on 

the breeding grounds (Mineau et al. 2005, however see Perlut 2014, Hill et al. 2014). Pesticides 

are hypothesized to have direct negative effects on Bobolink reproductive success by having 

acute toxic effects on nestlings (Herkert 1997a). However, the exposure rate and median lethal 

dose (i.e., LD50) for various pesticides have yet to be measured for adult or nestling Bobolink. 

The indirect effects of pesticide use on prey availability are discussed in the subsequent section 

(Section 3.5).     

3.5 Prey availability:  Lepidopteran larva and orthopterans comprise the majority of identified 

prey delivered to Bobolink nestlings by their parents (Wittenberger 1982, Skipper and Kim 

2013). Bobolink provisioned their nestlings with lepidopteran larvae at greater rates than their 

availability in the environment, suggesting lepidopteran larva is preferred to othopeterans during 

the nestling phase (Skipper and Kim 2013). The importance of prey availability on Bobolink 

nesting success has received little attention, but is hypothesized to be influenced by pesticide use 

and precipitation.  
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Pesticides are known to negatively affect food resource availability in grassland 

ecosystems (Martin et al. 2000). How pesticide use changes food provision rates to nestlings by 

adult Bobolink is unknown. However, when food resources are scarce, Bobolink nestlings will 

starve despite increased provisioning by the adults (Wittenberger 1982). In addition, there could 

be effects of sub-lethal poisoning of adult birds on the survival of young, if feeding efforts are 

decreased and nestling weights are reduced (Martin et al. 2000). Fluctuations in precipitation are 

also known to affect food resource availability, with insect biomass being reduced in drought 

years (Wittenberger 1980).  

4. Mortality 

Adult and juvenile survivorship have been identified as critical demographic parameters 

influencing abundance across a diversity of avian species (reviewed by Saether and Bakke 2000), 

including Bobolink.  Population projection models indicated that adult survival consistently had 

the strongest relative effect on population growth rates; post-fledgling (i.e., juvenile) survival 

had less (Fletcher et al. 2006). Similar models projected that improving either adult or juvenile 

survival rates outside the breeding period would be important to Bobolink population persistence 

(Perlut et al. 2008). Although adult and juvenile survival rates are hypothesized to be important 

demographic parameters to Bobolink, threats to survival are less well quantified in the literature. 

Here I summarize hypothesized mortality factors for the breeding and non-breeding periods 

(Figure 4).  

4.1 Breeding period mortality: Three factors are hypothesized to influence rates of mortality on 

the breeding grounds in Bobolink: date of first hay harvest, pesticides, and collisions with tall 

structures.  
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4.1.1 Date of first harvest ï  Individual adult Bobolink are susceptible to haying 

operations, particularly if haying occurs at night while birds are on the nest or roosting on the 

ground (Rodenhouse et al. 1992); less certain is the effect of haying on adult mortality. Estimates 

of Bobolink nestling mortality due to mowing operations (see Section 3.1), however, were not 

accompanied by estimates of adult mortality (Tews et al. 2013). One line of evidence suggests 

that adult Bobolink are not killed directly by mowing operations (Bollinger et al. 1990).  

4.1.2 Pesticides ï  Pesticides are also hypothesized to directly affect survival of Bobolink 

on breeding areas, as they have been shown to contribute to the decline of other farmland 

associated birds (Mineau et al. 2005, Mineau and Whiteside 2013). However, research has yet to 

be done that directly link pesticide toxicity to Bobolink mortality on the breeding grounds. 

4.1.3 Collisions with tall structures ï Bobolink, like other migratory birds, may be 

susceptible to collisions with tall structures (e.g., lighthouses, tall buildings, communication 

towers, wind turbines). In Canada, an estimated 25 million birds are killed annually by collision 

with windowed structures (Machtans et al. 2013), 2.5 million are killed annually by collision 

with transmission lines (Rioux et al. 2013), and an additional 23 thousand birds are killed 

annually by collisions with wind turbines (Zimmerling et al. 2013). Although the cumulative 

effects of collisions on Bobolink mortality rates is unknown, it is suspected to be increasing due 

to activities associated with urban development (McCracken et al. 2013).  

4.2 Non-breeding period mortality: Threats to Bobolink on non-breeding grounds are suspected 

to strongly affect their population dynamics, but remain largely unstudied. Pesticides and 

persecution were the two main factors hypothesized by stakeholders, and discussed in the 

literature, to influence the survival of overwintering Bobolink.    
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4.2.1 Pesticides ï  Pesticides used for rice cultivation are associated with bird mortality, 

impairment of an individualsô ability to migrate, or adverse reproductive effects in the 

subsequent breeding season (reviewed by Parsons et al. 2010). Bobolink come into contact with 

these pesticides either directly through the ingestion of treated rice, or by absorption through 

their feet while perching on rice stalks (Renfrew and Saavedra 2007). Organophosphate 

insecticides are among the highly toxic pesticides commonly used in rice production in 

Venezuala and Bolivia (Parsons et al. 2010), although they are now banned in Argentina 

(Renfrew and Saavedra 2007). In Bolivia, Bobolink exposed to monocrotophos ï an 

organophosphate insecticide ï exhibit lethal and sub-lethal levels of cholinesterase activity in 

their blood (Parsons et al. 2010). It is consequently hypothesized that these rice pesticides have a 

pronounced impact on overwinter survival.  

4.2.2 Persecution ï  Bobolink are reportedly intentionally poisoned in northern 

Venezuela (Basili 1997), which has been documented as a crucial staging area during migration 

(Renfrew et al. 2013). Similar to Dickcissel, Bobolink may be most vulnerable at roosting sites 

in areas where they are perceived as pests (Basili and Temple 1999), as effective control 

measures at these roosts could eliminate thousands to tens of thousands of birds at a time  

(Renfrew and Saavedra 2007). Bobolink are also reportedly captured in South America and the 

Caribbean for sale (Martin and Gavin 1995, Di Giacomo et al. 2005) and for human consumption 

(Chapman 1890). The population-level effects of these practices have yet to be quantified. 

  

States of Published and Stakeholder Knowledge  

Fifty-six of 317 peer-reviewed publications (summarized herein) identified either clear cause-

effect mechanisms or correlative relationships with respect to the four core parameters. More of 
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those 56 publications addressed aspects of habitat quality (57%) and fecundity (32%) than they 

did aspects of habitat quantity (7%) and mortality (4%). Among stakeholders, hay harvest and 

habitat loss on breeding areas were identified as important drivers of Bobolink population 

abundance by seventy and ninety percent of respondents, respectively. On non-breeding areas, 

habitat loss, persecution and pesticides were identified as important drivers of Bobolink 

abundance (40% each).  

There was a large amount of overlap between stakeholdersô knowledge and the published 

literature regarding factors allegedly driving changes in Bobolink abundance. However, several 

mechanisms were identified in the primary literature that were not identified by stakeholders 

(Figure 2-4, dashed lines), and stakeholders identified three factors potentially affecting 

Bobolink habitat quantity on the breeding grounds that were not apparent in the primary 

literature (Figure 2, double lines).  

 

Discussion 

The graphical nature of DAGs proved useful to organize the literature review, as they provided a 

framework to inventory a considerable amount of information, while visually mapping 

relationships among multiple plausible mechanisms behind Bobolink abundance decline. 

Complex relationships among mechanisms may not be clearly evident from a typical literature 

review, and can be especially challenging to communicate. The participatory approach used here 

also provides resource managers with a pragmatic framework for identifying factors considered 

important by researchers and stakeholders alike, as well as for unique perspectives. A 

participatory framework also allows for the flow of information and knowledge between 

decision-makers, scientists, and stakeholders, with the underlying purpose to help deliver 
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successful policies by connecting research, management and natural resource governance 

(Mackinson et al. 2011).  

Considerable overlap between the states of knowledge about factors alleged to drive 

Bobolink population dynamics were described from the literature and stakeholder beliefs. This 

overlap may have resulted because engaged stakeholders may be largely informed by scientific 

literature, or because scientific research had been motivated by stakeholdersô knowledge. 

Nonetheless, my comparison between the states of knowledge as depicted in the literature and 

among stakeholders revealed several factors and relationships not in evidence in the other 

knowledge system. For example, stakeholders identified three unexplored secondary factors 

alleged to affect Bobolink breeding habitat quantity: tree planting incentives, green energy 

incentives, and crop values. The literature, on the other hand, identified bovine spongiform 

encephalopathy outbreaks in Europe as an important factor affecting habitat quantity on the 

breeding grounds (Nocera and Koslowsky 2011) (Figure 2). Inconsistent knowledge in the 

literature and that held by stakeholders generate structural uncertainty in the management 

system, especially if either party is unaware of the otherôs experience. In this study, uncertainty 

may have arisen due to the interdisciplinary nature of the management problem, whereby the 

economic factors identified by stakeholders may have yet to be linked to Bobolink population 

dynamics by the largely ecologically grounded scientific community. Regardless, these 

inconsistencies in knowledge identify areas ripe for further inquiry. Research into the economic 

factors driving land use changes on the breeding grounds may be warranted, particularly if 

coupling agricultural and/or conservation subsidies or other market incentives are among 

management options under consideration.  
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Inconsistencies in identified causal relationships may have also arisen due to the 

stakeholder elicitation process. In particular, the stakeholders I consulted identified fewer factors 

and relationships than were apparent in the literature (dashed lines, Figure 2-4). In limiting 

stakeholderôs selection of variables (Appendix A), individuals may have identified fewer factors 

and relationships than they were mindful about, and these fewer factors may have related to 

those that were most controversial and well publicized. In providing stakeholders with scientific 

guidance (i.e., core parameters as starting points), focused variable selection was intended to 

limit the length of causal chains and better identify the cause-effect hypotheses most central to 

the management problem. My systematic literature review could then be used to assess the 

validity of these relationships, and identify inconsistencies in knowledge sources.  

Cause-effect relationships that received the greatest amount of stakeholder support were 

habitat loss associated with cash crop conversion and the decline of cattle on the breeding 

grounds, and the negative effects of hay harvest timing, livestock trampling, and pesticide use on 

reproductive output. These relationships were also identified in the literature, however, the 

amount of empirical support they received varied. For example, the loss of dairy cow-based 

agricultural in the Northeastern U.S. did not correlate with Bobolink abundance trends from 

1996 and 2007 (Perlut 2014). Further, the direct and indirect effects of pesticide use on Bobolink 

mortality and fecundity remain largely unresolved, and correlative relationships suggest they 

may (Mineau and Whiteside 2012) or may not (Hill et al. 2014, Perlut 2014) be important drivers 

of grassland bird population abundance trends. Left unaddressed, divergence between empirical 

evidence and stakeholder perceptions could result in criticisms or disagreements about resulting 

policy options. Thus, extending the knowledge base to include stakeholder perceptions, and 



38 

 

 

 

making explicit uncertainties in existing empirical evidence, can stimulate consensus building, 

improve communication and improve policy acceptance (Haapasaari et al. 2013).   

In the era of óevidence-basedô management, the synthesis of the óbest available scienceô 

and stakeholder knowledge (local or indigenous) is necessary to characterize structural 

complexity in management systems. Unanticipated outcomes and poor choices as a result of 

structural complexity can be reduced by taking complexity into account and making complexity 

transparent at the outset of the decision making process. Specifically, recovery planning for 

vulnerable species must formally address complexity if policies are to have reasonable prospects 

for success. Such complexity is seldom discerned from species status reports that use threats (i.e. 

mechanisms) to inform species designations, as is the case with the Committee of the Status of 

Species-at-Risk in Ontario (COSSARO) and the Committee on the Status of Endangered 

Wildlife in Canada (COSEWIC). Even less apparent from status reports is acknowledgement of 

the uncertainty that such complexity generates (Lukey and Crawford 2009). Acknowledging 

uncertainties in threats, and treating them as hypotheses rather than facts, is important during 

policy planning and implementation, if the integrity of the assessment process is to be ensured 

and recovery actions are to have desired effects (i.e., reduce or reverse population abundance 

declines). Improper threat identification can lead to policies and actions that under- or 

overprotect species (Trout 2013), potentially wasting limited resources and putting species at 

greater risk.  If tools and strategies are used that acknowledge threats as hypotheses during the 

decision-making process, complexities and uncertainties inherent in diagnosing and managing 

threats may be reduced (McCann et al. 2006).  
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Tables  

 

Table 1: Eight vegetation variables were identified as important predictors of Bobolink density at 

the patch-level, which were collapsed into a summary óvegetation structureô variable in the 

directed acyclic graph (DAG; Figure 4). The indictors positive and negative are used to illustrate 

the direction of the relationship with Bobolink patch-level density.  

 

Vegetation structure model   References 

height-density (obstruction) + Nocera et al. 2007, Renfrew and Ribic 

2008, MacDonald 2014 

height + Herkert 1994, Winter et al. 2005 

total cover  ï  Bollinger 1995 

patchiness  + Vickery et al. 1994 

grass-legume ratio  + 

Bollinger and Gavin 1992, Herket 1994, 

Vickery et al. 1994, Bollinger 1995, 

Madden et al. 2000 

forb cover ï Madden et al. 2000 

frequency of native grass ï  Madden et al. 2000 

litter depth  + Bollinger and Gavin 1992 
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Figures 

 
 

Figure 1: Schematic diagram of a conceptual two-season life cycle model for Bobolink (adapted 

from Pulliam and Danielson 1991). During the early summer, the initial population size is 

determined with a census (n = number of individuals) and is dependent on habitat quantity and 

apparent quality of habitat on the breeding grounds. Over the course of the summer, reproduction 

occurs (ɓ = number of fledglingsô produced/ female/year) as a function of initial population size 

and realized habitat quality. During the breeding and non-breeding seasons, some proportion of 

both juveniles and adults experience mortality (PA and PJ), which is predominantly influenced by 

habitat quantity and quality on the non-breeding grounds. 
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Figure 2: Directed acyclic graphs (DAGs) showing the causal relationships (links and arrows) 

among variables (ovals) hypothesized to be driving changes in Bobolink habitat quantity on the 

breeding and non-breeding grounds based on stakeholder elicitation and empirical evidence from 

the literature. To graphically represent the level of support for the links between variables based 

on stakeholder elicitation (% of respondents), I vary the thickness of the arrows in the DAGs 

(legend insert, lower left). For factors that were identified in the literature, but not by 

stakeholders, I used dashed lines. For factors that were identified by stakeholder but not by the 

literature, I use double lines. The indicators positive and negative are used to show the direction 

of the relationships when specified. 
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Figure 3: Directed acyclic graphs (DAGs) showing the causal relationships (links and arrows) 

among variables (ovals) hypothesized to be driving changes in Bobolink habitat quality on the 

breeding and non-breeding grounds based on stakeholder elicitation and empirical evidence from 

the literature. Graphically representations of stakeholder and empirical support are described in 

Figure 2 (legend insert, lower left). 
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Figure 4: Directed acyclic graphs (DAGs) showing the causal relationships (links and arrows) 

among variables (ovals) hypothesized to be driving changes in Bobolink fecundity and mortality 

on the breeding and non-breeding grounds based on stakeholder elicitation and empirical 

evidence from the literature. Graphically representations of stakeholder and empirical support are 

described in Figure 2 (legend insert, lower left). 
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Chapter 2: Scalar considerations in population abundance trend estimates: implications for 

recovery strategy planning for species of conservation concern 

 

Abstract 

Broad-scale population abundance trends are often used to identify and list species (or 

populations) of conservation concern, and as baselines to surmise which recovery actions might 

arrest or reverse population declines. It is therefore important that abundance trends are also 

quantified at finer geographic extents (e.g., counties, management units, parks), so that 

assessments can be made about the plausible causes of declines, and targeted conservation 

actions can be implemented. I estimated regional abundance trends for a grassland bird, the 

Bobolink, to compare with those from provincial analyses used for risk-assessment, to identify 

regions contributing most substantially to population abundance declines in Ontario, Canada. I 

used 45 years of survey data from the North American Breeding Bird Survey, across 35 

agricultural census divisions in southern Ontario, Canada, to develop spatially explicit 

hierarchical Bayesian models of regional abundance trends. Abundance trends were negative in 

30 of 35 census divisions, six of which had 95% credibility intervals (CI) that did not include 

zero.  In 34 of 35 census divisions, the CI included the provincial short-term recovery goal of 

negative one. Between 1998-2011, corresponding to the time series used for provincial risk-

assessment, CIs for three of 21 negative trends did not include zero or the provincial short-term 

recovery goal.  Results indicate that most regional trend estimates currently exceed the goal set 

out in the recovery strategy, insofar as they have been stable and not necessarily declining. 

Regional trend estimates therefore suggest a more optimistic picture of the state of Bobolink in 

Ontario than that obtained from analyses at broader spatial scales, which masked important 

regional variation. My results further demonstrate the need for consideration of scale-variance in 
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trend estimation during risk-assessment and management planning, and the application of 

spatially explicit trend estimation for small geographic areas to aid in this process.  

 

Introduction 

Broad-scale population abundance trends are often used to identify and prioritize populations 

that merit conservation attention (Dunn 2002). For example, the International Union for the 

Conservation of Nature considers a species or population critically endangered if abundance 

declines Ó 80% globally over a 10 year period, or three generations (IUCN 1994). Similar 

assessment criteria have been adopted by conservation organizations elsewhere, and applied to 

various geographic extents, e.g., nationally in Canada by the Committee on the Status of 

Endangered Wildlife in Canada (COSEWIC), and provincially in Ontario by the Committee on 

the Status of Species-at-Risk in Ontario (COSSARO). These same trends in abundance, 

modelled with environmental and spatial covariates, can further be used to improve knowledge 

about how species interact with their environments, and can provide insight into causal 

mechanisms responsible for abundance declines. However, misalignment between broad-scale 

trend estimates used for risk-assessment, and the finer-scales at which management activities are 

initiated to protect and recover populations of conservation concern might lead to ineffective or 

inefficient decisions (Dunn 2002).  Resolving scalar discrepancies between trend estimates used 

for species or population designation and management implementation is a necessary 

prerequisite to testing hypotheses regarding causes of abundance decline, identifying priority 

populations for allocating limited conservation resources, and assessing alternative management 

actions at scales amenable to conservation activities.   
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In North America, a common approach for evaluating the status of breeding birds is 

through the assessment of changes in abundance, either at the species and/or population level, 

using long-term survey data, such as those collected by the Breeding Bird Survey (hereafter 

referend to as BBS; Environment Canada 2010), Waterfowl Breeding Population and Habitat 

Survey (U.S. Fish and Wildlife Service 2014) or the Christmas Bird Count (National Audubon 

Society 2010). These trends are generally evaluated at the geographic extent of the nation, 

province, state, or Bird Conservation Region (hereafter referred to as BCR; NABCI 2000), and 

provide managers with broad-scale indices of abundance change from which risk-assessments 

are made (U.S. Fish and Wildlife Service 2008). For example, geo-political populations of 

Henslowôs sparrow (Ammodramus henslowii) are listed as Threatened or Endangered in 13 states 

in the U.S. (Pruitt 1996) and Endangered in the province of Ontario, Canada (COSSARO 2011a) 

based on trend estimates at these broad jurisdictional scales. Development of more finely, 

regionally-scaled management plans is a priority for populations of this species (Cooper 2007), 

but trend estimates are generally unavailable at finer, regional scales. Since mechanisms 

affecting population dynamics can manifest at regional scales, such as habitat loss, habitat 

fragmentation and land-use intensification, resource managers require regionally specific 

information, first to address whether and by how much abundances have changed, and 

subsequently to test among alternative hypotheses about factors that might drive abundance 

trends, assess the feasibility of achieving management targets, and to make conservation 

decisions to protect vulnerable species.  

Both the Canadian Wildlife Service (CWS) and the United States Geological Service 

(USGS) have adopted hierarchical Bayesian modelling to generate indices of annual abundance, 

and subsequently population abundance trends, for North American breeding birds (Smith et al. 
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2014).  Such frameworks provide a coherent and flexible approach for assessing the effects of 

sample variation separate from temporal and spatial variation, while providing direct estimates of 

uncertainty about parameter estimates (Royle and Dorazio 2008, Sauer and Link 2011). These 

models can further be used to analyze spatial-temporal variation in population abundance with 

respect to spatial-temporal characteristics of the environment (Thogmartin et al. 2006b, Royle 

and Dorazio 2008, Sauer and Link 2011). Recently, these models have been adapted to allow 

spatially explicit summaries of trends for small geographic areas operable for conservation 

planning (Bled et al. 2013) using small-area estimation (Roa 2003), a technique commonly used 

in fields such as epidemiology (Lawson et al. 2003). Here, I demonstrate the application of this 

technique for a model grassland bird of conservation concern. 

 Bobolink are an obligatory grassland bird that breeds in southern Canada from British 

Columbia to Newfoundland, and in the northern United States (Figure 1). They have the longest 

migrations of any North American songbird, travelling 20,000 km to and from South American 

where they overwinter with individuals from different breeding areas (Renfrew et al. 2013). In 

Canada, at the geographic extent of the province of Ontario (the study population), Bobolink 

abundance declined 2.6% annually (65% overall) between 1968 and 2008 (COSEWIC 2010), 

and were listed as Threatened, in particular, due to a more rapid abundance decline (7% 

annually; 52% overall) between 1998 and 2008 (COSSARO 2010). The designation of Bobolink 

under the provincial Endangered Species Act (2007) triggered the mandatory development of a 

recovery strategy, which recommended population abundance targets. In consultation with 

species experts, the short-term recovery objective, as set out in the recovery strategy, is to slow 

the annual rate of population abundance decline to an average less than or equal to -1.0% 

annually, or less than or equal to -10% over the first ten years (McCracken et al. 2013).  
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The objectives of my study were twofold. First, I compared regional trend estimates with 

those from broad-scale analyses, as used by COSEWIC and COSSARO for risk-assessment, as a 

means to identify regions in the province which are contributing most substantially to provincial-

level population abundance declines.  Second, I compared regional trends to the provincial 

recovery objective to identify priority areas for recovery strategy implementation.  

 

Methods 

Study area 

The study area covers a portion of BCR13 in Ontario, Canada (43Á69ôN 79Á45ôW; Figure 1), 

where Bobolink are more abundant than elsewhere nationally, and comprise 10-12% of the total 

breeding population (COSSARO 2010). The study area covers all of the mixedwoods plains 

ecozone (Crins et al. 2009). The climate is mild and moist, with mean annual temperatures 

ranging from 2.8-9.4°C, and receiving 759-1087 mm of precipitation per year (Mackey et al. 

1996). There is a general gradient in climate conditions (primarily decreasing temperatures and 

growing days) from southwest to northeast. The natural vegetation in the study area is mixed 

deciduous-evergreen forests and tolerant hardwood forests, including Carolinian forests in the 

south. However, 57-78% of the land-base has been converted to agriculture, and 7% is urban. 

 

Spatially explicit trend estimation 

The BBS consists of more than 3,000, 39.4-km long roadside surveys across Canada and the 

United States. Once annually, volunteers conduct point counts of all birds seen within a 0.4 km 

radius, or heard during a 3 minute period, at intervals of approximately 0.8 km for a total of 50 

point counts per roadside survey route (Robbins et al. 1986). Auxiliary data include observersô 
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identification number and weather during surveys. Data are available at the Breeding Bird 

Survey - Canadian Results webpage (Environment Canada 2010).  

 Bobolink are conspicuous while breeding in open farmland, and are easily sampled along 

roads, rendering the BBS data appropriate for analysing geographic patterns in abundance trends 

for this species (Peterjohn 2003). To select a spatial resolution at which to address patterns in 

Bobolink abundance trends, I considered the applicability of results to further investigation of 

factors hypothesized to be driving abundance trends, in order to aid with recovery strategy 

implementation. I therefore selected agricultural census divisions (n=35 within my study area, 

Figure 2), since land-use statistics are summarized at this spatial extent (Statistics Canada 2011).  

However, varying geographic scales can be selected to accommodate species- or population-

specific research questions or support regional conservation initiatives.   

A spatially explicit hierarchical modeling approach was used to accommodate known 

temporal and spatial correlations among survey routes, observers, and years. Spatial correlations 

among survey routes arise because of a tendency for areas that are closer geographically to be 

more similar than distant ones due to underlying environmental gradients or because of 

population-level processes, such as dispersal. Temporal correlations arise because counts on a 

given survey route are expected to be similar within seasons and from one year to the next 

(Thogmartin et al. 2006b). A hierarchical approach also accounts for effects of correlated 

observer error, such that different perceptions and experiences of individuals influence counts 

(Link and Sauer 2002, Thogmartin et al. 2004). The primary advantage of this technique is that it 

permits more precise trend estimates for areas with limited data, because the spatial 

dependencies between neighbouring areas facilitate borrowing information from adjacent areas, 

effectively increasing the sample size on which trend estimates are based (Bled et al. 2013). This 
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borrowing information helps to improve the overall power of the model to predict trends by 

accounting for underlying geographic variation in the data (Bahn et al. 2006).  

 I estimated regional trends over the periods 1967-2011 and 1998-2011, corresponding to 

time series of available land-use data (1966-2011; Statistics Canada 2011) and provincial risk-

assessments (COSSARO 2010), respectively. Annual abundance on a survey route was indexed 

as the total number of birds counted over the 50 point counts. I excluded data from surveys that 

were run under unacceptable weather conditions as outlined in the BBS Instructions Guide 

(USGS Patuxent Wildlife Research Center 1998) or if fewer than 10 years of data were available 

throughout the entire period (1967-2011) (Corace et al. 2009). These criteria resulted in point 

count data, and index of abundance, collected over 45 years (t) by 200 observers (K) on 64 

survey routes (i), distributed among 35 agricultural census divisions (c) (Appendix B). Survey 

coverage was relatively consistent across census divisions.  

Each survey route was assigned to the census division that contained the start point for 

that survey route. Following Bled et al. (2013), counts ◓i,t were modelled on survey route i in 

year t by a Poisson distribution with a mean ɚi,t , which depends on the year-specific intercept 

(Ŭt), an observer effect (ɤK(i,t)), and a spatial effect (bc(i),t) at the level of the census division (c):  

◓i,t ~ Poisson (ɚi,t) with  log (ɚi,t) = Ŭt + bc(i),t + ɤK(i,t) 

A customary vague prior was used for the year effect parameters: 

Ŭt ~ Normal(0,0.01) 

Observer effects were assumed to be normal random variables with a mean 0 and variance ů2:  

ɤK(i,t) ~ Normal(0, ů
2)  with ů ~ Unif(0,10)  

Spatial effect bc(i),t  were modeled by applying a Gaussian CAR model, analogous to that 

proposed by Besag et al. (1991). Spatial effects were allowed to vary for each time point 
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separately; hence, the year (t) index on b. CAR assumes that the probability of observing a 

particular count on a survey route depends on the value of the expected count in the 

neighbourhood (i.e., census division) around the survey route. The neighbourhood weights were 

calculated based on census divisions sharing a common boundary, where weights were set to 1 if 

cells shared a boundary and 0 otherwise. Neighbourhood adjacencies were calculated in ArcGIS 

10.1 (ESRI 2011) using the Adjacency for WinBUGS tool (U.S. Department of the Interior 

2012).  

Trends (ȹc,a,b) could then be defined as the yearly change from year ta to year tb for 

census division c expressed as a percent: 

ȹc,a,b = 100 [ (n c,tb/n c,ta)^(1/(tb-ta))-1] 

where nct represents the expected abundance at time t of a theoretical survey route in cell c and is 

specified as:  

nct = exp (Ŭt + bc,t + İ ů
2) 

There is no closed-form expression for the parameter estimates (Royle et al. 2002), so the 

model was fitted by iteration. Analyses were conducted using WinBUGS 1.4.3 (Lunn et al. 

2000), a statistical package for conducting Bayesian inference with Markov Chain Monte Carlo 

(MCMC) methods (Gibbs sampling; Link et al. 2002). Three chains with non-informative priors 

were run and, based on 50,000 samples from the posterior distribution of parameters 

subsequently, 10,000 iterations were discarded to obtain posterior samples of regional mean 

trends (ȹc,a,b)  and conditional variance parameter of the CAR model (ů
2
bt ). The conditional 

variance parameter determined the amount of spatial dependence between neighbouring census 

divisions. Convergence was checked using the Gelman-Rubin diagnostic for assessing 
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convergence in WinBUGS, which compared within-chain and between-chain variability (Brooks 

and Gelman 1998).  

A posterior predictive check was used to evaluate goodness of fit. I calculated a Bayesian 

p-value, which is defined as the probability of generating a test statistic from posterior 

predictions that is more extreme than that calculated from the observed data. A small Bayesian p-

value (p < 0.05 or p > 0.95) is indicative of poor model fit; good model fit occurs when p 

approaches 0.5 (Gelman et al. 2003). Posterior predictive checks have been criticized because 

they require the double-use of data. However, arguments are made in favour of posterior 

predictive checks, provided their use is limited to study model adequacy and not for model 

comparison and inference (Meng 1994). 

 

Results 

The posterior conditional variance (ů2
bt ) for the Gaussian CAR model was 1.57 (1.38- 2.17 SD). 

This small conditional variance indicates strong residual dependence on neighbouring census 

division values, which leads to a smoother spatial structure in trend estimates (Lawson et al. 

2003). The mean Bayesian p-value was 0.71, which is indicative of adequate fit. 

 Posterior samples of mean trends between 1967 and 2011 were predominantly negative; 

five census divisions had slightly positive or neutral trends (Figure 2a). Six of 30 negative trend 

estimates had 95% credibility intervals (CI) that did not include zero (Figure 3a). These regions 

were clustered in southwestern Ontario (Figure 2a, insert), and included agricultural census 

divisions Brant (3529), Perth (3531), Oxford (3532), Middlesex (3539) and Huron (3540), and 

an isolated area in south-central Ontario in the Kawartha Lakes region (3516). Of the census 
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divisions with evidence of abundance declines, only Perth had a trend estimate with 95% CI that 

did not include negative one (i.e., the short-term recovery goal).  

 Posterior samples of mean trends between 1998 and 2011 were negative in 27 of 35 

census divisions (Figure 2b), of which three (Leeds and Grenville (3507), Kawartha Lakes 

(3516), and Perth (3531) (Figure 2b, insert)) had 95% CI that did not include zero or negative 

one (Figure 3b). Eight census divisions had slightly positive or neutral trends (Figure 2b). 

 

Discussion  

My results demonstrated the capability of hierarchical Bayesian models to incorporate spatial 

data to obtain trend estimates for small geographic areas better suited to focussed management 

intervention. Conversely, spatial patterns in trends can inform population-level conservation by 

identifying regions and factors responsible for population abundance decline. This modelling 

framework has important implications for conservation biologists, who often need robust 

estimates of trends for assigning risk and assessing the feasibility of population abundance 

targets. Analyses done at broader scales may mask regional variability in trends and can 

inaccurately reflect the state of populations.  In the case of Bobolink, my models indicated that a 

majority of agricultural census regions have not strongly declined, and in some cases, already 

meet or exceed the short-term recovery goal to slow abundance decline to -1%. In contrast, 

provincial-level abundance trend estimates depict strong declines over the same temporal 

intervals (COSEWIC 2010), in part, the result of regional trend homogenization over the spatial 

extent of BCR 13 in Ontario. Nevertheless, as regional trends were calculated using a subset of 

the provincial-scale BBS data, the power to detect significant changes in population abundance 

may be reduced in spatially segregated data. Similarly, CI are larger for regional trend estimates 
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over the shorter time frame I analyzed (Figure 3), further reducing the power to detect negative 

trends that are actually present. Despite large CI, regions with CIs that are clearly above or below 

the zero trend line may be of particular conservation interest. 

 Regions that contributed most substantially to population abundance declines were the 

agricultural census divisions of Perth and Kawartha Lakes, regardless of the time interval 

selected, and Leeds and Grenville for the 1998-2011 interval (Figure 2a, b, inserts). Factors often 

invoked to explain Bobolink abundance declines by Ontario stakeholders include habitat loss and 

hay harvest timing (Chapter 1). Other threats include cattle tramping, pesticide exposure, habitat 

fragmentation, human activities associated with development, and events in the non-breeding 

areas. The regions identified here with the greatest abundance declines coincide with portions of 

the province highly invested in cattle production (beef and dairy combined), and consequently 

have the largest amount of land devoted to hay and pastures relative to elsewhere in the province 

(Statistics Canada 2011). Changes to these industries have been noted in the past several 

decades. For example, the majority of new dairy barn construction is occurring in Perth and the 

surrounding counties, with a trend toward larger herds and fewer farms (Lang 2011). Kawartha 

Lakes and Leeds and Greenville, on the other hand, saw an overall decline in the number of dairy 

cattle on the landscape (Statistics Canada 2011). In contrast, areas experiencing neutral or 

increasing abundance trends varied depending on the temporal interval selected (Figure 2 a, b), 

but consistently overlapped with Peterborough and Northhumberland agricultural census 

divisions. These areas have also seen a general decline in the number of beef and dairy cattle, but 

a less obvious decline in the amount of land planted in hay (Statistics Canada 2011). These 

observations bring to light the question of whether and how changes to Ontarioôs cattle and other 

land-based industries influence population abundance, and how land use changes vary 
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temporally and spatially across the province. Although beyond the scope of this manuscript, 

future investigation relating land-based data (e.g., agriculture, forestry, urban development) to 

regionally specific trend estimates will provide resource managers with a basis for investigating 

factors responsible for Bobolink abundance declines, and for assessing alternate regionally-

specific management actions, which can ultimately be used to inform where and how to invest in 

conservation efforts to aid in reaching recovery targets.  

 I caution that by identifying areas with the greatest levels of Bobolink abundance 

declines, I do not imply that other areas are unimportant to Bobolink. For example, investing in 

the areas with the greatest negative trends may be undesirable if certain conservation measures in 

other areas returned greater rewards (i.e., increased fecundity or decreased mortality, or more 

habitat) for less investment. However, from the perspective of monitoring the effectiveness of 

recovery actions, it might prove useful to differentially invest in adaptive management strategies 

in those agricultural census divisions with the most pronounced variations in trends, such that 

managers could more effectively assess the response of Bobolink to alternate management 

actions. Specifically, adaptive management would mean a formal, systematic, and rigorous 

approach to learning from the outcomes of management actions, and adapting future 

management policies or practice to incorporate what was learned (Holling 1978, Walters 1986). 

Such actions might include payment schemes or tax incentives for farmers who adopt grassland 

bird-friendly land management practices, or land acquisition programs to increase habitat 

quantity or decrease habitat fragmentation.  Regardless, management strategy selection ought to 

be contingent on regional factors identified as being important drivers of population abundance 

decline (Chapter 3).  
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 Including autocorrelation in my model not only ensured that statistical assumptions are 

better met, but also improved the predictive power by including information from neighbourhood 

locations (Bahn et al. 2006). The selection of the neighbourhood structure was therefore critical 

for spatially explicit parameter estimation (Thogmartin et al. 2004). I assumed that the spatial 

model depended only on the neighbourhood structure, and not on the distance between areas. 

Thus, the neighbourhood structure used here may not fully reflect underlying environmental 

autocorrelations. Alternative spatial models include regular grids (Bled et al. 2013), geostatistical 

interpolation (Diggle et al. 1998), continuous surface models (Kelsall and Wakefield 2002), or 

the replacement of spatial autocorrelation structure with appropriate environmental covariates at 

a scale relevant to underlying biological processes (Thogmartin et al. 2004). Although different 

spatial models are available, the irregular spatial scheme used here allowed for estimates of 

abundance trends for areas that will accommodate future model development, where alternative 

hypotheses regarding causes of abundance decline can be assessed using land-use data. This 

modelling technique is therefore valuable to a broad range of species, as there is often a need to 

amalgamate data from different sources to a common spatial scale to answer ecological questions 

that align with areas appropriate for management implementation. 

 In general, my work highlights the influence that spatial-temporal variability has on 

abundance dynamics of a species of conservation concern. Overlooking this variability could 

result in inappropriate risk-designation or unrealistic management targets. By resolving scalar 

discrepancy in trend estimation, risk assessments and management targets can be more 

appropriately assigned to reflect the current state of nature. This will help avoid wasted effort, 

unnecessary use of public funds, or the erosion of public confidence in policy decisions.  The 

statistical framework used here generates spatially explicit estimates of trends, which can further 
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be used to test alternative mechanistic hypotheses about regional drivers of abundance change. 

Once statistical relationships has been established between environmental covariates and trends, 

these models can further be used to conduct management strategy evaluations, which explore the 

predicted consequences of alternative conservation actions (e.g. , Milner-Gulland et al. 2010). 

Such models ought to prove important in the development of evidence-based management plans 

for Bobolink in Ontario, and for species of conservation concern elsewhere. 
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Figures 

  

Figure 1: Relative abundance and distribution map for Bobolink (Dolichonyx oryzivorous) based 

on North American Breeding Bird Survey (BBS) data from 1987-2006 (Blancher 2009). The 

legend indicates the average number of birds/ roadside survey route/ year calculated for each 

degree block, where white space = no detection, and grey = no BBS data. The black rectangle 

delineates the location of the study population, in Ontario, Canada covering a portion of Bird 

Conservation Region 13. 
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Figure  2: Posterior mean abundance trend estimates for Bobolink (Dolichonyx oryzivorous) 

from A. 1967-2011 and B. 1998-2011 mapped to agricultural census divisions in southern 

Ontario, Canada, using spatially explicit hierarchical models in a Bayesian statistical framework. 

Trends are expressed as a percentage. Inserts bottom centre: Maps of statistical significance, 

where areas in black indicate regions experiencing negative trends and 95% credibility interval 

that do not overlap zero, areas in grey indicate positive trends and 95% credibility interval that 

do not overlap zero, and white otherwise. Identification numbers on the census divisions are 

defined in Appendix C.   
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Figure 3: Box plots of posterior mean abundance trends (solid centre line in box) for Bobolink 

(Dolichonyx oryzivorous) from A. 1967-2011 and B. 1998-2011 shown across 35 agricultural 

census divisions in Ontario, Canada (ordered from west to east). The ends of the whiskers 

represent the 95% credibility interval. The horizontal solid black line indicates the zero trend 

line, and the dashed grey line indicates the recovery strategy short-term objective (negative one 

percent; (McCracken et al. 2013). Identification numbers for census divisions on the x-axis are 

defined in Appendix C.   
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Chapter 3: Spatio-temporal variation in mechanisms driving regional-scale abundance patterns 

of Bobolink (Dolichonyx oryzivorous) 

 

Abstract 

To achieve national management targets for migratory birds, landscape-level conservation 

approaches are increasingly encouraged. However, knowledge of the mechanisms that drive 

spatio-temporal patterns in avian abundance dynamics are needed to inform policy development. 

Using hierarchical Bayesian models and variable selection, I determined by which 

mechanism(s), and to what extent, changes in quantity and quality of surrogate grassland habitats 

contributed to regional abundance patterns of an obligatory grassland bird, Bobolink (Dolichonyx 

oryzivorous). I used 25 years of roadside survey data from the North American Breeding Bird 

Survey to develop spatially explicit models of regional abundance trends across 35 agricultural 

census divisions in Ontario, Canada. I measured the strength of evidence for effects of land use 

change on abundance trends over the entire study period and in each of five sub-periods. Over 

the entire study period, one region (Perth) displayed strong evidence of abundance decline (95% 

credibility intervals did not overlap zero), and four regions displayed strong evidence of increase 

(Bruce, Simcoe, Peterborough, and Northumberland). Trends shifted spatially among sub-

periods, with more negative trends estimated later in time (1986-1990: 28% of 35 census 

divisions, 1991-1995: 46%, 1996-2000: 40%, 2001-2005: 66%, 2006-2010: 82%). Important 

predictors of spatial patterns in Bobolink abundance trends over the entire study period were 

human development and habitat fragmentation. However, factors inferred to drive patterns in 

trend dynamics were not consistent over space and time. This result underscores that effective 
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threat identification (both spatially and temporally) and implementation of flexible, regionally 

tailored policies will be critical to realize efficient conservation of Ontarioôs Bobolink and 

similar at-risk species. 
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Introduction 

Birds dependent on agricultural habitats for breeding have exhibited more significant abundance 

declines in population size than birds of any other habitat type in North America (Knopf 1994, 

Herkert 1995, Peterjohn and Sauer 1999). Considerable geographic variation exists in these 

trends (Sauer et al. 2005), for which the causes remain largely unresolved (Corace et al. 2009). 

Given that the majority of native grassland ecosystems have been converted to agriculture 

(Fletcher and Koford 2002), regional shifts in agricultural land use are plausible explanations for 

geographic variation in avian population dynamics (Hill et al. 2014). Resolving whether and how 

shifts in farm operations affect grassland bird abundances is important to their long-term 

conservation, since proper threat identification can guide effective and efficient conservation 

policy.  

Correlative relationships between changing farming practices and abundance trends are 

often used to identify drivers of population dynamics and inform the growing interest in 

landscape-level conservation approaches (e.g., North American Waterfowl Management Plan, 

Partners in Flight, The Nature Conservancyôs Migratory Bird Program). However, these 

relationships have been poorly quantified for many species (Chamberlain et al. 2000), and are 

often better understood at broad geographic extents (i.e., nation, state, province, or Bird 

Conservation Region). For example, research into the causes of state-scale patterns of declines in 

grassland bird implicate changes in habitat quantity (Murphy 2003, Perlut 2014, Hill et al. 2014), 

pesticide use (Mineau and Whiteside 2013), factors correlated with increasing human 

populations and related infrastructure (e.g., noise pollution of roads on adjacent habitats, Reijnen 

& Foppen 2006), and declines in the number of dairy farms (Perlut 2014). These aforementioned 

studies suggest large-scale shifts in abundance trajectories and underlying environmental 
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processes, but may not reflect patterns and processes at local scales (Herkert 1995). Specifically, 

results from broad-scale analyses could lead to incorrect inferences about threats to species or 

population persistence if (1) aggregating data at large scales (e.g., between populations) 

homogenizes regional variability in abundance trend estimates (Bled et al. 2013), or (2) the 

factors that are influential vary over time (Morris 1994). Modelling frameworks are therefore 

needed that take into account spatio-temporal variability in landscape pattern and process to 

provide robust insights into the causal mechanisms driving avian abundance dynamics, and 

better inform policy development to achieve landscape-scale conservation targets (Flather and 

Sauer 1996).    

Bobolink are among many species of grassland birds that have experienced abundance 

declines over much of their breeding range in the past several decades, resulting in their listing as 

a species of conservation concern in both Canada and the United States (U.S. Fish and Wildlife 

Service 2008, COSEWIC 2010). Like other grassland birds, Bobolink are now dependent on 

surrogate grassland habitats in agro-ecosystems for breeding, which implicates changes to land 

use practices during the breeding season as drivers of abundance change. For example, at the 

state-scale Perlut (2014) identified human population growth was at least partially responsible 

for the loss of cow-based agriculture, and correlated with Bobolink decline. Alternatively, 

Murphy (2003) identified positive correlations between Bobolink abundances with hayfield 

quantity and negative correlations with pasture area at the state-scale. At the regional-scale, 

Bobolink abundance trends vary spatially and temporally (Chapter 2), suggesting finer-scaled 

variation in land management practices may contribute to abundance dynamics. In this 

manuscript, I tested predictions under eight alternative hypotheses about factors driving regional 

variation in Bobolink abundance trends, to determine whether, where, and to what spatio-
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temporal extent changes in the quantity or quality of surrogate grassland habitats contributed to 

population dynamics. Specifically, I assessed changes in habitat quantity (hayfields and pastures, 

separately), hayfield composition, cattle stocking density, pesticide use, human population 

growth, habitat fragmentation and factors that covaried with latitude drive spatio-temporal 

fluctuations in Bobolink abundance trends (Figure 1; detailed hypotheses and predictions in 

Appendix D). 

 

Methods 

Study area 

The study area covered 97,136 km2 of the Ontario portion of the North American Bird 

Conservation Region 13 (43Á69ôN 79Á45ôW; Figure 2) within the mixedwoods plains ecozone 

(Crins et al. 2009). The majority of this region has been converted to agriculture (Baldwin et al. 

2013) and urban uses (Crins et al. 2009). The dominant agricultural sectors include fruit, row and 

forage crops, poultry, hogs, and beef and dairy cattle (Government of Ontario 2013). An 

estimated 1.5 million hectares are surrogate agricultural grasslands (hayfield and pasture), the 

management of which is highly influenced by economic market forces (Agriculture and Agri-

Food Canada 2011). These surrogate grasslands support the greatest abundance of breeding 

Bobolink nationally, at 10-12% of the total breeding population (COSSARO 2010).  

 

Response variable 

To facilitate the use of Agricultural Census data as predictor variables, I adapted my previous 

analysis of Bobolink abundance trends (Chapter 2) to align spatially and temporally with 

available agricultural land use data (Statistics Canada 2011). Specifically, I summarized trends 
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within the extents of agricultural census division boundaries (area range 964-7441 km2; Table 1) 

over 25 years (1986-2011) and over five sub-periods corresponding to census periods: 1986-

1990, 1991-1995, 1996-2000, 2001-2005, and 2006-2011. I used hierarchical Bayesian models 

with small-area estimation to generate spatially explicit estimates of trends, using raw data from 

the North American Breeding Bird Survey (BBS) available from the Canadian BBS Results 

webpage (Environment Canada 2010). The BBS comprises a series of 39.4-km roadside surveys 

done once annually by volunteers, who identify and count all birds seen or heard during a 3 

minute period, at 50 stops approximately 0.8 km apart (Robbins et al. 1986). The annual sum of 

Bobolink counted over the 50 stops was used as an index of survey route specific abundances.  

Abundances of Bobolink ◓i,t were modelled on survey route i in year t by a Poisson 

distribution with a mean ɚi,t , which depends on the year-specific intercept (Ŭt), an observer effect 

(ɤK(i,t)), and a spatial effect (bc(i),t) at the level of the census division (c):  

◓i,t ~ Poisson (ɚi,t) with  log (ɚi,t) = Ŭt + bc(i),t + ɤK(i,t) 

A customary vague prior was used for the year effect parameters: 

Ŭt ~ Normal(0,0.01) 

Observer effects were assumed to be normal distributed random variables with a mean 0 and 

variance ů2:  

ɤK(i,t) ~ Normal(0, ů
2)  with ů ~ Unif(0,10)  

Spatial effects bc(i),t  were modeled by applying a Gaussian CAR model (Besag et al. 1991) and 

were allowed to vary for each sub-period separately. The neighbourhood weights were assigned 

1 if census divisions shared a common boundary or 0 otherwise. Trends (ȹc,a,b) could then be 

defined as the yearly change from year ta to year tb for census division c expressed as a percent: 

ȹc,a,b = 100Ā[ (n c,tb/n c,ta)^(1/(tb-ta))-1] 
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where nct would represent the expected abundance at time t of a theoretical survey route in cell c 

and is specified as:  

nct = exp (Ŭt + bc,t + İ ů
2) 

The model was fitted by iteration using WinBUGS 1.4.3 (Lunn et al. 2000). Three chains 

with non-informative priors were run, based on 50,000 samples from the posterior distribution of 

parameters. Subsequently, 10,000 iterations were discarded to obtain posterior samples of 

regional mean trends (ȹc,a,b). Convergence was checked using the Gelman-Rubin diagnostic for 

assessing convergence (Brooks and Gelman 1998). Significant posterior mean trends were 

interpreted as those that had 95% CI that do not include zero (Bled et al. 2013). In total, 64 

roadside survey routes distributed among 35 agricultural census divisions were used to estimate 

trends at the extents of agricultural census divisions (Figure 2).  

 

Predictor variables 

Hayfield and pastureland area (hectares), cattle density, and hayfield composition within each 

census division and within 5-year sampling periods were derived from the Census of Agriculture 

(Statistics Canada 2011). Hayfield area was calculated by combining alfalfa, alfalfa mix, and 

tame hay lands. Pasture area was calculated by combining improved (tame and seeded) and 

unimproved pasture lands. A relative index of cattle density was calculated as the residual 

variation in the number of cattle, linearly regressed on the area of pasture land for each census 

division. A relative index of hayfield composition was calculated in a similar fashion by taking 

the residual variation in area of alfalfa haylands regressed on the total area in all hay types. 

Changes in hayfield composition towards more legumes has two potential negative effects on 

Bobolink. First, legume-dominated fields are cut earlier in the season (Barnes et al. 2007), 
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putting Bobolink at greater risk of direct nest loss from mowing and raking, or loss of flightless 

young to subsequent predation on exposed nests (Bollinger et al. 1990, Nocera et al. 2005, Perlut 

2007). Second, legume-dominated hayfields are less attractive to Bobolink than grass-dominated 

fields, effectively lessening the amount of available habitat (Bollinger 1995). Land use statistics 

do not separate homogenous alfalfa from alfalfa-mix fields, so I assumed these habitat types are 

all representative of earlier cut hayfields.  

I indexed habitat fragmentation with data from Southern Ontario Land Resource 

Information System (SOLRIS; Ontario Ministry of Natural Resources 2008), a raster-based 

inventory of land cover at 15-m2 resolution. I reclassified the 23 land use categories into a binary 

classification of habitat/ non-habitat following Smith et al. (2011), in which all open vegetated 

habitat types (natural grassland, pasture, abandoned fields, croplands) were combined into a 

single class of suitable habitat (Corace et al. 2009). All other habitat types were considered 

unsuitable. To index the degree of habitat fragmentation, I used the normalized Landscape Shape 

Index (nLSI), from FRAGSTATS version 4 (McGarigal et al. 2012), a standardized measure of 

edge density, adjusted for the size of the landscape. This indicator was selected because it is only 

weakly correlated with habitat quantity, can be discriminated from among landscapes with 

different spatial aggregations (Wang et al. 2014) and consistently and robustly scales in 

relationship to landscape grain (Wu 2004).  

 From the Survey of Pesticide Use in Ontario (McGee et al. 2010), I extracted estimates 

of the amount of active pesticide ingredients for major crop types (i.e., field, fruit, and vegetable 

crops) (Appendix IX, McGee et al. 2010).  Every five years, quantities of active ingredients are 

computed by multiplying the area sprayed, times the concentration, times the application rate for 

different crop types, resulting in a reliable provincial-level estimate of total active ingredients, 
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which can be allocated among regions on the basis of area of crop grown (McGee et al. 2010). 

Using the provincial land area estimates from the Census of Agriculture (Statistics Canada 

2011), I derived an index of total active ingredients used, per hectare, per major crop type for 

each census year. I used this value as a multiplication factor to calculate the total amount of 

pesticides used in each agricultural census division in a given year based on the area of different 

crop types grown.  

 Human population growth for each agricultural census division was derived from the 

Census of Population (Statistics Canada 2014) as an index of human activity associated with 

direct bird mortality from collisions with vehicles (Bishop and Brogan 2013), secondary effect of 

roads on adjacent habitats (e.g., noise pollution; Reijnen & Foppen 2006), increased mortality 

from collisions with human structures (Machtans et al. 2013, Rioux et al. 2013, Zimmerling et al. 

2013), and greater densities of cats and other synanthropic predators (Blancher 2013). The 

Census of Population is conducted in the same years as the Agricultural Census. Data were 

accessed using the Canadian Census Analyser from the University of Torontoôs Computing in 

the Humanities and Social Sciences online data centre (CHASS 2010). 

I calculated change in predictors over the entire study period (1986-2011), and for each 

sub-period (1986-1990, 1991-1995, 1996-2000, 2001-2005, and 2006-2010), as a percent change 

from the previous census year as [(yearx value ï yearx-1 value) / |yearx-1 value|)*100] following 

Murphy (2003) and Perlut (2014).  

 

Analysis 

I used Bayesian variable selection to measure the strength of evidence that a variable should be 

included in the model. This technique is suited to situations where the sample size is small 
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relative to the number of predictors (OôHara and Sillanpªª 2009). An all-subset model is fit and 

the magnitude of the posterior estimates of the parameters is used to evaluate the fraction of the 

variation in the response variable explained.  

  I used an approach to Bayesian variable selection first proposed by Kuo and Mallick 

(1998). Given the response variable, y, and a set of candidate predictors, x1, x2éxk, I assumed a 

normal linear model of the form:  

y = Ŭ + ɓ1 x1 + ɓ2 x2 +é + ɓk xk, 

ɓi parameters were assigned a óslab and spikeô prior, in which the mass of prior probability (the 

spike) is assigned to zero, reflecting the belief that some of the predictor variables may have no 

effect on the response. Variables whose true effect size is non-zero are termed óactiveô. The prior 

distributions of ɓi were specified by two auxiliary parameters: Ii which took the value 1 if the 

variable was active and 0 otherwise, and ɓ*
i representing the slab part of the prior. Model 

parameters were related to these auxiliary parameters by  

ɓi = Ii ɓ
*
i 

The slab and spike priors were independent for the two auxiliary parameters:  

Ii = Bern(ˊ) 

ɓ*
i = N(0, ɔ

2, ů2), 

The parameter ˊ represents the prior probability that the predictor is active, independent of other 

active variables. Based on practical experience, the recommended value for ˊ is 0.25 (Meyer and 

Box 1992, Chipman et al. 1997, Meyer and Wilkinson 1998), where an activation probability of 

Ó 25% is considered evidence that the predictor influenced the outcome of the response (OôHara 

and Sillanpää 2009). The parameter ů2 is the residual variance parameter in the normal linear 

model. In the absence of informative priors on the regression coefficients, ɓ*
i is defined as the 
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likely effect size of an active variable relative to the residual variation, with parameter ɔ 

determining the relative prior precision. Values of ɔ recommended by Meyer and Wilkinson 

(1998) are in the range of 0.5-0.3. Posterior probabilities were evaluated with a Markov Chain 

Monte Carlo (MCMC) algorithm.  

 Bayesian variable selection is generally robust to correlated predictors (Mutshinda et al. 

2013), although very high collinearity (>0.90) may influence results (Ghosh and Ghattas in 

press). I therefore checked all correlation coefficients prior to analysis. All predictors were 

centered and scaled using the mean and standard deviation to improve the performance of 

MCMC and allow for comparisons among predictors (Gilks and Richardson 1995). Variable 

selection was implemented in WinBUGS 1.4.3 (Lunn et al. 2000) using BugsXLA graphical user 

interface (Woodward 2011). For the entire study period, and each of the temporal sub-periods, I 

ran three chains and based my inference on 50,000 samples from the posterior distribution of 

parameters, after 5,000 interactions were discarded. Convergence was checked using the 

Gelman-Rubin diagnostic in WinBUGS (Brooks and Gelman 1998).  

 

Results 

Spatio-temporal Bobolink trend estimates  

Posterior samples of mean abundance trends over the entire study period (1986-2011, Figure 3a) 

were significantly negative in one of 35 census divisions (Perth), and positive in four regions 

(Bruce, Simcoe, Peterborough, and Northumberland; Table 1). Trends shifted spatially among 

temporal sub-periods (Figure 3b-f). Generally, the number of regions with negative mean trends 

increased over time (1986-1990: 28%, 1991-1995: 46%, 1996-2000: 40%, 2001-2005: 66%, 

2006-2010: 82% of 35 census divisions). While several regions experienced significant 
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abundance declines in one or more sub-period (Grey, Hamilton, Lanark, Perth), more 

experienced increases (Stormont-Dundas-Glengarry, Prescott-Russell, Leed-Grenville, Hastings, 

Price Edward, Northumberland, Kawartha Lakes, Peel, Simcoe), particularly in the northeastern 

portion of my study area (Table 1). Several regions also experienced shifts from increasing to 

decreasing abundance trends (or vice versa) over the entire period (Frontenac, Lennox-

Addington, Peterborough, Brant, Bruce). 

 

Spatio-temporal landscape change  

Between 1986 and 2011, there were ubiquitous declines in the amount of hayfield (average = -

25%, range: -50% in Peel to -5% in Hastings; Figure 4a) and pasture lands (average = -43%, 

range: -65% in Prescott-Russell to -18% in Essex; Figure 4b). Habitat fragmentation was least in 

Essex and greatest in Perth and surrounding regions. The amount of alfalfa hay relative to all hay 

types increased in 19 of 35 census divisions (Figure 4c), however, the overall ratio declined 

(average = -61%, range: -2824% in York to 838% in Hastings). Cattle density increased in 18 of 

35 census divisions, of which Bruce had a large influence on the overall positive trend (Figure 

4d; average = 77%, range: -228% in Niagara to 3476% in Bruce).  On average, pesticides used 

on all crop types declined (average = -42%, range: -63% in Northumberland to -22% in 

Chatham-Kent). The slowest rates of decline in pesticide use were clustered in south-western 

Ontario (Figure 4e). Human populations increased on average 33% (range: 2% in Chatham-Kent 

to 155% in York), and were concentrated in the census divisions adjacent to the Greater Toronto 

Area (GTA).   

 Similar to Bobolink abundance trends, spatial patterns in landscape composition and 

land-use intensification varied temporally. For example, hayfield loss was apparent across all 
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sub-periods with the exception of 2001-2005, when the amount of hayfields increased briefly 

(average = 4%, range: -10% in Peel to 37% in Chatham-Kent). Pasture loss was also apparent in 

all sub-periods, except from 1991-1995 (average = 5%, range -21% Prescott-Russell to 98% in 

Essex). Hayfield composition shifted from increases in alfalfa-hay from 1986-1990 (average = 

17%, range: -214% in Halton to 427% in Hasting) to decreases in later time periods (average = -

117% per year). Similarly, cattle stocking density increased briefly between 1986 and 1990 

(average = 7%, range: -88% in Northumberland to 351% in Bruce), and has been on a steady 

decline since (average = - 5% per year). Only in Bruce did cattle stocking density consistently 

increases over the course of my study period. Pesticide use shifted from high rates of decline 

between 1986 and 2001 (average = -20%, range: -24% in 1996-2000 to -19% in 1986-1990), to 

increases between 2001 and 2005 (average = 10%, range -20% in Hastings to 45% in Niagara). 

Human population growth was greatest between 1986 and1990 (average = 8%, range = 4% in 

1996-2000 to 12% in 1986-1990) and least during the most recent census periods (average = -

3%, range -13% in York to 4% in Chatham-Kent). 

 

Bayesian variable selection 

Pearsonôs correlation coefficient among the predictors ranged from -0.71 to 0.51. All variables 

were included in the analysis. Important predictors of spatial-temporal patterns in Bobolink 

abundance trends can be inferred from the plots of posterior probabilities of variable activity 

(Figure 5). Over the entire study period (1986-2011), human population growth was positively 

correlated with Bobolink abundance trends, and to a lesser extent, habitat fragmentation was 

negatively correlated with abundance trends (Figure 5a). By sub-period (Figure 5b-f), the likely 

important predictors shifted from latitude and hayfield amount in 1991-1995, to latitude in 1996-
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2001; none of the predictors I included were selected as likely important in 1986-1990, 2001-

2005, and 2006-2011. Hayfield amount and latitude were both positively correlated with 

Bobolink abundance trends in all instances.     

    

Discussion 

My results demonstrate that analyses performed at broad geographic extents have the potential to 

homogenize regional variability in abundance trends, which can diminish the ability to identify 

regions and factors responsible for avian abundance declines (Corace et al. 2009, Bled et al. 

2013, Chapter 2). For example, at the geographic extent of the province, Bobolink declined 3% 

annually from 1967-2008 (COSEWIC 2010). However, when assessed regionally, Perth was 

consistently identified as an important region contributing to provincial population declines in 

abundance (results herein and Chapter 2), whereas in Bruce, Simcoe, Peterborough, and 

Northumberland was evidence of increasing abundances. Analyses performed over long 

timespans can also homogenize important temporal variability in correlations between response 

and predictors (Saether and Bakke 2000, Lusk et al. 2002). Notably, apparent drivers of regional 

abundance change over the entire study period (human population growth and habitat 

fragmentation) did not emerge as important factors in any of my temporal sub-periods. This 

discrepancy in results may be due to non-linear change or non-stationarity in factors affecting 

trends, which are otherwise commonly not taken into account among landscape-scale trend 

analyses (Murphy 2003, Mineau and Whiteside 2006, Perlut 2014, Hill et al. 2014). Violations of 

assumptions of linearity and stationarity could lead to imprecise and/or inaccurate estimates of 

the risks that various threats pose to a species or a population (Lusk et al. 2002, Hill et al. 2014). 

By allowing the slope of the relationship between response and predictors to vary by temporal 
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sub-period, these potentially confounding effects can be partially accommodated. Thus, results 

from temporally divided analyses provide additional insight into the processes that drive regional 

patterns in abundance dynamics at finer-temporal scales.  

 The positive relationship between Bobolink abundance and human population growth 

over the entire study period is inconsistent with the hypothesis that the multiple processes by 

which humans could negatively affect Bobolink act at the spatial-temporal scales selected here 

(see Appendix D). Conversely, Perlut (2014) identified human population growth as the most 

important predictor of Bobolink abundance declines in six northeastern United States over 41 

years (average = 33%, range: 7% New York to 68% New Hampshire). He found human 

population growth was negatively correlated with all agricultural variables (-0.92 to -0.99), with 

the exception of total corn acreage (0.10), and concluded that human population growth was at 

least partially responsible for the loss of cattle-based agriculture. The latter was also a good 

predictor of other grassland bird abundance declines, with the exception of Bobolink. 

Correlations between agricultural statistics and human population growth, in contrast, were low 

(-0.37 to 0.15), suggesting that the observed positive relationship may result from the 

maintenance of farmland, natural areas, and less intensive agricultural practices in proximity to 

urban centres.  

 The Greenbelt Protection Act was passed in 2004 may have contributed to this observed 

trend (Legislative Assembly of Ontario 2004:Bill 27). The Greenbelt retains 1.8 million acres of 

green space, farmlands, and wetlands in rural areas surrounding the GTA. Since its 

establishment, additional cost-share funds have been provided to farmers in the affected areas to 

improve water quality, wildlife protection, and reduce pesticide application.  Consequently, the 

Greenbelt differs from areas elsewhere in the province; the proportion of organic farms has 
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increased, smaller farm sizes are maintained, and declines in cattle farming are slower (Di Poce 

et al. 2009).  

 Greater habitat fragmentation was also linked to long-term Bobolink abundance declines 

at a regional scale. Like other grassland birds, area-sensitivity and edge effects resulting from 

habitat fragmentation are associated with supressed patch density and nesting success in 

Bobolink (Johnson and Temple 1990, Helzer 1996). With fewer individuals occupying and 

fledging young in small, isolated patches (Herkert 1994a, Vickery et al. 1994), Bobolink may be 

at a greater risk of stochastic demographic events in fragmented landscapes, which can 

negatively influence population growth rates (Donovan and Thompson 2001). This is consistent 

with the idea that long-term viability of Bobolink may depend on the maintenance of large tracts 

of surrogate grassland habitat where they currently exist, and/or restoring open habitat types in 

regions where they have been lost.  

Across the five sub-periods, Bobolink abundance trends varied widely (Table 1, Figure 

3b-f), similar to patterns observed for Cerulean Warbler (Setophaga cerulean) and Red-bellied 

woodpecker (Melanerpes carolinus) over similar spatial and temporal scales (Bled et al. 2013). 

Factors associated with these shifts in abundance differed from the full time series analysis, and 

included changes in hayfield area and factors that covaried with latitude.  

 Between 1991 and 1995, trends in Bobolink abundance were positively correlated with 

the quantity of hayfield, which is consistent with other lines of evidence. For example, Murphy 

(2003) found 92% (n=25) of grassland birds exhibited at least one association between 

abundance trends and habitat quantity; for Bobolink, this relationship was with hayfield quantity. 

Given that Bobolink are upwards of 4-times more likely to be found in hayfields than any other 
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surrogate grassland habitat type (Bollinger et al. 1990), the maintenance of hayfields on the 

landscape, regardless of composition, will likely be important to Bobolink conservation.   

 Changes in Bobolink abundance were positively correlated with latitude during the 

1990s, consistent with the hypothesis that climate-driven gradients in plant maturation (hence, 

forage harvest timing) may contribute to spatial patterns in Bobolink abundance trends 

(Appendix D). In Ontario, optimal hay harvest timing is more than three weeks earlier in the 

southwest than in the northeast (Nocera pers. comms.), similar to patterns found in Michigan 

(Corace et al. 2009)  However, Bobolink fledgling dates only vary by one week over this same 

geographic gradient (Nocera pers. comms.). As a result, Bobolink breeding at the northern extent 

of their range are expected to have greater reproductive output in hayfields than their southern 

counterparts. This geographic gradient in reproductive rates could have important implications 

for landscape-scale management planning, since later hay harvest in northern regions could 

functionally act like bird-friendly mowing practices (i.e., delayed harvest), without necessitating 

human-mediated intervention or, presumably, sacrificing nutritional quality of later-cut forage.    

My derived indicator of hayfield composition was slightly negative over the entire study 

period, in contrast to results of some other studies (McCracken 2005, Mussel et al. 2013). One 

reason for this difference in estimates of changes in hayfield composition may be that I corrected 

my indicator for area. Previous studies that assessed hay harvest timing and frequency did not 

find relationships between hayfield composition and Bobolink abundance trends (Herkert 1997b, 

Corace et al. 2009), suggesting that my result is not an artifact of  how the predictor variable was 

derived.  

Results presented here corroborate those of Hill et al. (2014) and Perlut (2014) in that 

overall pesticide use on the breeding grounds did not appear to be an important predictor of 
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Bobolink abundance declines. An overall decrease in the use of pesticides, or the general 

reduction in the toxicity of pesticides in the past several decades could account for the absence of 

a relationship (Mineau and Whiteside 2006). Since pesticide risk to birds can vary 

geographically, future efforts to model these effects might be aided if spatially and temporally 

explicit data on the amount, type, and application rates of various pesticides per crop type were 

available. 

My models primarily addressed how the loss and degradation of grassland habitat during 

the breeding season in Ontario may affect Bobolink population abundance trends, as these 

factors are within the management jurisdictions of local governments. However, Bobolink live 

only a fraction of the year on the breeding grounds, meaning changes to migratory and wintering 

habitats may have important effects on population dynamics (Webster et al. 2002). In systems 

with strong migratory connectivity, habitat degradation on the non-breeding grounds would be 

expected to result in high levels of local variation in the breeding season abundance trends. 

However, given connectivity between breeding and non-breeding areas is weak for Bobolink 

(Renfrew et al. 2013), I would expect changes on the non-breeding grounds to result to some 

degree of spatial homogenization of trends as in the 2006-2011 sub-period. Thus, strong spatial 

structure in abundance trends between 1986 and 1990 and 2001 and 2005 does not support the 

notion that non-breeding ground effects are driving spatial trend heterogeneity on the breeding 

grounds. Local conditions in the breeding range not modelled by my predictors may be more 

likely to explain the observed spatial structure of trends during these periods (Bled et al. 2013).  

With a growing interest in developing regionally tailored management plans for priority 

grassland species (Cooper 2007), consideration ought to be given to finer-scale mechanisms to 

develop effective and efficient policy options to arrest or reverse declines. Regional variability in 
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Bobolink abundance trends, and the predictors identified to drive them, suggests that a one-size-

fits-all approach to grassland bird conservation may not adequately address threats. My results 

highlight the need for active adaptive management to accommodate complex environmental 

systems that are not constant in space and time (Walters and Holling 1990). An active adaptive 

management appraoch would allow resource managers to incorporate and address uncertainty 

regarding the causal factors that account for abundance declines, including non-linearity and 

non-stationarity, while reducing these uncertainties by deliberate experimentation through policy 

implementation.  
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Tables 

 

Table 1: Agricultural census divisions in Ontario, Canada which display strong evidence of 

increases or decreases in Bobolink (Dolichonyx oryzivorous) abundance over the entire study 

period (1986-2011) and five sub-periods (1986-1991, 1991-1996, 1996-2001, 2001-2006, 2006-

2011). The direction of the arrow indicates whether the 95% credibility interval was above (ŷ) or 

below (Ź) the zero mean trend line.  

Census 

Division 

ID Location name 

Area 

(km2) 1
9

8
6-

2
0

1
1 

1
9

8
6-

1
9

9
1 

1
9

9
1-

1
9

9
6 

1
9

9
6-

2
0

0
1 

2
0

0
1-

2
0

0
6 

2
0

0
6-

2
0

1
1 

3501 

Stormont-Dundas-

Glengarry 3308 
  ŷ    

3502 Prescott-Russell 2004    ŷ   

3506 Ottawa 2790       

3507 Leeds-Grenville 3384  ŷ     

3509 Lanark 3034      Ź 

3510 Frontenac 3738  ŷ  ŷ Ź Ź 

3511 Lennox-Addington 2841  ŷ   Ź ŷ 

3512 Hastings 6103  ŷ  ŷ   

3513 Price Edward 1050  ŷ     

3514 Northumberland 1905 ŷ      

3515 Peterborough 3848 ŷ ŷ   Ź  

3516 Kawartha Lakes 3083  ŷ  ŷ   

3518 Durham 2524       

3519 York 1762       

3521 Peel 1247    ŷ   

3522 Dufferin 1486       

3523 Wellington 2660       

3524 Halton 964       

3525 Hamilton 1117     Ź  

3526 Niagara 1854       

3528 Haldimand-Norfolk 2894       

3529 Brant 1093  ŷ    Ź 

3530 Waterloo 1369       

3531 Perth 2218 Ź    Ź  

3532 Oxford 2039       

3534 Elgin 1881       

3536 Chatham-Kent 2470       

3537 Essex 1851       

3538 Lambton 3002       
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3539 Middlesex 3317       

3540 Huron 3399       

3541 Bruce 4088 ŷ Ź ŷ Ź ŷ  

3542 Grey 4513   Ź    

3543 Simcoe 4859 ŷ      

3547 Renfrew 7441             
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Figures 

 

 

 

Figure 1: Directed acyclic graph showing causal relationships (link and arrows) among variables 

(ovals) hypothesized to account for population abundance declines in Bobolink (Dolichonyx 

oryzivorous) (diamond) based on evidence in the published literature and/or stakeholder 

consultation (detailed in Chapter 1). Positive and negative indicators specify the predicted 

direction of the cause-effect relationship.   
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Figure 2: Distribution map of North American Breeding Bird roadside survey routes (BBS; red 

line segments) within a portion of Bird Conservation Region 13 in Ontario, Canada. Agricultural 

Census Divisions (n=35) are delineated on the map with irregular polygons.  Insert bottom right: 

Map of Canada indicating the location of the study area (rectangle).   






















































































