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ABSTRACT 

The use of surrogate species, in which a focal species is used to represent other species of. 

interest, is a common practice in conservation. However, the validity of this concept has 

been rarely tested, This 1996-1999 study assessed the utility of the Cerulean Warbler 

(Dendroica cemlea) as a surrogate species in eastem Ontario and was undertaken at the 

Queen's University Biological Station (44'34'N, 76O20'W). 

A documentation of Cerulean WarbIer habitat requirements, achieved while 

avoiding inconsistencies uncovered in a review of the avian habitat literature, indicated 

that Cerulean Wmblers have potential as indicators of the deciduous forest health as 

Cenilean Warbler reproductive success appears to be dependent on complex forest 

canopies (based on analyses of 115 territories and 95 nests). A January 1998 ice storm 

drastically altered canopy structure and subsequent nesting success dropped to 8.9% (n = 

45 nests) fiom a pre-stonn average of 75.7% (n = 37, 1994-7). The decrease rnay be 

related to damage-induced reductions in foliage arthropod populations, indicating 

potential utility of the Cerulean Warblers as indicators of insect populations. 

Interestingly, 1999 nestiug success increased (36.4%, n = 30) as did average temtory size 

(pre-storm mean - 0.69hq 1998 - 0.74ha7 1999 - 1.Lïha). This increase was accompanied 

by a significant shift in 1999 nest-site selection patterns towards locations higher in larger 

trees with more foliage cover. The utility of Cenilean Warblers as a population or health 

indicator was compromised by the plasticity in their habitat affinities that may render this 

species resilient to certain habitat disturbances. 

The resuits of extensive survey indicated that, while Cenilean Warblers were the 

fourth most common warbIer in the study area, they have no potential as indicators of 



high avian biodiversity. However, their broad distribution did confer the Cenilean 

Warbler potential as an umbrella species. The spatial distribution of this species matched 

those of other mature forest species implying that Cerulean Warbler habitat management 

would provide for other species. Finally, Cerulean Warblers could be used as a flagship 

species by focusing efforts aimed at the preservation of mature, deciduous forest and the 

conservation of other species that require similar habitats. 



The collection of the data for this dissertation took the sweat of many individuals to 

whom 1 owe a debt of gratitude. In particular, 1 would like to ackmwledge Bill McLeish. 

Bill was with me for the h t  three years of this project and his quiet enthusiasm and 

competence provided the foundation upon which this thesis is built. 1 would also lilce to 

single out the efforts of Ryan Debruyn. Ryan joined Our lab in 1998 and, over the iast 

three years, has developed into a fine field biologist and has contributed greatly to this 

thesis and our knowledge of Cerulean Warblers. Many other people also provided very 

important assistance in the field: Catherine Oliarnyk, Ruth Woodward, Lisa Veit, Javier 

Salgado Ortiz, Tim Demmons, Jesus Vargas, Sergio Harding, Ben Risk, Susanne Millard, 

Nicole Vreeswyk, Robyn O'Hare (nee Varey), and numerous volunteers fkom the 

Kingston Field Naturalists and the Rideau Valley Naturalists. 

1 would also like to thank several landowners and agencies who graciously 

allowed me on their properties to look for and study birds and who assisted me greatly, 

both logistically and in the collection of data: Turid Forsyth, Rhonda Elliott, David Hahm, 

Gary Nielsen, Alfred and Patty Pick, Murphy's Point Provincial Park, and the Kingston 

Field Naturalists. 

1 am indebted to my supervisor, Raleigh Robertson, for letting me run with my 

ideas, for letting me make rnistakes and leam fiom them, and for teaching me to play the 

game. My supervisory committee of Drs. Laurene Ratcliffe, Chris Eckert and Demis 

Jelinski has also assisted greatly in the development and fine-tuning of this dissertation. 

Dr. Richard T. Holmes, m y  extemal examiner, also provided invaluable advice and 

suggestions. The staff at the Queen's University Biological Station, notabIy Frank and 



Marg Phelan and Floyd Connor, were instrumental in providing a safe and secure base of 

operations. 1 also benefited greatly fiom conversations and assistance fiom many 

individuals in the Department of Biology: Colleen Barber, Kelvin Conrad, David Jones, 

Steve Lougheed, Bob Montgomerie, Wally Rendell, Andrea Smith, Jason Pither, Dan 

MeMill, Scott Ramsay, Scott Tarof, Denise Cameron, Carol Noel, Julie French, and 

Joanne Surette. And 1 would be remiss if 1 did not mention the many colourfûl and 

fiuitfùl conversations 1 had the pleasure of having with Dr. Allen Keast. 1 have also 

benefited from conversations with many non-Queen's people including Paul Martin (the 

original Cerulean chaser), Tom Martin, Pete Marra, Scott Sillett, Matt Johnson, and Pat 

Weatherhead. 

1 have been very fortmate to have received monetary support fiom a wide variety 

of sources including Wildlife Habitat Canada and the Eastern Ontario Mode1 Forest 

Program. 1 have also been generously supported by the World Wildlife Fund of Canada 

in the fom of the MacNaughton Conservation Scholarship and grants from the 

Endangered Species Recovev Fund. This project is part of Natural Legacy 2000, a 

nationwide initiative in Canada to conserve wildlife and habitats in private and public. 1 

gratefülly acknowledge the support of the Governrnent of Canada's Millennium 

Partnership Fund. In addition, 1 received an NSERC PGSB scholarship, several Queen's 

Graduate Awards and the Queen's Bracken Fellowship. 

Finally, 1 need to express heartfelt gratitude to several special individuals without 

whom this dissertation could never have been conceived, let alone completed. To rny 

dogs, Mode, Katahdin, and Parker, for their constant reminders to keep life simple - 

food, water, play, belly nibs. To Erin Carruthers, whose support and understanding 



enabled me to make the move fkom my cornfortable life on the west coast to begin this 

endeavour here in Ontario. To my parents, Kathie and Barry Jones, and rny sister, 

Caitlin, who may not have always understood why I do what 1 do or why 1 chose the path 

1 did, but never once doubted my abilities and ambitions and never once wavered in their 

unconditional support. 

And to Jennifer Barg, soon to be Jennifer Barg-Jones, for so many things. For 

reading every word of this dissertation, for your insight and field savvy, for helping me 

curb my rampant speculations, for your brownies, for getting IT, for joining our drearns, 

for teaching me the true rneaning of patience, for never giving up. Th&-you. 



TABLE OF CONTENTS 

Acknowledgments iv 

Table of Contents vii 

List of Tables ix 

List of Figures x 

Chapter 1 - General Introduction 1 

Chapter 2 - Jones, J. in press. Habitat studies in avian ecology: a critical review. I l  
The Auk. 

Chapter 3 - Jones, J., and R. J. Robertson. Temtory and nest-site selection in 
Cerulean Warblers in eastern Ontario. 28 

Chapter 4 - Jones, J., R D. DeBniyn, J. J. Barg, and R. J. Robertson. in press. 
Assessing the effects of natural disturbance on a Neotropical migrant 
songbird. Ecology 65 

Chapter 5 - Jones J., and R J. Robertson. Assessing the conservation utility of 
the Cerulean Warbler. 94 

Chapter 6 - General Summary 117 

Appendix A -Papers included in "Chapter 2 - Habitat selection studies in avian 121 
ecology: critical review". 

C ~ c u l u m  Vitae 142 



CO-AUTHORSHrE' 

Ryan DeBruyn is included as an author o f  Chapter 4 as much o f  the work on the 

relationships between forest damage and territory characteristics grew out of his honours 

thesis at Queen's UniversiS. Mr. DeBruyn played a large role in data collection and data 

analysis, and provided editorial assistance- Jennifer Barg is included as an author of the 

same chapter as she was ïnvolved both in data collection and editing the manuscript. 

Raleigh Robertson is a CO-author on Chapters 3-5 as his support and guidance were an 

integral part of  the entire research process. 



LIST OF TABLES 

- Chapter 3 

Table 1. Cornparison of habitat variables within and outside territory 
boundaries. 

Table 2. Comparison of nest-patches with available patches and random 
patches. 

Table 3. Comparison of nest-sites with available sites and random sites. 
Table 4- Comparison of successfid and unsuccessfiil nest-patches. 
Table 5. Comparison of successfirl and unsuccessfiil nest-sites in 1998 and 

1999. 
Table 6. Cornparisons among first nests and re-nests for 1999. 
Table 7- Results of discriminant function analyses distlnguishing between nest 

locations and available locations and sites and between successful 
and unsuccess ful nests- 

Chapter 4 

TabIe 1. Cerulean Warbler reproductive success and nest mortality before and 
after the ice starrn of January 1998 in eastern Ontario- 

Table 2. Cerulean Warbler nest location characteristics compared between (1) 
pre-stonn years (1994-7) and 1998, and (2) 1998 and 1999. 

Table 3. Comparison of foliage cover in each height interval between nest 
height foliage profiles between (1) pre-storm years (1 996-7), and 
1998 and (2) 1998 and 1999. 

Chapter 5 

Table 1 - Tests for cohesive distributions of fünctional groups. 
Table 2- Successional interpretation of the principal components axes corn 

analysis of 9 vegetation variables for 59 point count stations. 
Table 3. Logistic regression coefficients predicting species occurrences across 

a habitat gradient. 



LIST OF FIGURES 

Fi,pre 1 - Schematic diagram of nest patch and nest-site habitat sampling 
regime. 

Figure 2. Distribution of discriminant hc t ion  scores for nest patch analysis 
and nest- site analysis for comparisons of nest locations with 
available habitat. 63 

Figure 3. Distribution of discriminant function scores for nest patch analyses 
and nest-site analyses for comparisons of successfil and unsuccessful 
nests. 64 

Chap ter 4 

Figure 1. Foliage height profiles for pre-stonn (1 996-7), 1998 and 1 999 nest 
sites. 



Chapter 1- 1 

Chapter 1 

General Introduction 

Jason Jones 



Chapter 1- 2 

TRENDS IN CONSERVATION BIOLOGY 

The history of conservation biology is rooted in natural history and habitat studies 

(Simberloff 1988). In the last 30 years this focus has shifted fkom isIand biogeography 

theory and refuge design to population genetics and metapopulation biology (Soulé 1986, 

1987). Like the growth of any new discipline, the evolution of conservation biology has 

been filled with disagreement and controversy. Topics of debate have ranged fiom what 

is the most appropriate taxonomie unit upon which to focus conservation efforts Cawton 

199 1 ; Lesica and Allendorf 1995) to how best organize a systern of protected areas 

(Diamond 1976; Simberloff and Abele 1976; Gilpin and Diarnond 1980). Currently, 1 

perceive a major dichotomy dominating the theory and practice of conservation biology 

and wildlife management - the division between single-species and zommunity based 

approaches (Maurer 1993). 1 believe that the unification of this dichotomy is an 

important step in the evolution of conservation biology. 

Historically, single-species have been the focus of wildlife management practices. 

These efforts generally focused on game species (American Garne PoIicy 1930) although 

the majority of endangered species management is likewise camed out on a species-by 

species ba i s  (CaughIey 1994). Single-species approaches tend to provide vaiuable 

information that is pertinent for a particular place and time but do not provide much 

opportunity for the development of rules or general theory (Block et al. 1995). In 

contrast, management at the scde of communities or ecosystems is a relatively new 

development (Hunter 1991; Block et al. 1995). One of the advantages of the community 

approach is that more species will be accounted for with an effort and cost that 

approximates that incurred by single-species approaches Werner 1983). The primary 
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disadvantage of this approach is that very little species-specific information is available 

with which to inform management decisions. Consequently, management efforts 

focusing on habitats, ecosystems, or communities run the risk of missing population 

fluctuations of individual species (Maman et al. 1984; Verner i 984). 

The integration of single-species and commtmity-based approaches to wildlife 

management and conservation remains a serious issue. This integration becomes 

increasingly critical when dealing with species of conservation concem, where an 

accurate understanding of the specific requirements of a focal species and its surrounding 

ecological context is of paramount importance (Sirnberloff 1988; Caughley 1994). 

However, the unravehg of such detail is often intractable fiom empirical and logistical 

perspectives. Delaying action until al1 facets of a species' life history are understood is 

both impractical and potentially dangerous (GiIpin 1987; Sirnberloff 1988). On the other 

hand, initiating conservation schemes without an understanding of ecosystem or 

coxnmunity context can have similarly serious consequences (Mooney and Drake 1986; 

Spencer et al. 199 1). 

DISSERTATION OBJECTIVES 

A common thread ninning through the history of conservation is that there are few tools 

available to managers effective on a large-scde, both empirically and theoreticalty. 

Certain existing tools, such as captive breeding, are effective only in controlled situations 

(Caughley 1994; Cade and Jones 1993) while others tend to be site-specific, such as 

removd of Brown-headed Cowbirds (Molothncr ater) to enhance breeding success of the 

Kirtland's Warbler (Dendroicu kirtlandii, Kelly and DeCapita 1982). 



One idea that is becoming increasingly common is the surrogate species concept 

(Thomas 1972). Surrogates have been employed in situations ranging fiom monitoring 

changes in environmental conditions to identifj6ng areas of high biodiversity (Phillips 

1980; Humphries et al. 1995). However, despite this widespread use, there remains 

considerable disagreement about the ecological and empirical validity of surrogate 

species (Inhaber 1976; Landres et al. 1988). Foremost arnong the cnticisms is the lack of 

standardized, rigourous methodology for assessing the suitab* of a chosen species as a 

surrogate (Landres et al- 1988; Caro and O'Doherty 1999)- Often, species are chosen 

because they are a species of conservation concern themselves or as a result of public 

perception of their value (Caro and O'Doherty 1 999). 

A broad goal of my dissertation is to outline the steps necessary to make an 

informed decision as to the appropriateness of a given species as a conservation or 

management surrogate. As an example, 1 chose to assess the conservation utility of the 

Cerulean Warbler in eastem Ontario. Due to precipitous breeding population declines, up 

to 3.4% per year since 1966 (Robbins et al. 1992, Pete rjohn et al. 1995, James et al. 

1996), this species has been variously designated as threatened, rare, or of special 

concem in the United States and of special concern in Canada (Robbins et al. 1992, 

COSEWIC 2000, Hamel2000b). While the conservation of Cerulean Warbler 

populations and habitats is an worthwhile endeavour, 1 feel that it is important to assess 

whether the benefits of these efforts exceed the single-species objectives. That is, there 

needs to be an integration of the needs of a single species and the community context in 

which it is embedded. 
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The first step in the assessrnent process is to accurately desmie the habitat 

requirements of the candidate species; in this case, f needed to document habitat 

requirements for successfûl Cerulean Warbler reproduction. The second step is to 

examine how the Cerulean Warbler fits into the Iarger avian assemblage context so 1 can 

explore the potential impacts of managing for Cedean Warblers on other species in the 

management area. The h a 1  step is to determine, in light of conservation and 

management goals, what conservation role the Cerulean Warbler is best suited for in 

eastern Ontario. 

Study Species. - The Cerulean Warbler is a small(-9g), canopy-foraging, insectivorous 

bird that breeds in mature deciduous forests @amel 2000a). Relative to its congeners, 

this species tends to forage and nest higher in the canopy (Bent 1953, Hamel2000a). 

This species also tends to migrate both earlier and farther than other congeners @amel 

2000a) and spends the winter season in the Andes Mountains of South Amenca (Robbins 

et al. 1992, Jones et al. 2000b). 

The eastem Ontario population of this species is reiatively recently established 

with the first published nest record for the region dating fÎom 1963 (QuiIliam 1973) and 

is on the Ieading edge of a northward range expansion for this species (Robbùis et al. 

1992). The eastem Ontario population size is approximately 3,000 breeding pairs (Jones 

et al. unpublished data) and exhibits very high densities in some regions (Jones et al. 

2000a). Annual adult male survivorship is estimated to be 51% (Jones et al. unpublished 

manuscript). The operational sex ratio of the study population on the property of the 

Queen's University Biological Station (4434'N, 76O20'W) is close to 1: 1 with some 

yearIy variation (Jones et al. unpublished data). Cerulean Warblers are socially 
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monogamous (Hame1 2000a) although there are observations of bigamy in our study 

popuIation (Jones and Barg personal observations). Males and fernale do participate in 

extra-pair copulations and these copulations have resulted in extra-pair young (Jones et 

al. unpublished data). Cedean Warblers are predominantly single-brooded (Hamel 

2000a) although they will re-nest following nest failure (Jones et al. in press). 

Synopsis of chapters, Xhapters 2 through 4 focus on habitat selection and habitat 

requirements of Cedean Warblers in eastern Ontario. In Chapter 2, I present a critical 

review of the last 14 years of avian habitat related research published in the four premier 

North Amencan avian joumals (The Auk, n e  Condor, n e  Journal of Field Omitholagy, 

The Wilson BulZetin). Chapter 3 addresses many of the methodological and empirical 

concerns raised by the critical review in an anillysis of temtory and nest-site selection by 

Cerulean Warblers on the property of the Queen's University Biological Station (QUBS). 

Chapter 4 documents the response of Cerulean Warblers to a severe natural disturbance, 

the ice storm of January 1998. This response assessment is used to examine habitat 

requirements for successful reproduction. The unpredictable Ioss of habitat resulting 

fiom the stonn afforded the opportunity to examine the relationship between population 

age structure, site fidelity, disturbance response and habitat selection in Cerulean 

Warblers and provided insight into the relative importance of the physical and social 

features that contribute to resilience to habitat disturbance. The documentation of this 

resilience is an important component of the surrogate species assessment process. In 

Chapter 5, I attempt to place the habitat afkities of the Cerulean WarSler in a 

community context. 1 then use the results of Chapters 3 and 4 and data presented in 

Chapter 5 to assess the suitability of Cerulean Warblers as a surrogate species for forest 
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management and wildlife conservation in eastern Ontario. Chapter 6 presents a generd 

summary of the dissertation. 
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The study of habitat use and selection in birds has a long tradition (Grimell 1917, Kendeigh 1945, 

Sv8rdson 1949, Hildén 1965; Block and B r e ~ a n  1993). Early habitat-selection theory was 

characterized by correlative models of habitat characteristics and species abundance (MacArthur 

and Pianka 1966, Verner et al- 1986, Rosenzweig 199 l), which subsequently evolved into models 

that ùrvolved density-dependence: the ccided-fkee distribution" and "ideal-despotic distribution" 

models (Fretwell and Lucas 1970, Fretwell 1972). More recently, habitat-selection studies have 

shown that many factors, such as landscape structure, can influence exactly how 'ideal' and 'fiee' 

animals are while moving through a landscape and selecting habitats (Karr and Freemark 1983, 

Pulliam and Danielson 1991, Petit and Petit 1996). 

Habitat-selection studies have recently assumed a new urgency, partially as a result of the 

importance of incorporating both habitat and demographic information into conservation p1a.r-g 

(Caughley 1994). Nevertheless, ornithologists tend to be inconsistent in their conceptual 

fi-arnework and terminology with regard to: (1) what constitutes habitat use versus selection, (2) the 

behavioral and evolutionary context of their kdings, and (3) the order or scale of their study, from 

microhabitat to geographic range (Johnson 1 980, Orians and Wittenberger 1 99 1). The purpose of 

t h i s  review is to address these concems through a sunrey of recent literature and hiWight areas 

where improvements or advances c m  be made in avian habitat ecology. 

TEQEE AREAS OF CONCERN 

Definitiom- The semantic and empirical distinctions between the terms "habitat use" and "habitat 

selection" are often unclear (Hall et al. 1997). 'TIabitat" refers to a distinctive set of physical 

environmental factors that a species uses for its survival and reproduction (Block and Breman 

1993). "Habitat use" refers to the way in which an individual or species uses habitats to meet its 

life history needs (Block and Brennan 1993). The study of habitat-use patterns describes the actual 
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distribution of individuah across habitat types (Hutte 1985). "Habitat selection" refers to a 

hierarchical process of behavioral responses that may result in the disproportional use of habitats to 

influence survivd and fitness of individuals (Hutto 1985, Block and Brennan 1993). "Habitat 

selection" carries a connotation of understanding complex behavioral and environmental processes 

that "habitat use" does not; habitat-use patterns are the end result of habitat-selection processes. 

'West-site selection" is a subset of habitat selection focusing solely on nest-sites. 

Contai.- The ability of researchers to place their fïndings in an appropriate behavioral or 

evolutionary context varies widely. Much of this variation lies in researchers' ability to generate 

specific questions and to place the answers to these questions into broader theoretical fiameworks. 

There are two aspects of habitat selection that are crucial to understanding the adaptive significance 

of disproportionate use of habitats; demonstration of choice and an assessment of the fitness 

consequences associated with the choice. 

First, habitat selection is a decision-making process and researchers need to make an 

attempt to describe how the observed patterns reflect individual choice. This attempt can be 

improved by the recognition that individuals are faced with choices that differ not only in terms of 

habitat quality but also in tems of the costs and benefits of acquiring space (Fretwell and Lucas 

1972, Kennedy and Gray 1994)- 

Second, habitat preferences are assumed to be adaptive without demonstration of increased 

fitness in preferred habitats (Robertson 1972, PuIliam and Danielson 199 1, Martin 1998). There is 

no guarantee that the presence of individuals in a given habitat is positively related to habitat 

quality (Van Horne 1983, Pulliam 1988, Caughley 1994). In the absence of behavioral or life- 

history information, there is no way to know if detected differences have any bearing on choices of 

individuals (Martin 1992, 1998). 
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In addition, many non-habitat related phenomena infiuence habitat selection in birds (Cody 

198 1, l985), including nest predation (Sonerud 1985, Martin 1993), cornpetition (Sviirdson 1949, 

Martin 1993, Petit and Petit 1996), intraspecific attraction (Danchin et al. 1998, Forsman et al. 

1998, Poysa et al, 1998), and food Limitation (Martin 1993, McCollin 1998). There needs to be 

explicit recognition of how these phenomena affect both the choices made by individuals and the 

fitness consequences of those choices, 

Methodology.- The empirical and statistical methods by which habitat selection is inferred differ 

greatly in their precision and applicability (Alldredge and Ratti 1986, 1 992). There are two main 

ways in which habitat selection is tested for breeding birds with territorial systems: comparing used 

habitats with unused habitat and comparing used habitats with available habitats. 'Vsed" habitat is 

habitat currently occupied by the focal individual or species; 'buseci" habitat is not currently 

occupied. ccAvailable" habitat refers to al1 habitat types in a prescnbed area and includes habitats 

currently in use. 

The used vs. unused cornparison is considered the less informative of the two methods 

(Johnson 1980). Information on the quality of used vs. unused space is only informative about 

habitat selection if the unused habitat is actually available to the birds of interest. Further, absence 

ftom a particular habitat does not mean that the habitat is being avoided (Wiens 1989, Haila et al. 

1996). Population density and demographics may have a major impact on which habitats are used 

or unused (Rotenberry and Wiens 1980, Wiens 1986, Wiens et al. 1987, Haila et al. 1996). 

In addition, there are statistical issues conceming the cornparison of used and unused areas. 

Of particular importance is the concem raised over statistical methods that fail to consider that an 

individual's use of a particular habitat affects its use of other habitats (Thomas and Taylor 1990, 

Aebischer et al. 1993). The lack of independence negatively affects the power of many of the 
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statistical techniques used to analyze such proportional use (AlIdredge and Ratti 1986, 1992, James 

and McCulloch 1990, Aebischer et al. 1993). Analytical techniques should test for departures fkom 

random use. if non-random use is detected, techniques should then assess which habitats are used 

more or less than expected by chance (Aebischer et al. 1993). Johnson's (1980) unit-surn 

constraint is an example of such a technique. 

Used versus available tests involve comparisons of habitats currently used by individuals to 

habitats available to be used. These comparisons are preferable to used versus unused comparisons 

because they allow researchers to make inferences about choice. However, the used versus 

available comparisons are also problematic in that the measurement of habitat availability is very 

difficult. First, availability refers to both the accessibility and procurability of resources, not just 

their abundance (Wiens 1984, HaIl et al. 1997, Martin 1998). The definition of availability based 

solely on the basis of the proportional area of habitat types makes a rareIy tested assuqtion that al1 

parts of the study area are equally available (Kennedy and Gray 1994, M u r  et al. 1996, Spencer 

et al. 1996). In addition, many researchers assume that a random sampling of habitats estimates 

habitat availability, although this assumption is seldom tested in the field. 

Second, both the spatial and temporal scales of the study idluence the perception of habitat 

availability (Wiens 1973, Kotliar and Wiens 1990, Orians and Wittenberger 1991) and, hence, our 

sense ofhabitat selection (Clark and Shutler 1999). Johnson (1980) defined four orders of habitat 

selection that acknowledge its hierarchical nature and provide a useful empirical fiamework for 

habitat studies. Johnson's fiamework ranges fiom the macroscale descriptions of the geographical 

or physical range of a species (fkst-order selection) to microscale descriptions of the actual 

attainment of food items or selection of nest sites fiom those available (fourth-order selection). If 

the scale of study and analysis is not tailored to the species and question of interest, key infiuences 
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on habitat selection may be missed by the research (Orians and Wittenberger 1991). For example, 

when examining habitat use within temtories, the individual has likely already made a crucial 

selection by choosing a territory Researchers should be explicit about the constraints that pnor 

decisions made by the animal place on its curent options (Johnson 1980). 

Third, habitat availability often is not assessed in a manner relevant to the individual or 

species in question (Aebischer et al. 1993, Gates and Evans 1998). Available habitat is usudly 

assessed within a study area, the boundarîes of which are often arbitrarily drawn. A more accurate 

assessrnent of habitat avaiIability is one that is infonned by the natural- and life-history 

characteristics of the focal species. For example, when considering selection of habitat components 

from within territones or home ranges (third-order selection; sensu Johnson 1980), the 

measurement of habitat availability shouId be constrained by the boundaries of the temtory or 

home range (Evans and Gates 1997, Gates and Evans 19%). 

METHODS 

1 surveyed the last 14 years (1 986 to 1999) of four North Arnerican ornithological journals - n e  

Auk, The Condor, Journal of Field OmithoIogy, and 17te Wilson Bulletin. 1 considered the content 

of these four journaIs to be representative of the state of  the avian research to date. 1 chose 1986 as 

the starting point as it was the k t  full publication year following the publication of Habitat 

Seleetion in Bir&, edited by Cody (1985). 1 searched titles, abstracts, and key words for the terms 

habitat use, habitat characteristics, habitat associations, habitat selection, and nest-site selection. 

Papers were grouped into three exclusive categories: habitat use papers, habitat selection papers 

and nest-site selection papers. Within each category, papers were classified according to the 

charactenstics of both the research within each manuscript and how the research was presented. I 

asked several questions of each paper: 1) Were the authors consistent and accurate in their usage 
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of habitat tenninology throughout the paper? 2) If the paper examined habitat or nest-site selection, 

did the authors contrast used habitats with unused habitats or did they address habitat availability? 

3) Ifthe authors addressed habitat availability, did they d e h e  availability arbitrarily (e.g. within 

preset study area boundaries) or did they consider the ecology of the study system when designing 

their habitat sampling method (e-g. within territory boundaries when assessing nest-site seIection)? 

4) If the authors addressed habitat or nest-site selection, did they attempt to place their hdings  in 

a behavioral or fitness context? 

1 assessed whether or not the fkequency of "errors" changed over time by grouping papers 

into the following time intervds: 1986 to 1989, 1990 to 1994, and 1995 to 1999- 1 compared the 

percentage of total papers committing semantic, methodological, and contextual, errors across each 

of the three t h e  intervals using Chi-square tests. In the Results and Discussion, 1 deal with 

semantic concerns first as the papers that s ae red  fiom such concems were not included in the 

assessrnent of methodological and contextual issues. 

RESULTS AND DiSCUSSION 

In total, 185 papers were included in this review: 73 habitat use, 51 habitat selection, 61 nest-site 

selection, Forty-two were published in the period 1986-1989, 56 during 1990-1994, and 87 during 

1995-1999. 

Semantics. - OveralI, 24% (44/185) of the surveyed papers suffered f?om semantic inconsistencies. 

Problems ranged fkom using "habitat usey' and "habitat selectiony' as synonyms (e-g.  Darveau et al. 

1992) to solely describing nest-site characteristics without reference as evidence of nest-site 

selection (e.g. SchafTner 1991). This study is not the first to raise concern over the Iack of semantic 

standardization in the habitat field (Romesburg 1981, Morrison et al, 1992, Hall et al. 1997). That 

nearly one-quarter of the papers surveyed in this review rnisinterpreted and/or misused the ternis 
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habitat use, habitat selection and nest-site selection indicates that the problem remains pervasive in 

avian ecology. Further, the situation does not appea. to be improving; there was no difference in 

the propensity for error across the three time penods (X2 = 3.05, df = 184, P = 0.22). Why the 

problem remains is perhaps related to the comrnonness of the terminology; authors may assume 

that everybody c'knows" what habitat selection is and, therefore, pay less attention to providing 

operational de finitions when presenting their research. While the avian habitat literature appears to 

have fewer semcrntic inconsistencies than other fields (Hall et aI. 1997), researchers need to strive 

to insure that essentid concepts are clearly dehed  if habitat ecology is to continue to develop and 

maintain its position as one of the central fields in avian research- The lack of semantic clarïty 

carries over into the ability of researchers to develop a meanuigful context surrounding their 

results. 

Metholodogy.- Of the 141 papers without semantic concerns, 46% (n = 65) made empirical 

decisions that rendered many of the results difficult to interpret and, possibly, inaccurate. There 

was no difference in the propensity for error across the three time periods (x' = 2.13, df = 140, P = 

0.34). Most of the reviewed papers that examined habitat selection described a used vs. available 

comparison (76%) rather than a used vs. unused comparison (24%), although the latter is widely 

used in wildlife management (White and Garrott 1990). Very few of the reviewed papers that 

employed used vs. unused cornparisons addressed issues of accessibility and availability. For 

exarnple, Frederick and Gutiérrez (1 992) tested habitat selection in White-tailed Ptarrnigan 

(Lagopus Zmcurus) by restricting the location of 'ûnused" sites to sites within regions of 

concentrated use, thereby guaranteeing habitat accesibility. Unless accessibility can be addressed, 

a better approach is to examine areas where birds are found and look at probability or frequency of 

usage across used areas (e.g Anderson and Tacha 1999). Finally, few papers utilized statistical 
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methodology designed to account for the non-independence of proportional use of habitats (e.g. 

Rym and Renkin 1987). 

The majorïty of the papers that actually exarnined habitat selection employed a form of  the 

used vs. available habitat comparison. While this is encouraging, many researchers failed to 

explicitly recognize that not al1 habitats are equally available for use and did not structure their 

habitat sampling rnethodology accordingly. Less than half of the papers that emplo yed a used vs. 

available comparison to test habitat selection defined availability in a manner relevant to the 

species or individual in question. For exarnple, when examining nest-site selection, many authors 

compared nest-site characteristics with habitat characteristics at random sites that were selected 

without reference to territory boundaries (e-g. Parnpush and Anthony 1993, Linder and Anderson 

1998). The assessment of habitat availability likely included habitat not available to the focal 

individual and, consequently, erroneous differences between nest-sites and available habitat could 

have been described. Constraining the assessment of habitat availability to within territory 

boundaries will provide a more accurate picture of nest-site or foraging site selection (e-g. Ramsay 

et al. 1999). 

The issue of availability c m  be compounded when dealing with species having unique 

habitat requirements. Smith et al. (1999) documented nest-site selection by Great Homed Owls 

(Bubo virginianus), a species that requires nest structure built by other species. However, in their 

selection of random sites to document "availability", they did not record the presence or absence of 

potential nest-sites, such as old coMd nests. If there are no potential nest-sites, the habitat is 

technically not available. On the other hand, Sieg and Becker (1990) provided a tmer assessment 

of availability for Merlins (Falco colurnbarzüs), which also require nests built by heterospecifics, 

by centering their non-nest habitat plots on unused Black-billed Magpie (Pica pica) nests. 
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Context. -Tm-e igh t  percent (46/121) of the papers that examined habitat or nest-site selection 

did not provide a behavioral or fitness context for their fuidings. There was no difference in the 

propensity for "error" across the three time periods (X2 = 0.32, df = 120, P = 0.85). Given so many 

h o w n  non-environmental influences on habitat selection, it is perhaps troubling that over one-third 

of habitat selection papers neglected to achowledge the potential effects of non-environmental 

factors on patterns they describe. Obviously, no single research project can cover al1 potential 

innuences but the existence of multiple constra.ïnts on individual behavior needs to be explicitly 

noted. For example, Hooge et al. (1999) focused their efforts in documenting nest-site selection by 

Acom Woodpeckers (Melaneves formicavorus) on the potential influence of microclimate on 

habitat selection but expanded their discussion to include the role of nest predation. In contrast, 

Wilson et al. (1998) offer o d y  a cursory explmation of observed patterns of habitat selection by 

peatland birds which limits the ability of the reader to appreciate the historicat dynamics of the 

system, 

The results of this review indicate that few habitat and nest-site selection papers have 

addressed why the selection of certain habitats was adaptive for the species in question. One 

notable exception was Badyaev et al.'s (1996) examination of habitat selection in female Wild 

Turkeys (Meleagris gullopavo); not only did the authors examine the reproductive consequences of 

habitat selection by individuals, they docurnented the process by which females behaviorally 

sampled habitat availability. 

Summary. - The results of my time period analysis, coupled with the frequency of "error" detected 

in this review, indicate that my concems regarding the general state of avian habitat selection 

research were valid. One concem was that ornithologists tend not to consistently evaluate the 

behavioral and fitness context of their findings. This can be arneliorated by recognizing that (1) 
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habitat selection refers to a process and not a pattern, (2) that there are many extruisic factors that 

influence habitat selection, and (3) that a complete test of habitat selection involves an assessrnent 

of whether or not the documented habitat preferences are adaptive. A second concem was that 

omithologists do not consistently use and perceive habitat-related terminology. This lack of 

consistency can be remedied by providing operational definitions to limit misunderstanding. A 

third concem was that methodologies commonly employed to document habitat selection do not 

account for the hierarchical nature of habitat selection and do not generate accurate representations 

of habitat availability- Cornparisons of used habitat with available habitat are more appropnate 

than cornparisons of used and unused habitat Definitions of habitat availability ought to be 

informed by the natural- and me-history characteristics of the focal species. 
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ABSTRACT 

We examined habitat selection by breeding Cedean  Warblers at three spatial scales in 

eastern Ontario over 3 years (1 997-1 999). Territories were characterized by well-spaced 

Iarge trees and dense foliage cover at heights between 12 - 18m. The results of our nest- 

patch (0.04ha circle around nest) and nest-site (0.0 lha circle) analyses indicate that male 

Cerulean WarbIers rnay take active roles in nest-site selection when selecting territones. 

We conclude f?om our nest-patch and nest-site selection analyses that territories likely 

contain multiple nest patches and sites and that male Cerulean Warblers may defend 

areas with multiple nest patches or sites which may attract fernales to settle with them. 

Whether or not Cerulean Warbler fernales use nest-site availability as a mate- or territory 

choice cue is unlaiown. We also tested the vaLidity of the assumption that a random 

sampling of habitat by researchers is representative of the habitat actually available to the 

birds and found that, in our study area at le&, the assumption was invalid. In addition, 

discriminant fünction analyses indicated that the diEerences between successful and 

unsuccessfid nest-sites were greater than the differences between nest-sites and available 

habitat. One interpretation is that the habitat in eastem Ontario is unsaturated with 

Cedeans and that unoccupied "good" habitat confounds cornparisons between used and 

available habitats. A second possibility is that nest-site selection processes in our study 

area have been dtered by a recent large habitat disturbance in the f o m  of an ice storm in 

1998. Both interpretations indicate that we need to be cornervative with forest 

management plans, and protect large tracts of mature forest. 
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INTRODUCTION 

Preferences for certain habitats are presumed to be adaptive (i-e., fitness is higher in 

selected habitats), yet few studies of avian habitat selection address fitness (Martin 1998, 

Clark and Shutler 1999). Those that do rarely focus on individual fitness despite the fact 

that detailing the potential fitness consequences of individual microhabitat choices (e-g. 

nest-sites) within habitat types may provide the best appreciation of the adaptive 

foundation of habitat selection patterns (Martin 1986, 1998). It is equally important to 

recognize that habitat selection (including selection of microhabitats) is a hierarchical 

process, both in space and time (Johnson 1980, Wiens et al. 1987, Kotliar and Wiens 

1990, Orians and Wittenberger 1991). For birds, habitat likely affects nest placement and 

success at two spatial scales: the nest-patch (characteristics of the habitat surrounding the 

nest-site) and the nest-site (characteristics in the immediate vicinity of the nest) (Martin 

and Roper 1988). For species that maintain dl-purpose temtories, these influences are 

felt after the selection of general breeding habitat (Le., temtory selection). 

Understanding the hierarchical processes leading to observed habitat use patterns 

becomes can help prevent critical management errors when dealing with species of 

conservation concern (Caughley 1994). 

The focus of thïs study is the Cerulean Warbler (Dendroica cerulea). Data fiom 

the North Amencan Breeding Bird Surveys indicate that this species is exhibithg severe 

local population declines (Robbhs et al. 1992, Peterjohn et al. 1995, James et al. 1996). 

this species has been variously designated as threatened, rare, or of special concern in the 

United States and of specid concem in Canada (Robbins et al. 1992, COSEWIC 2000, 

Hame1 2000). In general, Cerulean Warblers are thought to require large tracts of mature, 
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deciduous forest (Robbins et al- 1992); however, its small-scale habitat afkities are 

poorly understood beyond a general conclusion that large trees with dense canopies are 

preferred as nest habitat (Robbins et al. 1992, Oliarnyk 1996)- 

In this paper we examine habitat selection by Cerulean Warblers at several spatial 

scales. First, we describe temtory selection by males. Second, we test the assumption 

that habitat sampiing randomly provides an accurate assessrnent of habitat availability- 

We hypothesize that this assumption is not valid for birds that defend dl-purpose 

territones. Using the results of these tests, we then test for evidence of habitat selection 

at two nest scales (nest-patch and nest-site) by examining ciifferences between nests and 

random locations within temtories as evidence of long-term natural selection and 

between successful and unsuccessfiil nest locations as evidence of current natural 

selection (sensu Clark and Shutler 1999). 

S r n Y  AREA 

This investigation was conducted at the Queen's University Biological Station 

(QUBS), Ontario, Canada (44*34'N, 76'2O'W), within the Great Lakes- S t. Lawrence 

mixed forest region. Our study area was restricted to approxirnately 2600 ha of research 

tracts rnanaged by QUBS (Jones et al. 2000). Al1 nest-searching activities were c d e d  

out in two study grids (1 1.4 and 6.4 ha) that were characterized as mature, secondary- 

growth, lowland mixed deciduous forest with a canopy layer dominated by sugar maple 

(Acer saccharum), and to a lesser extent oak (Quercus spp.), and elm (Ulmus spp.). The 

population studied in this research is located at the extreme northem edge of the breeding 

range of this species (Dunn and Garrett 1997). 



METHODS 

Nest searching and femtory rnapping. - From May to June of 1997-99, the two sites were 

searched for Ceruiean Warbler nests. Nests were located by following females with 

nestîng material or, for nests found at later stages, by following males delivering food to 

incubating females or b y witnessing a feeding trip by either parent. Nests were checked 

every 2-3 days- Nests that fledged at least one young were considered successful. Al1 

failed nests, whether succumbing to predation, exposure or abandonment, were lumped as 

unsuccessful as we were unable to ascertain the cause of nest failure in al1 cases. 

Temtories of males were mapped using playback (Falls 1981) and by noting 

location of counter-singing bouts and aggressive interaction between neighboring males. 

Over two-thirds of the adult males in our study population were color-marked which 

simplified identification of temtory boundaries. 

Teritoly habitat sampling. - In 1998 and 1999, we sampled habitat in 1 15 territories 

throughout the study area (including the two study grids). For each temtory, habitat was 

sampled in a single 5 m radius circle plot located within the territory boundaries. This 

location was selected by moving a random distance (restricted to i 40 m) and direction 

(both generated by a random number generator) kom the f3st detected location of the 

target male on the day of sampling- Within each of the plots, nine habitat variables were 

measured and cdculated: number of saplings (SAPS; diameter at breast height c 3.0 cm), 

number of trees (TREE; diameter at breast height 2 3.0 cm), basal area of al1 trees 

(AREA), the ratio of AREA to TREE (ARAT), foliage cover in four height categorïes (< 

6 m, FCI; 2 6-12 m, FC2; 2 12-18 m, FC3; 118 m, FC4), and maximum tree height 

(MAX). Foliage cover was measured in a 1 rn radius cylinder, centered within the 5 m 
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radius plot, which was projected from the forest floor to the top of the canopy- Total 

cover and percent cover of each species was estimated by eye in each height interval on a 

scale of O to 10 (O = 0% cover, 10 = 100% cover). Foliage cover was estimated by the 

same observer in aU years. 

Identical habitat rneasurements were made at I 1 I non-territory Iocations within 

the study area. These locations were selected by moving a random distance and direction 

fiom the temtory habitat sampling location and were restricted in two ways. Each 5 m 

radius circle could not contain water (e.g. not on a pond edge) and each point had to be at 

least 200 m away fiom the nearest singing male to limit the likelihood that the sampling 

point fell within a male's temtory. 

Nest-pafch and nest-site habitat sampling- - The same habitat variables were measured 

for nest patch and nest-site analyses. Five Sm radius plots were used; one plot was 

centered on the nest and the other 4 were centered on points 1 1.4 m away fiom the nest in 

each of the cardinal directions (cf James and Shugart 1970). Measurements fiom al1 5 

plots were averaged for the nest-patch analyses and only the central plot was used for the 

nest-site analyses (Fig. 1). In 1997 and 1998, al1 foliage cover estimates were made by 

the same two observers who standardized their estimates at the start of eacb season; one 

of these observers performed al1 foliage cover estimates in 1999. 

Al1 habitat variables were also measured at a random location (5 - 5 m plots) for 

each nest-site or patch, the randomIy selected center represenîing a nest location. 

Random locations were selected by moving a randomly generated distance and direction 

fiom the focal nest. To test the assumption that a random sarnpling of habitat was 

representative of the habitat actually available to a bird when making nest-site decisions, 
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random locations were chosen in two ways. In the first set of analyses, only those random 

locations that fell within the territory boundaries of the focal male were accepted and 

measured. These locations and analyses are referred to throughout the rnanuscript as 

c'available" locations (Fig. 1); in this sense, habitat availability is defined by the behavior 

of the bird. In the second set of analyses, al1 randorn locations were accepted and 

measured, irrespective of temtory boundaries; some random location fell within temtory 

boundaries. These locations and analyses are referred to throughout the manuscript as 

"random" locations (Fig. 1). 

Analyses - Statistical anaIyses were perforrned with JMP 3.2- 1 (SAS Institute 1997) and 

SPSS 9.0.1. (SPSS Inc. 1999). Al1 habitat variables that were not nonnally distributed 

(as detemrined by Shapiro-Wilk tests) were optimally transformed before using them in 

analyses (square-root transformations for SAP S in al1 analys es, square root 

transformation for TREE in temtory analyses, square root transformation for AREA in 

tenitory analyses, log transformation for ARAT in the territory analyses, square root 

transformation for ARAT in the nest-site analyses). Bartlett's tests for homogeneity of 

variances were perfomed on both the transformed and remainùig untransformed 

variabIes and no significant heteroscedasticity was detected. Means + SE of 

untransformed data are presented in the tables for ease of  interpretation. 

To test the assumption that c'rndorn" equals "available", t-tests were performed 

on each of the habitat variables comparing between nest locations and random locations 

and between nest locations and available Iocations. Univariate analyses (t-tests) were 

also used to compare successfül nest-patches and nest-sites with unsuccessful ones. We 

lumped al1 nests fiom 1997-99 for the nest-patch analyses and 2 998-99 for the nest-site 
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analyses due to within-year sample size constraints and due to subtle differences in 

habitat samphg regimes in 1997 and 1998-9. 

We also examined the differences in habitat variables between fïrst nest-sites and 

re-nest sites in 1999. First nest-sites are defined as the first nest found for a giveri pair in 

a given territory; re-nests are any other nests found subsequently in the same temtory, 

following failure of the f is t  nest. Sequentid Bonferroni corrections were applied where 

appropriate to control the group-wide type-1 error rates (Rice 1989). 

We then tested for multicollinearity arnong the nine habitat variables using 

principal components analysis. For each nest and available location, the first principal 

component explained less variation than could occur by chance (Legendre and Legendre 

1983, Jackson 1993) fkom wEch we iderred that the variables were orthogonal. Hence, 

the original transformed variables were used in a discriminant function analysis @FA). 

Covariance matrices were tested for homogeneity and no significant heteroscedasticity 

was detected. The DFA collapsed the nine habitat variables into one composite fûnction 

that maximized differences between sites. The first DFA tested whether nest locations 

differed fkom avaiIable locations, at either nest scale. The second DFA tested whether 

successfûl nests differed fiom unsuccessful nests, at either scale. We compensated for 

unequal sample sizes arnong groups by setting pnor classification probabilities 

proportional to initial sample sizes for each group. For both DFAs, habitat variables with 

loadings of c 10.401 were deemed uninformative (Cooley and Lohnes 1971). In addition to 

examining the original classification denved by the DFAs, we also performed cross- 

validated classifications whereby each observation (Le. 30mui watch) is classified by the 

derived fûnctions of al1 the other observations. Further, as DFA can correctly classify 
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observations by chance alone, we calculated chance-corrected classification values to 

determine the percent improvement over chance generated by both the original and cross- 

validated DFAs (Titus et al. 1984). We calculated Kappa statistics and 2-tests to test 

whether the improvement over chance was statistically significant (Titus et al. 1984). 

RESULTS 

Tenitory selection. - Differences in mean habitat variables between territories and non- 

territory sites were consistent across the years 1998 and 1999 (Table 1). Territones had 

signincantly higher mean basal areas (ARIZA), basal area:stem ratios (ARAT), and 

foliage cover between 12-1 8 m FC3) in both years. In 1998, the maximum tree (TREE) 

was significantly higher in temtories. 

Univanate tests of nest-patch and nest-site selection. - In total, 79 nests found in 1997-9 

were included in the nest patch analyses and 71 nests fiom 1998-9 were included in the 

nest-site analyses. At the level of the nest-patch, results using available patches were 

different than results using random patches (Table 2). Following Bonferroni corrections, 

however, only cornparisons of nest-patches and random patches yielded significant 

differences in the means of habitat variables, and only in 1997 and 1999. In bath years, 

random patches had higher mean TREE than did nest-patches (1997 nests 9.7 * 0.9, 

random 18.2 * 1.3, t = -4-05, df = 32, P = 0.0003; 1999 nests 12.9 * 0.8, random 17.1 * 
0.8, t = -3.82, df = 64, P = 0.0003). In 1999, random patches were additionally 

characterized by lower mean ARAT (nests 0.02 * 0.002 m2/stern, random 0.01 0.001 

m2/stern, t = 4.63, df = 64, P < 0.0001). 

At the Level of the nest-site, differences were also detected between analyses 

using random and available locations (Table 3) although these differences were not the 



same ones detected at the level of the nest patch. In 1998, there were si@cant 

differences in mean habitat variables between nest-sites and random sites (nests with 

higher mean AREA and ARAT) while there were no significant differences between 

nest-sites and available sites. In 1999, both available and random sites had lower mean 

FC3 and Iower mean MAX. For foliage cover above 18 m (FC4), however, available 

sites had lower mean cover than did nest-sites while random sites had higher cover than 

did nest-sites. 

Very few habitat characteristics were linked to nest success- At the scale of the 

nest-patch, no significant habitat merences were detected in the univariate analyses of 

successfûl and unsuccessfiil patches (Table 4). The only significant difference detected 

between successfûl and unsuccessful nest-sites was higher mean cover between 6-12m 

for successfül nest-sites (Table 5). There were no significant differences in mean habitat 

values in 1999 between 1999 first nests and re-nests, regardless of how they were 

grouped (Table 6). 

Midtivariate tests of nest-patch and nest-site selecrion. - The first DFA revealed that nest- 

patches did not exhibit significant separation fiom available patches (Table 7, top part of 

Fig. 2). However, nest-sites did show significant separation f?om available sites on the 

h s t  discriminant fùnction and had higher loading on FC3, FC4 and ARAT than did 

available sites (Table 7, bottom part of Fig. 2). The first discriminant function correctly 

classified nest-sites more often than it did nest-patches for both the original and cross- 

validated classifications although only the original nest-site classification rqxesented a 

significant irnprovement (Z = 2.69, P = 0.004; d l  other Z c 1.40, al1 other P > 0.05). 
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Likewise, the second DFA revealed significant differences between successful 

and unsuccessful nest locations but not at both scales- Successful nest-patches exhibited 

no significant separation fiom unsuccessfül nest-patches on the first discriminant fimction 

(TabIe 7, top part of Fig. 3). Successfd nest-sites showed significant separation fiom 

unsuccessfiil nest-sites on the first discriminant hc t ion  and had higher loading on 

AREA, ARAT, and FC3 and lower loading TREE than unsuccessfid nest-sites (Table 7, 

bottom part of Fig. 3)- The first discriminant fhction correctly classified successfùl 

nests at the scale of nest-site more so than it did at the scale of the nest-patch and only at 

the scale of the nest-site did the fûnction represent a significant improvement over chance 

(Z = 2.84, P = 0.002; all other Z < 1.63, aIi other P > 0.05). 

DISCUSSION 

Temtory selection by male Cerulean Warblers at QUBS was influenced by the 

nurnber and size (Le. girth) of trees in an area and the foliage cover in the rnidstory- Male 

Ceruleans generally selected temtories characterized by large, well-spaced trees with 

dense canopies. Territory selection by males was consistent between 1998 and 1999 with 

the exception of foliage cover below 6 m. As this height stratum is infrequently utilized 

by Cenilean Warblers (Jones persona1 observation), this discrepancy is likely not 

ecologically significant to this species. 

Different nest-patch selection patterns emerged when nest-patches were compared 

with available patches and with random patches. More differences were detected 

behveen nest-patches and random patches; in fact, no significant differences between 

nest-patches and available patches were detected in any year. At the scale of the nest- 

site, differences between cornparisons with available sites and random sites were also 
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evident. The most strikïng differences were detected in foliage cover over 18 m; not only 

did the two analyses generate different results, they generated opposite resdts- In 1999, 

nest-sites had higher foliage cover in this stratum than available sites but lower foliage 

cover than randorn sites. 

These inconsistencies highlight the need to test, in the field, the assumption that a 

random sampling of habitats generates an accurate picture of available habitat (Aebischer 

et al. 1993, Jones in press). Wherever possible, the selection of habitat sampling 

methodology ought to be informed by the natural history of the focal species (e-g., 

Ramsay et al. 1999). Given the evidence for temtory selection b y Cerulean Warblers in 

this region, it cornes as no surprise that using sampling points outside of temtory 

boundaries rnight provide an inaccurate representation of nest-site selection. In terms of 

determining which habitat variables are important in nest-patch and nest-site selection in 

this species, we believe that comparisons with random locations located within the males' 

territory boundaries (Le. available locations) are more meaningful than comparisons with 

random locations not so constrained. The magnitude of the differences between avaiIable 

and random analyses also likely depends on the number of random locations that actually 

fall within temtory boundaries; the greater the overlap, the fewer the differences. This 

degree of overlap will be influenced by the sociality of the study species. For species that 

tend to have densely packed temtories, such as the Cerulean Warbler @amel 2000, Jones 

and Robertson unpublished data), the likelihood that a random location will fa11 within a 

temtory boundary is higher than for more solitary species (e.g., Scarlet Tanager, Piranga 

olivacea). 
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The low number of detected differences between nest locations and available 

locations, at both nest scales, may indicate that important nest-patch and nest-site 

selection decisions were made when maks chose their territories. As fernales likely 

make the final nest-patch and site selection decisions in our study area, male Cedean 

Warblers may try to defend areas with miiltiple nest-patches or sites in order to maximize 

the probability that females settIe with them. The importance of nest-site availability as a 

mate- or territory choice cue for fernales has been hypothesized for other species 

(Leonard and Picman 1987, Martin 1988, Sedgwick and Knopf 1990, Steele 1993). 

Whether or not this is the case for Cedean Warblers remains untested. Multiple nest- 

patches or sites within a territory may be attractive for several reasons. One reason is that 

multiple nest-patches or sites may provide insurance sites in case of nest faiiure. A 

second reason is that nesting in an area with many potential nest-patches or sites may act 

to Iower nest predation pressures by increasïng the number of potential locations a 

predator must examine (Martin and Roper 1988). The lack of detected differences 

between first nests and re-nests, at the scale of the nest-site, when coupled with the fact 

that most pairs in our study area will re-nest within the male's original temtory 

boundarïes after nest failure (Jones et al. unpublished data), lends support to the notion 

that males are choosing temtones with multiple nesting opportunities. The presence of 

multiple nest-patches or sites within a single tenitory would affect our ability to detect 

differences between nest-sites or patches and available habitat if the "available" sampling 

point fell near a suitable but unused nest-site or patch. The results of this portion of the 

study highlight the need to be aware that habitat selection is a hierarchical process and 
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that, if the scale of study and analysis is inappropriate, key influences on habitat selectiori: 

may be missed by the research (Orians and Wittenberger 199 1, Aebischer et al. 1993). 

The results of the h t  DFA indicated no significant differences between nest and 

available Iocations at the scale of the nest-patch, although significant differences were 

detected at the scaie of nest-site, which can be taken as evidence of long-tenn 

(phenotypic) selection pressures; that is, long-term natural selection may lead to habitat 

preferences that are learned or  genetic (Hildén 1965, Sonerud 1985, Clark and Shutler 

1999)- The most important distüiguishing variables at the level of nest-site were foliage 

cover above l2m and basai area ratio, both of which were higher at nest-sites. These 

results are in concordance with previous hdings for this species, both in this region 

(Oliamyk 1996) and elsewhere within its breeding range (Hamel2000). Cerulean 

Warblers generally nest on the bottom edge of the forest canopy (12-1 Sm hi&, Oliarnyk 

1996, Jones et al. in press) and likely cue on sites that offer, among other things, 

sufficient foiiage coverage to conceal parental movements to and fiom the nest site, Nest 

cover is known to have a powerfbl influence on nest-site selection patterns of many 

species (Martin 1998) and forest stands characterized by widely-spaced large trees (Le. 

hi& basal area ratios) tend to have suitable canopy structure for Cerulean Warblers in our 

study area, 

Examination of the differences between nest and random sites highlights patterns 

of habitat use rather than habitat selection processes (Wiens 1986, Clark and Shutler 

1999). To examine habitat selectionprocesses, we contrasted the characteristics of 

successfül and unsuccessfül nests to assess the fitness consequences of nest-site selection 

decisions (Martin 1998, Clark and ShutIer 1999). The results fiom the second DFA 
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indicated no si@cant differences between successful and unsuccessful nests at the 

scale of the nest-patch but did so at the level of the nest-site. The most important 

distinguishing variables at the nest-site were number of trees (higher at unsuccessfirl 

nests), basal area and basal area ratio (both higher at successful nests), and foliage cover 

between 6-12m (also higher at successfiil nests), Within forest stands with large trees and 

well-developed canopy layers, successful breeders made microhabitat choices at the high 

extreme of availability spectnun (e-g., the largest trees). Most of these patterns are 

similar to those observed in previous work on this species in the region (Oliarnyk 1996). 

The patterns we observed at the level of the territory were thus amplified at the level of 

the nest-site. Unlike Oliarnyk (1996), however, we found a connection between nest 

success and hi& foliage cover between 6-12m, which is the foliage Iayer just below most 

nest locations. The difference between Oliarnyk's work (1996) and ours may reflect the 

short-term variability in, and stochastic nature of, factors contnbuting to nest success 

(Wiens 1985, Burger 1987, Filliater et al. 1994, Hogstad 1995). 

The DFA perfonned better at the scale of the nest-site than at the scale of nest- 

patch for both nest vs. available (64% and 68%, respectively) and successfiil vs. 

unsuccessful nests (80% and 92%, respectively). This is largely a scale issue in that 

important nest-site selection decisions that have not already occurred in the selection of 

the tenitory by the male, occur at the microhabitat (i-e. nest-site) level. 

At the nest-site scale, the DFA performed better in distinguishing successfd vs. 

unsuccessfbl nests than it did in distinguishing nest-sites vs. available sites (92% and 

68%, respectively), This is contrary to existing theory which contends that differences 

between successful and unsuccessfùl nests are usually more subtle than differences 
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between nest and non-nest habitat (Clark and Shutler 1999). The lack of distinction 

between nest-sites and available sites relative to that between successfbl and unsuccessfiil 

nests has several possible explanations. The first one parallels our univariate results; that 

is, there are multiple suitable nest-sites withui each territory 

The second explanation revolves around the recent establishment of the study 

population. The first Cerulean Warbler nest record in eastern Ontario is fkom 1963 

(Quilliam 1973) and our study population is on the leading edge of a northward range 

expansion for this species (Robbins et al. 1992). The young "age" of the study 

population may contribute to the apparent lack of habitat saturation resulting in suitable 

Cedean Warbler habitat going unus ed. This would confound efforts to consistently 

distinguish differences between used and available habitats (Wiens 1986, Wiens et al. 

1987). 

A third explanation follows fiom the second in that nest-site selection in this 

region is driven by current selection pressures which rnay have been recently altered by 

the ice storm in the winter of 1998. In fact, Cerulean Warblers in o u  study area appear 

to have altered certain aspects of their nest location preferences, such as the distance to 

nearest canopy gap, following the ice storm (Jones et al. in press). Large scale 

disturbances such as the ice storm c m  play major roles in altering selection pressures and 

can have major impacts on habitat selection patterns exhibited by bird populations 

(Brokaw and Grear 1991, Thurber et al. 1994, Paine et al. 1998). 
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Table 1- Cornparison of habitat variabIes within and outside of occupied territones. 

Values shown are mean =t SE of untransfonned variables- P-values for the territory vs. 

non-tenitory t-tests are given in parentheses. Bold face values are significant after 

sequential Bonferroni corrections with a group-wide a of 0.05 (Rice 1989). 

Within temtones 

1998 1999 Non-temtories 

(n = 67) (n = 48) (n = 111) 

# of saplings (SAPS) 38.9 =t 2.51 

(0.0 16) 

# of trees (TREE) 15.9 * 0.80 

(0.584) 

tree basal area (m2) (AREA) 0.23 k 0.017 

(0.0004) 

AREA:TREE (m2/stem) (ARAT) 0.02 * 0.002 

(~0.0001) 

Foliage cover below 6m (FC1) 4.8 =t 0.27 

(0.23 1) 

Foliage cover 6-1 2m (FC2) 4.4 I: 0.32 

(O. 137) 

Foliage cover 12-1 8m (FC3) 4.5 =t 0.32 

(0.0006) 
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Foliage cover over 18m (FC4) 1.8 rt 0.33 1.2 =t 0.29 1.1 * 0.22 

maximum tree height (m) (MAX) 17.3 0.48 25.7* 0.60 13.3 * 0.59 
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Table 2. Cornparison of nest-patches with available and random patches. Shown are 

means * SE of untransformed variables. P-values for nest vs. random t-tests in brackets. 

Bold values siguïficant after sequential Bonferroni corrections (group-wide a = 0.05). 
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Table 3. Cornparison of nest-sites with available sites and random sites. Available sites 

were Iocated within known temtorial boundaries, while random sites were placed without 

reference to temtory boundaries, Values shown are means I SE of untransformed 

variables. P-values for nest vs. random t-tests are in parentheses, Bold face values are 

significant after sequential Bonferroni corrections with a group-wide a of 0.05 (Rice 

1989). 

Nest Available Random 

(n = 43) (n = 24) (n = 42) 

Nest Available Random 

(n = 28) (n = 20) (n = 35) 

0.22 * 0.03 0.25 * 0.04 0.19 * 0.03 
(O. 60) (O -25) 
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Table 4. Cornparison of successful and unsuccessfbl nest-patches (successful = 17, 

unsuccessfid = 62, df = 77). Values shown are means k SE of untransformed variables. 

Results of t-tests are shown. 

Successfül Unsuccessfid t (P) 

S A P S  

TREE 

AREA (m2) 

ARAT (m2/stem) 

FCl 

FC2 

FC3 

FC4 

MAX (m) 
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Table 5. Cornparison of successful and unsuccessful nest-sites in 1998 and 1999 

(successful = 12, unsuccessful= 59, df= 69). Values shown are means & SE of 

untransformed variabks, Redts  of t-tests are shown. Bold face values are sigdicant 

after sequential Bonfernoni corrections with a group-wide a of 0.05 (Rice 1989). 

S A P S  

TREE 

AREA (m2) 

ARAT (m2/s tem) 

FC 1 

FC2 

FC3 

FC4 

Mfdc (ml 

-0,085 (0.932) 

-0.080 (0.936) 

1-928 (0.058) 

1.599 (0.1 15) 

1.069 (0.298) 

3.383 (0.001) 

1.555 (O. 125) 

2.121 (0.038) 

1.604 (0.1 13) 
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Table 6,  Cornparisons among first nests and re-ne& for 1999. There are no significant 

differences between any of the columns. Values shown are mean * SE values of 

untransformed variables. 

al1 l* nests failed la nests ali re-nests successfiil re-nests 

(n = 15) (n = 13) (n = 13) (n = 6) 

S A P S  

TREE 

AREA (m2) 

AREA (m2/stem) 

FCl 

FC2 

FC3 

FC4 

M f u  (m) 
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Table 7. Results of  discriminant function analyses distinguishing between nest locations 

and available locations and sites and between successfbi and unsuccessfiil nests based on 

listed habitat variables. Loadings > 10.401 on DF1 are in bold. 

Nest vs, Available Successfbl vs- Unsuccessfitl 

nest-patch nest-site nest-patch nest-site 

(79152) " (71144) (1 7/62) ( 2  2/59) 

S A P S  

TREE 

AREA (m2) 

ARAT (m2/stem) 

FC1 

FC2 

FC3 

FC4 

MAX (ml 

Wilks' Lambda (P) 

correct classification (%) 

% better than chance 

cross-validation classification (%) 

% better than chance 
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a nimibers in brackets are sarnple sizes of each category (e.g. 79 nests and 52 available 

sites); Percent improvement on chance discrunination. See Titus et al. (1984). 
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FIGURE CAPTTONS. 

Figure 1. Schematic diagram of nest patch and nest-site habitat sampling regime. Large 

circles represent hypothetical temtory boundaries and asterisks denote nest locations. A) 

Only the central 5 m radius plot at each location was included in the nest-site vs. 

available site or random site analyses. All five 5 m radius plots were averaged for the 

nest patch vs. available patch or random patch analyses. The following habitat variables 

were rneasured in each 5 m radius plot: number of saplings, number of trees, basal area of 

all trees, a basal area : stem ratio, foliage cover under dm, foliage cover between 6-12 m, 

foliage cover between 12-18 m, foliage cover above 18 m, and maximum tree height. B) 

Both available and random locations are situated at a random distance and direction fkom 

the nest location. Available locations for nest patch and nest-site selection analyses fell 

within known territorial boundaries, while random locations were selected without 

reference to territorial boundarïes although they were accepted if they fell wholly or 

partially withui territory boundaries. 

Figure 2. Distribution of discriminant fünction scores for nest patch analysis (top) and 

nest- site analysis (bottom) for comparisons of nest locations with available habitat- 

Arrows indicate direction of increasing values of habitat variables strongly infhencing 

the first discriminant fiinction (loadings > 10.401). 

Figure 3. Distribution of discriminant hc t ion  scores for nest patch analyses (top) and 

nest-site analyses (bottom) for comparisons of successfiil and unsuccessful nests. Arrows 



Chapter 3 - 61 

indicate direction of increasing values of habitat variables strongly influencing the first 

discriminant fiinction (loadings > 10.401). 
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nest-site analyses nest-patch analyses 

available location random location 

Chapter 3 - Figure 1 
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1 nest-patch 1 1 random patch 1 

foliage cover > 18m 
foliage cover c 6m - 
ratio of basal area to # trees 

I nest-site 
WSSf random site 

foliage cover > 18m 
foliage cover 12-1 8m 1 
ratio of basal area to # trees 
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1 successful nest-patch 1 1 EBBI unsuccessful nest-patch 

Foliage cover > 18m - 
-1 unsuccessful nest-site 

0 -4 

O -3 

O .2 

0-1 

0.0 

-2 

<-, number of trees 

basal area -> 
basal area ratio.-> 

foliage cover 6-1 2m 
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Abstract. Largescale nahiral habitat disturbances can play major roles in structuring 

the distribution of individuak and ecos ystems and can exert substantial selective 

pressures- The magnitude of these effects depends on the spatial and temporal scale of 

the disturbance, as well its kequency, intensity and predictability. In January 1998, the 

worst ice stom in documented Canadian history struck southern Ontario and Quebec. 

This storm affected over 10 million hectares of forest causing widespread damage. One 

of the regions negatively af5ected by the stonn is home to a large b ; . ~  1-s population of 

Cerulean Warblers, Dendroica cerulea. This population has been studied since 1 994 

thereby allowing a unique opportunity to examine the effects of a large-scale natural 

habitat disturbance on the reproductive ecology and behavior of this Neotropical migrant 

songbird. We addressed two main questions: (1) Did Cerulean Warb ler reproductive 

- success change afier this habitat disturbance?, and (2) Did the breeding population 

exhibit a shifl in habitat selection patterns in response to this habitat disturbance? The 

January 1998 ice storm resulted in a significant reduction in the amount of foliage in the 

forest canopy of our study area in the following spring. This was followed by a 

sigaificant decline in Cerulean Warbler reproductive output in the 1998 breeding season. 

In 1999, Cerulean Warblers demonstrated a significant increase in temtory size and a 

significant shift in nest-site location patterns; these shifts were accompanied by a 

significant increase in reproductive success. The 1999 shifts in territory and nest-site 

location patterns were affected by the same individuals who were failed breeders in 1998. 

This suggests that Cerulean Warblers possess a degree of plasticity in their habitat 

affinities and that this plasticity rendered the population somewhat resilient to this 

particular disturbance. 
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resilience; territory size 



Chapter 4 - 68 

INTRODUrnON 

A disturbance can be defined as "a relatively discrete event in time that disrupts 

ecosystem, comrnunity, or population structure and changes resources, substrate 

availability, or the physical environment" (white and Pickett 1985: 7). Natural 

disturbances Vary greatly in their scaIe, fiequency, predictability, intensity, severity, and 

duration (Paine et al. 1998, Turner and Dale 1998, Turner et al. 1998). They have 

profound influence on the abundance and disa-ibution of individuals and exert substantial 

selective pressures on organisms and ecosystems (Levin and Paine 1974, Wootton 1998). 

The majorïty of research into the effects of natural disturbances on animal 

populations has focussed on short-tem population trends and changes in community 

patterns (Askins and Ewert 199 1, WiIlig and Camilo 199 1, Woolbxight 199 l), while few 

have examined long-texm effects (Hughes 1994, Singer and Harter 1996, Canterbury and 

Blockstein 1997). Despite the importance of accurately describing the effects of natural 

disturbances and the ability of organisms to recover fiom them, these factors are often 

overlooked (Cade and Jones 1993, Caughley 1994, McCarthy 1996). This oversight can 

have serious implications when dealing with species of conservation concem @ale et al. 

1998). 

In the week of January 4-10, 1998, the worst ice stonn in documented Canadian 

history hit regions of eastern Ontario, southem Quebec and New Brunswick, as well as 

the northeastern United States (Irland 1998, Kerry et al. 1999). Over 10 million hectares 

of forest were affected by the stom and the accumulation of ice was extraordinary, as 

much as 80mm in some regions (Kerry et al. 1999). While fieezing rain and ice storms 
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are not uncornmon occurrences in Canada, storms as severe as the 1998 event are very 

rare; this was the only d o m  of this magnitude to hit Canada in 100 years (Irland 1998). 

Eastern Ontario, one of the areas hardest hit by the storm (Kerry et al. 1999), is 

home to a large population of Cerulean Warblers (Dendroica c e d e a )  that we have been 

monitoring since 1994 (Martin 1994, Oliamyk 1996, Oliarnyk and Robertson 1996). The 

Cedean Warbler is a Neotropicd migrant passerine that is thought to require large tracts 

(-200ha) of mature deciduous forest to maintain successfid breeding populations 

(Robbins et al. 1992; Hainel 2000a). However, its small-scale habitat aBhities are 

poorly understood beyond a general conclusion that large trees with hi&, dense canopies 

are prefemed as nesting habitat (Robbins et d.1992, Ofianiyk 1996; Hamel2000a). Due 

to precipitous breeding population declines, up to 3.4% per year since 1966 (Robbins et 

al. 1992, Peterjohn et al- 1995, James et al. 1996), this species has been variously 

designated as threatened, rare, or of special concem in the United States and of special 

concem in Canada (Robbins et al.1992, COSEWIC 2000, Hamel2000b). 

Given our four years of pre-storm data on Cerulean Warbler reproductive 

behavior and habitat selection, we were in a unique position to monitor the response of a 

species of conservation concem to a large-scale natural disturbance. In a prelirninary 

assessrnent of ice storm effects, we detennined that the canopy foIiage structure was 

drastically altered by the I 998 ice storm, with reductions in average cover as high as 60% 

(DeBruyn 1999). The dramatic reduction of foliage volume is likely to have strong 

negative impacts on species like the Cerulean Warbler that are dependent on forest 

canopy resources, In this study we addressed two main questions: (1) Did Cenilean 

Warbler reproductive success change after this habitat disturbance?, and (2) Did the 
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breeding population exhibit a shiR in habitat selection patterns in response to this habitat 

disturbance? Following we describe hypotheses, predictions arid tests for these two 

questions. 

Did Cerulean Warbler reproductive success change afier tfiis habitat disturbance? 

We addressed this question by comparing reproductive success in the two years 

following the ice storm with those before the storm- We hypotïhesized that canopy 

foliage is important for successful Cerulean Warbler reproductaon, both in terms of nest- 

site cover and provision of foraging opportunities (Oliarnyk 1996; Jones and Robertson 

in review). Based on this possibility and the level of canopy foliage darnage, we 

predicted that reproductive success would decrease following the ice storm disturbance. 

Did the breedingpopulation d i b i t  a shift in habitat selectiom patterns in response tu 

this habitat disturbance? 

We addressed potential responses of breeding birds to ttne ice storm disturbance at 

two spatial scales: breeding territory and nest-site. At the temtory scale, we measured 

the amount of canopy and midstory damage contauied within Cerulean Warbler 

temtories. We hypothesized that male Cenilean Warbler temtmry size is inversely 

related to the amount of nesting and foraging habitat contained within the temtory 

(Conner et al. 1986, Smith and Shugart 1987, Steele 1993). Given the level of canopy 

foliage damage, we made the following two predictions: (1) post-stom territories will be 

larger than pre-storm temtories, and (2) territories containing areas of high damage will 

be larger than those containkg areas of low damage. An additional possibility is that 
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male Cerulean Warblers may entirely avoid areas of high canopy damage when selectuig 

their temtones. 

At the scale of the nest-site, we compared nest-site characteristics (e-g. nest 

height) in the two years following the ice storm with those fiom the four years before the 

storm. If the population demonstrated reduced reproductive success following the 

disturbance, we would expect Cerulean WarbIers to shift their nest-site location patterns 

to accommodate new habitat realities and selective pressures. Conversely, if the habitat 

damage caused by the ice stonn did not result in a decrease in reproductive success, we 

would predict no changes in nest-site selection patterns in the two years following the 

storm. We analyzed 1998 and 1999 nest-site characteristics separately to assess the 

potential of a lag response in our study population. 

METHODS 

Study area 

This investigation was conducted at the Queen's University Biological Station 

(QUBS), Ontario, Canada (44O34'NY 760207 W), w i t h  the Great Lakes- S t. Lawrence 

mixed forest region. Our study area was restrkted to within approximately 2600ha of 

research tracts managed by QUBS (Jones et al- 2000). Al1 nest-searching activities and 

ice storm damage assesmznts were canïed out in two study grids (1 1.4 and 6.4ha, 25m x 

25m grid resolution) that were characterized as mature, secondary-growth, lowland 

mixed deciduous forest with a canopy layer predominated by sugar maple (Acer 

saccharum), and to a lesser extent oak (Quercus spp.) and elm (Ulmus spp.). The 

average canopy height in o u  study area is approximately 24m. 
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Reproductive output and nesting success 

From May to June of 1996-99, the two study grids were searched for CemIean 

Warbler nests. Once found, nests were checked every 2-3 days and parental activity was 

used to assess nest status. As the high location of our nests rendered it difficult to 

determine their precise fates, all unsuccessf&l nests, whether succumbing to predation, 

exposure, abandonment, or unlaiown failure, were lumped together. Nests that fledged at 

least one young were considered successful. During the first one or two weeks post- 

fledging, both parents and fledglings remain within the territory and are conspicuously 

vocal. This enabled us to obtain a direct count of surviving fledglings. 

Reproductive output (fl edglings per breeding pair) was compared among pre- 

storm years, 1 998, and 1 999 using Mann-Whitney U tests. Nest success and mortality 

were calculated using the Mafield method (Mayfield 196 1, 1975) with the modifications 

suggested by Johnson (1 979) and Hensler and Nichols (1 98 1)- We used the z-test of 

Hensler and Nichols (198 1) to test for differences in nest success and mortality for the 

entire nesting cycle. Due to difficulties in examinhg canopy nest contents, some nests 

were not incIuded in the Mayfïeld calculations. 

Temtory size and damage 

In 1996-1 999, we mapped the breeding territones for al1 males on our two study 

grids. The mapping method used was similar to the spot mapping method described by 

Kendeigh (1 944). Temtories were mapped between 0530 and 1300 hrs from between 13 

May and 28 June 1998, and between 6 May and 12 July 1999. Attempts were made to 

spend the same amount of time with each male. Identification of individuals was 

facilitated by the fact that over 75% of the tenitonal males on our study grids have been 



fitted with unique combinations of color bands and Canadian Wildlife S e ~ c e  aluminurn 

bands. Given the relatively low height of the forest canopy in our study site, color-band 

combinations were easily readable with binoculars f?om the forest fioor. Any uidividuals 

that remained unbanded were distinguished by unique Song charactenstics (Woodward 

1997). The hi& degree of Cerulean Warbler experience possessed by our field crew 

allowed us to make these vocal identifications with confidence. 

Locations of males were recorded on maps in reference to grid points (25m x 25x11 

grid) of known coordinates and digitized using AutoCAD ~ a ~ " .  Temtory sizes were 

then estimated by the minimum convex poIygon method (Mohr 1947). We used a one- 

way ANOVA to compare pre-storm territory sizes (1996 and 1997) to post-storm 

temtory sizes (1998 and 1999). We could not include temtory size estimates fiom 1994 

and 1995 as a different samphg methodology was used (Oliarnyk 1996). We then used 

a post-hoc Tukey-Kramer test to test for significant differences among years. 

In July and August 1998, we established 285 damage plots on the study site, the 

center of each corresponding to a point on our study grids. Each plot was a circle of 5m 

radius (O-Olha). For al1 trees 1 3cm diameter at breast height (dbh), we recorded species, 

status (dive or dead), and dbh. In addition, each of the trees was assigned a crown class 

(canopy or midstory) and a damage class (Rebertus et al. 1997). The damage classes 

ranged fiom O to 3, with O representing no darnage and 3 representhg severe damage. In 

total, 4285 trees were measured and assessed. For each plot, a total damage index was 

created by adding together the average darnage class of canopy trees and the average 

damage class of midstory trees. 
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The location of each of the damage plots was mapped using a Global Positioning 

System and recorded using the Universal Transverse Mercator Projection NAD 1927 

scale. These data were used to generate a spatially explicit map of tree darnage for the 

study site (DeBruyn 1999). To generate this map, circular b a e r  zones of 13m were 

created around the 0-Olha plots represented by the damage index. We made the 

assumption that the damage in the area immediately outside the 0.0 lha damage plot could 

be predicted by the nearest damage index. Best-fit polygons were drawn for each 

damage index in order to enclose al l  areas of similar damage- We examined the 

relationship between temtory size and canopy and midstory tree damage by overlaying 

the temtory maps onto this spatialiy explicit map of damage. W i t h  each temtory 

boundary, the area of each damage class was calcdated. Pearson correlation coefficients 

were calcuIated to examine relationshîps between damage and tenitory size. 

In order to compare 1999 territory data to the ice storm damage documented in 

1 998, we needed to test whether the canopy foiïage structure of the study area had 

changed significantly between 1998 and 1999. In 1998, we generated foliage height 

profiles at 39 locations (DeBruyn 1999) and re-visited these locations in 1999. Foliage 

cover was measured in a lm radius cylinder which was projected eom the forest floor to 

the top of the canopy. We estimated cover within 3m height intervals fkom the ground to 

the top of the canopy. Total cover and percent cover of each species was estimated by 

eye in each height intenta1 on a scale of O to 10 (0 = 0% cover, 10 = 100% cover). For 

these comparisons, foliage cover was estunated by the same observer in both years (JJ). 

We compared 1998 and 1999 foliage height profiles using t-tests. 
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Patterns of nest-site location 

From 1994 to 1999, the foIIowing location variables were measured at each nest: 

nest height above ground, nest tree species, nest tree height, tree diameter at breast height 

(dbh), distance between the nest and the tnink, distance between the nest and the distd 

end of nest branch, and distance of the nest to the nearest canopy gap. In order to 

examine the nest location reIative to tree height, nest height and tree height were 

combined to create a height ratio; similarly, distance fiom tnink and distance to distal end 

of nest branch were combined to create a horizontal ratio. For this study, a canopy gap is 

defined as an area 2 25m2 in which the highest foliage layer is 2 50% lower than the 

sumounding vegetation. In 1996-9, we also estimated cover surrounding the nest by 

estimating foliage cover within lm in each of the four cardinal directions and within lm 

directly above the nest; these five estirnates were averaged to provide a single cover 

estimate for each nest. All cover estimates were made by the same individual (JJ) during 

these years, 

We also generated foliage height profiles for each nest. Foliage profiles were 

generated in the previously descrïbed mamer (see Methods: Tenitos. size and damage) , 

with the exception in this case that each profiIe was centered on the nest location. These 

cover estirnates were only performed fiom 1 996 to 1999, and were performed b y two 

individuals whose estimates were standardized pnor to data collection. 

Nest location data for 1994 and 1995 were taken fiom Oliarnyk (1996) and 

included in our analyses of patterns of nest location. Tree dbh and distance fkom trunk 

were transformed using loglo transformations while distance fÎom branch end was 

transformed using a square-root transformation. Nest location variables were compared 
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between pre-storm years (1994-1997) and 1998, and between 1998 and 1999, using t - 

tests. Due to operational differences in defining canopy gaps, we excluded the 1994 and 

1995 distance to gap data (ftom Oliarnyk 1996) fiom our analyses. 

We also used t-tests to examine dLfferences in foiiage cover within each of our 

height intervals at our nest locations between pre-stomi years (1996 - 7) and 1998, and 

between 1998 and 1999. One nest fiom 1999 had to be excluded fiom the analyses as we 

were unable to accurately project the nest location onto the ground. We also averaged 

cover within 3m above and below each nest location, subtracted cover below f h m  cover 

above, and then tested for differences in the result using a Mm-Whitney U test. 

To examine if bircis responded to ice storm damage by avoiding areas of high 

damage for their nest-sites, we descnbed the damage to the canopy and ~nidstory trees 

within a Sm radius circle centered on the nest location. Within this circle, we performed 

tree damage estimates identical to those used in the temtory comparïsons. Damage to 

canopy and midstory trees was compared between 1998 and 1999 nest locations using 

Mann-Whitney U tests- 

General analyses 

All variables were tested for departures fiom nomality using Shapiro-Wilks' 

tests; variables were also tested for heteroscedasticity using Bartlett's test (Sokal and 

Rohlf 1995). Non-parametrïc tests were performed on any variables that could not be 

satisfactorily transformed. Al1 univariate analyses were perfomed using JMP 3.2.1 (SAS 

Institute 1997). Multivariate analyses were performed using SPSS 9.9.1. (SPSS Inc. 

1999). Sequential Bonfernoni coilections were applied where appropriate to control the 
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group-wide type4 error rates (Rice 1989). Values presented in the manuscript are means 

=t 1 standard mor for untransfonned variables. 

RESULTS 

Reproductive ourput and nesting success 

During the 1998 breeding season, the reproductive output of the study population, 

measured as average number of fiedglings per breeding pair, was significantly lower than 

the output before the storm (U= 10.46, P = 0-001; Table 1). There was a simiificant 

increase in daily mortality following the ice stom in 1998 (z = 6.81, P < 0.0001), 

accompanied by a drastic drop in nesting success (Table 1). Daily mortality decreased 

significantly in 1999 relative to 1998 (z = 2.44, P = 0.005) although the 1999 daily 

mortality was still significantly higher than pre-stom levels (z = 2.5 1, P = 0.006; Table 

1). Fledglings produced per breeding pair also increased in 1999 relative to 1998 (U= 

4.24, P = 0.04; Table 1). There was no statistically siguificant dieerence between 1999 

and pre-stom fledgling outputs (U = 1.34, P = 0.25; Table 1). 

TemTTZtory size and darnage 

Temtories defended by Cerulean Warbler males in 1999 (1.17 * 0.12 ha, n = 10) 

were significantly Iarger than temtories in 1996 (0.74 0.05 ha, n =1 l), 1997 (0.63 * 
0.05 ha, n = 9), and 1998 (0.57 * 0.05 ha, n = 13) (one-way ANOVA, df = 39, F = 13.99, 

P < 0.000 2 ; Tukey-Kramer post-hoc). There were no significant differences in the 

general foliage height profiles between 1998 and 1999 (df = 74, al1 [tl< 0.90, al1 P > 

0.35), which allowed us to use the 1998 damage classifications (DeBruyn 1999) when 

analyzing the 1999 temtory data In neither post-storm year did we detect significant 

correlations between temtory size and the percentage of a given damage class within a 
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territory (1998, n = 13, all r c 10.511, dl P > 0.08; 1999, n = 10, ail r < 10.651, all P > 

0.04). 

Patterns of nest-site location 

The distances fiom nest-site to the nearest canopy gap were much shorter in 1998 

than before the storm (Table 2). Relative to 1998 nests, nests in 1999 were significantly 

higher above the ground and in signïficantly bigger trees (both height and girth) but were 

in the same position relative to the height of the tree (Table 2). 

The foliage structure surroundhg the nest Iocations was drastically different after 

the ice stonn, with a signincant reduction in the amount of foliage present in the upper 

layers of the canopy (Figure 1 ; Table 3). The ratio of foliage cover within 3m above the 

nest to that within 3m below the nest was significantly higher in pre-stom years than in 

post-stom years @re-storm = 4-54 6 0.50, post-storm = 1.35 + 0-40, U =  1 1.5, P = 

0.0007). Furthemore, 1999 nests were located in areas of higher canopy and midstory 

damage than were 1998 nests (canopy U = 2.05, P = 0.04, midstory U = 3 -34, P = 

0.0008). 

DISCUSSION 

Did Cerulean Warbler reproductive success change a@er th is habitat disturbance? 

The ice storm of January 1998 severely altered the forest structure in our study 

m a  by causing a significant and widespread reduction in the arnount of foliage in the 

canopy layer of the forest. However, despite the fact that the habitat in our study area is 

not saturated with breeding individuals (Jones and Robertson in review), birds did not 

move away fiom our study sites in an effort to avoid areas of heavy canopy foliage 



damage, Although, given the extensive damage Ln the region, it is possible that there was 

nowhere else to move. 

Our results revealed this disturbance had a negative impact on the breeding 

success of Cerulean Warblers in our study area. As we predicted, there was a significant 

decrease in nesting success and reproductive output in the years following this large 

natural habitat disturbance- Given the extensive nest-searching effort expended in each 

year of this study (Oliarnyk 1996; Jones unpub Iished data), we believe that the drop in 

nesting success observed in 1998 was not an artifact of the increase in the number of 

nests found that year, but was a realistic reflection of the pressures facing the birds during 

the 1998 breeding season. 

There are several potential explmations for the drop in reproductive success 

during the fïrst post-storm breeding season. First, there may have been a coincidental 

increase in regional nest predator populations ( e g  Blue Jay, Cyanocitta cristata; Black 

Rat Snake, Elaphe obsoleta). This possibility seems udikely since populations of the 

d o h a n t  nest predators in our study area have remained constant over the duration of our 

study (Jones unpublished data, Gabriel Blouin-Demers persona1 communication). 

However, the reduction in the absolute amount of foliage available for nesting may have, 

by itself, rendered Cerulean Warbler nests more susceptible to predation (the potential- 

prey-site hypothesis; sensu Martin 1993). 

Second, the darnage suffered by canopy trees may have negatively affected insect 

populations in 1998 and, consequently, foraging opportunities for Cerulean Warblers 

(Crawford et al. 198 1, Schowalter 1985, Bell and Whitrnore 1997). A decrease in overall 

insect abundance may also have had an indirect effect by triggering prey switching 



behavior in nest predators that also depend on canopy arthropod populations, such as 

- Blue Jays (Corne11 1976, Patterson et al. 1998)- 

Did the breeding population exhibit a shzp in habitat selection patterns in response to 

this habitat disturbance? 

Reproductive success in our study population increased in the second breeding 

season following the storm (1999). This increase was associated with a significant 

increase in territory size and a significant shift in nest-site selection patterns. Contrary to 

our prediction, average temtory size in 1998 was the same as before the ice stonn (1996- 

7), although average territory size in 1999 was almost double that of previous years. This 

suggests that in 1999, the birds may have responded to the 1998 decrease in nesting 

success by expanding the area defended in order to increase the arnount of resources 

available, such as potential nest-sites or foraging locations (Smith and Shugart 1987, 

Steele 1993, Conner et al, 1986). However, this interpretation is weakened by the fact 

that we detected no significant relationships between area of canopy damage and territory 

size in either post-stom breeding season. 

Our results indicate that, despite the habitat damage, individuals in 1998 

attempted to nest in locations sirnilar to ones used before the storm. In fact, only two 

nest-site characteristics differed between pre-storm and 1998 nests: distance to nearest 

canopy gap (much shorter in 1998) and the arnount of fofiage cover above average nest 

height (lower in 1998). Given the extent of the ice stonn damage at our study site, there 

were few potential nest-site locations that were not closer to a canopy gap or in an area 

that did not s a e r  damage to canopy fofiage. 
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In 1999, we observed a marked shift in nest-site location patterns. This shift was 

accompanied by an increase in nesting success and reproductive output- Birds tended to 

nest higher up in bigger trees (in height and girth) in 1999 than in 1998. The 1999 nest 

tree species distribution matched that of the pre-storm years, while the 1998 distribution 

diEered fiom ail other years. Unfortunately, nesting success was s o  low in 1998 that we 

were unable to discern if the selection of certain tree species idiuenced nest success. The 

shifl in nest-site locations did not involve avoidance of areas of hi& canopy foliage 

damage. The increase in reproductive output in 1999 without significant foliage re- 

growth (Figure t ; Table 3) lowers the likelibood of a luik between fol iage loss and 

predation risk, 

We h o w  that at least six of the color-marked males that bred successfully in 

1999 were breeding successfully on our study site in the years before the storm (either 

1996 or 1997). Although we have not been as successfûl in banding females, it is 

possible that a similar pattern exists for females given that, within-species and within- 

habitats, return rates of adult wood-warblers tend to be similar for males and females 

(Holmes and Sherry 1992). This creates the possibility that the observed shift in nest-site 

selection patterns in 1999 has been generated at the scale of the individual. It appears 

that Cenilean Warblers possesses a degree of plasticity with respect to their habitat 

affinities at certain scales and that this plasticity confers a certain degree of resilience to 

habitat disturbance. 
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Table 1. Cenilean Warbler reproductive success and nest mortality before (1994-7) and 

after (1998 and 1999) the ice storm of January 1998 in eastern Ontario. 

DaiTy nest Predicted nest # fledglings 

Year # Nests Nest success (%) Days exposed mortality success (%) per breeding 

(vari ance) pair 

Notes: A modified Mafield method (Johnson 1979; Hensler and Nichols 2 98 1) was used 

to estimate daily mortalïty, daily mortality variance and predicted nest success. 

a number of breeding pairs in parentheses 
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Table 2. Cerulean Warbler nest location characteristics compared between (1) pre-storm 

years (1994-7) and 1998, and (2) 1998 and 1999- 

Pre-stonn vs. 

1998 1998 vs. 1999 

Pre-stom 1998 1999 f P t P 

Characteris tic (n = 30) (n = 45) (n = 28) 

nest height (m) 

tree height (m) 

height ratio 

tree dbh (cm) 

fkom trunk (m) 

eom end (m) 

horizontal ratio 

fkom gap a (m) 

avg. cover a (%) 

Notes: Values presented are means 1 SE. Bold-faced P-values are significant following 

sequential Bonferroni corrections (Füce 1989). 

a only 1996 and 1997 nests are included in the pre-stom category (df = 55) 
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Table 3. Cornparisons of foliage cover in each height interval between nest foliage height 

profiles between (1) pre-stom years (1996 - 7) and 1998 and (2) 1998 and 1999- 

Pre-stonn vs. 

1998 1998 vs. 1999 

interval (m) (n = 13) (n = 45) (n = 28) t P t P 

-1.21 0.23 
0-3 4.2 * 0-3 4.2 0.3 4.8 * 0.2 0.003 0.99 

0.32 0.75 
3-6 3.5 0.5 3-2 0-4 3.0 * 0.5 -0.38 0.71 

-0.78 0.44 
6-9 3.5* 0.6 3.0*0.4 3.5 * 0.5 -0-64 0.52 

-0.76 0.45 
9-12 4.3 *0.7 3.2 0.4 3.6 0.5 -1.42 O. 16 

-1.87 0.07 
12 - 15 4.6 0.7 3 -5 * 0-4 4.7 0.5 -1.27 0.2 1 

-1.17 0.25 
15 - 18 5-4 0.7 2.8 =t 0.4 3.6 + 0.4 -2.93 0.005 

-0.54 0.60 
18-21 5.2 * 0.6 1-7 =t 0.4 2.0 * 0.4 -4.52 <0.0001 

1.05 0.30 
21 - 24 3.5 0.5 0.6 * 0.3 0.3 * 0.3 -4-76 c0.0001 

1.24 0.22 
24 - 27 3.0*0.8 0.3*0.2 O -5.17 c0.0001 

0.91 0.36 
27 -30 1.7*0.3 0.2*0.2 O -3.29 010002 

0.81 0.42 
over 30 0.2*0.1 0.1*0.1 O - 1 -49 0.14 

Notes: Values presented are means * 1 SE. Bold-faced P-values are significant following 

sequential Bonferroni corrections (Rice 1989). 
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Figure Captions 

Figure 1. Foliage height profiles for pre-stonn (1996-7, n = 13 ), 1998 (n = 45) and 1999 

(n = 28) nest sites. The dashed line represents the average nest height for each year or 

years. 
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Assessing the conservation utility of the Cenilean Warbler. 
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ABSTRACT 

The surrogate species concept is a tool often used by wildlife managers and conservation 

biologists. Using a single species or group of species as a management proxy cm be an 

efficient use of available time and resources. Indicator species are used to index 

attributes difficult to assess in other species of interest and have been used to assess 

changes in environmental conditions, to track population fluctuations, and to identie 

areas of high biodiversity. Umbrella species have been used to determine the type and 

extent of habitat to be protected, given a set of management or conservation goals. 

Ftagship species have been used to generate public interest and improve public education 

of conservation issues. However, there is lïttle agreement on the critena by which the 

surrogate value of a species of interest can be assessed. The selection of a species aç a 

surrogate is often motivated by expediency and species often are chosen because they are 

of conservation concern themselves. We attempt to provide a critical evaluation of the 

conservation utility of a specics, the Cerulean Warbler (Dendroica cerulea), that has 

received considerable conservation and research attention by criticdly examining its 

potential as a surrogate species. Previous research has indicated that the Cerulean 

Warbler has limited potential as an indicator species, either in monitoring the health and 

succession of eastem deciduous forest or in tracking populations of forest canopy 

arthropods. The results of this study indicate that the Cerulean Warbler would not be an 

effective biodiversity ùidicator. This study also showed that Cenilean Warblers could be 

an effective umbrella and flagship species by focusing conservation efforts aimed at the 

preservation of mature, deciduous forest and the maintenance of populations of other 

species that require similar habitats. 
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INTRODUCTION 

The use of surrogate species is a common conservation and wildlife management 

practice (Thomas 1972). Surrogate species have been used in a variety of capacities and 

can be classified into three subgroups: indicator species, umbrella species, and flagship 

species (Caro and O'Doherty 1999). An indicator species is a species whose traits are 

used to index attributes difficult to measure for other species (Landres et al. 2988)- 

Hedth indicator species serve to assess changes in environmental conditions (Phillips 

1980). Popdation indicators are used to track changes in populations of other species 

(Montevecchi 2 993). Biodiversity indicators are used to iden ta  areas of hi& 

biodiversity by using the presence and diversity of a well-known suite of species as an 

index of diversity for other groups (Kumphries et al. 1995; Caro and O'Doherty 1999). 

Umbrella species are employed when the conservation or management goal is to 

preserve a community or habitat (Berger 1997). The protection of the habitat of the 

umbrella species ideally results in the protection of the habitat of those species whose 

requirements are subsumed b y those of the umbrella (Launer and Murphy 1 994). A 

flagship species is a species that is used to generate public interest and concern for a 

conservation issue and c m  be valuable public relations toois for education and the 

preservation of habitats (Kleiman et al. 1986, Caro and O'Doherty 1999). 

Although the use of surrogate species represents an efficient deployment of 

resources, there is considerable disagreement about their usefulness (Inhaber 1976; 

Landres et al, 1988; Andelman and Fagan 2000)- One of the major cnticisms is that the 

identification and selection of surrogate species is not always performed in a ~ ~ O ~ O U S  or 

standardized manner (Landres et al. 1988). For example, the selection of species as a 
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surrogate is often motivated by expediency and species ofien are chosen because they are 

of conservation concern themselves or as a result of public perception of their value 

(Caro and O 'Doherty 1999). One such example is the focus that has been placed on 

Neotropical migrant songbirds as a result of documented declines in the breeding 

populations of certain species (Robbins et al. 1989). Despite the Iack of evidence in 

support of birds as effective surrogate species, Neotropicd migrant species are commod y 

used as indices of environmental disturbance (Temple and Wiens 1989). 

In particular, the Cenilean Warbler (Dendroica cemlea) has received considerable 

attention (Robbins et al- 1992, Oliarnyk and Robertson 1996, Jones et al- 2000% Jones et 

al. 2000b). The rapid population declines of this species are thought to be representative 

of the widespread destruction of mature, bottomiand hardwood forests in eastern North 

Arnerica (Robbins et al. 1992). These declines have led to the designation of the 

. Cerulean Warbler as threatened, rare, or of special concem in the United States and of 

special concem in Canada (Robbins et al. 1992, COSEWIC 2000, Hamel2000). Previous 

research in eastem Ontario indicates that the habitat nffinities and population 

characteristics of the Cerulean Warbler may confer limited utility as a health or 

population indicator on this species (Jones et al. 2000% Jones et al. in press). The goal of 

this study was to complement previous efforts and assess the utility of the Cerulean 

Warbler as a biodiversity indicator species, umbrella species, or flagship species. This 

utility assessrnent allowed us to determine, in iight of conservation and management 

goals, what conservation role best suits the Cerulean Warbler. 
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STUDY AFCEA AND METHODS 

This investigation was conducted at the Queen's University Biological Station (QUBS), 

Ontario, Canada (4I034'N, 76'2O'W), within the Great Lakes- St. Lawrence mked forest 

region. Our study area was restricted to approximately 2600 ha of research tracts 

managed by QUBS (Jones et al. 2000a). The landscape in the area is dominated by 

mature, secondary-growth, Iowland rnixed deciduous forest. Interspersed in this forest 

matrix are numerous rocky outcrops, beaver marshes, permanent water bodies and 

abandoned agricultural fields. 

Bird suweys. - In 1997 and 1998, we surveyed birds on QUBS property using variable- 

circular-plot point counts (Reynolds et al. 1980). We sunreyed 80 stations in 1997 (17 

May - 20 June) and 67 stations in 1998 (21 May - 21 June); the 1998 stations were a 

subset of those sampled in 1997. Each point count was 10 min long and each station was 

separated by at least 200 rn to rninimize the potentid for double counting individuds 

(Reynolds et al. 1980; Hutto et al 1986). Point counts were conducted between 0.5 hr 

before sunrise and 3 hr after sunrise EST in order to sample during peak song activity, 

and were only conducted under calm weather conditions. For this analysis we included 

only birds detected within 50 m of the plot center. Probability of detection was 

equivalent for al1 species included in the analyses, since the detection thresholds for al1 

species included was beyond 50m (Jones unpublished data). Data fkom two visits per 

station each year was used in the analyses. 

Vegetation Strweys. - We collected vegetation data at 59 point count stations in 1997 at 

five circular subplots (Sm radius). The first subplot was centered on the point count 

station center and the other 4 were located 50 m away in each of the cardinal directions- 
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Within each of the subplots we counted the number of saplings [stems c 3 -0 cm diameter 

at breast height (dbh)] and measured the dbh of al1 stems 2 3.0 cm and grouped them into 

5 size classes (3.W3.0 cm dbh, 8-1-15.0 cm, 15.1-23.0 cm, 23.1-30.0 cm, >30.0 cm). 

Basal areas of al1 stems 2 3.0 cm were combined to give an estimate of the total basal 

area (m2/ha). We also estimated foliage cover at several height intervals. Foliage cover 

was estimated in a Im radius cylinder which was projected fiom the forest floor to the top 

of the canopy. We estimated cover within 3 m height intervals fiom the ground to the top 

of the canopy. Total cover and percent cover of each woody plant species was estimated 

by eye in each height interval on a scale of O to 10 (O = 0% cover, 10 = 100% cover). Al1 

cover estimates were made by two trained observers. For the purposes of this study, we 

reduced these cover estimates to two variables: maximum cover below 6 m (understory 

cover) and maximum cover above 12 m (canopy cover). Each vegetation variable was 

averaged across subplots to descnie the habitat of the point count station. 

Data Anaiysis. - In our analyses, we included only those species h o w n  to breed in our 

study area. We excluded species that are not adequately sampled by dimal point counts, 

such as colonial nesters (e.g. Barn Swallow, NirUndo mtica), nocturnal species (e.g. 

Whip-poor-will, Cuprimulgus vocifèrus), waterfowl (e-g. Wood Duck, AU- sponsa), and 

waders (e-g. Great Blue Heron, Ardea herodias). 

To evaluate the potential of the Cerulean Warbler as a biodiversity indicator, we 

tested whether the presence of Cerulean Warblers was an indicator of overall bird species 

richness. For the purposes of these analyses, we defined species nchness as the number 

of species detected in two visits to a point count station, excluding the Cerulean Warbler 

if present. We used randomization tests to compare the mean species richness at stations 
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where Cerulean Warblers were present to the expected species nchness at a randomly 

generated sample of points (Chase et al. 2000). In these tests, the mean species richness 

was calculated for a random sample of point count stations, with the number of randorn 

stations equaling the number of stations where Cerulean Warblers were detected in a 

given year. We iterated this procedure 1 O00 times to generate an expected distribution of 

mean species richness values. We then compared the observed species richness 

associated with Cenilean Warblers and determined its st atistical significance, These 

randomization tests were prefomed using S-PLUS 4.0 (Mathsoft 1997). Values reported 

in the results are means + SE- 

The initial step in evaluating the potential of the Cemlean Warbler as an umbrella 

species was to establish an ecological context. We categorized the bird species detected 

during our surveys into bctional groups based on habitat preferences, diet and foraging 

substrate, and nesting substrate. These classifications were based on observations 

reported in the literature (Ehrlich et al. 1988, Robbins et al. 1989, Freemark and Collins 

1992, Canterbury et al. 2000). We did not include our survey data in these 

classifications. We created a conservation concem grouping that included species which 

were experiencing population declines as indexed by North American Breeding Bird 

Survey data (Sauer and Droege 1992). For the purposes of these analyses we focused on 

the groups to which Cerulean Warblers belonged: mature forest habitat, insect-foliage 

foragers, canopy nesters, and species of concern. 

We used two methods to test if the distribution of Cerulean Warblers was 

representative of the distributions of other species in the same functional group. First, we 

calculated C-scores (observed C-score) for each functiond group to which Cerulean 
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Warblers belonged in order to examine if species within each functional group were 

distrïbuted randomly across the landscape with respect tu one another. We used the 

checkerboard score (C-score) developed by Stone and Roberts (1990) to test for non- 

randomness in presence-absence maû-ices. For each survey year, we used re-sampling 

techniques to calculate 10,000 C-scores based on the original presence-absence matrix. 

The observed C-score was then compared with the generated distribution of expected C- 

scores and its significance detemiined. A C-score significantly greater than expected by 

chance indicates that the assemblage is competitively structured; that is, that individual 

species have distinct, and ofien exclusive, distributions (Stone and Roberts 1990). 

Conversely, a C-score significantly smaller that expected by chance indicates that there is 

a degree of cohesion in the distribution patterns of the species included in the rnatrix. Al1 

C-score calculations were canied out using EcoSim 5.0 (Gotelli and Entsminger 2000). 

For each iteration, the number of species detected at each point count station was kept 

corsistent with the original matrix and each station was equally lïkely to be inhabited by 

a given species. Survey results kom 1 997 and 1998 were analyzed separately. 

In our second test, we used Iogistic regression analyses to predict the probability 

of occurrence dong a habitat gradient for dl species within each fiinctional group to 

which Cerulean Warblers belonged. The Red-eyed Vireo (Vb-eo olivacerrs) was not 

included in these analyses due to its near ubiquitous distribution. For these analyses we 

included only the 1997 surveys of the 59 point count stations for which we collected 

vegetation data,. The habitat gradient was generated by entering d l  9 vegetation variables 

into a principal components analysis. The first principal component axis (PCI) was then 

used in the regression analyses, Al1 these analyses were perfonned with W 3.2.1 (SAS 
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Instihite 1997). We calcdated 95 % confidence intervals around the logistic regression 

coefficient to facilitate cornparison of occurrence probabilities across species. 

RESULTS 

Biodiversiîy indicutor. - The presence of Cerulean Warblers was not a significant 

predictor of avian species richness in either 1997 (observed nchness 12.69 + 0.75, 

expected nchness 13.95 + 0.03, P = 0.12) or 1998 (observed nchness 9.75 f: 0.63, 

expected nchness 9.82 f 0.03, P = 0.83). 

Umbrella species. - Al1 three of the functional groups to which Cerulean Warblers 

belong exhibited cohesive distributions in both 1997 and 1998, as indexed by their C- 

scores (Table l). Species of conservation concern also exhibited cohesive distributions in 

both 1997 and 1998 (Table 1). 

In the description of the habitat gradients, the fmt PC a i s  (PCI) explained 27% 

of the variance of the vegetation data and the first four principal component axes 

curnulatively descnied 73% (Table 2). Examination of the eigenvalues for each variable 

indicated that positive values of PCl represented sites of mature deciduous forest and 

negative values represented early successional forest. The second axis (PC2) also 

represented a successional gradient but one that ended at an earlier stage of succession 

than the one represented by PC1; closer examination of the raw data sheets indicated that 

much of the foliage density that contributed to high values of canopy cover was between 

12 and 14 rn, characteristic of a rnid-successional forest dominated by young, low stature 

trees. 

The results of the logistic regression analyses using PC1 indicate that species 

within each of the functional groups to which Cenilean Warblers belonged were 
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dishibuted differentially dong the generated habitat gradient (Table 3). ~ i t h i n  the 

mature forest group, 14 % of member species (2 of 14) did not overlap with the Cedean  

Warbler confidence intervals. Values for the insect-foliage, canopy nesting and 

conservation concern groups were 40 % (6 of 15), 17 % (2 of 12), and 29 % (4 of 14), 

respectively, 

DISCUSSION 

On the basis of life history traits and practical considerations, it appears that the Cenilean 

Warbler fits reasonably well into al1 three indicator subgroups. Most importantly, the 

habitat affinities and breeding biofogy of Cenilean Warblers are weU-known in eastern 

Ontario and this species is easy to sarnple and observe (Oliarnyk 1996; Oliarnyk and 

Robertson 1996; Jones et al. 2000a). Its mal1 body size (-9g) and relatively short 

generation tirne indicate a potential as an effective health or population indicator as both 

these characteristics tend to render species sensitive to environmental fluctuations (Blus 

et al- 1974; Siemam et al- 1996). 

A large population size and a wide geographic range are usehl attributes for al1 

three indicator subgroups. Effective health indicators also tend to be relatively 

specialized in their habitat use patterns. Cerulean Warblers are habitat specialists 

(Robbins et al. 1992) and o u  research indicates that the population in eastern Ontario 

may be as a large as 3,000 breeding pairs (Jones and Robertson unpublished data). Most 

effective health and population indicators tend to be sedentary (Caro and 07Doherty 

1999). However, migratory species that exhibit high site fidelity on either the breeding or 

w i n t e ~ g  grounds have been used effectively in this capacity (Anderson et al. 1975). 
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The Cerulean Warbler is highly site faithful on the breeding grounds, both within and 

between years (Jones et al. unpublished manuscript). 

The results of our previous research supports the potential of the Cenilean 

Warbler as a health and popdation indicator in eastem Ontario. First of all, Cenilean 

Warbler reproductive success is closely tied to the existence of a complex canopy foliage 

structure (OIiarnyk 1996; Jones and Robertson, Chapter 3). This characteristic may 

enable managers to monitor Cedean Warbler reproductive success as an index of forest 

succession or of forest health in eastern Ontario- Furthemore, Cerulean Warblers are 

thought to be reliant on healthy populations of forest canopy insect populations (Jones et 

al. in press) and, consequently, may have utility as a population indicator in tracking food 

resources for other species reliant on the same resources. Our research dso indicates that 

Cerulean Warblers are sensitive to disturbance and exhibit low variability in their 

response to disturbance (Jones et al. in press). The low variability of response is critical 

in order to extrapolate the response of the individuals measured to the whole population. 

Effective biodiversity indicators tend to be habitat specialists with wide 

geographic ranges; they also tend to have well-known naturd histories (Caro and 

O'Dotierty 1999). Despite fitthg thÏs profile, our analyses indicate that the Cerulean 

Warbler would not be effective as a biodiversity indicator in our study area as its 

distribution across the landscape does not coincide with areas of high avian species 

richness. 

Cerulean Warblers are better suited to a role as an umbrella species in eastern 

Ontario. Like indicator species, effective umbrella species should have relatively well- 

known life histones and should be easy to survey and observe. While small body size 



may appear to render the Cerulean Warbler unsuitable as an umbrella species (Caro and 

O'Doherty 1999), any limitation imposed by small size is likely offset by its large 

regional population and its widespread distribution. A wide distribution rnay also offset 

the need for an umbrella species to have a large home range size (Caro and O'Doherty 

1999)- 

Traditional fiuictional groups based on diet or nest location also tencled to be more 

variable in their distriiutions relative to vegetation changes dong a succession gradient 

than were the habitat groupings. The distribution of the Cenilean Warbler paralleled 

those of other mature forest species, such as the Ovenbird (Seiurus aurocapillus) and 

Scarlet Tanager (Piranga olivacea), iniplying that management for habitat needs of the 

Cerulean Warbler would provide for other species. The Cerulean WarbIer's potential as 

an umbrella species is enhanced by its migratory nature which tends to maximize 

minimum area requirements (Berger 1997; Caro and O'Doherty 1999). 

Given the hierarchical nature of habitat seiection, broad habitat requirements are 

Zikely more important in d e t e m g  species distributions than are species' food and 

nesting requirements (Hutto 1985; Block and Brennan 1993). Within the conservation 

concem group, there was a division between mature forest and shrubland species (Table 

3). This separation sets up a potential conservation conflict in which decisions regarchg 

the relative importance of species at risk rnay need to be made; for exarnple, management 

for shrubland species, such as the Golden-winged Warbler (Vmivora chrysoptera), will 

necessarily conflict with management airned at maximizing Cenilean Warbler 

populations. 



Chapter 5 - 106 

Unlike the other surrogate types, flagship species do not need to have well- 

researched life histories nor do they have to be particularly easy to study or observe. One 

of the distinguishing characteristics of a flagship species is that it has few selection 

criteria. These species tend to be large, dthough this likely has more to do with the 

perception of charisma than any biological necessity (Caro and O'Doherty 1999). 

Indeed, many srnall animals have been used successfully as flagship species, such as the 

golden lion tamarin (Leontopithecus rosalia; Kleiman et al. 1986). 

Cerulean Warblers fit well into the category of flagship species. They belong to a 

group of birds, the Neotropical migrant songbirds, that have entered the conservation 

spotlight in the last 30 years due to documented declines in the breeding populations of 

certain species (Robbins et al. 1989). The species is a beautifid bird with an elusive 

nature that has a high profile in the region due to extensive public education and activism 

(Jones, personal observations) and is highly valued by birders and omithologists alike. 

CONSERVATION AND MANAGEMENT IMPLICATIONS 

Upon review of the evidence, it appears that the Cerulean Warbler may be able to fuIfill a 

role in most of the smogate categories. However, we believe that it is more suited to a 

role as an urnbrella or flagship species in eastem Ontario. Primarily, the Cerulean 

Warbler cm be used as the focus of conservation efforts aimed at the preservation of 

mature, deciduous forest and the maintenance of populations of other species that require 

similar habitats. Ideally, the identification and use of surrogate species will not preclude 

effective, directed action and research on other species or habitats of conservation 

concem. However, if carefûlly selected and employed, surrogate species cm provide 

valuable tools for the rapid implementation and monitoring of conservation efforts. 
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Table 1. Tests for cohesive distributions of functional groups, as indexed by the C-score 

of Stone and Roberts (1990). Estimated values are mean + SE for a generated random 

distriiution based on the actual presence-absence ma& for each group for each year. 

1997 1998 

Functional Group Obsenred Estimated P Observed Estimated P 
-- 

Mature forest 80.76 91.94 0.03 0.0003 42.42 48.13 * 0.02 0.0017 

Insect-foliage 86.02 92.29 * 0.02 0.0050 52.96 65.15 0.02 <0.0001 

Canop y nesters 67.03 71 -92 & 0.02 0.0078 36.63 40.90 * 0.02 0.0068 

Species of Concern 136.1 1 147.68 * O. 12 0.0049 73.32 85.04 * 0.03 0.0001 
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Table 2. Successional interpretation of the principal components axes fkom analysis of 9 

vegetation variables a for 59 point count stations. 

Cumulative percent 

Axis variance explained Interpretation of positive axis values 
-- 

mature deciduous forest: high density of large trees (>30cm dbh) 

mid-successional forest: hi& density of saplings and pales (8.1- 

15.ocm dbh) 

early successional forest: high density of srnall stems (3 -0-8 .Ocm), 

very few trees >l Scm dbh 

rocky outcrop, forest gaps: high understory cover, very few 

trees <î3.Ocm dbh, low density of large remnant trees (>30*0crn 

dbh) 

a Canopy cover (% cover > 1Z.Om); understory cover (% cover c 6.h); s a p h g  density 

(stemsfm2); stem densities (stems/m2) for 5 size classes (3 .O-8.0cm dbh, 8.1-1 5.0cm, 

15.1-23.0cm, 23.1-30.0cm, and >30.0cm); total tree basal area (m2/ha). Axis 

interpretation includes al1 variable loadings > (0.40( from principal components analysis. 
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Table 3. Logistic regression coefficients and upper and lower 95 % confidence intervals 

(C. 1.) predicting occurrence across a habitat gradient for member species of the mature 

forest (MF), insect-foliage (IF), canopy nesting (CN) and conservation concem (CC) 

functional groups. The confidence intemals of the species in bold face do not overlap 

with the confidence interval of the Cerulean Warbler. 

Functional Regression Lower 95 % Upper 95 % 

Species group coefficient C.  1. C. 1. 

Cerulean Warbler alI 0.529 0.121 0-9 17 

(Dendroica cerulea) 

Amencan Redstart MF, II;, CN, CC O. 144 -0.299 0.587 

(Setop haga ruticiZZa) 

Ovenbird 

(Seiunrs aurocapiIlus) 

Black-and-white Warbler 

(Mniotilta vana) 

Scarlet Tanager 

(Piranga olivacea) 

Least Flycatcher 

(Empidonax minimus) 

Y ellow-throated Vireo 

( Vireo flaw$+ons) 

Wood Thmsh 

(Nylocich la flav@es) 

MF, CC 0,475 

MF -0.290 

MF, IF, CN, CC 0.106 

MF, CN, CC 0.1 26 

MF, F, 0.066 

MF, CC -0.287 
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Black-throated Green Warbier MF, CN, CC 0.134 -0 -272 0.540 

(Dendroica virens) 

Northern Waterthrush MF -0.195 -0-777 0.387 

(Seium noveboracensis) 

Hairy Woodpecker 

(Picoides villosus) 

Warbling Vireo 

( Vïreo giivus) 

Ruffed Grouse 

(Bonasa umbelZw) 

veery 

(Catham fùscescens) 

Yellow-nunped Warbler 

(Dendroica coronata) 

Comrnon YeUowthroat 

(Geothlypis trichas) 

Golden-winged Warbler 

( Vemivora chrysoptera) 

Indigo Bunting 

(Passerina cyanea) 

Chestnut-sided Warbler 

(Dendroica pensylvanica) 

MF 0.087 -0.466 0.640 

MF, IF -0.995 -1 -936 -0.054 

MF -0.140 -0.620 0.340 

MF, CC -0.622 -1 -786 0.542 

MF, IF, 0.009 -0.483 0.50 1 

IF, CC -0.192 -0.555 0.171 

IF, CC -0.534 -0.955 -0.113 

IF, CC -0.535 

IF, CC -0.705 



Yeiiow Warbler 

(Dendroica petechia) 

Black-capped Chickadee 

(Poecile atricapilla) 

Rose-breasted Grosbeak 

(Pheuticus ludovicianus) 

Baltimore Oriole 

(Ictems galbula) 

Blue-grey Gnatcatcher 

(Polioptila caerulea) 

Cedar Waxwing 

(Born bycilla cedrorum) 

Blue Jay 

(Cyanocitta cnstata) 

Eastern Wood-Pewee 

(Contopus virens) 

Ruby-throated Hummingbird 

(Archilochus colubns) 

Amencan Crow 

(Corvus brachyrhynchos) 
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IF -0.232 -0.585 0.121 

IF 0.058 -0.279 0.395 

IF7 CC -0.725 -1 -270 -0.180 

IF, CN, CC 0.28 1 -0.217 0.779 

IF7 -0.279 -0.78 1 0.223 

CN -0.066 -0-440 0.308 

CN -0.873 -1,528 -0.2 1 8 

CN, CC -0.202 -0.670 0.266 

CN -0.592 - 1 -202 0.01 8 
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Chapter 6 

GeneraI Summary 

Jason Jones 
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The use of surrogate species has become a relatively common consenration and wildlife 

management practice and surrogates have been employed in situations ranging korn 

monitoring changes in environmental conditions to identifjing areas of high biodiversity. 

However, there is a lack of standardized methodology for assessing the suitability of a 

candidate species as a surrogate. Often, species are chosen because they are species of 

conservation concern themselves or as a result of public perception of their value. This 

dissertation follows the steps necessary to {a) assess the suitabiiity of the Cerulean 

Warbler as a surrogate species in eastern Ontario and (b) determine what the most 

suitable role for this species may be. This was accomplished b y fïrst describing the 

habitat requirements for successfil Cedean  Warbler reproduction. 1 then attempted to 

place the Cerulean Warbler in a community context to better predict the potential effects 

of management for Cerulean Warblers on other bird species in the area. 

Habitat requirements. - The elucidation of habitat requirements involves an accurate 

assessment of habitat use and selection. The critical review in Chapter 2 highlighted that 

the current state of a a i r  in avian habitat selection research is not al1 positive. 

Inconsistencies in the avian habitat literature are common in the use and application of 

terrninology, in the development and irnplementation of standard methodologies, and in 

the ability of researchers to develop an appropriate behavioural or evolutionary context 

for their findings. 1 endeavoured to avoid these inconsistencies in my assessment of 

habitat selection in breeding Cerulean Warblers in eastern Ontario. The results of thk 

assessment indicate that Cerulean Warblers appear to require a complex canopy structure 

to breed successfully. It is still unclea. whether the canopy structure is more important in 

providing necessary nest-site characteristics or in innuencing prey abundance. 
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Perhaps the most important finding of the research presented in this dissertation is 

that Cerulean Warblers appear to possess a degree of plasticity in their habitat afEnities 

and this plasticity renders them somewhat resilient to habitat disturbances. Following a 

drastic decline in reproductive success following an ice storm that drastically altered 

canopy foliage, Cenilean Warblers affected a significant shift in nest-site selection 

patterns and territorial behaviour- These shifts were accornpanied by a significant 

resurgence in reproductive success. 

Comrnunity context. - Cerulean Warblers are the fourth most common warbler species in - 

the study area. This species is a mature forest specialist, its diet is entireIy insectivorous 

on the breeding grounds, and it is a canopy nester- LMature forest species tended to be 

less variable in their distributions dong a succession gradient than were the species 

within the more traditional fiinctional groups based on diet or nest location. The 

distribution of the Cenilean WarbIer paralleled those of other mature forest species, such 

as the Ovenbird and Scarlet Tanager, implying that management for habitat needs of the 

Cerulean Warbler would provide for other species. 

A role for the Cerulean Warbler? - This dissertation has found that the Cenilean Warbler 

has Lunited potential as an indicator species, either in m o n i t o ~ g  the health and 

succession of eastern deciduous forest or in tracking populations of forest canopy 

arthropods. This species is not, however, a suitable candidate for a biodiversity indicator, 

at Ieast not for predicting avian species nchness. 1 feel that the Cerulean Warbler is best 

suîted to a role as an umbrella or fiagship species in eastem Ontario. Primarïly, the 
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Cedean  Warbler can be used as the focus of conservation efforts aïmed at the 

preservation of mature, deciduous forest and the maintenance of populations of other 

species that require similar habitats. 

FUTtTRE RESEARCH CONSIDERATIONS 

There are several avenues of research that I feel will not only enhance our understanding 

of Cerulean Warbler ecology but also will lead to an improvement in our ability to 

effectively manage species of interest in a landscape context. 

The relative behaviourd roles of male and female Cerulean Warblers in nest- 

site selection and brood rearing. 

General habitat requirements and habitat use patterns of female Cerulean 

Warblers (Le. off-nest habitat use patterns). 

Mating system of Cenùean Warblers and its influence on large-scale habitat 

patterns. 

The influence of interspecific interactions on habitat use pattems and habitat 

sui tability. 

The suitability of managed forests (e-g. maple syrup plantations) as Cerulean 

Warbler habitat, 

A Geographical Information Systems approach to estirnating Cerulean Warbler 

population size. 

Continued collaboration with other Cedean Warbler researchers to detennÏne 

the potential importance of a large, successfül population situated at the northern 

penphery of the breeding range. 
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Appendix A - Papers included in "Chapter 2 - Habitat selection studies in avian ecoIogy: a mitical 

review". 
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