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ABSTRACT 

 
 

 Riparian zones harbor some of the most diverse bird communities.  However, 
most riparian zones have been significantly modified by human activities.  It is important 
to identify relationships between riparian birds and characteristics of the environment to 
understand the potential influences of floodplain management on birds.  I examined 
patterns of riparian bird species distribution, as well as the factors affecting occurrence 
and abundance of species along the Yellowstone River in Montana.  Point counts were 
conducted and vegetation data collected at 234 locations along 725 kilometers of the 
river.  Occupancy or linear regression models were used to estimate occurrence or 
abundance of 14 bird species.  First, I examined patterns in the distribution of bird 
species and their habitats.  A gradient exists along most rivers that represents downstream 
changes in environmental conditions; I expected the distribution of vegetation to reflect 
this gradient, and birds to respond to these changing habitat conditions.  Mature 
cottonwood habitat types were identified using cluster analysis, and habitat was an 
important driver of bird occurrence and abundance.  However, there was little evidence 
that habitats were organized along a downstream gradient.  River location was very 
important to birds, even after accounting for the influence of habitat, suggesting that the 
distributions of bird species are related to gradients that are not always reflected by 
habitat.  Second, I used model selection methods to investigate the influences of local 
habitat, forest cover, land use, and river location on the occurrence or abundance of bird 
species.  There was strong evidence that these factors were important drivers of bird 
distribution, and the relative influences of each factor depended upon life history 
characteristics of each species.  The effect of river location on the occurrence or 
abundance of species suggests that broad-scale influences are important predictors of bird 
distribution along rivers.  River location may reflect unmeasured environmental resources 
(e.g. food) that are important to birds, or variation in a species� distribution within its 
range boundaries.  The Yellowstone River may serve as a reference for understanding the 
factors influencing the distribution of birds along a river, and provide valuable 
information for the management of riparian species. 
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CHAPTER 1. 

INTRODUCTION TO THESIS 
 
 
 Riparian zones constitute a very small portion of the landscape, yet they provide 

some of the most diverse habitats in the western United States (Kauffman et al. 2001).  

The value of riparian zones to native bird species is well understood (Knopf et al. 1988), 

particularly in the semi-arid regions of the west where mesic, productive riparian 

lowlands provide an abundance and variety of nesting and foraging opportunities that are 

not found in the uplands (Austin 1970, Stauffer and Best 1980, Szaro 1991, Lehmkuhl et 

al. 2007).  Cottonwood forests often provide the most extensive tracts of deciduous forest 

in the western U.S., so that species dependent upon deciduous habitats are often found 

only in riparian forest (Palmer and Bennett 2006). 

 Although riparian habitats are so important to sustaining diversity within the 

larger landscape (Sabo et al. 2005), most riparian zones of major river systems have been 

severely altered by river management activities and human development.  Flows are 

regulated and migrating channels stabilized, resulting in the loss of successional 

processes driven by flood disturbance, a decline in the rate of forest regeneration, and 

substantial changes in the extent, distribution, structure, and species composition of 

riparian habitats (Ward and Stanford 1995, Hupp and Osterkamp 1996).  Consequently, 

river systems that still experience seasonal flood cycles and maintain complex 

geomorphic characteristics, such as multi-channeled segments and areas of extensive 

channel migration, are especially important for providing habitat for native bird species. 
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 The Yellowstone River in Montana is one of the few remaining free-flowing 

rivers in the lower 48 states, supporting extensive, heterogeneous riparian plant 

communities which provide habitat for many native bird species.  Relatively intact 

riparian systems, such as the Yellowstone River, may serve as a reference for 

understanding the factors that influence the distribution of birds along the length of a 

river, and provide valuable information for the management of rivers and native wildlife 

species. 

 In this thesis, I examine patterns of riparian bird species distribution, as well as 

the factors affecting occurrence and abundance of species along 725 kilometers (450 

miles) of the Yellowstone River in Montana.  Specifically, in the second chapter, I 

present information about how riparian habitat types are distributed along the length of 

the river, and investigate how the distribution of habitat types influences the distribution 

of bird species.  In the third chapter, I report on the relative influence of environmental 

factors on the distribution of bird species, including local habitat structure and 

composition, surrounding forest cover, and land use.  The broad-scale influence of 

location along the river is considered in both chapters, in order to examine the factors 

affecting riparian birds in the context of the river system as a whole. 

 Knowledge about the relationships between birds and environmental 

characteristics within a river system is necessary to provide a comprehensive 

understanding of the potential influences of floodplain management on riparian birds.  

Furthermore, examination of bird communities within relatively intact riparian zones may 

provide valuable information about the structure and functioning of riparian ecosystems 
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that cannot be obtained from river systems that have already been severely altered by 

human activities.  Few studies exist that document characteristics of bird communities 

along the length of a major river system, because it is difficult to systematically survey 

birds over large geographic areas, and it is often logistically complicated to gain access to 

private lands within riparian zones.  Consequently, the information presented in this 

thesis will provide valuable insight about the factors influencing the distribution of birds 

not only along the Yellowstone River, but also within the floodplains of major river 

systems in general. 
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CHAPTER 2. 
 

DISTRIBUTION OF RIPARIAN HABITAT AND BIRDS ALONG A DOWNSTREAM 
RIVER GRADIENT 

 
 

Introduction 
 
 

 Riparian bird communities are some of the most diverse and abundant in the 

western United States (Knopf et al. 1988, Kauffman et al. 2001).  This is largely because 

productive riparian zones provide an abundance and variety of structurally complex 

habitats that are not found in the uplands (Austin 1970, Stauffer and Best 1980, Szaro 

1991, Knutson et al. 1996, Allen et al. 2006, Palmer and Bennett 2006, Lehmkuhl et al. 

2007).  The variety of habitats within the riparian zone largely reflects the responses of 

plant species to environmental heterogeneity within the floodplain, particularly in 

characteristics of geomorphology, hydrology, and flood disturbance that influence the 

establishment and persistence of plants (Hupp and Osterkamp 1996). 

 Environmental heterogeneity within a river system is often organized along 

gradients within the floodplain, and characteristics of plant communities are related to 

these gradients.  For example, successional riparian habitats are often distributed along a 

gradient that is transverse to the river channel (Malanson 1993, Johnson et al. 1976).  

Early successional plant communities are located closer to the active channel, where 

flood disturbance is most recent and water resources most available, while later-

successional communities are located on terraces at higher floodplain elevations farther 

away from the active channel.  The importance of this transverse successional gradient to 

birds has been well-documented, with species often exhibiting a preference for 
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successional habitats that provide the resources to fill specific nesting and foraging 

requirements (Knutson et al. 2005, Rumble and Gobeille 1998, 2004, Bersier and Meyer 

1994). 

 However, a gradient also exists along the length of a river that represents general 

downstream changes in environmental conditions.  Hydrology, soils, elevation and slope, 

chemical and physical characteristics of the water, and stream morphology change as a 

river flows from its headwaters to its mouth (Malanson 1993, Schlosser 1987, Vannote et 

al. 1980, Benke 2001, Brinson 1993).  Patterns of species distribution related to changing 

environmental conditions along the length of a river have been described for aquatic 

invertebrates (Vannote et al. 1980, Vinson and Hawkins 1998, Ward 1986, Growns and 

Davis 1994, Corkum 1991, Arscott et al. 2005), floodplain invertebrates (Reese and 

Batzer 2007, Arscott et al. 2005), and fish (Pouilly et al. 2006, Schlosser 1987, 

McGarvey and Hughes 2008, Matthews 1998), but the influence of this gradient on 

terrestrial riparian species, such as birds, is not well understood.  There is evidence that 

riparian plants respond to this downstream gradient (Baker 1990, Nilsson et al. 1989, Ito 

et al. 2006, Johnson et al. 1976, Hughes 1990, Duncan 1993, Curry and Slater 1986, 

Tabacchi et al. 1990), suggesting that characteristics of bird habitat, such as the structure 

and composition of vegetation, may also reflect an underlying gradient in environmental 

conditions.  Given that local habitat characteristics have a substantial effect on birds 

(Cody 1985, Miller et al. 2004, Stauffer and Best 1980, Strong and Bock 1990, 

Fleishman et al. 2003), patterns in the distribution of riparian bird species may also exist 
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along the downstream gradient of a river in response to changing environmental 

conditions that influence bird habitat. 

 Historical flood cycles and characteristics of downstream processes that regulate 

environmental heterogeneity along the river are modified by management activities, such 

as the construction of dams or stabilization of braided channels.  Most riparian zones 

along rivers within the US have been significantly modified by river management, 

resulting in substantial changes in the extent, distribution, structure, and species 

composition of riparian habitats (Ward and Stanford 1995, Hupp and Osterkamp 1996).  

Those rivers that still experience historical flood cycles and support extensive native 

riparian plant communities are especially important for looking at downstream patterns in 

the distribution of riparian birds and habitat.  The Yellowstone River in Montana is one 

of the few remaining free-flowing rivers in the lower 48 states, supporting extensive, 

heterogeneous riparian plant communities which provide habitat for many native bird 

species.  Relatively intact riparian systems, such as the Yellowstone River, may serve as 

a reference for understanding the factors that influence the distribution of birds along the 

length of a river, and provide valuable information for the management of rivers and 

native wildlife species. 

 Knowledge about how birds and their habitats are distributed within the 

floodplain of a river system is necessary to provide a comprehensive understanding of the 

potential influences of floodplain management on riparian birds.  Information collected at 

broad-scales is especially relevant for rivers and riparian zones, given that the impacts of 

management activities are not restricted to the local areas where they are implemented.  
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Instead, they often extend downstream and throughout the floodplain through changes to 

hydrology, sediment loads, and the frequency and intensity of flood disturbance. 

 The Yellowstone River flows approximately 1125 kilometers (700 miles) through 

the foothills of the Rocky Mountains and the Great Plains of eastern Montana to its 

confluence with the Missouri River in western North Dakota.  I investigated patterns in 

the distribution of breeding birds and riparian habitat along a 725 kilometer (450 mile) 

section of the river in central and eastern Montana.  As the river flows downstream 

through this section, water volume, temperature, and turbidity increase, and the 

floodplain widens dramatically.  Birds and vegetation were surveyed to identify patterns 

in the distribution of birds and habitat within this downstream gradient of environmental 

conditions. 

 Mature cottonwood forests were the focus of the study in order to control for the 

influence of the transverse gradient, with multiple successional stages, on the distribution 

of birds.  Furthermore, only braided sections of the river were included because 

geomorphic influences may occur on both a basin-wide (i.e. along the length of the river) 

and local scale (Gregory et al. 1991, van Coller et al. 2000).  Reaches of a particular 

geomorphic type will likely share similar local influences of geomorphology on riparian 

plant communities.  Therefore, only a single reach type was included in an attempt to 

limit the influences of local factors and instead allow for an assessment of the effects of 

the downstream gradient. 

 I first identified different types of cottonwood habitats based on structural and 

compositional differences in vegetation, and examined how these habitat types were 
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distributed along the river.  I then quantified the distribution and abundance of bird 

species within habitat types in order to validate the relevance of these different habitats to 

birds.  Finally, I assessed whether patterns in the distribution of habitat may explain 

gradients in the occurrence and abundance of riparian birds. 

 
Methods 

 
 
Study Area 
 
 The study area (Figure 2.1) extends along the Yellowstone River approximately 

725 river kilometers (kms) from Big Timber, Montana to Sidney, Montana.  (When 

discussing distances and locations along the river, I will refer to �river kilometers� which 

are measured along an approximation of the centerline of the main channel, with km 0 

located at the mouth of the river and increasing in the upstream direction.)  Over 90% of 

the floodplain is privately owned, with the remaining lands owned and managed by state 

and federal entities (Applied Geomorphology and DTM Consulting 2004).  Five major 

tributaries in the study area (Figure 2.1), contribute to changes in hydrology and sediment 

load along the river. 

 The geomorphology of the river includes reaches with multiple channels, wooded 

islands, and gravel bars, as well as naturally confined reaches with single, straight 

channels.  Bird communities were surveyed only in reaches classified as �multi-channel� 

(i.e. braided).  Few braided reaches existed between river kms 170 and 390 due to 

geomorphic characteristics that confine the river to a single channel; consequently, no 

surveys were located in that region.  For the braided reaches where sampling occurred, 
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the floodplain increased from approximately 1.75 kms wide near Big Timber to four kms 

wide near Sidney.  River gradient declined from 0.2% to 0.05% slope along that same 

length of river (Applied Geomorphology and DTM Consulting 2004). 

 Narrowleaf cottonwood (Populus angustifolia) and plains cottonwood (P. 

deltoides) dominated the overstory of riparian forests along the river.  Narrowleaf 

cottonwood was located mostly along the upstream reaches of the river (above river km 

475), while plains cottonwood was found along the entire length of the study area.  Other 

common tree species included willow (Salix spp.) and green ash (Fraxinus 

pennsylvanica).  Ash trees were most abundant along the lower reaches of the river, 

below river km 325.   Common understory shrub species included Russian olive 

(Elaeagnus angustifolia), common and western snowberry (Symphoricarpos albus and S. 

occidentalis), wood�s rose (Rosa woodsii), red-osier dogwood (Cornus stolonifera), 

common chokecherry (Prunus virginiana), and buffaloberry (Shepherdia canadensis). 

 Main land uses within the floodplain included agriculture (rowcrop, hay, and 

livestock production) and human settlement.  Cattle grazing occurred seasonally within 

cottonwood forests and adjacent rangelands. 

 
Bird Surveys 
 
 Birds were sampled using standard fixed-radius point count methods (Ralph et al. 

1993).  Surveys were conducted no earlier than 15 minutes after sunrise, and no later than 

10 a.m.  After arriving at each point count location (i.e. �point�), the observer waited for 

two minutes to allow the birds to acclimate to their presence.  All birds seen or heard 

within a 60 meter radius of the point were then recorded, by species, for ten minutes.  
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Birds that flew over, but did not stop and use the habitat, were not counted.  Four 

researchers conducted surveys in each of 2006 and 2007.  Researchers were trained in 

bird identification and distance estimation prior to the start of official surveys.  To ensure 

that birds outside of the 60 meter radius circle were not counted, researchers used a laser 

rangefinder at each point to identify the boundaries of the survey area. 

 Each point was surveyed two to three times between 28 May and 9 July in both 

2006 and 2007.  Visits to each point were equally spaced during this time to ensure 

balanced coverage throughout the breeding season.  To minimize bias introduced by daily 

patterns in bird singing behavior, each visit to a point was conducted at a different time of 

the morning (at least two hours earlier or later) than the previous visit.  Each visit to a 

particular point was conducted by a different researcher to minimize any systematic bias 

resulting from differences between observers.  Surveys were not conducted during bouts 

of heavy rain or wind. 

 A random sample of points was initially chosen on public and private lands using 

a statistical procedure called Generalized Random Tessellation Stratified Design (Stevens 

and Olsen 2004).  Additional points were later randomly located within boundaries of 

cottonwood forest patches based on accessibility to private lands.  Points were located 

within mature riparian forests that were large enough to accommodate at least one 60-

meter radius point count to ensure that all bird observations occurred within cottonwood 

forest habitat.  Additionally, points were located only within forests that could be 

accessed by foot; consequently, islands generally were not sampled.  All points were 

located at least 200 meters apart.  
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Habitat Data Collection 
 
 Characteristics of vegetation structure and composition were measured at all point 

count locations.  At each point, vegetation was sampled within four subplots, with the 

center of the subplot located 30 meters in each cardinal direction from the point.  All 

trees present within an 8-meter radius of the center of the subplot, and all shrub and 

sapling stems present within a 4-meter radius, were counted and recorded by species.  A 

stem was considered a tree if the trunk was at least ten centimeters (cm) diameter at 

breast height (dbh).  The species, abundance, and dbh class (�small� = 10-60 cm and 

�large� = greater than 60 cm) were recorded for all trees.  All standing dead trees (i.e. 

snags) that were at least one meter tall were also counted, by dbh class, within the 8-

meter radius subplot.  A woody stem was considered a shrub or sapling if it was at least 

ten centimeters tall, and its� dbh was less than ten centimeters.  The species, abundance of 

stems, and height class (�small� = 10-50 cm and �large� = greater than 50 cm tall) of all 

shrubs and saplings were recorded.  Percent cover of the canopy that was at least five 

meters tall was estimated at the center of the subplot using a densiometer.  Data collected 

at the four subplots of a particular point were then averaged to get one value for each 

variable for each point. 

 
Data Analysis 
 
 
 Cottonwood Habitat Types.  To identify distinct cottonwood habitat types, the 

vegetation data collected at each point were subjected to cluster analysis using R software 
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(R Development Core Team 2008).  Twenty-six variables representing compositional and 

structural characteristics of the vegetation were used for analysis (Table 2.1). 

 A Bray/Curtis dissimilarity matrix was used to measure the dissimilarity between 

all pairs of samples (Legendre and Legendre 1998), and was generated using package 

labdsv (Roberts 2007).  Fixed-cluster methods provided the solutions that best fit the 

underlying data.  With fixed-cluster analysis, data are partitioned on the basis of an a 

priori specification of the desired number of clusters (Kent and Coker 1992).  Solutions 

of two to five clusters were assessed.  Hierarchical agglomerative techniques, where 

clusters are identified using a hierarchical tree structure, were also considered but did not 

perform as well.  A number of fixed-cluster algorithms was examined for partitioning the 

data using functions from packages cluster (Maechler et. al 2005) and optpart 

(Roberts 2008).  The performance of each algorithm was evaluated based on how well 

the underlying dissimilarity matrix was represented, as well as the validity of the 

ecological interpretations of the clusters. 

 Ecological characteristics of each cluster were described in terms of relevant 

characteristics of the overstory and understory vegetation.  Mean values and 95% 

confidence intervals (CIs) of important vegetation variables were compared across 

clusters. 

 
 Distribution of Habitats.  To assess the distribution of cottonwood habitats along 

the river, I examined the association of each habitat type with river location.  River 

location was quantified using the river kilometer value for each point.  If cottonwood 

habitats were distributed along a relatively continuous gradient of changing habitat types, 
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I would expect mean river kilometer to differ between habitat types.  Therefore, mean 

river kilometer values and 95% CIs were compared across habitat types. 

 
 Bird Occupancy.  The occurrence of bird species across different habitat types 

and along the river was quantified by estimating the proportion of sites occupied as a 

function of covariates that represented habitat type and river location.  While the presence 

of a particular species is evidence that a site was occupied by that species, its �absence� 

could mean that it is either 1) not present at the site, or 2) present, but not detected by the 

researcher (MacKenzie et al. 2002).  Differences in singing rates and other behaviors may 

result in detection rates that vary across species, while differences in environmental 

conditions across sites and over time may result in variable detection rates for a particular 

species.  The imperfect detection of a species may result in spurious conclusions about 

site occupancy.  For example, a species with low singing rates would be detected much 

less often than it is actually present, and the estimated proportion of sites occupied would 

be lower than true occupancy rates.  Therefore, I used an approach that allows for the 

estimation of site occupancy when detection rates are less than one.  Points were visited 

multiple times during the breeding season, and patterns of detection (and non-detection) 

over those visits were used to simultaneously model site occupancy and detection rates 

(MacKenzie et al., 2002).  The parameter of interest was ψ, the probability that a species 

was present at a site, corrected for imperfect detection.  Detection rate (p) was also 

estimated for each species.  Parameter estimates are denoted as ψ�  and p� . 
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Table 2.1.  Structural and compositional vegetation variables included in cluster analysis 
for identifying cottonwood habitat types.  Vegetation data were collected in 2006 and 
2007 at locations of bird surveys along the Yellowstone River.  The abundance of each 
taxonomic variable was used after being grouped into structural class types, with an �X� 
indicating the class types included in analysis for each variable.  Canopy cover was 
included as a percentage value. 
  Variable Class Type 
Variable Scientific Name/ Description Small 

shrub 
Large 
shrub 

Small 
dbh 
tree 

Large 
dbh 
tree 

Russian Olive Elaeagnus angustifolia X X X  
Green Ash Fraxinus pennsylvanica X X X  
Rocky Mountain 
Juniper 

Juniperus scopulorum X X X  

Saltcedar Tamarix chinensis X X   
Snowberry 
species 

Symphoricarpos  albus+S. occidentalis X X   

Big Sagebrush Artemisia tridentata X X   
Other Native 
Shrubs 

Rosa woodsii + Cornus stolonifera + 
Prunus virginiana + Rhus trilobata + 
Ribes viscosissimum + Ribes aureum + 
Shepherdia canadensis + Populus 
angustifolia + P. deltoides 

X X   

Narrowleaf 
Cottonwood 

P.  angustifolia   X X 

Plains 
Cottonwood 

P. deltoides   X X 

Other Native 
Trees 

Salix spp. + Acer negundo+ Ulmus 
americana 

  X X 

Snags All standing dead trees ≥ 1 m tall   X X 
Canopy Cover Percent cover ≥ 5 m tall, as recorded with 

densiometer 
    

 

 In order to estimate ψ and p, it is assumed that 1) the state of occupancy for a 

given species at a given site does not change over the course of the season, 2) species are 

never falsely detected at a site when they are not actually present, and 3) the detection of 

a species at a site is independent of its detection at all other sites (MacKenzie et al. 2006).  

These assumptions are reasonable for this study given that 1) birds surveyed generally 

hold small territories for the duration of the breeding season, and surveys were conducted 
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only during the peak of the breeding season, 2) extensive training occurred for 

researchers prior to the onset of surveys, and species that were difficult to identify in the 

field were removed from analysis, and 3) sites were located at least 200 meters apart to 

ensure that birds were not counted at more than one site. 

 Occupancy rates were estimated only for species that were observed at ≥ 20% of 

sites in both 2006 and 2007 to ensure adequate sample sizes.  Additionally, only 

neotropical migrants, sparrows, and non-native species were included in analysis to focus 

on species of general conservation or management concern.  Consequently, 11 species 

were used for occupancy analysis.  Lazuli buntings (Passerina amoena) and black-

headed grosbeaks (Pheucticus melanocephalus) were excluded due to inconsistencies in 

identification that were exhibited by researchers in the field.  American redstarts 

(Setophaga ruticilla) were also excluded because they had very low detection rates, 

which may result in inaccurate estimates of occupancy (MacKenzie et al. 2002). 

 Program MARK (White and Burnham 1999) was used to estimate ψ and p for 

each species.  Occupancy and detection were modeled simultaneously using maximum 

likelihood methods (MacKenzie et al. 2002).  Model selection methods were then used to 

identify the best model structures for p and ψ from a list of candidate models that may 

include covariates for each parameter.  I compared candidate models using Akaike 

Information Criteria corrected for small sample sizes (AICc; Burnham and Anderson 

2002).  The highest ranking model (with the lowest AICc score) was assumed to 

represent the best structure of ψ and p. 
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 Detection rate was modeled as either a function of time of season (T), habitat 

(HAB), or the additive effect of time and habitat (T + HAB).  The null model (constant p, 

represented with a �.�) was also considered (Table 2.2).  Time of season may be an 

important determinant of detection rate because singing behavior often fluctuates as a 

function of the stage of the breeding cycle.  Habitat characteristics, particularly 

vegetation density and structural complexity, may influence detection through the 

modification of bird behavior in particular habitats, or by altering a researchers ability to 

detect birds (Ganzalo-Turpin et al. 2008).  Two habitats were identified for modeling p: 

cottonwood forest with a relatively open understory, and cottonwood with a dense, native 

shrub understory (see Results: Cottonwood Habitat Types).  Detection rates may also be 

influenced by differences in birding ability and distance estimation that exist between 

observers (Alldredge et al. 2008).  However, due to the large number of observers 

employed during the study (eight) and the limited sample sizes, it was not possible to 

estimate the effects of individual observers on p� . 

 To quantify occupancy rates within cottonwood habitats, ψ was modeled as a 

function of a categorical variable that represented habitat type (HAB). ψ� was derived for 

each habitat type using a logit transformation of the logistic regression model 

(MacKenzie et al. 2006).  Two different classification schemes were identified for 

describing cottonwood habitat types: one that identified two distinct habitat types and one 

that identified five (see Results: Cottonwood Habitat Types below).  To examine which 

habitat classification was better for describing patterns of occupancy for each species, the 

influences of habitat types within each classification scheme were investigated in 
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separate models (hereafter referred to as �habitat models�; Table 2.2).  Model selection 

was then used to determine the best model structure for ψ and p for each species.  For the 

top-ranked habitat model, the strength of the influence of habitat was examined by 

comparing ψ� and 95% CIs across habitat types. 

 
Table 2.2.  Candidate occupancy (ψ) models for habitat and river location model sets.  
The same candidate models were run for all species, and were run separately on 2006 and 
2007 datasets.  Best models for each model set were chosen using AICc (Burnham and 
Anderson 2001).  The top-ranking model for detection rate (p) identified from habitat 
models [p(best1)] was used to model p for river location models.  The habitat variables 
were coded as dummy variables, with �SHRUB� as the reference habitat for classification 
CW1, and �MC.LOWSH� as the reference for classification CW2. 

Model 
Set 

Candidate Models Model Structure for ψ 

p(T) ψ (CW1) 
p(HAB) ψ (CW1) 
p(T + HAB) ψ (CW1) 
p (.) ψ (CW1) 

ψ = β0+β1*OPEN 

p(T) ψ (CW2) 
p(HAB) ψ (CW2) 
p(T + HAB) ψ (CW2) 

Habitat 

p (.) ψ (CW2) 

ψ = β0+β1*DC.OPENRO+β2*MC.OPENSH 
+β3*MC.DENSH+β4*OC.GRASS 

p(best1) ψ (RKM) ψ = β0+β1*RKM River 
Location p(best1) ψ (RKM + RKM2) ψ = β0+β1*RKM+ β2*RKM2 

 

 To assess whether habitat type may explain gradients in bird distribution along the 

river, a model that included both HAB and river kilometer (RKM) as covariates to ψ was 

examined for each species.  Modeling was stepwise in nature to limit the number of 

models run for each species, and because information about species within the study area 

did not exist for informing a priori models.  First, ψ was modeled only as a function of 

RKM; linear and quadratic models were explored to identify the best approximation to 

the univariate relationship (Table 2.2).  Quadratic models were included to allow for non-
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linear relationships with RKM.  Model selection with AICc was used to determine if the 

linear or the quadratic model was best for explaining the univariate relationship between 

RKM and ψ.  The top-ranking model structure for p as determined from habitat modeling 

was included in candidate models for RKM.  Once the �best� RKM model was identified, 

the �best� habitat classification (as determined from previous modeling) was then added 

to the model.  If habitat explains most of the observed gradient in bird distribution, I 

would expect that the effect of RKM on ψ�  would be small when HAB is also in the 

model.  Parameter estimates and 95% CIs were examined for assessing the nature and 

strength of the effect of RKM on ψ� .  The RKM and RKM2 variables were centered to 

reduce multicollinearity (Neter et al. 1996). When RKM2 is included in a model, it is not 

possible to interpret the coefficient from the linear RKM term due to multicollinearity 

(Neter et al. 1996, Cohen et al. 2003).  To reduce multicollinearity and allow for 

interpretation, I transformed the linear term to its �centered� value (RKM � mean of 

RKM).  The coefficient from the centered linear term represents the average linear slope 

of the regression, and can be interpreted as the overall trend in the data (i.e. either 

positive or negative; Cohen et al. 2003).  The uncentered variables were used to create 

graphs in order to show estimated relationships at the scale of the original x variable, 

while the centered variables were included in tables to allow for interpretation of trends 

in the data. 

 In all cases, p and ψ were modeled in each year separately.  This was done 1) 

because I would not expect detection rates to be the same across years given that different 

observers were employed in each year, and 2) to avoid problems in the estimation of the 
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variance of ψ�  that may arise due to pseudoreplication, because most of the same sites 

were visited over the two years.  Model selection was performed and top-ranked models 

were identified for each year separately. 

 
 Bird Abundance.  Yellow warbler (Dendroica petechia) and House wren 

(Troglodytes aedon) were observed at 99% and 97% of sites respectively, so were 

excluded from occupancy analysis.  Brown-headed cowbird (Molothrus ater) was 

excluded because this species is an exclusive nest parasite and does not defend a breeding 

territory, which may lead to violations of the assumption of constant occupancy status 

within a season (MacKenzie et al. 2006).  These three species were instead modeled 

using mean abundance at each site.  I considered using distance estimation techniques to 

correct abundance estimates for imperfect detection (Buckland et al. 2001).  However, 

given that these species are very common, vocalize often, and are easily identified in the 

field, the potential biases associated with distance sampling (Alldredge et al. 2008, 

Johnson 2008, Bachler and Liechti 2007) may outweigh those associated with imperfect 

detectability.  I therefore chose to assume perfect detection and use uncorrected estimates 

of abundance for this analysis. 

 Mean abundance was calculated across the surveys within a season for these three 

species.  Data were analyzed separately for each year to be consistent with occupancy 

analysis, and because survey effort differed across years; most points (85%) were visited 

three times in 2006, while in 2007 most points (66%) were visited only two times.  To 

quantify the influence of unequal survey effort across points in 2007, results were 

computed first using only those points with two surveys, and then again using all points.  
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Results were very similar (i.e. patterns of abundance within habitats and along the river 

were the same for both datasets), so all points were used for analysis of 2007 data.  R 

software (R Development Core Team 2008) was used for all abundance analyses.  

Models were fit as linear models with fixed effects using the lm function.  Model 

selection was conducted by comparing AICc scores (Burnham and Anderson 2002) using 

the selmod function in package pgirmess (Giraudoux 2008). 

 Steps for modeling abundance were similar to those for occupancy.  To estimate 

abundance within cottonwood habitats, mean abundance was modeled as a function of 

the CW1 and CW2 habitat classifications.  Model selection was then used to determine 

the best habitat classification for each species.  For the top-ranking habitat model, the 

strength of the influence of habitat was examined by comparing estimates of mean 

abundance and 95% CIs across habitat types. 

 An abundance model that included both HAB and RKM as covariates was 

examined for each species to assess whether habitat type explained gradients in bird 

abundance along the river. As with occupancy modeling, linear and quadratic RKM 

models were first explored and model selection was used to determine the �best� 

univariate relationship between RKM and abundance.  The �best� habitat classification 

(as determined from previous modeling) was then added to the model.  Parameter 

estimates and 95% CIs were examined for assessing the nature and strength of the effect 

of RKM on abundance. 
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Expected Influences of Habitat Type 

 I expected that ψ within habitat types would be related to life history traits 

associated with each species, and that species with similar life histories would prefer 

similar habitat types.  Each species was assigned to a nesting and foraging guild 

according to published life history traits (Table 2.3).  Guilds were designated based on 

the location that a species usually forages or nests.  Four foraging guilds were identified: 

FGND included species that forage primarily on the ground, FLOW included species that 

forage either on the ground or in shrubs, FCAN included species that forage either in 

shrubs or higher canopy layers, and FAIR included species that forage by catching insects 

on the wing.  Similarly, four nesting guilds were identified:  NGND included species that 

place their nests on (or very close to) the ground,  NLOW included species that nest 

primarily in shrubs or low canopy (< 5 meters above ground), NMSC included species 

that nest in the mid-story and high canopy (> 5 meters above ground), and NCAV 

included species that nest in cavities of live or dead trees.  Results are discussed in the 

context of species life history characteristics and guild associations. 

 
Results 

 
 
Cottonwood Habitat Types 
 
 Vegetation data were collected at 234 points.  Two habitat classification schemes 

performed equally well in cluster analysis.  The first (CW1) partitioned the sites into two 

habitat types, while the second (CW2) identified five habitat types.  Table 2.4 provides a 

description of each habitat type within the two classification schemes.  For both 
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classification schemes, structural differences in vegetation characteristics were evident 

between habitat types.  The abundance of small and large dbh trees (Figures 2.2a, 2.2b), 

small and large native shrubs (Figures 2.2c, 2.2d), and Russian olive stems (Figure 2.2e) 

all differed to some degree between habitat classes.  Percent canopy cover also differed 

across habitat types (Figure 2.2f).  For CW1, only the abundance of small and large 

native shrubs differed at the 95% confidence level (Figures 2.2c, 2.2d, Table 2.4).  CW2 

encompassed a gradient of changing canopy and understory conditions, ranging from 

cottonwood forest with an open canopy and few trees and shrubs, to forest with higher 

canopy cover and a dense understory of native shrubs (Table 2.4).  For all vegetation 

variables examined, at least one habitat type had higher or lower abundances that differed 

from other habitats at the 95% confidence level (Figure 2.2). 

 The two classification schemes were approximately hierarchical.  Sites within the 

habitat types DC.OPENRO and OC.GRASS from classification CW2 were placed into 

CW1 habitat type OPEN, while MC.DENSH and MC.LOWSH were placed into CW1 

habitat type SHRUB.  Sites of the habitat type MC.OPENSH were evenly divided 

between OPEN and SHRUB.  Birds may respond to habitat characteristics at different 

scales, so both classification schemes were included for examining habitat influences on 

bird species occupancy and abundance. 
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Figure 2.2. Vegetation characteristics of the sites within classification CW1 (OPEN, SHRUB) 
and CW2 (DC.OPENRO, MC.OPENSH, MC.DENSH, MC.LOWSH, and OC.GRASS) 
cottonwood forest habitat types.  Points represent mean values and error bars represent 95% 
confidence intervals for a) native trees with small diameter at breast height (dbh), b) native trees 
with large dbh, c) native shrubs < 50 centimeters (cm) tall, d) native shrubs > 50 cm tall, e) 
Russian olive shrubs and trees, and f) percent canopy cover. 

a) 

b) 

c) 

d) 

e) 

f) 
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Table 2.3. Fourteen species included in occupancy and abundance analysis.  Guild 
membership and general habitat associations were summarized from published life 
history accounts for each species. 

 
 
Species 

 
Foraging 
Guild1 

 
Nesting 
Guild2 

 
 

General Habitat Association 

 
 

Citation 
Occupancy     
Common 
Yellowthroat 

FLOW NGND Early successional dense shrub Guzy and Ritchison, 
1999 

European Starling FGND NCAV Avoids large expanses of forest Cabe, 1993 
Gray Catbird FLOW NLOW Edge habitat with dense understory Cimprich and 

Moore, 1995 
Least Flycatcher FAIR NLOW Semi-open large, contiguous forest Briskie, 1994 
Ovenbird FGND NGND Large tracts of contiguous forest Van Horn and 

Donovan, 1994 
Red-eyed Vireo FCAN NLOW Forest interior, but uses fragments Cimprich et al., 2000 
Song Sparrow FLOW NGND Early successional shrub Arcese et al., 2002 
Spotted Towhee FLOW NGND Early successional shrub and scrub Greenlaw, 1996 
Warbling Vireo FCAN NMSC Mature semi-open woodlands Gardali and Ballard, 

2000 
Western Wood-
pewee 

FAIR NMSC Habitat generalist. Riparian open 
forest with large trees and edge 

Bemis and Rising, 
1999 

Yellow-breasted 
Chat 

FLOW NLOW Open forest with dense shrub Eckerle and 
Thompson, 2001 

Abundance     
Brown-headed 
Cowbird 

FGND -- Grassland-woodland edges Lowther, 1993 

House Wren FLOW NCAV Open, shrubby woodlands Johnson, 1998 
Yellow Warbler FCAN NLOW Early successional shrub Lowther et al., 1999 

1 Foraging guilds, by location of foraging activity: FGND = ground, FLOW = ground or shrubs, FCAN = 
shrubs or canopy, FAIR = on the wing 
2 Nesting guilds, by location of nest: NGND = on/close to ground, NCAV = in cavities, NLOW = shrubs or 
low canopy, NMSC = midstory or high canopy 
 
 
Table 2.4. Description of each habitat type in the CW1 and CW2 classification schemes. 

Habitat 
Classification 

Habitat Type n Description 

OPEN 112 Open understory CW1 
SHRUB 122 Dense shrub understory 
DC.OPENRO 56 Dense canopy; open understory with 

Russian olive 
MC.OPENSH 37 Moderate canopy; open understory with 

some native shrub 
MC.DENSH 75 Moderate canopy; high density of native 

shrub 
MC.LOWSH 30 Moderate canopy; medium density of 

native shrub that is low to the ground 

CW2 

OC.GRASS 36 Open canopy; few to no shrubs or trees 
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Distribution of Habitats 
 
 The distribution of habitat types along the river was examined for both CW1 and 

CW2 to assess whether cottonwood habitat types were organized along a downstream 

gradient.  If habitat types are segregated in their distribution along the river, I would 

expect mean RKM for each habitat to differ 1) from other habitats, and 2) from the mean 

RKM value for all sites sampled (i.e. the mean if sites are distributed randomly).  For 

CW1, the OPEN habitat type had a higher mean RKM (Figure 2.3), suggesting that 

OPEN habitats were distributed on average farther from the mouth of the river than 

SHRUB habitats.  Mean river kilometer of all sites was 411 km upstream from the 

mouth; OPEN habitats were distributed on average slightly above this mean, while 

SHRUB habitat were distributed on average below it (Figure 2.3).  These results provide 

evidence that the distribution of habitat types within classification CW1 may reflect a 

response to underlying environmental conditions that change from the upstream reaches 

to the downstream reaches, with OPEN habitats slightly more common upstream, and 

SHRUB more common further downstream. 

 Habitat types of classification CW2 were generally evenly distributed along the 

river and had similar mean RKM, with the exception of MC.LOWSH (Figure 2.3).  

Points designated as MC.LOWSH habitat had on average a much lower RKM than the 

other four habitat types.  Furthermore, mean RKM for MC.LOWSH was much lower 

than the mean value of all sites (Figure 2.3), suggesting that MC.LOWSH sites were 

distributed closer to the mouth of the river.  This provides some evidence that more 

favorable environmental conditions exist in the downstream reaches of the river for this 
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habitat.  OC.GRASS and MC.OPENSH had higher RKM values than the mean of all 

sites, indicating that these habitat types were slightly more common in the upstream 

reaches of the river.  However, 95% CIs for mean RKM of these habitat types overlapped 

with DC.OPENRO and MC.DENSH, indicating that distribution was not very different 

between these four habitat types.  Consequently, there is little evidence that these four 

habitats are organized along a downstream gradient. 

 
Bird Occupancy and Abundance 
 
 Excluding non-target species (i.e. ducks, raptors, shorebirds, and upland 

gamebirds), 63 species of birds were observed at 234 points over the two years 

(Appendix A).  Yellow warbler (99.6% of sites), house wren (96.6%), northern flicker 

(80.3%), brown-headed cowbird (74.4%), and yellow-breasted chat (73.5%) were the 

most common species.  182 sites were surveyed in 2006 and 232 in 2007; all but two of 

the sites surveyed in 2006 were surveyed again in 2007.  Fourteen species were included 

in occupancy and abundance analysis. 

 Of the two HAB classification schemes identified with cluster analysis, CW2 

influenced ψ� and estimated abundance, suggesting that these habitat types were relevant 

to birds.  For 12 out of the 14 bird species, the model with HAB CW2 was top-ranking, 

and results were consistent across years for all species (Table 2.5).  Most of these species 

exhibited trends of higher or lower ψ�  in at least one of the habitat types.  Five species 

had high ψ�  or estimated abundance in the DC.OPENRO habitat type compared with 

other habitat types, while three and six species (respectively) were found at higher ψ�  or 

estimated abundance in the MC.OPENSH and the MC.DENSH habitats.  Only one 
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species was positively associated with each of the MC.LOWSH and OC.GRASS habitats, 

while many species were found at lower ψ�  or estimated abundance in these habitat types. 

 Guild associations were generally good predictors of preferred habitat types for 

each species.  For example, species that nested and foraged low in the understory were 

found more often and at higher abundance in the habitat type with the densest shrub layer 

(MC.DENSH), while species that foraged and nested higher in the canopy seemed to 

prefer the habitat type with highest canopy cover (DC.OPENRO).  A few species shared 

membership in the same nesting and foraging guilds (Table 2.3), and these species 

generally preferred the same habitat types. 

 Classification CW1 was identified in top-ranking habitat models for only two 

species (Table 2.5).  However,ψ� did not differ across the two habitats for either species.  

This suggests that CW1 was identified as the best model only because HAB was 

generally not important to these species, and fewer parameters had to be estimated for the 

CW1 model. 

 Even after accounting for the influence of habitat, river location had a substantial 

effect onψ� or abundance for all 14 species in at least one year.  Five species had 

higherψ� or abundance at sites near the mouth of the river in the eastern region of the 

study area (i.e. near RKM 0), while seven species had higherψ� or abundance at sites in 

the western region of the study area (i.e. near RKM 750).  One species (least flycatcher) 

had lowestψ� and one species (yellow-breasted chat) had highestψ� at intermediate values 

of RKM.  Trends of higher occupancy or abundance at one end of the study area or the 

other provide evidence  that a gradient in bird species distribution may exist, and that 
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birds may be responding to environmental conditions that change from the headwaters to 

the mouth of the river. 

 Below I describe more detailed results for each species. 

 

 
Figure 2.3. Mean river kilometer of sites within classification CW1 (OPEN, SHRUB) and 
CW2 (DC.OPENRO, MC.OPENSH, MC.DENSH, MC.LOWSH, and OC.GRASS) 
cottonwood forest habitat types.  The horizontal dashed line represents the mean river 
kilometer value of all sites sampled.  Error bars represent 95% confidence intervals. 
 

 Common Yellowthroat.  Common yellowthroats (Geothlypis trichas) were 

observed at 58% of points over the two years (Appendix A); 43% in 2006 and 50% in 

2007.  p� ranged from 0.40 to 0.58 (Figure 2.4), depending on year and habitat type 

(Table 2.5).  The ψ habitat model that included CW1 ranked higher than the model with 

CW2 (Table 2.5).  However, estimated occupancy was relatively constant across both 

habitats (Figure 2.5a), suggesting that habitat type was generally not important to this 

species.  CW1 likely ranked higher simply because there were fewer parameters to 

estimate.  Guild membership predicted that yellowthroats would prefer a semi-open 
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understory for nesting on the ground, but a dense understory and low canopy for foraging 

(Table 2.3).  These contrasting habitat requirements may indicate that yellowthroats are 

not restricted to any one particular cottonwood habitat.  Yellowthroats share foraging and 

nesting guild associations with spotted towhees (Table 2.3), a species for which habitat 

type was also not an influential variable (see �Spotted Towhee� below).  There was strong 

evidence for a negative effect of RKM (Table 2.6), with yellowthroats more likely to 

occupy sites closer to the mouth of the river, and occupancy declining steadily in the 

upstream direction (Figure 2.6a). 

 

 

Figure 2.4. Estimated detection rate for the 11 species included in occupancy analysis.  
Each species has multiple estimates of p depending upon year, habitat type, or time of 
season.  Points represent the mean detection rate of all the estimates for a particular 
species, while vertical lines represent the range of the estimates for that species. 
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Table 2.5.  Top-ranking habitat and river location models for each species in 2006 and 2007.  
Top-ranking models had the lowest AICc score of all candidate models in each set.  Brown-
headed cowbirds, house wrens, and yellow warblers were modeled using mean abundance as the 
response, while the other species were modeled using occupancy (ψ) and detection (p) rates. 

Species Best Habitat Model Best River Location Model 
Common 
Yellowthroat 

p2006,2007(HAB) 
ψ2006,2007(CW1) 

p2006,2007(HAB) 
ψ2006(RKM+RKM2)ψ2007(RKM) 

European Starling p2006(HAB)p2007(T+HAB) 
ψ2006,2007(CW2) 

p2006(HAB)p2007(T+HAB) 
ψ2006,2007(RKM+RKM2) 

Gray Catbird 
 

p2006(HAB)p2007(T) 
ψ2006,2007(CW2) 

p2006(HAB)p2007(T) 
ψ2006,2007(RKM+RKM2) 

Least Flycatcher p2006,2007(.) 
ψ2006,2007(CW2) 

p2006,2007(.) 
ψ2006,2007(RKM+RKM2) 

Ovenbird 
 

p2006(HAB)p2007(T) 
ψ2006,2007(CW2) 

p2006(HAB)p2007(T) 
ψ2006(RKM+ RKM2) ψ2007(RKM) 

Red-eyed Vireo p2006,2007(.) 
ψ2006,2007(CW2) 

p2006,2007(.) 
ψ2006,2007(RKM) 

Song Sparrow 
 

p2006,2007(.) 
ψ2006,2007(CW2) 

p2006,2007(.) 
ψ2006(RKM+RKM2)ψ2007(RKM) 

Spotted Towhee p2006(T+HAB)p2007(T) 
ψ2006,2007(CW1) 

p2006(T+HAB)p2007(T) 
ψ2006(RKM+RKM2)ψ2007 (RKM) 

Warbling Vireo p2006,2007(T) 
ψ2006,2007(CW2) 

p2006,2007(T) 
ψ2006,2007 (RKM) 

Western Wood-
pewee 

p2006(HAB)p2007(T) 
ψ2006,2007(CW2) 

p2006(HAB)p2007(T) 
ψ2006,2007(RKM+RKM2) 

Yellow-breasted 
Chat 

p2006,2007(.) 
ψ2006,2007(CW2) 

p2006,2007(.) 
ψ2006,2007(RKM+RKM2) 

Brown-headed 
Cowbird 

2006 & 2007 = CW2 2006 = RKM 
2007 = RKM+RKM2 

House Wren 2006 & 2007 = CW2 2006 & 2007 = RKM 
Yellow Warbler 2006 & 2007 = CW2 2006 & 2007 = RKM 

 

 European Starling.  European starlings (Sturnus vulgaris) were observed at 53% 

of points over the two years (Appendix A), 41% in each of 2006 and 2007.  p� ranged 

from 0.25 to 0.65 (Figure 2.4), depending on year, time of season, and habitat type (Table 

2.5).  The ψ habitat model that included CW2 ranked higher than the model with CW1 

(Table 2.5).  ψ� was relatively constant across all five CW2 habitat types in 2007, but was 
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slightly lower in the MC.LOWSH in 2006 when compared with the other shrub habitats 

(MC.OPENSH and MC.DENSH; Figure 2.5b).  Foraging and nesting guild associations 

did not seem to be an important predictor of occupancy within habitat types.   Starlings 

nest in cavities that are most commonly found in bigger, older trees which were observed 

at high abundances in mature cottonwood forests of all types (Figure 2.2b).  Furthermore, 

starlings will travel relatively far distances to forage, so foraging requirements may not 

restrict them to a particular breeding habitat type.  There was strong evidence for a 

positive, non-linear effect of RKM (Table 2.6), with starlings more likely to occupy sites 

in the western region of the study area (i.e. near RKM 750; Figure 2.6b). 

 
 Gray Catbird.  Gray catbirds (Dumetella carolinensis) were observed at 55% of 

points over the two years (Appendix A); 45% in 2006 and 42% in 2007.  p�  

ranged from 0.30 to 0.59 (Figure 2.4), depending on year, time of season, and habitat 

type (Table 2.5).  The ψ habitat model that included CW2 ranked higher than the model 

with CW1 (Table 2.5).  Estimated occupancy was generally higher in the habitats with 

tall native shrub (MC.OPENSH and MC.DENSH; Figure 2.5c).  Guild membership 

predicted that catbirds would prefer habitats with a well-developed shrub understory 

(Table 2.3), and this was supported by these results.  Catbirds were less likely to occur in 

the MC.LOWSH habitat type than the other two shrub habitats, possibly because the 

shrubs in this habitat were much lower to the ground (Figure 2.2c), and would not 

provide the complex understory structure needed for nesting and foraging.  Catbirds 

shared foraging and nesting guild associations with yellow-breasted chats (Table 2.3), a 

species that also was more likely to occupy the MC.DENSH habitat type (see �Yellow-
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breasted Chat� below).  There was strong evidence for a positive effect of RKM (Table 

2.6), withψ� lowest at sites near the mouth of the river, and a steady increase inψ� as river 

kilometer increased (Figure 2.6c). 

 
 Least Flycatcher.  Least flycatchers (Empidonax minimus) were observed at 69% 

of points over the two years (Appendix A); 61% in 2006 and 64% in 2007.  Models with 

constant p performed best, suggesting that habitat and time of season had little influence 

on detection (Table 2.5). p� was the highest of all species, and ranged from 0.75 in 2006 

to 0.79 in 2007 (Figure 2.4).  The ψ habitat model that included CW2 ranked higher than 

the model with CW1 (Table 2.5).  Foraging and nesting guild associations for least 

flycatchers predicted a preference for habitats with an open understory and well-

developed canopy (Table 2.3), and this was supported by the data.  ψ� was highest in the 

DC.OPENRO habitat (Figure 2.5d), where canopy cover is greatest and the understory is 

relatively open (Table 2.4).  Flycatchers forage by catching insect prey on the wing, and 

habitats with an open understory would provide better opportunities for this foraging 

strategy.  Additionally, the high abundance of small trees in the DC.OPENRO habitat 

(Figure 2.2a) would provide opportunities for nesting in the lower canopy, where this 

species prefers to nest (Table 2.3).   However, flycatchers were one of the most common 

species, and ψ� was relatively high in all habitats (estimates > 0.50; Figure 2.5d). 
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Figure 2.5.  Estimated occupancy rate (ψ� ) or abundance within habitat types of 
classifications CW1 (OPEN and SHRUB) or CW2 (DC.OPENRO, MC.OPENSH, 
MC.DENSH, MC.LOWSH, and OC.GRASS) for 14 bird species.  Estimates are derived 
from models that included only habitat type as a covariate.  Naïve occupancy is the 
percentage of sites occupied for each habitat type, uncorrected for imperfect detection.  
Dots represent ψ�  and bars represent 95% confidence intervals.  Results are presented for 
both 2006 (solid lines) and 2007 (dashed lines) for a) common yellowthroat, b) European 
starling, c) gray catbird, d) least flycatcher, e) ovenbird, f) red-eyed vireo, g) song 
sparrow, h) spotted towhee, i) warbling vireo, j) western wood-pewee, k) yellow-breasted 
chat, l) brown-headed cowbird, m) house wren, and n) yellow warbler. 
 

a) 

b) 

c) 

d) 
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Figure 2.5 continued. 

e) h) 

i) f) 

g) j) 
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Figure 2.5 continued. 
 
 
 River location had an overall positive effect on ψ�  of flycatchers, but there was 

strong evidence for a non-linear relationship (Table 2.6).  Flycatchers were most likely to 

occupy sites in the western region of the study area, but ψ� was high at both the highest 

and lowest RKM (Figure 2.6d). 
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Figure 2.6.  Estimated occupancy rate (ψ� ) or abundance as a function of river kilometer 
for 14 bird species.  Results are presented for both 2006 (solid lines) and 2007 (dashed 
lines) for a) common yellowthroat, b) European starling, c) gray catbird, d) least 
flycatcher, e) ovenbird, f) red-eyed vireo, g) song sparrow, h) spotted towhee, i) warbling 
vireo, j) western wood-pewee, k) yellow-breasted chat, l) brown-headed cowbird, m) 
house wren, and n) yellow warbler.  Habitat type was also included as a covariate in the 
model, and was held constant at classification CW1 habitat type �OPEN� for common 
yellowthroats and spotted towhees, and classification CW2 habitat type �DC.OPENRO� 
for all other species.  In other habitat types, relationships between ψ� or estimated 
abundance and river kilometer would differ from those pictured only by the value of the 
intercept.  Coefficients for all habitat types are included in Table 2.6.  Gray lines 
bordering black lines of ψ�  and estimated abundance represent 95% confidence bands.  
The area that is shaded gray identifies the region of �no data� where surveys were not 
conducted. 
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c) 

b) 
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Figure 2.6 continued.  

e) 

j) g) 

i) f) 

h) 



 
 

 

42

  
 

Figure 2.6 continued. 
 
 
 Ovenbird.  Ovenbirds (Seiurus aurocapilla) were observed at 25% of points over 

the two years (Appendix A); 13% in 2006 and 21% in 2007. p� was variable, ranging 

from 0.25 to 0.69 (Figure 2.4) depending on year, time of season, and habitat type (Table 

2.5).  The ψ habitat model that included CW2 ranked higher than the model with CW1 

(Table 2.5). ψ� was highest in the DC.OPENRO and MC.LOWSH habitats, but 95% CIs 

overlapped for all habitats (Figure 2.5e), suggesting that habitat type was not extremely 

k) m) 

l) n) 
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important to this species.  There was evidence for a negative relationship with RKM 

(Table 2.6), with highest estimatedψ� at low RKM, althoughψ� near the mouth of the river 

was much higher in 2007 than in 2006 (Figure 2.6e). 

 
 Red-eyed Vireo.  Red-eyed vireos (Vireo olivaceous) were observed at 32% of 

points over the two years (Appendix A); 27% in 2006 and 20% in 2007.  Models with 

constant p performed best, suggesting that habitat and time of season had little influence 

on detection (Table 2.5). p� was very similar across years, ranging from 0.37 to 0.39 

(Figure 2.4).  The ψ habitat model that included CW2 ranked higher than the model with 

CW1 (Table 2.5). ψ� was highest in the DC.OPENRO and MC.LOWSH habitats; the 

evidence for these trends was relatively strong, particularly for DC.OPENRO (Figure 

2.5f).  Vireos forage in the high canopy and nest in the lower canopy (Table 2.3), and 

DC.OPENRO would provide high levels of canopy cover for foraging and nesting 

opportunities (Figure 2.2f).  Vireos share nesting and foraging guild membership with 

yellow warblers (Table 2.3), who also were found at higher abundances in the 

DC.OPENRO habitat type (See �Yellow Warbler� below).  River location had a negative, 

linear effect on ψ�  (Table 2.6), withψ� highest at low RKM and declining in the upstream 

direction (Figure 2.6f). 

 
 Song Sparrow.  Song sparrows (Melospiza melodia) were observed at 51% of 

points over the two years (Appendix A); 36% in 2006 and 41% in 2007.  Models with 

constant p performed best, suggesting that habitat and time of season had little influence 

on detection (Table 2.5). p� ranged from 0.43 in 2006 to 0.50 in 2007 (Figure 2.4).  The ψ 
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habitat model that included CW2 ranked higher than the model with CW1 (Table 2.5).  

ψ� was highest in MC.OPENSH and MC.DENSH, the habitats with tall native shrub in 

the understory, and lowest in DC.OPENRO and MC.LOWSH, habitats with a less 

developed understory (Figure 2.5g).  Song sparrows forage primarily in lower vegetation 

(Table 2.3), which would predict a preference for habitats such as MC.OPENSH and 

MC.DENSH that have a shrub component (Figure 2.2d).  RKM had a positive effect 

onψ� (although 95% CIs overlapped zero in 2006; Table 2.6), suggesting that song 

sparrows were least likely to occupy sites near the mouth of the river (Figure 2.6g). 

 
 Spotted Towhee.  Spotted towhees (Pipilo maculatus) were observed at 54% of 

points over the two years (Appendix A); 48% in 2006 and 40% in 2007. p� ranged from 

0.19 to 0.54 (Figure 2.4) depending on year, time of season, and habitat type (Table 2.5).  

The ψ habitat model that included CW1 ranked higher than the model with CW2 (Table 

2.5).  However, there was little evidence thatψ� differed across OPEN and SHRUB habitat 

types, andψ� was relatively high in general (> 0.5 in all habitats; Figure 2.5h).  This 

suggests that habitat type may not have been a very important influence on occupancy.  

Many of the other ground-nesting species, such as common yellowthroats and ovenbirds 

(Table 2.3), also did not show a strong preference for any particular habitat types.  There 

was strong evidence for a negative, non-linear effect of river location onψ�  (Table 2.6). 

ψ� plateaued near 1 at low RKM, but dropped sharply upstream from river kilometer 400 

(Figure 2.6h). 
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 Warbling Vireo.  Warbling vireos (Vireo gilvus) were observed at 38% of points 

over the two years (Appendix A); 27% in each of 2006 and 2007. p� was lower for 

warbling vireos than for all other species, and ranged from 0.22 to 0.45 (Figure 2.4), 

depending on year and time of season (Table 2.5).  The ψ habitat model that included 

CW2 ranked higher than the model with CW1 (Table 2.5). ψ� was consistently highest in 

the DC.OPENRO, MC.DENSH, and MC.LOWSH habitats and lowest in OC.GRASS.  

However, 95% CIs for ψ were large (Figure 2.5i).  Both DC.OPENRO and MC.LOWSH 

provide relatively high levels of canopy cover (Figure 2.2f), which would be beneficial 

for warbling vireos, who forage and nest in the high canopy (Table 2.3).  Conversely, 

OC.GRASS  provides low levels of canopy cover (Figure2.2f).  Habitat preferences were 

similar to red-eyed vireos, who also forage in the high canopy (Table 2.3). 

 The effect of RKM on ψ� was negative (Table 2.6), withψ� highest near the mouth 

of the river and declining in the upstream direction (Figure 2.6i).  However, evidence for 

this trend was weak in 2006. 

 
 Western Wood-pewee.  Western wood-pewees (Contopus sordidulous) were 

observed at 68% of points over the two years (Appendix A); 62% in 2006 and 53% in 

2007. p� was relatively high, and ranged from 0.40 to 0.67 (Figure 2.4), depending on 

year, time of season, and habitat type (Table 2.5).  The ψ habitat model that included 

CW2 ranked higher than the model with CW1 (Table 2.5). ψ� was consistently lower in 

the MC.LOWSH habitat type, but the evidence for this trend was not strong and 95% CIs 

overlapped for all habitat types. ψ� was relatively high in general (≥ 0.4 in all habitats; 
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Figure 2.5j).  Western wood-pewees are habitat generalists in riparian forest (Table 2.3), 

which may explain why differences in estimated occupancy rates were not evident across 

habitat types.  There was strong evidence for a positive, non-linear effect of RKM (Table 

2.6), withψ�  highest at high RKM, and declining steadily downstream toward the mouth 

of the river (Figure 2.6j). 

 
 Yellow-breasted Chat.  Yellow-breasted chats (Icteria virens) were observed at 

74% of points over the two years (Appendix A); 66% in each of 2006 and 2007.  Models 

with constant p performed best, suggesting that habitat and time of season had little 

influence on detection (Table 2.5). p� was relatively high, and ranged from 0.63 to 0.76 

(Figure 2.4).  The ψ habitat model that included CW2 ranked higher than the model with 

CW1 (Table 2.5).  There was strong evidence that ψ� was highest in the MC.DENSH 

habitat compared with all other habitat types (Figure 2.5k).  Chats nest and forage in the 

shrub layer (Table 2.3), which may explain their observed preference for a habitat type 

with a well-developed shrub understory.  The effect of RKM onψ� was negative and non-

linear (Table 2.6), with a peak inψ� at intermediate RKM, and lowestψ� at high RKM 

(Figure 2.6k). 

 
 Brown-headed Cowbird.  Brown-headed cowbirds were observed at 74% of 

points over the two years (Appendix A); 57% in 2006 and 62% in 2007.  The habitat 

model that included CW2 ranked higher than the model with CW1 (Table 2.5).  

Estimated abundance of cowbirds was highest in MC.OPENSH, MC.DENSH, and 

OC.GRASS, and lowest in MC.LOWSH (Figure 2.5l).  Cowbirds are parasitic, laying 
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their eggs in the nests of other songbird host species, and do not defend breeding 

territories in cottonwood forest.  Therefore, habitat type may be relevant to cowbirds 

because of the different host species found in each habitat, rather than because of the 

particular vegetation characteristics that each habitat offers.  There was strong evidence 

that RKM had a positive effect on estimated abundance of cowbirds (Table 2.6), with 

abundance predicted to be lowest near the mouth of the river and increasing upstream 

(Figure 2.6l).  River location and habitat type explained little of the variation in estimated 

abundance (r2
adj,2006 = 0.072; r2

adj,2007 = 0.126), suggesting that other unmeasured 

variables were influencing cowbird abundance. 

 
 House Wren.  House wrens were observed at 97% of points over the two years 

(Appendix A); 92% in 2006 and 94% in 2007.  The habitat model that included CW2 

ranked higher than the model with CW1 (Table 2.5).  However, estimated abundance was 

relatively constant across all habitats, with the exception of habitat DC.OPENRO in 2007 

when estimated abundance was higher than in all other habitats (Figure 2.5m).  House 

wrens nest in natural cavities, which are generally found in older, larger cottonwood 

trees.  The abundance of large cottonwood trees is relatively constant across habitat types 

(Figure 2.2b), so this nesting requirement would not restrict wrens to any particular 

habitat type.  Although wrens spend much of their time foraging in the understory, they 

will also forage on the ground and in the canopy (Johnson 1998), which may explain why 

they are found at high abundances in a variety of habitats (Figure 2.5m).  

 There was strong evidence that RKM had a positive, linear effect on house wrens 

(Table 2.6), with abundance predicted to be lowest near the mouth of the river (Figure 
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2.6m).  However, together river location and habitat type explained a relatively small 

proportion of the total variation in mean abundance (r2
adj, 2006 = 0.149;  r2

adj, 2007 = 0.109).  

Other factors were likely influencing house wrens that were not quantified by habitat or 

river location, such as biotic interactions with predators or competitors, or availability of 

food. 

 
 Yellow Warbler.  Yellow warblers were observed at 99% of points over the two 

years (Appendix A); 95% in 2006 and 98% in 2007.  The habitat model that included 

CW2 ranked higher than the model with CW1 (Table 2.5).  There was strong evidence 

that estimated abundance was highest in the DC.OPENRO, MC.OPENSH, and 

MC.DENSH habitats (Figure 2.5n).  Yellow warblers nest in the understory and lower 

canopy, and forage in the lower and higher canopy (Table 2.3).  These three habitat types 

provide high percent canopy cover, as well as structural diversity in the lower canopy and 

understory (Figure 2.2), which would provide abundant foraging and nesting 

opportunities for yellow warblers. 

 There was strong evidence that RKM had a positive effect (Table 2.6), with 

abundance predicted to be lowest near the mouth of the river, and increasing steadily 

upstream (Figure 2.6n).  River location and habitat type had a substantial influence on 

yellow warblers, as these variables explained approximately 40 percent of the variation in 

mean abundance (r2
adj, 2006 = 0.429;  r2

adj, 2007 = 0.388). 
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Discussion 
 

 As a river flows from its headwaters to its mouth, physical characteristics of the 

environment, such as width and depth of the river, water temperature, flow velocity, and 

water chemistry, are often organized along a continuum of change (Vannote et al. 1980, 

Ward 1989).  Riverine organisms respond to the underlying physical conditions that 

comprise aquatic habitats, and consequently are also organized along downstream 

gradients of abundance and occurrence.  Gradients in the distribution of 

macroinvertebrate taxa and functional feeding groups result in the presence of distinct 

communities along a rivers� length, with certain taxa dominant in particular reaches 

(Arscott et. al 2005, Reese and Batzer 2007, Growns and Davis 1994, Corkum 1991, 

Vannote et. al 1980).  Similarly, gradients in physical conditions influence the 

distribution of fish.  Species occur where habitat conditions are most ideal, resulting in 

the gradual turnover of species along the river in response to an underlying continuum of 

change in environmental conditions (Buisson et. al 2008, Matthews 1998, McGarvey and 

Hughes 2008, Araujo et. al 2009, Bhat 2004, Vannote et. al 1980). 

 Here I present evidence that riparian bird species also respond to downstream 

gradients in environmental conditions.  All 14 bird species that were investigated 

exhibited significant relationships between river location and occupancy or abundance 

(Table 2.6), suggesting that species were more likely to occur or have higher abundance 

in certain reaches of the river than others.  Furthermore, changes were manifested as 

steady declines or increases in occupancy or abundance along the river in many cases 

(Figure 2.6), suggesting that riparian birds were responding to an underlying continuum 
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of change.  Seven species had highest occupancy rates or abundance in the western 

reaches of the study area, and occupancy or abundance declined toward the mouth of the 

river.  Five species had highest occupancy rates in the eastern reaches near the mouth of 

the river, and occupancy declined toward the western reaches.  These patterns in 

occupancy and abundance suggest that downstream gradients in environmental 

conditions are influencing the distribution of resources that are important to birds. 

 Local habitat, specifically the structure and composition of vegetation 

communities, is one of the most important drivers of bird species� occurrence and 

abundance (Cody 1985, Fleishman et. al 2003, Stauffer and Best 1980, Strong and Bock 

1990).   The structure and composition of vegetation determines the availability of crucial 

resources, such as food and nest sites.  Numerous studies have previously documented 

changes in the species composition of riparian vegetation communities along rivers in 

response to underlying gradients.  Patterns in the distribution and abundance of plant 

species reflected gradual downstream changes in geomorphology (Ito et al. 2006, 

Carbiener and Schnitzler 1990, Cordes et al. 1997), soil composition (Ito et al. 2006, 

Nilsson 1987), hydrology (Carbiener and Schnitzler 1990), and elevation (Curry and 

Slater 1986, van Coller et al. 2000). 

 I expected that downstream gradients in environmental conditions would 

influence the structure and composition of cottonwood forest communities along the 

Yellowstone River, resulting in underlying gradients in local habitat characteristics that 

were important to birds.  A diversity of cottonwood habitat types existed that differed in 

characteristics of the understory and canopy.  A hierarchy of habitat types was identified: 



 
 

 

51

one classification scheme (CW1) identified two habitat types, while the other scheme 

(CW2) further divided those two into five habitat types.  Eleven of the 14 bird species 

exhibited trends of either higher or lower occupancy or abundance in at least one of the 

five habitat types of CW2 (Figure 2.5).  These habitats differed in structural and 

compositional characteristics, including total shrub density and height, abundance of 

different native and non-native species, size and density of trees, and percent canopy 

cover (Figure 2.2), all of which are influential characteristics of bird habitat (Cody 1985).  

Although confidence intervals for estimates of occupancy and abundance were large in 

general (Figure 2.5), significant differences (i.e. 95% confidence intervals did not 

overlap) were reported for all of these species in at least one of the years.  Patterns were 

usually consistent across years, which provides additional support for the validity of the 

observed trends.  Furthermore, nesting or foraging guild associations were often accurate 

predictors of preferred habitat types for each species.  These results indicate that the five 

cottonwood habitat types identified using fixed-cluster analysis methods were 

ecologically relevant to riparian bird species, and justify their use as predictors of bird 

occupancy and abundance along the river. 

 However, there was little evidence that the five cottonwood habitats were 

organized along a continuum of changing habitat types, suggesting that downstream 

environmental gradients were not strongly influencing their distributions.  Mean river 

kilometer values for four of the five habitats did not differ from each other (i.e. 95% 

confidence intervals overlapped substantially; Figure 2.3), indicating that these habitats 

were not segregated in their distributions along the river.  Furthermore, mean river 
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kilometer values for these four habitats were similar to the mean river kilometer value of 

all sites, suggesting relatively random distributions across sites.  The one exception was 

MC.LOWSH which had a lower mean river kilometer value than the other four habitats, 

and of all sites combined.  MC.LOWSH may prefer environmental conditions that are 

more common at sites near the mouth of the river. 

 There was evidence that the two habitat types of the CW1 classification scheme 

were organized as a gradient of changing conditions along the river.  The habitat with a 

shrub understory was more likely to occur near the mouth of the river, and the habitat 

with an open understory was more likely to occur at higher river kilometer values (Figure 

2.3).  However, these habitat types were not important drivers of bird distribution.  

Consequently, the ecological relevance of this classification scheme to birds, and the 

importance of this apparent gradient in habitat conditions, may be limited. 

 Numerous other factors besides local habitat have been identified as important 

drivers of bird species distribution, including characteristics of the larger surrounding 

patch (e.g. amount of forest cover; Trzcinski et al. 1999, McGarigal and McComb 1995) 

and intensity of human land use activities adjacent to the riparian zone (Hennings and 

Edge 2003, Tewksbury et al. 2006, Miller et al. 2003, Hobson and Bayne 2000).  If these 

potential influences on bird occupancy and abundance are organized along downstream 

gradients and are related to river location, then they may explain observed patterns of 

bird distribution.  Consequently, I investigate the effects of factors related to patch 

characteristics and land use on the occupancy and abundance of bird species in Chapter 3 

of this thesis. 
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 Organization along a gradient may not sufficiently characterize the distribution of 

cottonwood habitat.  Alternatively, distribution may reflect local factors that drive 

environmental heterogeneity in riparian plant communities (Gregory et al. 1991, van 

Coller et al. 2000).  Although I attempted to control for local influences of flood 

disturbance and geomorphology by sampling only mature cottonwood forest in braided 

reach types, it is impossible to control all sources of local heterogeneity.  Complex fluvial 

dynamics often result in differences in soil depth, substrate composition, magnitude and 

intensity of disturbance, and hydrology at sites that are only a short distance apart 

(Gregory et al. 1991).  Furthermore, although all forests sampled were greater than 50 

years old, there was variation in the age of forests that may be responsible for some of the 

observed differences between habitat types; age of the forest is influenced by local site 

characteristics related to the transverse gradient that is perpendicular to the active channel 

(Malanson 1993, Johnson et al. 1976) rather than the downstream gradient.  

Consequently, the cottonwood habitat types identified in this study that were important to 

birds may represent patchy mosaics of vegetation influenced by local site characteristics 

rather than a continuum of changing habitat conditions influenced by underlying 

gradients along the length of the river (van Coller et al. 2000).  However, it is important 

to remember that the sites surveyed were not from a purely random sample of all 

cottonwood forests, as only areas accessible by foot were included.  Patterns in the 

distribution of habitats along the downstream gradient of a river may emerge if islands 

and isolated gravel and sand bars were included in the sample.  Therefore, inference 
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about the distribution of habitats is limited to mature cottonwood forests that are 

connected to the mainland. 

 There are certain environmental conditions that may change along the 

downstream gradient that are difficult to quantify, yet important to birds.  For example, 

aquatic and floodplain invertebrates, which are an important food source to riparian 

insectivorous birds, may change predictably along the length of a river in response to 

changing hydrology and flood dynamics (Vannote et al. 1980, Reese and Batzer 2007, 

Arscott et al. 2005, Growns and Davis 1994, Vinson and Hawkins 1998).  I was not able 

to examine relationships between food resources and bird occupancy or abundance, yet 

the availability of food is a crucial component of habitat quality.  Birds may specialize on 

a particular type of food, so that different bird species would respond differently to 

gradients in food resources; these responses would be manifested through gradual 

changes in occupancy or abundance along the river.  Furthermore, other underlying 

gradients existed that I did not measure, such as changes in climate that would influence 

habitat condition in subtle ways (e.g. variation in the time that vegetation first produces 

leaves in the spring, differences in humidity that influence microclimates within forests, 

etc.).  An assessment of the relationships between river location and bird occupancy or 

abundance, while simultaneously examining the influences of local habitat, may provide 

insight into the importance of unmeasured environmental factors on bird distribution. 

 Bird response to river location may also reflect broad-scale influences on bird 

distribution, such as the geographic range of a species within a region or continent.  

Range boundaries for a species often reflect the influence of factors that cannot be easily 
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quantified using environmental characteristics, such as regional population dynamics or 

historical patterns of colonization and extinction (Hanski 1999, Storch et al. 2003).  The 

density of a species is usually highest at the core of its range, and declines as distance 

from the core increases (Brown 1984).  Therefore, the occupancy or abundance of a 

species may vary by river location if the study area along the Yellowstone River is 

located at the edge of its range.  The study area falls within the edge of the geographic 

range for five of the 14 species investigated; western wood-pewees and spotted towhees 

range largely in the western US, while gray catbirds,  red-eyed vireos, and ovenbirds 

range largely in the east.  For three of these species, effects of river location are 

consistent with what would be expected based on geographic distribution.  For example, 

red-eyed vireos exhibit a negative relationship with river kilometer (Figure 2.6f), 

indicating that they are more likely to occupy sites in the eastern end of the study area.  

However, for two of the species the effect of river location is opposite what would be 

expected based on their geographic ranges.  Furthermore, many of the species have a 

continental distribution (e.g. house wren, European starling), but still exhibited strong 

relationships with river location.  This suggests that the apparent effect of river location 

on bird species occupancy and abundance is likely due to a combination of the influences 

of unmeasured environmental resources, and broad-scale geographic range distributions. 

 The influence of river location on riparian birds presents a challenge when 

considering the effects of management over a large area, such as the length of a major 

river system.  Local habitat, which is one of the most important factors influencing the 

distribution of birds, and which is often solely used to measure habitat quality or 
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suitability for a species, may not adequately account for the observed variation in bird 

communities.  Along the Yellowstone River, river location was an important influence 

for most species.  Consequently, areas with similar habitat characteristics may harbor 

different bird communities because of their location along the river.  Therefore, it may be 

necessary to consider relationships with geographical location when attempting to 

understand the potential consequences of management for bird species and communities.  

For example, management activities may need to be considered within the context of 

particular reaches or regions of the river, as different bird communities may be present 

within a given habitat type that exists along the entire length of the river. 

 It is important to remember that only braided sections of the river were sampled in 

this study, and inference about the influence of river location extends only to bird 

communities within this reach type.  A 200-kilometer section within the boundaries of the 

study area was not sampled because the river in this area was confined to a single, incised 

channel.  The floodplain was very narrow, and flood disturbance and overbank flooding 

occurred only at the edge of the main channel.  Consequently, cottonwood forests were 

sparse throughout this region.  If surveys had been conducted in forests along this section 

of the river, as well as within other non-braided reaches of the study area, it is likely that 

differences in local site characteristics due to variation in reach geomorphology and the 

impacts of flood disturbance would have had a major influence on patterns in the 

distribution of bird species.  That is why braided sections were chosen as the focus of the 

study, so that the affect of river location could be examined while attempting to control 

for the influences of local factors driven by reach type. 
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 One of the advantages of using point count surveys is that information about 

many bird species may be collected over a large area with relative ease compared to other 

survey methods.  However, point count surveys are problematic because the imperfect 

detection of species may result in spurious conclusions about site occupancy or 

abundance (MacKenzie et al. 2006, Buckland et al. 2001).  Models that use point count 

data to quantify rates of both detection and occupancy provide a more defensible estimate 

of the proportion of sites occupied by a species than when estimates are derived using 

methods that do not account for imperfect detection (MacKenzie et al. 2006).  However, 

these sophisticated models often require many visits to a site within a season to acquire 

enough data for estimating parameters, particularly for species with low rates of 

occupancy or detection (MacKenzie et al. 2002).  Within many broad-scale monitoring 

efforts, sites are visited only a few times each season, and adequate data often exist for a 

limited number of the more common species.  For example, sixty-three species of birds 

were observed within this study area along the Yellowstone River, but I was only able to 

include eleven species for occupancy analysis, largely due to inadequate sample sizes for 

many of the species.  Unfortunately, the species of highest management and conservation 

interest are often those that are rare or locally distributed.  If occupancy models are to be 

used effectively to monitor rare species, a greater number of visits must be included in 

the sampling design to allow for the collection of adequate data for estimating occupancy 

and detection (MacKenzie et al. 2002). 

 Here I report on patterns in the distribution of riparian birds and habitat along the 

Yellowstone River.  The investigation of patterns is an important first step for 
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understanding the relevance of downstream river gradients to terrestrial riparian species.  

However, it is also crucial to identify the mechanisms driving observed patterns.  This 

would provide a context for evaluating how river processes influence riparian community 

ecology, as well as provide valuable information about the potential consequences of 

human activities that may alter environmental conditions along a river.  Consequently, 

future studies should aim to investigate relationships between birds and underlying 

gradients in environmental conditions.  Information about the complex relationships 

between riparian birds and the river processes that shape their terrestrial habitats will 

provide additional opportunities for comprehensive management activities that target the 

river ecosystem as a whole. 
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CHAPTER 3. 
 

FACTORS INFLUENCING RIPARIAN BREEDING BIRDS ALONG THE 
YELLOWSTONE RIVER 

 
 

Introduction 
 
 

 The value of riparian zones to native bird species is well understood (Kauffman et 

al. 2001, Knopf et al. 1988), particularly in the semi-arid regions of the western United 

States where mesic, productive riparian lowlands provide an abundance and variety of 

nesting and foraging opportunities that are not found in the uplands (Austin 1970, 

Stauffer and Best 1980, Szaro 1991, Lehmkuhl et al. 2007).  Because of the ecological 

importance and uniqueness of riparian zones, many studies have identified the 

environmental factors affecting riparian bird populations and communities, including 

local habitat characteristics (Miller et al. 2004, Strong and Bock 1990, Farley et al. 1994, 

Fleishman et al. 2003), extent of riparian forest cover (Hodges and Krementz 1996, 

Kinley and Newhouse 1997, Whitaker and Montevecchi 1999, Hagar 1999, Groom and 

Grub 2002, Perkins et al. 2003, Peak et al. 2004), and surrounding land use (Tewksbury 

et al. 1998, Tewksbury et al. 2006, Hennings and Edge 2003, Saab 1999).  These studies 

provide valuable information about the nature and dynamics of riparian bird 

communities. 

 However, most information about riparian birds has been collected within a 

particular reach or small region of a river (but see Miller et al. 2004), without 

examination of broad-scale influences that may be present within the river system.  

Broad-scale factors may be especially relevant because of fluvial processes that connect 
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reaches of a river from its headwaters to its mouth.  For example, gradients often exist 

along the entire length of a river that represent general downstream changes in 

environmental conditions (Gregory et al. 1991, Ward 1989).  Soil, elevation and slope, 

chemical and physical characteristics of the water, stream morphology, and the 

magnitude and frequency of flood disturbance change as a river flows downstream 

(Malanson 1993, Schlosser 1987, Vannote et al. 1980, Benke 2001, Brinson 1993, Hupp 

and Osterkamp 1996). 

 Local-, patch-, or landscape-scale factors, such as habitat, surrounding forest 

cover, and land use, may reflect these underlying gradients.  However, there are certain 

conditions that may change along a rivers� length that are difficult to quantify, yet 

important to birds.  For example, aquatic and floodplain invertebrates, which are 

potentially important food sources for riparian insectivorous birds (Jackson and Fisher 

1986, Nakano and Murakami 2001) but are difficult to measure in the field, may change 

predictably along the length of a river in response to gradients in hydrology and flood 

dynamics (Vannote et al. 1980, Reese and Batzer 2007, Arscott et al. 2005).  Birds may 

respond to downstream gradients in important resources, resulting in heterogeneity in the 

distribution of birds from one end of a river to the other that may not be evident when 

focusing only on local-, patch-, or landscape-level environmental factors. 

 Major river systems often flow through large geographic areas; consequently, 

patterns in the distribution of riparian birds may also reflect broad-scale geographic 

factors, such as the regional or continental range of a species.  Occurrence or abundance 

is generally highest at the center of a species� range, and declines steadily outward from 
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there (Brown 1984).  Therefore, patterns of distribution within the riparian zone of a large 

river system may reflect increasing or decreasing distance from the core of a species� 

geographic range.  Range distribution may be defined by factors that are not directly 

related to environmental variables, such as biotic interactions (i.e. competition, 

predation), regional population dynamics, or historical patterns of colonization and 

extinction (Brown 1984, Hanski 1999, Storch et al. 2003).  Therefore, the distribution of 

riparian birds within a river system may reflect the influences of broad-scale geographic 

factors not adequately represented by environmental variables. 

 Given that processes exist at the scale of the larger river system, the influence of 

river location should be included when examining the factors affecting the distribution of 

riparian birds.  River location represents the effect of broad-scale geographic influences, 

such as location along the river gradient or within a species� range.  If the effect of river 

location is not considered, inference about patterns of distribution may be limited to the 

particular region of the river where a study was conducted.  For example, local habitat 

characteristics may be similar at sites that are located at opposite ends of a river, but 

species occurrence or abundance may differ due to broad-scale influences.  An 

assessment that includes river location would therefore provide information about 

additional influences on bird distribution within the larger river system. 

 River management and development in the floodplain often result in alterations to 

historical flood cycles, and the disruption of river processes that are regulated by flood 

disturbance (Hupp and Osterkamp 1996).  Most riparian zones along rivers within the US 

have been significantly modified by human activities, resulting in substantial changes in 
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the extent, distribution, structure, and species composition of riparian habitats available to 

birds (Ward and Stanford 1995, Hupp and Osterkamp 1996).  Knowledge about the 

factors affecting the distribution of riparian birds within the floodplain of a river system 

is necessary to provide a comprehensive understanding of the potential influences of 

management on native riparian species. 

 Those rivers that still experience historical flood cycles and support extensive 

native riparian plant communities are especially important to riparian birds.  The 

Yellowstone River in Montana is one of the few remaining free-flowing rivers in the 

lower 48 states, supporting extensive, heterogeneous riparian plant communities which 

provide habitat for many native bird species.  Relatively intact riparian systems, such as 

the Yellowstone River, may serve as a reference for understanding the factors that 

influence the distribution of birds along the length of a river, and provide valuable 

information for the management of rivers and native wildlife species.  I investigated the 

factors influencing birds breeding in riparian cottonwood forests along a 725 kilometer 

(450 mile) section of the Yellowstone River in central and eastern Montana.  I examined 

the relative influences of local habitat, forest cover, land use, and river location on the 

occurrence and abundance of bird species along the river. 

 
Methods 

 
Study Area 
 
 
 The study area (Figure 3.1) extends along the Yellowstone River approximately 

725 river kilometers (kms) from Big Timber to Sidney, Montana.  (When discussing 
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distances and locations along the river, I will refer to �river kilometers� which are 

measured along the centerline of the main channel, with km 0 located at the mouth of the 

river and increasing in the upstream direction.)  Over 90% of the floodplain is privately 

owned (Applied Geomorphology and DTM Consulting 2004).  Five major tributaries 

contribute to changes in hydrology and sediment load along the river (Figure 3.1). 

 The geomorphology of the river includes reaches with multiple channels, wooded 

islands, and gravel bars, as well as naturally confined reaches with single, straight 

channels.  Bird communities were surveyed only in reaches classified as �multi-channel� 

(i.e. braided).  Few braided reaches existed between river kms 170 and 390 due to 

geomorphic characteristics that confine the river to a single channel; consequently, no 

surveys were located in that region.  For the braided reaches where sampling occurred, 

the floodplain increased from approximately 1.75 kms wide near Big Timber to four kms 

wide near Sidney.  River gradient declined from 0.2% to 0.05% slope along that same 

length of river (Applied Geomorphology and DTM Consulting 2004). 

  Narrowleaf cottonwood (Populus angustifolia) and plains cottonwood (P. 

deltoides) dominated the overstory of riparian forests along the river.  Narrowleaf 

cottonwood was located mostly above river km 475.  Willow (Salix spp.) and green ash 

(Fraxinus pennsylvanica) were also common.  Ash trees were most abundant downstream 

from river km 325.  Russian olive (Elaeagnus angustifolia), common and western 

snowberry (Symphoricarpos albus and S. occidentalis), wood�s rose (Rosa woodsii), red-

osier dogwood (Cornus stolonifera), common chokecherry (Prunus virginiana), and 

buffaloberry (Shepherdia canadensis) were common shrub species. 
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 Main land uses within the floodplain included agriculture (rowcrop, hay, and 

livestock production) and human settlement.  Cattle grazing occurred seasonally within 

cottonwood forests and adjacent pastures, but is difficult to quantify, and is not a focus of 

this study.  Grazing impacts to bird communities occur through the modification of 

habitat; therefore, any potentially confounding influences of grazing should be accounted 

for by considering the influence of local habitat characteristics on birds. 

 
Bird Surveys 
 
 Birds were sampled using standard fixed-radius point count methods (Ralph et al. 

1993).  Surveys were conducted no earlier than 15 minutes after sunrise, and no later than 

10 a.m.  After arriving at each point count location (i.e. �point�), the observer waited for 

two minutes to allow the birds to acclimate to their presence.  All birds seen or heard 

within a 60 meter radius of the point were then recorded, by species, for ten minutes.  

Birds that flew over, but did not stop and use the habitat, were not counted.  Four 

researchers conducted surveys in each of 2006 and 2007.  Researchers were trained in 

bird identification and distance estimation for two to three weeks prior to the start of 

official surveys.  To ensure that birds outside of the 60 meter radius circle were not 

counted, researchers used a laser rangefinder at each point before each survey to identify 

the boundaries of the survey area. 

 A point was surveyed two to three times between 28 May and 9 July in both 2006 

and 2007.  Visits to each point were equally spaced during this time to ensure balanced 

coverage throughout the breeding season.  To minimize bias introduced by daily patterns 

in bird singing behavior, each visit to a point was conducted at a different time of the 
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morning (at least two hours earlier or later) than the previous visit.  Each visit to a 

particular point was conducted by a different researcher to minimize any systematic bias 

resulting from differences between observers.  Surveys were not conducted during bouts 

of heavy rain or wind. 

 A random sample of points was initially chosen on public and private lands using 

a statistical procedure called Generalized Random Tessellation Stratified Design (Stevens 

and Olsen 2004).  Additional points were later randomly located within boundaries of 

cottonwood forest patches based on accessibility to private lands.  Points were located 

within mature riparian forests that were large enough to accommodate at least one 60-

meter radius point count to ensure that all bird observations occurred within cottonwood 

forest habitat.  Additionally, points were located only within forests that could be 

accessed by foot; consequently, islands generally were not sampled.  All points were 

located at least 200 meters apart.  

 
Predictor Variables 
 
 Habitat types were previously classified using vegetation data collected at each 

point (see Chapter 1).  A hierarchical classification scheme with two levels was 

identified.  The first classification (CW1) identified two broad habitat types that differed 

largely in the understory characteristics of the forest (Table 3.1).  The second 

classification (CW2) identified five habitats that encompassed a gradient of changing 

canopy and understory conditions, ranging from cottonwood forest with an open canopy 

and few trees and shrubs, to forest with higher canopy cover and a dense understory of 

native shrubs (Table 3.1).  Birds may respond to habitat characteristics at different scales,  
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so both classification schemes were used for examining habitat influences on bird species 

distribution and abundance. 

 
Table 3.1. Description of each habitat type in the CW1 and CW2 classification schemes. 

Habitat 
Classification 

Habitat Type n Description 

OPEN 112 Open understory CW1 
SHRUB 122 Dense shrub understory 
DC.OPENRO 56 Dense canopy; open understory with 

Russian olive 
MC.OPENSH 37 Moderate canopy; open understory with 

some native shrub 
MC.DENSH 75 Moderate canopy; high density of native 

shrub 
MC.LOWSH 30 Moderate canopy; medium density of 

native shrub that is low to the ground 

CW2 

OC.GRASS 36 Open canopy; few to no shrubs or trees 
 

 Percent forest cover surrounding each point was quantified through aerial photo 

interpretation.  Digital color infrared aerial photos of the riparian zone, taken in August 

2001, were used to quantify the amount of forest cover within a 200-m radius of each 

point.  Using ArcGIS software (ESRI 2006), a gridded circle was centered on each point, 

and the percentage of squares that intersected woody canopy cover was recorded.  

Percent forest cover ranged from 3% to 93% (Table 3.2). 

 
Table 3.2. Summary statistics for continuous predictor variables. 

 Summary Statistic 
Predictor Variable Min 1st Quartile Mean 3rd Quartile Max 

Percent forest cover 2.67 30.53 47.43 63.74 92.75 
Log distance to crop 4.08 5.18 5.90 6.51 8.57 
Log distance to settlement 4.49 6.40 6.74 7.17 7.90 
River kilometer 62.76 98.17 414.70 618.80 727.40 
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 Aerial photos were also used to derive two variables that represented dominant 

land uses within the floodplain.  First, the locations of all human settlements within the 

sampled reaches of the river were digitized.  A settlement may be either a house or an 

outbuilding (as it is difficult to discriminate between these types of structures in an aerial 

photo), and had to have a driveway leading to it to be included in the dataset.  The 

distance from each point to the nearest three settlements was then recorded and averaged 

to get a mean distance to settlement for each point.  Second, the distance to the nearest 

irrigated crop field was measured for each point.  Only irrigated crop fields were included 

because it was impossible to discriminate between dryland crops and rangeland on aerial 

photos.  Both land use variables were log-transformed to reduce the effect of outliers in 

the data.  Values of log distance to settlement ranged from 4.49 to 7.90, while values of 

log distance to crop ranged from 4.08 to 8.57 (Table 3.2). 

 River kilometer was used to quantify the location of a point along the length of 

the river.  River kilometers are measured along an approximation of the centerline of the 

main channel, with kilometer 0 located at the mouth of the river and increasing in the 

upstream direction (Applied Geomorphology and DTM Consulting 2004).  River location 

ranged from km 63 to km 727 (Table 3.2).  

 
Data Analysis 
 
 
 Bird Occupancy.  The distribution of each bird species was quantified by 

estimating the proportion of sites occupied, corrected for imperfect detectability 

(MacKenzie et al. 2002, 2006).  This model-based approach allows for the estimation of 
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site occupancy, as a function of covariates, when detection rates are less than one.  Sites 

were visited multiple times during the breeding season, and patterns of detection and non-

detection during those visits were used to simultaneously model occupancy and detection 

rates with maximum likelihood methods (MacKenzie et al. 2002).  The parameter of 

interest was the probability that a species is present at a site given that detection rates are 

less than one (ψ).  Model selection methods (Burnham and Anderson 2002) were used to 

identify the best model structures for detection rate (p) and ψ from a list of candidate 

models that may include covariates for each parameter.  Program MARK software 

(White and Burnham 1999) was used to estimate ψ and p, and for model selection.  

Parameter estimates are denoted as ψ�  and p� . 

 Occupancy rates were estimated only for species that were observed at ≥ 20% of 

sites in both 2006 and 2007.  Additionally, only neotropical migrants, sparrows, and 

exotic species (i.e. European starlings (Sturnus vulgaris)) were included in analysis in 

order to focus on species of general conservation or management concern.  Consequently, 

11 species were used for occupancy analysis (Table 3.3).  Lazuli buntings (Passerina 

amoena) and black-headed grosbeaks (Pheucticus melanocephalus) were excluded due to 

inconsistencies in identification that were exhibited by researchers in the field.  

Misidentification results in the violation of important assumptions for occupancy 

modeling (MacKenzie et al. 2006).  American redstarts (Setophaga ruticilla) were also 

excluded because they had very low detection rates, which may result in inaccurate 

estimates of occupancy (MacKenzie et al. 2002). 
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 Candidate Model Sets and Model Selection.  Information-theoretic approaches 

were used to identify the most parsimonious models (i.e. models with as few parameters 

as necessary) for each species (Burnham and Anderson 2002).  The set of candidate 

models included five variables: habitat type (HAB), forest cover (FCOV), log mean 

distance to human settlement (LNSETT), log distance to crop (LNCROP), and river 

kilometer (RKM). 

 Model selection occurred in three steps.  In the first step, the best model structure 

was determined for p.  P was modeled as either a function of time of season (T), habitat 

(HAB), or the additive effect of time and habitat (T + HAB).  The null model (constant p, 

represented with �.�) was also considered (Table 3.4).  For HAB, the CW1 habitat 

classification, which divides sites into cottonwood habitats with either an open or a shrub 

understory (Table 3.1), was used.  The difference in habitat structure between open and 

shrubby habitats may influence detection probability through the modification of bird 

behavior, or by altering a researcher�s ability to detect birds (Ganzalo-Turpin et al. 2008).  

Detection rates may also be influenced by differences in birding ability and distance 

estimation that exist between observers (Alldredge et al. 2008).  However, due to the 

large number of observers employed during the study (eight) and the limited sample 

sizes, it was not possible to estimate the effects of individual observers on detection rates.  

 P and ψ must be modeled simultaneously; therefore, in this first step, ψ was 

modeled as a function of habitat.  Two different models for habitat were explored, 

including a model with habitat classification CW1, and a model with classification CW2 

(Table 3.4).  Habitat types for each habitat classification were coded as dummy variables, 
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with OPEN serving as the reference habitat for CW1 and MC.LOWSH as the reference 

habitat for CW2.  Akaike Information Criteria corrected for small sample sizes (AICc; 

Burnham and Anderson 2002) was used to compare all models, and the model with the 

lowest AICc score was assumed to represent the best structure for each variable.  The 

best model structure for p was then used for modeling occupancy in steps two and three. 

 In the second step of model selection, the best form of the univariate relationship 

between ψ and each of the four continuous variables was assessed.  For FCOV, LNSETT, 

LNCROP, and RKM, a model with only a linear term was compared to a model that 

included a quadratic term (Table 3.4), and the best form of the univariate relationship was 

identified as the model with the lowest AICc score.  When a quadratic term is included 

for a particular variable, it is not possible to interpret the coefficient from the linear term 

due to multicollinearity (Neter et al. 1996, Cohen et al. 2003).  To reduce 

multicollinearity and allow for interpretation, I transformed the linear term to its 

�centered� value (x � mean of x).  The coefficient from the centered linear term represents 

the average linear slope of the regression, and can be interpreted as the overall trend in 

the data (i.e. either positive or negative; Cohen et al. 2003).  The uncentered variables 

were used to create graphs in order to show estimated relationships at the scale of the 

original x variable, while the centered variables were included in tables to allow for 

interpretation of trends in the data.  The models with the lowest AICc score for each 

continuous variable, in addition to the model with the lowest AICc score for HAB 

identified in step one, were then included in model selection for step three. 



 
 

 

73

 In the third step, model selection was conducted to identify the variables that had 

the most influence on ψ for each species.  Candidate models were developed based on 

questions about the individual and combined influences of local habitat, forest cover, and 

land use.  The additional influence of river kilometer was also considered (Table 3.4).  

Only additive relationships were examined, as sample sizes were too small to estimate the 

effects of interactions between variables.  The effects of covariates on ψ for each species 

are largely exploratory, so the same candidate model set was used for all species. 

 All models with an AICc score within 2 AIC units of the top-ranking model (i.e. 

∆AICc score ≤ 2) were considered �top-ranking� (Burnham and Anderson 2002), and the 

influences of the variables included in these models were investigated.  Parameter 

estimates and 95% confidence intervals (CIs) were examined for all continuous variables 

included in top-ranking models to assess the nature and magnitude of the influence of 

each variable on ψ.  Cumulative model weight (i.e. the sum of the weights of all models 

including a particular variable; ∑wi), was calculated for each variable in top-ranking 

models, as well as for all models with an AICc weight ≥ 0.1.  AICc weights represent the 

weight of the evidence for a particular model given the data (Burnham and Anderson 

2002).  The sum of the weights of all models in a model set equals 1.0. 

 P and ψ were estimated separately for 2006 and 2007 using the same candidate 

model set in each year (Table 3.4).  This was done 1) because I would not expect 

detection rates to be the same across years given that different observers were employed 

in each year, and 2) to avoid problems in the estimation of the variance of ψ that may 

arise due to pseudoreplication, because most of the same sites were visited over the two 
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years.  For model selection, it was possible for top-ranking models for p to be different 

across years, reflecting the potential influences of different observers in each year.  

However, models for ψ were constrained to have the same structure for both 2006 and 

2007, so that the variables identified in top-ranking models were the same in both years.  

This was done because I expect the influences of covariates for ψ to largely reflect life-

history traits of a particular species, which I would not expect to change over a two-year 

time period. 

 I assessed multicollinearity between each of the continuous variables by 

calculating Pearson correlation coefficients.  Strong correlations between most variables 

were not apparent, with the exception of the variables representing log mean distance to 

settlement and river kilometer (r = -0.63; Table 3.5).  To assess the influence of 

multicollinearity for species in which LNSETT and RKM were both included in top-

ranking models, the relationship between ψ and distance to settlement was plotted for 

each model within four different segments of the river.  In all cases, trends in the 

influence of distance to settlement generally persisted within segments, suggesting that 

the predicted influences of settlement on ψ were not confounded with the influences of 

river kilometer. 

 It was not possible to assess the degree of spatial autocorrelation between points 

within the occupancy modeling framework (MacKenzie et al. 2006).  However, point 

count locations were placed at least 200 meters apart from each other in an attempt to 

minimize spatial autocorrelation. 
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Table 3.4. Candidate set of models for examining the factors affecting occupancy or 
abundance for 13 riparian bird species. 

Modeling Description Model Structure 
p(.) ψ = β0+β1*OPEN 
p(T) ψ = β0+β1*OPEN 
p(HAB) ψ = β0+β1*OPEN 
p(T+HAB) ψ = β0+β1*OPEN 
p(.) ψ = β0+β1*DC.OPENRO+β2*MC.OPENSH 
            +β3*MC.DENSH+β4*MC.LOWSH 
p(T) ψ = β0+β1*DC.OPENRO+β2*MC.OPENSH 
             +β3*MC.DENSH+β4*MC.LOWSH 
p(HAB) ψ = 
β0+β1*DC.OPENRO+β2*MC.OPENSH 
+β3*MC.DENSH+β4*MC.LOWSH 

Step 1: 
Determine 
best 
structure 
for p and 
occupancy 
(ψ) within 
habitat 
types 

Habitat classification 
(HAB) and detection (p) 

p(T+HAB) ψ = 
β0+β1*DC.OPENRO+β2*MC.OPENSH 
+β3*MC.DENSH+β4*MC.LOWSH 
β0+β1*FCOV Percent forest cover 

(FCOV) β0+β1*FCOV+ β2*FCOV2 
β0+β1*LNSETT Average distance to 

nearest house (LNSETT) β0+β1*LNSETT+ β2*LNSETT2 
β0+β1*LNCROP Log distance to nearest 

crop (LNCROP) β0+β1*LNCROP+ β2*LNCROP2 
β0+β1*RKM 

Step 2: 
Determine 
best 
forms of 
univariate 
relationship
s of 
continuous 
predictor 
variables 

River location (RKM) 
β0+β1*RKM+ β2*RKM2 

β0+HABbest 
β0+FCOVbest 
β0+LNSETTbest 
β0+LNCROPbest 

Best models from 
univariate modeling in 
steps 1 and 2 

β0+RKMbest 
Habitat and forest cover β0+HABbest+FCOVbest 
Land use β0+LNSETTbest+LNCROPbest 

β0+FCOVbest+LNSETTbest 
β0+FCOVbest+LNCROPbest 

Forest cover and land 
use 

β0+FCOVbest+LNSETTbest+LNCROPbest 
β0+HABbest+LNSETTbest 
β0+HABbest+LNCROPbest 

Habitat and land use 

β0+HABbest+LNSETTbest+LNCROPbest 
β0+HABbest+FCOVbest+LNSETTbest 
β0+HABbest+FCOVbest+LNCROPbest 

Habitat, forest cover, and 
land use 

β0+HABbest+FCOVbest+LNSETTbest+LNCROPbest 
Additional influence of 
river location 

All previous models in Step 3 +RKMbest 

Step 3: 
Determine 
important 
factors 
influencing 
ψ or  
abundance 

Intercept only β0 
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 Tests were conducted to assess the fit of the global models (i.e. models with the 

most parameters) for each species.  A goodness-of-fit method designed for occupancy 

analysis, described by MacKenzie and Bailey (2004), was available in the software 

program PRESENCE (Hines 2006).  This method uses the Pearson statistic to estimate 

goodness-of-fit and overdispersion in the data, but uses a parametric bootstrap procedure 

(instead of chi square) to estimate exact distribution.  An estimate of the variance 

inflation factor (c� ) is calculated to allow for the correction of overdispersion in the data 

and accommodate lack-of-fit.  For species in which estimated c�  was greater than 1.0 

(Table 3.6), c�  values were adjusted to their estimated values for model selection, and 

quasi-AICc (QAICc) scores were used to compare candidate models (MacKenzie et al. 

2006). 

 
Table 3.5. Pearsons correlation coefficients between continuous variables used to predict 
occupancy or abundance for 14 species of riparian birds.  Predictor variables include: 
percent forest cover (FCOV), log distance to irrigated crop field (LNCROP), log distance 
to human settlement (LNSETT), and river kilometer (RKM). 

Predictor 
Variables 

FCOV LNCROP LNSETT RKM 

FCOV 1 0.18 -0.06 0.03 
LNCROP  1 -0.16 0.23 
LNSETT   1 -0.63 

RKM    1 
 
 
 Bird Abundance.  Yellow warblers (Dendroica petechia) and house wrens 

(Troglodytes aedon) were observed at 99% and 97% of sites respectively, so were 

excluded from occupancy analysis.  Brown-headed cowbirds (Molothrus ater) were also 

excluded because this species is an exclusive nest parasite and does not hold a breeding 

territory, which may lead to violations of the assumptions of occupancy modeling 
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(MacKenzie et al. 2006).  These three species were instead modeled using the mean 

abundance at each site, with abundance averaged across visits within a year.  I considered 

using distance estimation techniques to correct abundance estimates for imperfect 

detection (Buckland et al. 2001).  However, given that these three species are very 

common, vocalize often, and are easily identified in the field, the potential biases 

associated with distance sampling (Alldredge et al. 2008, Johnson 2008, Bachler and 

Liechti 2007) may outweigh those associated with imperfect detectability.  I therefore 

chose to assume perfect detection and use uncorrected estimates of abundance for this 

analysis. 

 The framework for abundance modeling was very similar to occupancy modeling: 

the influences of HAB, FCOV, LNSETT, LNCROP, and RKM on mean abundance were 

examined for each species.  However, R software (R Development Core Team 2008) was 

used for all abundance analyses.  Since detection rates were not estimated, model 

selection occurred in only two steps, with the form of univariate relationships for each 

variable first determined, followed by a comparison of the AICc scores of candidate 

models to assess the individual and combined influences of habitat, forest cover, land use, 

and river location on abundance.  The same candidate model list that was used for 

occupancy (Table 3.4) was used for yellow warblers and house wrens, with one 

exception: instead of running models separately for each year, �year� was included as an 

additive effect in all candidate models. 

 The candidate model list used for brown-headed cowbirds in the last step of 

model selection was different than the list used for the other species (Table 3.7).  Models 
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included the variables FCOV, LNSETT, LNCROP, and RKM, because these are the 

factors that I would expect to be important for cowbirds based on their life history traits.  

HAB was not included in candidate models.  Cowbirds do not forage in cottonwood 

forest, but instead travel long distances to feed in farmsteads and human settlements 

(Tewksbury et al. 1998).  Furthermore, because they are nest parasites, cowbirds do not 

have specific nesting microhabitat requirements.  Therefore, I would not expect local 

habitat characteristics to be directly important to cowbirds. 

 
Table 3.6. Results from tests of goodness-of-fit for global models (i.e. models with the 
most parameters) for each of the 11 species included in occupancy analysis.  Goodness-
of-fit was conducted using tests described in �Methods� and by MacKenzie and Bailey 
(2004). 

Species Observed 
Test 

Statistic 

Average 
Bootstrapped 
Test Statistic 

Probability of 
Observing ≥ 

Observed 

Estimated 
c�  

Common Yellowthroat 1.2 0.77 0.09 1.56 
European Starling 0.74 0.79 0.51 0.95 
Gray Catbird 0.96 0.73 0.17 1.32 
Least Flycatcher 0.29 0.74 0.99 0.39 
Ovenbird 1.17 1.12 0.39 1.04 
Red-eyed Vireo 1.06 1.11 0.50 0.95 
Song Sparrow 0.82 0.76 0.35 1.09 
Spotted Towhee 1.17 0.91 0.17 1.29 
Warbling Vireo 0.69 1.33 0.97 0.52 
Western Wood-pewee 0.67 0.77 0.59 0.87 
Yellow-breasted Chat 1.51 0.91 0.06 1.67 

 

 Areas of human settlement offer high-quality feeding opportunities for brown-

headed cowbirds, and there is evidence that the relationship between cowbirds and the 

density of human settlement is stronger in areas where human settlement is sparser and 

high-quality feeding opportunities are a limited resource (Tewksbury et al. 2006).  Mean 

distance to settlement decreases steadily in the upstream direction from the mouth of the 
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river (Table 3.5), so that different sections of the river experience different degrees of 

human settlement.  Consequently, I would expect that cowbirds may respond to human 

settlement differently in different sections of the river; specifically, I expected that 

cowbirds would have a stronger association with LNSETT at river locations near the 

mouth of the river, where human settlement is less dense.  I included this potential 

response in candidate models by adding a categorical variable (REG) that divides the 

river into four regions (river kms 63 � 170; 388 � 455; 513 � 606; and 611 � 727), and an 

interaction term between LNSETT and REG (Table 3.7).  REG and RKM both represent 

river location and are highly correlated, and were therefore never entered into the same 

model. 

 The abundance of host species at a site has also been demonstrated as an 

important influence on the distribution of cowbirds (Tewksbury et al. 1998, 1999, Verner 

and Ritter 1983, Barber and Martin 1997), so I included a variable that represents host 

abundance (HOST) in candidate models.  The relationship between cowbird parasitism 

rates and the abundance of host species may be strongest in areas where human density is 

highest and the abundance of feeding opportunities is not a limiting factor (Tewksbury et 

al. 2006).  Therefore, I also included an interaction between HOST and REG in models 

(Table 3.7), and expected that the influence of HOST would be stronger in regions farther 

from the mouth of the river, where the density of human settlement is greatest. 
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Table 3.7. Additional candidate set of models for examining the factors affecting abundance of 
brown-headed cowbirds.  Steps 1 and 2 are the same as in Table 3.4. 
Modeling Description Model Structure 

β0+FCOVbest 
β0+LNSETTbest 
β0+LNCROPbest 

Models 
from 
univariate 
modeling 
in Step 2 β0+RKMbest 

β0+LNSETTbest+REG+LNSETTbest*REG 
β0+LNSETTbest+LNCROPbest 

Land use 

β0+LNSETTbest+LNCROPbest+REG+LNSETTbest*REG 
β0+FCOVbest+LNSETTbest+LNCROPbest 
β0+FCOVbest+LNSETTbest+LNCROPbest+ REG+LNSETTbest*REG 
β0+FCOVbest+LNSETTbest 
β0+FCOVbest+LNSETTbest+REG+LNSETTbest*REG 

Forest 
cover and 
land use 

β0+FCOVbest+LNCROPbest 
β0+HOST+REG+HOST*REG 

β0+FCOVbest+HOST+REG+HOST*REG 
β0+LNSETTbest+HOST+REG+HOST*REG 
β0+LNSETTbest+HOST+REG+HOST*REG+ LNSETTbest*REG 
β0+LNCROPbest+HOST+REG+HOST*REG 

β0+LNSETTbest+LNCROPbest+HOST+REG+HOST*REG 
β0+LNSETTbest+LNCROPbest+HOST+REG+HOST*REG 
+ LNSETTbest*REG 
β0+LNSETTbest+LNCROPbest+HOST+REG+HOST*REG 

β0+FCOVbest+LNSETTbest+LNCROPbest+HOST+REG 
+HOST*REG 
β0+FCOVbest+LNSETTbest+LNCROPbest+HOST+REG 
+HOST*REG+ LNSETTbest*REG 
β0+FCOVbest+LNSETTbest+HOST+REG+HOST*REG 
β0+FCOVbest+LNSETTbest+HOST+REG+HOST*REG 
+ LNSETTbest*REG 

Influence 
of host 
abundance 

β0+FCOVbest+LNCROPbest+HOST+REG+HOST*REG 

β0+FCOVbest+RKMbest 
β0+LNSETTbest+RKMbest 
β0+LNCROPbest+RKMbest 
β0+LNSETTbest+LNCROPbest+RKMbest 

β0+FCOVbest+LNSETTbest+LNCROPbest+RKMbest 

β0+FCOVbest+LNCROPbest+RKMbest 

Step 3: 
Determine 
important 
factors 
influencing 
abundance 
of brown-
headed 
cowbirds 

Additional 
influence 
of river 
location 

β0+FCOVbest+LNSETTbest+RKMbest 
 Intercept only β0 
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 Candidate models were first fit as linear models with fixed effects using the lm 

function.  Model selection was conducted on fixed-effects models by comparing AICc 

scores (Burnham and Anderson 2002) using the selmod function in package 

pgirmess (Giraudoux 2008).  All models with a ∆AICc ≤ 2.0 were considered �top-

ranking� (Burnham and Anderson 2002).  Parameter estimates and 95% CIs for the 

variables included in these models were examined in order to assess the nature and 

strength of relationships with mean abundance. 

 I was able to account for autocorrelation within the data using mixed fixed- and 

random-effects models (Pinheiro and Bates 2000).  Autocorrelation results in a lack of 

independence between observations and inflated degrees of freedom, causing the 

standard errors of parameter estimates to be too small.  After performing model selection 

on the fixed-effects models, nested random effects were added to each top-ranking model 

to account for two suspected sources of autocorrelation.  First, because points that are 

closer together in space are more likely to be similar, �patch� was added as a random 

effect to estimate the correlation between points within a cottonwood forest patch.  

Patches were delineated by identifying clusters of points within relatively continuous 

vegetation.  All patches were at least 2 km apart.  Second, because most locations were 

surveyed in both 2006 and 2007, �point� was added as a random effect nested within 

�patch� to account for the temporal correlation between years for observations within a 

point. 
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Expected Influences of Predictor Variables 
 
 Although modeling was exploratory in nature, the influence of each variable on ψ 

or abundance will likely reflect life history traits of a given species.  I would expect HAB 

to be included in top-ranking models for most species, given that local habitat has been 

identified as one of the most important variables influencing the distribution and 

abundance of riparian birds (Stauffer and Best 1980, Strong and Bock 1990, Farley et al. 

1994, Miller et al. 2004).  However, I expect ovenbirds and brown-headed cowbirds to be 

exceptions.  Ovenbirds are an interior forest species, found largely in areas of dense 

forest cover (Table 3.3).  Given that riparian forests are very patchy in nature and dense 

forest may be a limited resource, local habitat characteristics within forests may be less 

important to this species.  HAB was not included in candidate models for cowbirds 

because cowbirds do not forage or build nests in cottonwood forest, so do not have 

specific foraging and nesting microhabitat requirements within forest sites.  Therefore, I 

would not expect local habitat characteristics to be directly important to cowbirds. 

 The amount of forest cover in the surrounding area may be important to a species 

based on whether it prefers forest interior or edge habitats (Trczcinski et al. 1999).  I 

expected that those species with an affinity for forest edges (based on published life 

history accounts) to have a negative relationship with FCOV, while forest interior species 

would have a positive relationship with FCOV (Table 3.3). 

 There is evidence that brown-headed cowbirds, which parasitize the nests of many 

riparian species, are positively associated with areas of human settlement (Tewksbury et 

al. 1998, Tewksbury et al.2006).  I therefore expected that species that are frequent 
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cowbird hosts would show a negative association with human settlement, i.e. a positive 

relationship with LNSETT (because increasing values of LNSETT indicate that human 

settlement is closer to the riparian zone).  I also expected that European starlings would 

have a positive relationship with LNSETT because increased densities of human 

settlement may cause a decline in the area of open pasture and rangeland that starlings 

use for foraging (Table 3.3). 

 As previously discussed in �Data Analysis: Abundance�, the candidate model set 

for brown-headed cowbirds was developed to examine the influences of forest cover, 

land use, and host abundance on cowbird abundance (Table 3.7).  I expected that cowbird 

abundance  would be negatively related to LNSETT (i.e. indicating an affinity for areas 

where human settlement is closer to the riparian zone; Table 3.3), and that this 

relationship would be stronger near the mouth of the river where human settlement is 

least dense and feeding opportunities are a limited resource (Tewksbury et al. 2006).  

Furthermore, I expected cowbird abundance to be positively related to host abundance, 

because cowbirds would be more likely to occupy areas with more opportunities for 

parasitism, and expected that this relationship would be strongest in regions with the 

highest density of human settlement. 

 Agricultural fields adjacent to the riparian zone provide open areas for foraging 

and an abrupt and continuous forest edge in an otherwise patchy landscape.  Therefore, I 

expected that species that prefer to forage in open fields and species that have a strong 

association with forest edges would have a negative relationship with LNCROP, because 

decreasing values of LNCROP indicate that crop fields are closer to riparian forest 
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habitats.  Conversely, I would expect LNCROP to have a positive effect on species that 

prefer more contiguous forest tracts (Table 3.3).  There is also evidence that human 

settlement and agriculture influence predator communities in adjacent riparian zones.  

However, relationships between nest predation and land use are often complex, and are 

manifested through measures of productivity (Tewksbury et al. 1998, 2006).  Therefore, 

it would be difficult to predict the influence of land use in the context of productivity 

based only on occupancy or abundance data. 

 
Results 

 
 

Bird Occupancy and Abundance 
 
 Excluding non-target species (i.e. ducks, raptors, shorebirds, and upland 

gamebirds), 63 species of birds were observed at 234 points over the two years 

(Appendix A).  Yellow warbler (99.6% of sites), house wren (96.6%), northern flicker 

(80.3%), brown-headed cowbird (74.4%), and yellow-breasted chat (73.5%) were the 

most common species.  182 sites were surveyed in 2006 and 232 in 2007; all but two of 

the sites surveyed in 2006 were surveyed again in 2007.  Fourteen species were included 

in occupancy and abundance analysis (Table 3.3). 

 The null model of constant detection was included in top-ranking models for only 

four of the 11 species (Table 3.8), while habitat type and time of season were each 

included as a covariate for p� for six species.  Covariates for p� commonly differed across 

years (Table 3.8), suggesting that observer and year may have had a large influence on 

detection probability.  
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 Habitat classification CW2, with five habitat types that differed in characteristics 

of canopy cover and understory structure (Table 3.1), was included in top-ranking models 

for nine of the 13 species (Table 3.8).  This was consistent with my expectation that local 

habitat characteristics would be an important influence onψ� or estimated abundance for 

most of the species.  Habitat was not included in top-ranking models for ovenbirds, which 

I had predicted based on their strong affinity for dense, contiguous forest, which is a 

limited resource in riparian zones and a potentially more important factor driving 

occupancy.  Classification CW1 was not included in top-ranking models for any species, 

suggesting that a classification scheme that identifies finer levels of detail in differences 

between habitats (such as CW2), may be more relevant to riparian birds breeding in 

cottonwood forests. 

 Percent forest cover surrounding a site was an important predictor of occupancy 

or abundance for ten of 14 species (Table 3.8).  When forest cover was included in top-

ranking models, it often received a high cumulative model weight (∑wi ≥ 0.89 for all ten 

species; Table 3.9), indicating that it was an influential variable.  Four species responded 

negatively to forest cover while six responded positively (Table 3.10, Figure 3.2).  

Results were consistent with expectations in most cases (Table 3.3).  However, three 

species showed a positive response to forest cover when a negative response was 

expected.  For all ten species, relationships with the main effect of forest cover were 

significant at the 95% confidence level in at least one year (Table 3.10). 

 Log distance to the nearest irrigated crop field was included in top-ranking 

models for seven species (Table 3.8).  For all but one species, the main effect was 
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negative, suggesting a positive association with agricultural fields (Table 3.10).  Results 

were generally consistent across years for all species, and the main effect of LNCROP 

was significant or marginally significant at the 95% confidence level for four of the seven 

species, while a non-linear effect was significant for one (Table 3.10, Figure 3.3).  

However, cumulative weights of models that included LNCROP were low for most 

species (∑wi ≤ 0.40 for 11 species; Table 3.9), indicating that this variable was not 

included in many of the highest ranking models. 

 Log distance to settlement was included in top-ranking models for 12 species 

(Table 3.8).  For three species, the main effect of distance to settlement was positive (i.e. 

a negative association with sites located nearer to settlement), but this was significant at 

the 95% confidence level for only one species.  For six species, the main effect was 

negative, but was significant at the 95% confidence level for only two species.  For two 

species, there was evidence for a significant quadratic effect (Figure 3.4).  Trends were 

consistent across years for all species except ovenbirds and common yellowthroats (Table 

3.10).  For two of the species with observed positive relationships, expected relationships 

were also positive.  For one species, a negative relationship was both expected and 

observed (Table 3.3).  Cumulative weights for LNSETT were low for half of the species 

(∑wi < 0.40; Table 3.9), suggesting that distance to settlement was not one of the most 

important predictor variables for these species. 
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Table 3.9. Cumulative model weights (∑wi) for each predictor variable for each species 
included in occupancy and abundance analysis.  ∑wi is the sum of the (Q)AICc weights 
of all models in the candidate model set that include a particular variable.  Results are 
reported as the sum of the weights of the top-ranking models that include a variable, 
followed in parentheses by the sum of the weights of all models with a weight of at least 
0.01 that include the variable.  See �Methods� for a description of the predictor variables 
used in analysis. 

(Q)AICc Cumulative Weight (∑ wi )  
Species HAB FCOV(2) LNSETT(2) LNCROP(2) RKM(2) 
Common 
Yellowthroat 

0 (0.10) 0.85 (0.99) 0.27 (0.34) 0.16 (0.22) 0.85 (0.99) 

European 
Starling 

0.40 (0.46) 0 (0.05) 0.59 (0.65) 0 (0.06) 0.74 (0.98) 

Gray Catbird 0.63 (0.66) 0.89 (0.98) 0.22 (0.31) 0.28 (0.32) 0.89 (0.98) 
Least 
Flycatcher 

0.99 (0.99) 0.99 (0.99) 0 (0) 0.99 (0.99) 0.99 (0.99) 

Ovenbird 0 (0.08) 0.80 (0.99) 0.26 (0.31) 0 (0.11) 0.80 (0.99) 
Red-eyed 
Vireo 

0.46 (0.97) 0 (0.15) 0 (0.24) 0 (0.24) 0.46 (0.97) 

Song 
Sparrow 

0.66 (0.97) 0.66 (0.99) 0.66 (0.69) 0 (0.08) 0.66 (0.99) 

Spotted 
Towhee 

0 (0.19) 0 (0.18) 0.22 (0.32) 0 (0.09) 0.58 (0.96) 

Warbling 
Vireo 

0.52 (0.94) 0.52 (0.91) 0.52 (0.74) 0.52 (0.68) 0.38 (0.51) 

Western 
Wood-pewee 

0 (0.04) 0.93 (1.00) 0.93 (0.97) 0.32 (0.36) 0.93 (1.00) 

Yellow-
breasted Chat 

0.52 (0.94) 0 (0.23) 0.52 (0.78) 0 (0.10) 0.52 (0.94) 

Brown-headed 
Cowbird 

− 0.69 (0.96) 0.69 (0.89) 0.24 (0.40) 0.69 (0.99) 

House Wren 0.83 (0.95) 0.83 (0.99) 0.83 (0.99) 0 (0.14) 0.83 (0.99) 
Yellow 
Warbler 

0.89 (0.99) 0.89 (0.89) 0.32 (0.36) 0.89 (0.99) 0.89 (0.99) 
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 River location was included in top-ranking models for all 14 species (Table 3.8).  

Nine species exhibited a positive relationship with RKM, indicating that ψ� or estimated 

abundance was higher in the western reaches of the study area for those species.  Five 

species were negatively associated with RKM (Figure 3.5).  Trends were very consistent 

across years, and either the main or quadratic effects of RKM were significant at the 95% 

confidence level for all but one species (Table 3.10). 

 Below I describe more detailed results for each species. 

 
 Common Yellowthroat.  Common yellowthroats (Geothlypis trichas) were 

observed at 58% of points over the two years (Appendix A); 43% in 2006 and 50% in 

2007.  HAB was included in the best model for p, while FCOV, LNCROP, LNCROP2, 

LNSETT, LNSETT2, RKM, and RKM2 were included in top-ranking models for ψ (Table 

3.8). 

 ψ� was negatively related to FCOV (Table 10.3, Figure 3.2a), suggesting that 

yellowthroats preferred areas with less forest cover, which was consistent with 

expectations (Table 3.3). ψ� was positively associated with LNCROP, but confidence 

intervals overlapped zero in all cases (Table 3.10), and cumulative AICc weights for this 

variable were low ((∑wi = 0.34; Table 3.9), suggesting a lack of strong evidence for this 

relationship.  Finally, there was strong evidence that yellowthroats were negatively 

associated with RKM (Table 3.10);ψ� was higher in the eastern reaches of the study area 

near the mouth of the river and declined upstream (Figure 3.5a).  My expectation that 
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yellowthroats would respond positively to LNSETT was not supported, given that this 

variable had little influence onψ� (Table 3.9). 

 
 European Starling.  European starlings (Sturnus vulgaris) were observed at 53% 

of points over the two years (Appendix A), 41% in each of 2006 and 2007.  HAB and T 

were both important covariates for p, while HAB, LNSETT, LNSETT2, RKM, and 

RKM2 were included in top-ranking ψ models.  Habitat classification CW2 was included 

in two of the three top-ranking models (Table 3.8).  However, cumulative model weights 

were not high (∑wi < 0.50; Table 3.9), suggesting that HAB was not an influential 

predictor of ψ� . 

 ψ� was positively related to LNSETT, which was consistent with predictions for 

this species (Table 3.3).  However, 95% CIs overlapped zero suggesting a lack of strong 

evidence for this relationship (Table 3.10), and cumulative model weights were relatively 

low (∑wi < 0.50; Table 3.9).  There was strong evidence for a positive, quadratic 

relationship with RKM (Table 3.10), with starlings having lowestψ� at intermediate 

reaches, and highestψ� at sites farthest from the mouth of the river (Figure 3.5b).  All top-

ranking models included RKM (Table 3.8), and cumulative model weights were very 

high (∑wi = 0.98; Table 3.9).  There was no support for my expectation that starlings 

would respond negatively to FCOV (Table 3.3), as this variable was not included in top-

ranking models (Table 3.8), and cumulative model weights were essentially zero (Table 

3.9). 
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Figure 3.2. Effect of percent forest cover on estimated occupancy or abundance for a) 
common yellowthroat, gray catbird, song sparrow, b) least flycatcher, ovenbird, warbling 
vireo, western wood-pewee, and c) brown-headed cowbird, house wren, yellow warbler.  
Occupancy or abundance was estimated for the year 2007 (unless estimates were only 
available for 2006) using the highest ranking model that included forest cover.  All other 
variables included in the model were held constant at their mean values, except for the 
categorical variable HAB, which was held constant at habitat type �DC.OPENRO�.  See 
Table 3.11 for coefficients and relative influences of each of the other habitat types.  
Points and error bars on the lines of predicted occupancy rate (ψ� ) represent estimated 
occupancy and 95% confidence intervals at the 1st and 3rd quartiles for forest cover.  Gray 
lines bordering black lines of predicted abundance represent 95% confidence bands. 

b) 

a) 
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Figure 3.2 continued. 
 

 Gray Catbird.  Gray catbirds (Dumetella carolinensis) were observed at 55% of 

points over the two years (Appendix A); 45% in 2006 and 42% in 2007.  HAB and T 

were both important covariates for p, while all variables were included in top-ranking 

models of ψ (Table 3.8).  Habitat classification CW2 was included in three of the five 

top-ranking models (Table 3.8), and cumulative model weight was 0.66 (Table 3.9), 

suggesting that habitat was relatively important to catbirds. 

 ψ� was negatively related to FCOV (Table 3.10, Figure 3.2a), which was 

consistent with my expectation for this edge-habitat species (Table 3.3).  The evidence 

for this relationship was strong, as FCOV was included in all top-ranking models (Table 

3.8), cumulative weight was high ((∑wi = 0.99; Table 3.9), and 95% CIs for parameter 

estimates did not overlap zero (Table 3.10). 

c) 
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Table 3.11.  Estimates and 95% confidence intervals (in parentheses) of parameters for 
the categorical variable habitat CW2, from top-ranking occupancy and abundance 
regression models.  Top-ranking models are those within two (Q)AICc units of the model 
with the lowest (Q)AICc score.  If the �Habitat CW2� variable was included in more than 
one top-ranking model for a particular species, results are reported from the highest-
ranking model (i.e. with the lowest (Q)AICc score).  The reference habitat type is 
�MC.LOWSH�.  See Table 3.8 for a list of top-ranking models for each species.  Empty 
cells indicate that �Habitat CW2� was not included in top-ranking models. 

Habitat CW2 Species Year 
DC.OPENRO MC.OPENSH MC.DENSH OC.GRASS 

2006     Common 
Yellowthroat 2007     

2006 -0.21 
(-1.91,1.48) 

0.78 
(-1.00,2.56) 

1.38 
(-0.16,2.92) 

0.90 
(-1.03,2.82) 

European 
Starling 

2007 -1.16 
(-2.52, 0.20) 

-0.54 
(-2.05,0.98) 

0.38 
(-0.99,1.75) 

-1.30 
(-2.81,0.21) 

2006 -0.16 
(-2.21,1.90) 

0.43 
(-1.79,2.65) 

0.37 
(-1.35,2.09) 

-0.73 
(-2.98,1.51) 

Gray Catbird 

2007 -0.50 
(-2.05,1.06) 

0.58 
(-1.16,2.32) 

1.37 
(-0.10,2.83) 

-1.04 
(-2.73,0.65) 

2006 1.67 
(0.03,3.30) 

-0.52 
(-1.97,0.93) 

-0.10 
(-1.38,1.19) 

-0.70 
(-2.17,0.76) 

Least 
Flycatcher 

2007 2.54 
(0.96,4.12) 

0.72 
(-0.60,2.04) 

0.38 
(-0.72,1.49) 

-0.26 
(-1.54,1.02) 

2006     Ovenbird 
2007     

Red-eyed 
Vireo 

2007 -0.23 
(-1.87,1.42) 

-2.31 
(-4.33,-0.30) 

-2.15 
(-3.84,-0.46) 

-2.14 
(-4.13,-0.14) 

2006 -2.22 
(-4.47,0.03) 

-1.27 
(-3.55,1.01) 

-0.54 
(-2.52,1.43) 

-1.83 
(-4.03,0.37) 

Song Sparrow 

2007 0.22 
(-1.27,1.71) 

2.66 
(0.62,4.70) 

1.63 
(0.19,3.06) 

0.05 
(-1.52,1.63) 

2006     Spotted 
Towhee 2007     
Warbling 
Vireo 

2006 -0.20 
(-2.26,1.87) 

-3.29 
(-6.03,-0.54) 

-1.67 
(-3.87,0.54) 

-2.87 
(-5.45,-0.28) 

2006     Western  
Wood-pewee 2007     
Yellow-
breasted Chat 

2006 0.73 
(-0.97,2.42) 

1.59 
(-0.70,3.88) 

3.83 
(0.46,7.20) 

0.41 
(-1.52,2.34) 

Brown-headed 
Cowbird 

--     

House Wren -- 0.25 
(-0.13,0.63) 

-0.36 
(-0.76,0.05) 

0.01 
(-0.35,0.38) 

-0.08 
(-0.49,0.33) 

Yellow 
Warbler 

-- 0.06  
(-0.28,0.40)  

0.32 
(-0.05,0.69) 

0.34 
(0.01,0.66) 

-0.49 
(-0.87,-0.12) 
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Figure 3.3. Effect of log distance to crop on the occupancy or abundance of a) gray 
catbird, least flycatcher, warbling vireo, western wood-pewee, and b) yellow warbler.  
Occupancy or abundance was estimated for the year 2007 (unless estimates were only 
available for 2006) using the highest ranking model that included log distance to crop for 
each species.  All other variables included in the model were held constant at their mean 
values, except for the categorical variable HAB, which was held constant at habitat type 
�DC.OPENRO�.  See Table 3.11 for coefficients and relative influences of each of the 
other habitat types.  Points and error bars on the lines of predicted occupancy rate (ψ� ) 
represent estimated occupancy and 95% confidence intervals at the 1st and 3rd quartiles 
for log distance to crop.  Gray lines bordering the black line of predicted abundance for 
yellow warblers represent 95% confidence bands. 
 

 There was evidence for a negative, quadratic relationship betweenψ� and 

LNCROP (Table 3.10), with lowerψ� at intermediate values of LNCROP (Figure 3.3a).  

However, cumulative model weights were relatively low (∑wi = 0.32; Table 3.9).  

Highψ� at higher and lower values of LNCROP may reflect the affinity of this species for 

edge habitats.  Edge habitat is abundant when crop fields border riparian forest because 

fields create an abrupt, continuous edge.  However, edge habitat may also be abundant 

where crops are farthest away from the riparian zone because the floodplain, and 

a) b)
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consequently the area of forest, is generally smaller and patchier in areas that are less 

suitable for crop production.  A negative effect of LNSETT was included in one of the 

top-ranking models (Table 3.8), but the evidence for this relationship was weak as 95% 

CIs overlapped zero in both years (Table 3.10).  Finally, there was strong evidence for a 

positive, quadratic relationship betweenψ� and RKM (Table 3.10), suggesting that 

catbirds were more likely to occupy sites farther from the mouth of the river (Figure 

3.5c).  All top-ranking models included RKM (Table 3.8), and cumulative model weight 

was very high (∑wi = 0.99; Table 3.9). 

 
 Least Flycatcher.  Least flycatchers (Empidonax minimus) were observed at 69% 

of points over the two years (Appendix A); 61% in 2006 and 64% in 2007.  Models with 

constant p performed best, while the single top-ranking ψ model included all predictor 

variables except LNSETT (Table 3.8).  Habitat classification CW2 received a very high 

cumulative model weight (wi = 0.99; Table 3.9), suggesting that habitat had a strong 

influence onψ� . 

 There was strong evidence that FCOV was positively related toψ� (Table 3.10, 

Figure 3.2b), which was consistent with my expectation for this species (Table 3.3). 

There was evidence for a negative, quadratic relationship with LNCROP (Table 3.10, 

Figure 3.3a), with flycatchers more likely to occupy sites when values of LNCROP were 

intermediate or low, i.e. crop fields were nearer to the riparian zone.  I had expected 

LNCROP to have a positive effect onψ� , because least flycatchers are associated with 

relatively large forest tracts (Table 3.3).  It may be possible that flycatchers are not 
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responding directly to the presence of crops; forest tracts may be larger where crops are 

closest to the riparian zone because the floodplain is generally more expansive in areas 

that are more suitable for crop production.  Finally, RKM had a positive main and 

quadratic effect onψ�  (Table 3.10), with higherψ� at sites with highest and lowest RKM 

(Figure 3.5c). 

 
 Ovenbird.  Ovenbirds (Seiurus aurocapilla) were observed at 25% of points over 

the two years (Appendix A); 13% in 2006 and 21% in 2007.  HAB and T were both 

important covariates for p, while FCOV, FCOV2, LNSETT, and RKM were included in 

top-ranking ψ models (Table 3.8). 

 

  
 

Figure 3.4. Effect of log distance to settlement on the occupancy or abundance of a) yellow-
breasted chat, warbling vireo, western wood-pewee, and b) house wren, brown-headed cowbird.  
Occupancy or abundance was estimated for the year 2006 using the highest ranking model that 
included log distance to settlement for each species.  All other variables included in the model 
were held constant at their mean values, except for the categorical variable HAB, which was held 
constant at habitat type �DC.OPENRO�.  See Table 3.11 for coefficients and relative influences of 
each of the other habitat types.  Points and error bars on the lines of predicted occupancy rate (ψ� ) 
represent estimated occupancy and 95% confidence intervals at the 1st and 3rd quartiles for log 
distance to settlement.  Gray lines bordering the black lines of predicted abundance represent 
95% confidence bands. 

a) b)



 
 

 

101

 There was strong evidence for a positive relationship between FCOV andψ� (Table 

3.10, Figure 3.2b), which was consistent with my expectation that forest cover would be 

very important for this interior habitat species (Table 3.3).  LNSETT was included in one 

of the two top-ranking models (Table 3.8), but there was little evidence that LNSETT 

influencedψ� ; the direction of the relationship was not consistent over the two years (i.e. 

negative in 2006 and positive in 2007), 95% CIs overlapped zero in all cases (Table 

3.10), and cumulative model weight was low (∑wi = 0.31; Table 3.9).  Consequently, 

there was little support for my expectation that ovenbirds would be positively associated 

with LNSETT (Table 3.3).  There was strong evidence for a negative effect of RKM 

(Table 3.10), with highestψ� at low RKM near the mouth of the river (Figure 3.5c).  There 

was no evidence that LNCROP or HAB influencedψ� (Table 3.9).  This was consistent 

with my expectation that habitat type would not be important for this species. 

 
 Red-eyed Vireo.  Red-eyed vireos (Vireo olivaceous) were observed at 32% of 

points over the two years (Appendix A); 27% in 2006 and 20% in 2007.  Due to problems 

with model convergence for the 2006 data, only data from 2007 were used in analysis.  

Models with constant p performed best, while a single top-ranking model for ψ included 

only HAB and RKM (Table 3.8).  Habitat classification CW2 received a very high 

cumulative model weight (∑wi = 0.97; Table 3.9), suggesting that habitat had a strong 

influence onψ� . 

 There was strong evidence for a negative relationship with RKM (Table 3.10), 

with vireos more likely to occupy sites near the mouth of the river (Figure 3.5a).  I had 
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expected that vireos would exhibit a positive relationship with FCOV because this 

species is usually more abundant in the forest interior than the edge (Table 3.3).  

However, vireos are often found using gaps in the forest canopy (Cimprich et al. 2000), 

and are not considered an �area-sensitive� species (Dunford et al. 2002), so forest cover 

may not be an important driver ofψ� within cottonwood forests that have relatively high 

forest cover in general.  LNSETT was also not included in the top-ranking model (Table 

3.8), and received a low cumulative model weight (∑wi = 0.24; Table 3.9); consequently, 

there was little support for my expectation that vireos would be positively associated with 

this variable (Table 3.3). 

 
 Song Sparrow.  Song sparrows (Melospiza melodia) were observed at 51% of 

points over the two years (Appendix A); 36% in 2006 and 41% in 2007.  Models with 

constant p performed best, while the single top-ranking model for ψ included all variables 

except LNCROP (Table 3.8).  Most high-ranking models included HAB (∑wi = 0.97; 

Table 3.9), suggesting that local habitat was an influential driver ofψ� . 

 Evidence for a negative relationship with FCOV was strong (Figure 3.2a), which 

was consistent with my expectation for this edge-habitat species (Table 3.3).  Confidence 

intervals for parameter estimates did not overlap zero (Table 3.10), and FCOV received a 

high cumulative model weight (∑wi = 0.99; Table 3.9).  The effect of LNSETT was 

negative and marginally significant at the 95% confidence level in one year (Table 3.10), 

which contradicted my expectation that song sparrows would respond positively to 

distance to settlement (Table 3.3).  Finally, the main effect of RKM onψ� was positive 
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(Table 3.10), with higherψ� at sites farther from the mouth of the river (Figure 3.5b).  I 

had expected thatψ� would be negatively related to LNCROP (Table 3.3); this was not 

supported by the data, as LNCROP was not included in the top-ranking model (Table 

3.8), and had little influence onψ� (Table 3.9). 

 
 Spotted Towhee.  Spotted towhees (Pipilo maculatus) were observed at 54% of 

points over the two years (Appendix A); 48% in 2006 and 40% in 2007.  HAB and T 

were both important covariates for p, while LNSETT, LNSETT2, RKM and RKM2 were 

included in the two top-ranking models for ψ (Table 3.8).  HAB was not included in top-

ranking models and received a low cumulative model weight (∑wi = 0.19; Table 3.9), 

suggesting habitat type did not influence towhees very much. 

 The main effect of LNSETT was negative (Table 3.10), which was contrary to my 

expectation (Table 3.3).  However, evidence for this relationship was weak, as 95% CIs 

overlapped zero in both years.  There was evidence for a negative, quadratic effect of 

RKM onψ� (Table 3.10), with higherψ�  near the mouth of the river and at intermediate 

values of RKM, and a sharp decline inψ� at higher RKM (Figure 3.5a).  I had expected 

thatψ� would be negatively related to LNCROP and FCOV (Table 3.3), but these 

variables were excluded from top-ranking models and received low cumulative model 

weights (∑wi ≤ 0.18; Table 3.9). 
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Figure 3.5. Effect of river kilometer on the occupancy or abundance of a) common yellowthroat, 
red-eyed vireo, spotted towhee, b) European starling, song sparrow, western wood-pewee, c) gray 
catbird, least flycatcher, ovenbird, yellow-breasted chat, and d) brown-headed cowbird, house 
wren, yellow warbler.  Estimates are for the year 2007 (unless only 2006 was available) using the 
highest ranking model that included river kilometer for each species.  All other variables included 
in the model were held constant at their mean values, except for the categorical variable HAB, 
which was held constant at habitat type �DC.OPENRO�.  See Table 3.11 for coefficients and 
relative influences of each of the other habitat types.  Points and error bars on the lines of 
predicted occupancy rate (ψ� ) represent estimated occupancy and 95% confidence intervals at the 
1st and 3rd quartile values for river kilometer.  Gray lines bordering black lines of predicted 
abundance represent 95% confidence bands.  Values of river kilometer that are in between the 
two vertical dotted gray lines identify the region of �no data� where surveys were not conducted. 
 

a) 

b) 

c)

d)
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 Warbling Vireo.  Warbling vireos (Vireo gilvus) were observed at 38% of points 

over the two years (Appendix A); 27% in each of 2006 and 2007.  Due to problems with 

model convergence for the 2007 data, only data from 2006 were used in analysis.  Top-

ranking models included T as a covariate for p, and all predictor variables as covariates 

for ψ (Table 3.8).   Habitat classification CW2 received the highest cumulative model 

weight of all variables in the top-ranking model (∑wi = 0.94; Table 3.9), suggesting that 

local habitat characteristics were influential onψ� . 

 There was strong evidence that FCOV and LNSETT both had a positive effect on 

ψ� (Table 3.10), which was consistent with expectations (Table 3.3).  This suggests that 

vireos were more likely to occupy sites with higher percent forest cover and sites that 

were farther from areas of human settlement (Figure 3.2b, Figure 3.4a).  LNCROP had a 

negative effect that was marginally significant at the 95% confidence level (Table 3.10, 

Figure 3.3a).  The positive effect of RKM was included in one of the two top-ranking 

models (Table 3.8), but the evidence for this relationship was weak; the confidence 

interval overlapped zero (Table 3.10), and the cumulative model weight was not high 

(∑wi = 0.51; Table 3.9). 

 
 Western Wood-pewee.  Western wood-pewees (Contopus sordidulous) were 

observed at 68% of points over the two years (Appendix A); 62% in 2006 and 53% in 

2007.  HAB and T were both important covariates for p, while all variables except HAB 

were included in top-ranking models for ψ (Table 3.8).  Cumulative model weight for 

HAB was extremely low (∑wi = 0.04; Table 3.9), further suggesting that local habitat was 

not important to pewees. 
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 There was strong evidence for a positive effect of FCOV onψ� (Table 3.10, Figure 

3.2b), which was contrary to my expectation (Table 3.3).  The relationship between 

LNCROP andψ� was negative (Table 3.10, Figure 3.3a), suggesting that pewees were 

more likely to occupy sites that were nearer to crop fields, which was the expected 

response for this species (Table 3.3).  There was evidence that the relationship between 

LNSETT and ψ� was positive and quadratic (Table 3.10), with highestψ� at intermediate 

values of LNSETT (Figure 3.4a).  River location had a positive effect onψ� (Table 3.10, 

Figure 3.5b), and the evidence for this relationship was strong; RKM was included in 

both top-ranking models (Table 3.8), CIs for the main effect did not overlap zero (Table 

3.10), and cumulative model weight was high (∑wi = 1.0; Table 3.9). 

 
 Yellow-breasted Chat.  Yellow-breasted chats (Icteria virens) were observed at 

74% of points over the two years (Appendix A); 66% in each of 2006 and 2007.  Due to 

problems with model convergence for the 2007 data, only data from 2006 were used in 

analysis.  Models with constant p performed best, while the single top-ranking model for 

ψ included HAB, LNSETT, RKM, and RKM2 (Table 3.8).  Habitat classification CW2 

received a very high cumulative model weight (∑wi = 0.94; Table 3.9), suggesting that 

local habitat was relatively influential onψ� . 

 There was strong evidence for a negative relationship between LNSETT andψ�  

(Table 3.10), suggesting that chats were less likely to occupy sites that were farthest from 

human settlement (Figure 3.4a).  This was contrary to my expectation that chats would 

exhibit a positive response to LNSETT (Table 3.3).  RKM had a negative, quadratic 
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effect onψ� (Table 3.10), with highestψ� at intermediate values of RKM, and lowestψ� at 

high values of RKM (Figure 3.5c).  Forest cover and distance to crop were expected to 

have a negative effect onψ� (Table 3.3), but FCOV and LNCROP were excluded from the 

top-ranking model (Table 3.8), and both variables had relatively low cumulative model 

weights (∑wi ≤ 0.23; Table 3.9). 

 
 Brown-headed Cowbird.  Brown-headed cowbirds were observed at 74% of 

points over the two years (Appendix A); 57% in 2006 and 62% in 2007.  FCOV, 

LNCROP, LNSETT, RKM, and RKM2 were included in the two top-ranking models of 

abundance (Table 3.8).  HAB was not included in the candidate model set for cowbirds 

(Table 3.7).  Estimates of abundance were higher in 2007, suggesting there was a year 

effect.  However, evidence for this effect was weak, as 95% CIs overlapped zero slightly 

(β = 0.10, 95% CI: -0.04,0.24).  Differences in estimated abundance across years could 

be due to either real differences in the number of birds present in 2006 and 2007, or 

differences in detection rates of birds resulting from observer effects.  However, the 

relative influences of the other variables were consistent across years (Table 3.10). 

 There was strong evidence that both FCOV and LNSETT had a negative effect on 

estimated abundance (Table 3.10, Figure 3.2c, Figure 3.4b).  This was consistent with my 

expectations for these variables (Table 3.3), and suggested that cowbirds were more 

abundant in areas of low forest cover and in areas nearer to human settlement.  I also 

expected that a positive association with human settlement would be stronger in regions 

near the mouth of the river; however, an interaction between LNSETT and region of the 

river (REG) was not included in top-ranking models (Table 3.8).  The observed effect of 
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LNCROP was also negative, but the evidence for this relationship was not strong, as 95% 

CIs overlapped zero (Table 3.10).  The main and quadratic effects of RKM were both 

positive (Table 3.10), suggesting that cowbirds were most abundant at higher RKM, with 

declining abundance at intermediate and low values of RKM (Figure 3.5d).  The 

cumulative model weight for RKM was higher than all other variables (∑wi = 0.99; Table 

3.9), indicating that river location was very influential on the estimated abundance of 

cowbirds.  HOST was excluded from top-ranking models and received a cumulative 

model weight of only 0.07; consequently, my expectation that host abundance would 

positively affect cowbird abundance was not supported by the data. 

 
 House Wren.  House wrens were observed at 97% of points over the two years 

(Appendix A); 92% in 2006 and 94% in 2007.  The single top-ranking model for 

abundance included all variables except LNCROP (Table 3.8).  There was evidence that 

estimated abundance was higher in 2007 (β = 0.31, 95% CI: 0.18,0.44).  However, the 

relative influences of the other variables were consistent across years (Table 3.10). 

 There was strong evidence that FCOV had a positive effect on estimated 

abundance (Table 3.10, Figure 3.2c), which contradicted my expectation for wrens (Table 

3.3).  The main effect of LNSETT was positive and quadratic (Table 3.10), with 

estimated abundance higher at intermediate and high values of LNSETT (Figure 3.4b).  

RKM had a positive effect (Table 3.10), with estimated abundance lowest near the mouth 

of the river and increasing in the upstream direction (Figure 3.5d).  LNCROP was 

expected to have a negative effect on house wren abundance (Table 3.3), but the top-

ranking model did not include this variable (Table 3.8). 
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 Yellow Warbler.  Yellow warblers were observed at 99% of points over the two 

years (Appendix A); 95% in 2006 and 98% in 2007.  The two top-ranking models for 

abundance included all predictor variables (Table 3.8).  There was evidence that 

estimated abundance was higher in 2007 (β = 0.24, 95% CI: 0.08,0.39).  However, the 

relative influences of the other variables on abundance were consistent across years 

(Table 3.10).  All predictor variables except LNSETT received very high cumulative 

model weights (∑wi ≥ 0.99; Table 3.9). 

 There was evidence for a positive effect of FCOV (Table 3.10, Figure 3.2c), 

which was contrary to my expectation (Table 3.3).  The relationship between LNCROP 

and estimated abundance was negative (Table 3.10, Figure 3.3b), which supported my 

expectation for this variable (Table 3.3).  Estimated abundance was positively related to 

RKM (Table 3.10), with abundance higher at sites that were located farther from the 

mouth of the river (Figure 3.5d).  Distance to settlement was included in one of the top-

ranking models (Table 3.8), but the evidence for the observed negative effect of LNSETT 

was weak; the 95% CI substantially overlapped zero (Table 3.10), and the cumulative 

model weight for this variable was low (∑wi = 0.36; Table 3.9). 

 
Discussion 

 
 

 I investigated the factors influencing the occurrence and abundance of riparian 

bird species along a 725 kilometer section of the Yellowstone River.  Similar to other 

studies conducted in riparian zones, there was strong evidence that local habitat, patch-

level forest cover, and landscape-level land use characteristics were important drivers of 
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bird occurrence and abundance.  However, river location was also a very important 

predictor, which emphasizes the importance of including broad-scale processes when 

examining the factors affecting riparian birds within a river system. 

 Local habitat is one of the most important aspects of the environment affecting 

the distribution of birds (Cody 1985, Hinsley et al. 1995, Degraaf et al. 1998).  The 

structure and composition of vegetation determines the availability of critical resources, 

such as food and nest sites.  Riparian bird species respond to vegetation differences 

between habitats; variation in species occurrence and abundance often reflect an affinity 

for particular habitat characteristics (Stauffer and Best 1980, Strong and Bock 1990, Saab 

1999, Nur et al. 2008), and community composition often differs within different habitat 

types (Brand et al. 2008, Farley et al. 1994, Ellis 1995).  Consequently, local habitat 

characteristics are often identified as important drivers of bird species distribution in 

riparian zones. 

 A diversity of cottonwood habitats existed within the riparian zone of the 

Yellowstone River that differed in structural and compositional characteristics of the 

understory and canopy (Table 3.1).  The potential influences of two hierarchical habitat 

classification schemes, CW1 and CW2, were examined.  CW1, which identified two 

habitat types, was not included in top-ranking models for any of the bird species, 

suggesting that these habitats were not ecologically relevant to riparian birds.  However, 

CW2, which identified five habitat types, was included in top-ranking models for nine of 

the 13 species (Table 3.8), and received high cumulative model weights  for seven of 

those species (∑wi >0.90; Table 3.9).  These results emphasize the importance of 
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considering how variation in habitat characteristics within mature cottonwood forest 

types may influence the distribution of riparian birds, rather than identifying all mature 

cottonwood forest as a single habitat type.  This is particularly true given that cottonwood 

forests are inherently heterogeneous due to local variation in geomorphology, hydrology, 

and history of disturbance (Scott et al. 2003, Hupp and Osterkamp 1996). 

 Habitat was not included in top-ranking models for four species, including 

ovenbirds, western wood-pewees, spotted towhees, and common yellowthroats (Table 

3.8).  Ovenbirds prefer mature forests, and canopy closure has been consistently 

identified as one of the most important factors influencing habitat selection (Van Horn 

and Donovan 1994).  Most of the cottonwood habitat types along the Yellowstone 

supported relatively high canopy cover, which may explain why habitat type was not an 

influential driver of site occupancy for ovenbirds.  Western wood-pewees are considered 

habitat generalists and commonly occur in a variety of habitat types within their range 

(Bemis and Rising 1999), which is likely why habitat type was not important to this 

species.  Spotted towhees and common yellowthroats inhabit a wide variety of habitats, 

but are generally associated with areas of thick understory vegetation (Greenlaw 1996, 

Guzy and Ritchison 1999).  Thick shrubs often buffer the edges of mature cottonwood 

patches even when understory conditions are more open inside the patch, which may 

allow these two species to inhabit most cottonwood patches regardless of interior habitat 

conditions. 

 Patch-level forest cover also has a substantial effect on the occurrence and 

abundance of bird species (Trzcinski et al. 1999, McGarigal and McComb 1995).  The 
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amount of forest cover in the surrounding patch quantifies the density of forest, which 

influences the vegetation structure, composition, and microclimate conditions within a 

site.  However, the amount of forest cover also may reflect the extent of forest habitat.  

Riparian forest extent is an important determinant of the bird species using a site, as 

many species are associated with either forest edge or interior conditions (Davidson and 

Knight 2001, Saab 1999, Peak and Thompson 2006, Hodges and Krementz 1996, Kilgo 

et al. 1998).  The amount of forest cover may be particularly important in riparian forests, 

which are often very patchy due to the frequent incidence of disturbance. 

 Percent forest cover was a relatively important driver of bird occurrence and 

abundance, as it was included in top-ranking models for ten of the 14 species investigated 

(Table 3.8).  Relationships were significant at the 95% confidence level for all ten species 

(Table 3.10).  Responses of bird species to forest cover were predictable based on life 

history traits of each species (Table 3.3), emphasizing the ecological relevance of this 

variable.  Species that preferred interior forest conditions, including least flycatcher, 

ovenbird, and warbling vireo, had a positive association with forest cover, while edge 

species, including common yellowthroat, gray catbird, song sparrow, and brown-headed 

cowbird, exhibited a negative response.  Edge species may prefer habitats with less forest 

cover because these habitats usually have a dense understory of shrubs for foraging and 

nesting, which is characteristic of edge habitats.  However, three �edge� species 

responded positively to forest cover.  These species also were positively associated with 

crop fields, suggesting that some edge species may prefer dense forest cover, as long as 

there are other edge habitats (such as those created by adjacent fields) nearby. 
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 Cottonwood forests are patchy in nature due to the frequent impacts of flood 

disturbance.  However, forests along the Yellowstone River supported not only �edge� 

species that prefer patchy habitats, but also species that are associated with more 

contiguous forest habitats (Table 3.3).  This suggests that the existence of a variety of 

forest cover conditions within the floodplain is important for maintaining populations of 

riparian breeding bird species, and overall bird diversity.  This may be particularly true 

for species that are dependent upon interior forests (e.g. ovenbirds), because the 

availability of interior forest conditions is relatively limited within the patchy habitats of 

the floodplain. 

 Surrounding land uses, such as agriculture and human settlement, may have 

substantial influence on characteristics of bird communities (Hennings and Edge 2003, 

Tewksbury et al. 2006, Miller et al. 2003, Rottenborn 1999, Lussier et al. 2006, 

Croonquist and Brooks 1993, Tscharntke et al. 2008, Hoover et al. 2006, Hobson and 

Bayne 2000, Filloy and Bellocq 2007).  Consequences of land use are often manifested 

through declines in nest productivity or increases in adult mortality due to changes in 

predator and parasite communities (Bayne and Hobson 1997, Tewksbury et al. 1998, 

Rodewald and Shustack 2007, Vander Haegen 2007).  Therefore, it may be difficult to 

observe the impacts of land use on bird communities solely using �presence/absence� data 

(i.e. such as the data collected during point count surveys).  It would instead be necessary 

to monitor nest success, productivity, and adult survival to fully understand the 

consequences of land use on riparian birds. 
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 However, for many species in this study there was evidence that the proximity of 

agriculture and human settlement affected occurrence or abundance.  Four species (least 

flycatcher, warbling vireo, western wood-pewee, and yellow warbler) had higher 

predicted occupancy or abundance at sites where crop fields were close to the riparian 

zone (Figure 3.3).  These species preferred habitats with high canopy cover, but also used 

edge habitats; crop fields may provide an abrupt edge that is otherwise not common in 

cottonwood forests with higher canopy cover.  This suggests that agriculture adjacent to 

the riparian zone may affect bird communities by influencing the availability of certain 

habitat types, not just by impacting survival or productivity.  This may be particularly 

relevant in riparian ecosystems, where the total area of habitat is small and agriculture is 

very close to the riparian zone. 

 Human settlement was nearest to the riparian zone in the western region of the 

study area, and distance to settlement gradually increased eastward toward the mouth of 

the river at kilometer 0.  There was evidence that birds responded to the presence of 

human settlement within the floodplain, as five species exhibited a significant 

relationship with this variable (Figure 3.4).  For two of these species, brown-headed 

cowbirds and warbling vireos, the nature of the predicted relationship was consistent with 

what was expected based on life-history traits. 

 Areas of human settlement provide high-quality foraging opportunities for brown-

headed cowbirds (Tewksbury et al. 1998), so I expected that cowbirds would be 

positively associated with sites that were closer to human settlement.  I also expected the 

relationship to vary by region of the river, because human settlement is closer to the 
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riparian zone in western compared to eastern regions, and it has been suggested that when 

density of human settlement is low, the positive relationship between cowbirds and 

human settlement is stronger (Tewksbury et al. 2006).  There was strong evidence for a 

negative, linear relationship with distance to settlement (i.e. a positive association with 

settlement; Figure 3.4b), but no evidence of an interaction with region of the river, 

suggesting that the relationship between cowbird abundance and distance to settlement 

was similar across all regions.  I also expected host abundance to be an important driver 

of cowbird abundance, especially in areas where food was not limited (i.e. in areas where 

human settlement was nearer to the riparian zone).  However, there was no evidence for 

either an additive effect of host abundance, or an interaction between host abundance and 

region.  Many studies have reported a positive relationship between host abundance and 

rates of cowbird parasitism (Tewksbury et al.  1998, 1999, Verner and Ritter 1983, 

Barber and Martin 1997).  Along the Yellowstone River, eight of the 13 focal species 

were frequent cowbird hosts.  Many of the other species that were not included in 

analyses are also frequent cowbird hosts, such as American redstarts, lazuli buntings, and 

field sparrows (Appendix A).  Therefore, densities of host species may have been high 

enough in all regions of the river that cowbirds did not exhibit a response to host 

availability. 

 Cowbird parasitism has been implicated as the cause of population declines in 

many songbird species (Morrison et al. 1999).  Consequently, I expected that cowbird 

host species would exhibit a positive relationship with distance to settlement (i.e. a 

negative association with settlement) in response to higher abundances of cowbirds found 
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near human habitation.  There was strong evidence for this relationship for only one host 

species.  Warbling vireos are a very common cowbird host, and did show a significant 

positive association with distance to settlement (Figure 3.4a).  Other studies have 

documented the detrimental effect of cowbirds on warbling vireos nesting in cottonwood 

habitats (Tewksbury et al. 1998, 2006); therefore, the apparent avoidance of cottonwood 

forest near human settlement on the Yellowstone River may also reflect the influence of 

cowbirds on vireo productivity. 

 Even after accounting for the effects of local habitat, forest cover, and land use, 

river location had substantial influence on the abundance and occurrence of bird species.  

River location was included in top-ranking models for all 14 species, and all but one of 

the species exhibited significant relationships with river location.  The influence of river 

location may explain some of the variation in the distribution of birds from one end of a 

river to the other that cannot be explained by local-, patch-, or landscape-level 

environmental factors, and may provide additional understanding about why bird 

communities differ in different regions of a river.   

 Seven species exhibited positive relationships with river location and five species 

exhibited negative relationships (Table 3.10).  Abundance or occupancy generally 

declined or increased gradually along the length of the river for these species (Figure 

3.5).  These trends provide evidence of bird response to continuously changing gradients 

in resources.  For example, the abundance or diversity of insects that are important 

sources of food often change gradually along the length of a river (Vannote et al. 1980, 

Reese and Batzer 2007, Arscott et al. 2005).   Relationships between bird abundance or 
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occurrence and food resources were not examined in this study, yet the availability of 

food is a crucial component of habitat quality.  Each bird species may specialize on a 

particular type of food, so that different species would respond differently to gradients in 

food resources, and patterns of distribution would vary amongst species.  The effect of 

river location may represent the influences of these types of unmeasured gradients on the 

occurrence and abundance of birds. 

   Bird response to river location may also reflect broad-scale influences on bird 

distribution, such as the geographic range of a species within a region or continent.  

Range boundaries for a species often reflect the influence of factors that cannot be 

quantified using environmental characteristics, such as regional population dynamics or 

historical patterns of colonization and extinction (Hanski 1999, Storch et al. 2003).  

Additionally, the density of a species is usually highest at the core of its range, and 

declines as distance from the core increases (Brown 1984).  Therefore, the occupancy or 

abundance of a species may vary by river location if the study area along the Yellowstone 

River is located at the edge of its range.  The study area falls within the edge of the 

geographic range for five of the 14 species investigated; western wood-pewees and 

spotted towhees range largely in the western US, while gray catbirds,  red-eyed vireos, 

and ovenbirds range largely in the east.  For three of these species, effects of river 

location are consistent with what would be expected based on geographic distribution.  

For example, red-eyed vireos exhibit a negative relationship with river kilometer (Figure 

3.5a), indicating that they are more likely to occupy sites in the eastern end of the study 

area.  However, for two of the species the effect of river location is opposite what would 
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be expected based on their geographic ranges.  Furthermore, many of the species have a 

continental distribution (e.g. house wren, European starling), but these species still 

exhibit strong relationships with river location.  This suggests that the apparent effect of 

river location on bird species occupancy and abundance is likely due to a combination of 

the influences of unmeasured environmental resources, and broad-scale geographic range 

distributions. 

 The influence of river location on riparian birds presents a challenge when 

considering the effects of management over a large area, such as the length of a major 

river system.  Characteristics of local habitat, forest cover, and land use, which are some 

of the most important factors influencing the distribution of birds, and which are often 

used to measure habitat quality or suitability for a species, may not adequately account 

for the observed variation in bird communities.  Along the Yellowstone River, river 

location was one of the most important influences for most species.  Consequently, areas 

with similar habitat characteristics may harbor different bird communities because of 

their location along the river.  Therefore, it may be necessary to consider relationships 

with geographical location when attempting to understand the potential consequences of 

management for bird species and communities.  For example, management activities may 

need to be considered within the context of particular reaches or regions of the river, as 

different bird communities may be present within a given habitat type that exists along 

the entire length of the river.  Information about the influence of river location on bird 

distribution, in addition to other factors such as habitat, forest cover, and land use, will 

provide a more comprehensive understanding of the complex relationships between birds 
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and their environment, and allow for the formulation of management plans that take these 

complex relationships into account. 

 It is important to remember that only braided sections of the river were sampled in 

this study, and inference about the influence of river location extends only to bird 

communities within this reach type.  A 200-kilometer section within the boundaries of the 

study area was not sampled because the river in this area was confined to a single, incised 

channel.  The floodplain was very narrow, and flood disturbance and overbank flooding 

occurred only at the edge of the main channel.  Consequently, cottonwood forests were 

sparse throughout this region.  If surveys had been conducted in forests along this section 

of the river, as well as within other non-braided reaches of the study area, it is likely that 

differences in local site characteristics due to variation in reach geomorphology and the 

impacts of flood disturbance would have had a major influence on patterns in the 

distribution of bird species.  That is why braided sections were chosen as the focus of the 

study, so that the effect of river location could be examined while attempting to control 

for the influences of local factors driven by reach type. 

 One of the advantages of using point count surveys is that information about 

many bird species may be collected over a large area with relative ease compared to other 

survey methods.  However, point count surveys are problematic because the imperfect 

detection of species may result in spurious conclusions about site occupancy or 

abundance (MacKenzie et al. 2006, Buckland et al. 2001).  Models that use point count 

data to quantify rates of both detection and occupancy provide a more defensible estimate 

of the proportion of sites occupied by a species than when estimates are derived using 
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methods that do not account for imperfect detection (MacKenzie et al. 2006).  However, 

these sophisticated models often require many visits to a site within a season to acquire 

enough data for estimating parameters, particularly for species with low rates of 

occupancy or detection (MacKenzie et al. 2002).  Within many broad-scale monitoring 

efforts, sites are visited only a few times each season, and adequate data often exist for a 

limited number of the more common species.  For example, sixty-three species of birds 

were observed within the study area along the Yellowstone River, but I was only able to 

include eleven species for occupancy analysis, largely due to inadequate sample sizes for 

many of the species.  Unfortunately, the species of highest management and conservation 

interest are often those that are rare or locally distributed.  If occupancy models are to be 

used effectively to monitor rare species, a greater number of visits must be included in 

the sampling design to allow for the collection of adequate data for estimating occupancy 

and detection (MacKenzie et al. 2002). 

 Few studies exist that document characteristics of bird communities along the 

length of a major river system, because it is difficult to systematically survey birds over 

large geographic areas, and it is often logistically complicated to gain access to private 

lands within riparian zones.  Consequently, the information gathered in this study will 

provide valuable insight about the factors influencing the occurrence and abundance of 

birds not only along the Yellowstone River, but also within the floodplains of major river 

systems in general. 
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CHAPTER 4. 

MANAGEMENT IMPLICATIONS 

 
 Here I have reported on patterns in the occurrence and abundance of riparian bird 

species along the Yellowstone River.  Prior to the efforts of this study, few data existed 

about the bird species breeding in riparian habitats of the Yellowstone.  This study will 

provide valuable information about what species are present, and how they are distributed 

within the floodplain.  This type of basic information is essential for understanding the 

potential consequences of river management on bird communities. 

 More than sixty species of birds were observed within the study area along the 

Yellowstone River (Appendix A).  Some of these species, such as the least flycatcher, 

house wren, and yellow warbler were relatively common riparian inhabitants, while other 

species, such as the chimney swift, black-and-white warbler, and Baltimore oriole were 

relatively rare or had localized distributions.  There is evidence that many of the species 

observed along the river have been experiencing declining populations in the western US, 

including: American goldfinch, American redstart, Baltimore and Bullock�s orioles, 

black-billed cuckoo, chimney swift, clay-colored sparrow, red-headed woodpecker, red-

winged blackbird, song sparrow, western meadowlark, and western wood-pewee (Sauer 

2006).  The Yellowstone River may therefore provide riparian habitats essential for 

maintaining populations of these species in the region and the western US.   

 Relatively intact riparian systems, such as the Yellowstone River, may provide 

valuable information about the structure and functioning of riparian ecosystems that 

cannot be obtained from river systems that have already been severely altered by human 



 
 

 

122

activities, and may serve as a reference for understanding the factors that influence the 

distribution of birds along the length of a river.  I examined how local habitat 

characteristics, forest cover, and land use may affect the occurrence and abundance of 

birds.  This information will provide a comprehensive understanding of the complex 

relationships between birds and their environment, and allow for the formulation of 

management plans that take these complex relationships into account.   

 A diversity of mature cottonwood forest habitat types were identified within the 

floodplain of the Yellowstone River.  These habitat types differed in structural 

characteristics of the understory and canopy that may represent underlying local gradients 

in forest age, time since last disturbance, or variation in geomorphic conditions (Scott et 

al. 2003).  Therefore, the diversity of cottonwood habitats observed within the floodplain 

may exist because of the interaction between natural geomorphic heterogeneity within the 

floodplain and the impacts of regular flood disturbance.  Both of these processes are 

altered when management activities, such as channel stabilization or the construction of 

dams, result in the reduction of channel migration, loss of side channels, or significant 

channel dewatering. 

 Local habitat characteristics were important drivers of bird occurrence and 

abundance.  A variety of species were observed breeding within cottonwood forest 

habitats, including species that nest and forage in the canopy (e.g. warbling and red-eyed 

vireos), in the shrub layer (e.g. gray catbirds, yellow-breasted chats), and on the ground 

(e.g. ovenbirds, spotted towhees).  Most species exhibited a positive or negative 

association with at least one cottonwood habitat type, when compared with other 
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cottonwood habitats that were sampled.  Habitat preferences tended to reflect the niche 

requirements of each species.  Species that were members of the same nesting or foraging 

guild often preferred the same habitat types, while those of different guilds often 

preferred different habitats, suggesting that each habitat provided unique resources for 

different types of birds. Therefore, the existence of a variety of mature cottonwood 

habitat types within the floodplain may be a major factor contributing to the diversity of 

bird species within the riparian zone.  Management activities that reduce the extent, 

heterogeneity, and complexity of cottonwood habitats within the floodplain would likely 

result in the loss of certain riparian bird species and a decline in bird diversity. 

 The amount and density of forest cover is an important habitat characteristic for 

bird species in general (McGarigal and McComb 1995, Trzcinski et al. 1999).  There was 

strong evidence that it was very important to the riparian birds breeding along the 

Yellowstone River as well.  Cottonwood forests are patchy in nature due to the frequent 

impacts of flood disturbance.  However, forests along the Yellowstone River supported 

not only species that preferred patchy habitats, but also species that were associated with 

more contiguous forest habitats.  This suggests that the existence of a variety of forest 

cover conditions within the floodplain is important for maintaining overall bird diversity.  

Management activities that result in the transition of cottonwood habitats to older, more 

open forests, without additional regeneration of younger forests, will reduce the area and 

variety of forest cover within the floodplain.  This may result in the extirpation of species 

that are dependent upon habitats with dense forest cover, and a loss of bird diversity 

within the riparian zone. 
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 It is well-documented that human land use in close proximity to riparian habitats 

can substantially influence bird communities in general (Hennings and Edge 2003, Miller 

et al. 2003, Rottenborn 1999, Lussier et al. 2006), and there was evidence that land use 

influenced some of the riparian bird species breeding along the Yellowstone River.  For 

example, the brown-headed cowbird, a nest parasite that has been implicated in 

population declines of many North American songbird species (Morrison et al. 1999), 

was one of the most abundant and widespread species encountered (Appendix A) and 

was positively associated with areas of human settlement.  The presence of cowbirds may 

substantially influence bird communities along the Yellowstone River, as eight of the 13 

focal species were frequent cowbird hosts (Table 4.1).  Many of the other species that 

were not included in analyses were also frequent cowbird hosts, such as American 

redstarts (Sherry and Holmes 1997), lazuli buntings (Greene et al. 1996), and field 

sparrows (Carey et al. 1994).  Consequently, the expansion of particular land uses, such 

as human settlement, within or adjacent to the riparian zone may have important 

implications for the conservation and management of riparian bird species. 

 There are also implications for the indirect management effects of land use on 

bird communities.  Increased agricultural production or human settlement within the 

floodplain may increase the need for bank stabilization or water management to reduce 

the loss of land and property from natural flooding or erosion.  Furthermore, if river 

management activities result in a reduction in the extent and quality of habitats available 

to birds, the additional negative influences of land use on bird productivity may 
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compound the stresses on bird populations, so that consequences of management are 

more severe than anticipated. 

 
Table 4.1.  Fourteen species included in occupancy and abundance analysis.  Brown-
headed cowbird host status was summarized from published life history accounts for each 
species. 
 
Species 

Cowbird Host 
Status 

 
Citation 

Common Yellowthroat Frequent Guzy and Ritchison, 1999 
European Starling Rare Cabe, 1993 
Gray Catbird Rare Cimprich and Moore, 1995 
Least Flycatcher Infrequent Briskie, 1994 
Ovenbird Frequent Van Horn and Donovan, 1994 
Red-eyed Vireo Frequent Cimprich et al., 2000 
Song Sparrow Frequent Arcese et al., 2002 
Spotted Towhee Frequent Greenlaw, 1996 
Warbling Vireo Frequent Gardali and Ballard, 2000 
Western Wood-pewee Infrequent Bemis and Rising, 1999 
Yellow-breasted Chat Frequent Eckerle and Thompson, 2001 
Brown-headed Cowbird NA Lowther, 1993 
House Wren No Johnson, 1998 
Yellow Warbler Frequent Lowther et al., 1999 

 

 In addition to the influences of local habitat, forest cover, and land use, river 

location was one of the most important factors affecting the occurrence and abundance of 

bird species.  The influence of river location on riparian birds presents a challenge when 

considering the effects of management over a large area, such as the length of a major 

river system.  Characteristics of local habitat, forest cover, and land use, which are some 

of the most important factors influencing the distribution of birds, and which are often 

used to measure habitat quality or suitability for a species, may not adequately account 
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for the observed variation in characteristics of bird communities; areas with similar 

characteristics may harbor different bird communities because of their location along the 

river.  Therefore, it may be necessary to consider relationships with geographical location 

when attempting to understand the potential consequences of management.  For example, 

management activities may need to be considered within the context of particular reaches 

or ecoregions of the river, as different bird communities may be present at sites with 

similar habitat, forest cover, or land use characteristics that are located in different 

regions of the river. 

 I focused on braided reaches of the river in this study to control for the influences 

of geomorphology, and because braided reaches generally support the largest patches of 

cottonwood forest, and the most area of habitat for conducting surveys, when compared 

to reaches where the river is confined to a single channel.  Braided reaches provide the 

most extensive and heterogeneous cottonwood forests because the river is able to 

meander over space and time, and the impacts of disturbance are able to extend 

throughout the wide floodplain (Hupp and Osterkamp 1996).  Braided reaches may be 

especially important to riparian birds because they provide the greatest abundance and 

variety of cottonwood habitats.  I provide evidence for their importance in this study; a 

diversity of cottonwood habitats were identified, and over sixty species were observed 

using these habitats. 

 However, most riparian zones of major river systems in the western US have been 

severely altered by river management activities and human development.  Flows are 

regulated and migrating channels stabilized, resulting in the loss of successional 
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processes driven by flood disturbance, a decline in the rate of forest regeneration, and 

substantial changes in the extent, distribution, structure, and species composition of 

riparian habitats (Ward and Stanford 1995, Hupp and Osterkamp 1996).  The 

consequences of river management that causes floodplain simplification are particularly 

evident in braided reaches, where geomorphology is the most complex, and flood 

disturbance has a substantial influence on the distribution and composition of riparian 

habitats.  River systems such as the Yellowstone that still experience seasonal flood 

cycles and maintain complex geomorphic characteristics, such as multi-channeled 

segments and areas of extensive channel migration, are therefore especially important for 

providing habitat for native bird species.  Acknowledging the importance of braided 

reaches, and tailoring management to conserve and restore braided river segments and the 

processes that create them, may be essential for maintaining diverse riparian bird 

communities. 
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Appendix A. Riparian breeding bird species detected in 2006 and 2007 during 
point count surveys at cottonwood forest sites along the Yellowstone River.  Non-
target species (ducks, raptors, upland gamebirds, and shorebirds) are excluded.  
The total number and percent (in parentheses) of sites where a species was 
observed in at least one of the two years is reported. 

Common Name Scientific Name Number (%) of 
Sites Occupied 

American Crow Corvus brachyrhynchos 25 (11) 
American Goldfinch Carduelis tristis 135 (58) 
American Redstart Setophaga ruticilla 84 (36) 
American Robin Turdus migratorius 169 (72) 
Baltimore Oriole Icterus galbula 27 (12) 
Black-and-white Warbler Mniotilta varia 27 (12) 
Black-billed Cuckoo Coccyzus erythropthalmus 3 (1) 
Black-billed Magpie Pica hudsonia 34 (15) 
Black-capped Chickadee Poecile atricapillus 98 (42) 
Black-headed Grosbeak Pheucticus melanocephalus 127 (54) 
Blue Jay Cyanocitta cristata 9 (4) 
Bobolink Dolichonyx oryzivorus 4 (2) 
Brewers Blackbird Euphagus cyanocephalus 9 (4) 
Brown Thrasher Toxostoma rufum 20 (9) 
Brown-headed Cowbird Molothrus ater 174 (74) 
Bullock�s Oriole Icterus bullockii 60 (26) 
Cedar Waxwing Bombycilla cedrorum 73 (31) 
Chimney Swift Chaetura pelagica 12 (5) 
Chipping Sparrow Spizella passerina 4 (2) 
Clay-colored sparrow Spizella pallida 26 (11) 
Cliff Swallow Petrochelidon pyrrhonota 1 (1) 
Common Grackle Quiscalus quiscula 59 (25) 
Common Yellowthroat Geothlypis trichas 135 (58) 
Dickcissel Spiza americana 6 (3) 
Downy Woodpecker Picoides pubescens 88 (38) 
Eastern Kingbird Tyrannus tyrannus 82 (35) 
European Starling Sturnus vulgaris 124 (53) 
Field Sparrow Spizella pusilla 48 (21) 
Grasshopper Sparrow Ammodramus savannarum 7 (3) 
Gray Catbird Dumetella carolinensis 129 (55) 
Hairy Woodpecker Picoides villosus 65 (28) 
House Wren Troglodytes aedon 226 (97) 
Lark Sparrow Chondestes grammacus 5 (2) 
Lazuli Bunting Passerina amoena 102 (44) 
Least Flycatcher Empidonax minimus 162 (69) 
Mountain Bluebird Sialia currucoides 1 (1) 
Mourning Dove Zenaida macroura 131 (56) 
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Appendix A continued. 
Common Name Scientific Name Number (%) of 

Sites Occupied 
Northern Flicker Colaptes auratus 183 (78) 
Orchard Oriole Icterus spurius 3 (1) 
Ovenbird Seiurus aurocapilla 58 (25) 
Plumbeous Vireo Vireo plumbeous 24 (10) 
Red-eyed Vireo Vireo olivaceous 76 (33) 
Red-headed Woodpecker Melanerpes erythrocephalus 24 (10) 
Red-naped Sapsucker Sphyrapicus nuchalis 2 (1) 
Red-winged Blackbird Agelaius phoeniceus 51 (22) 
Rose-breasted Grosbeak Pheucticus ludovicianus 2 (1) 
Savannah Sparrow Passerculus sandwichensis 6 (3) 
Song Sparrow Melospiza melodia 120 (51) 
Spotted Towhee Pipilo maculatus 127 (54) 
Swainson�s Thrush Catharus ustulatus 6 (3) 
Tree Swallow Tachycineta bicolor 72 (31) 
Vesper Sparrow Pooecetes gramineus 4 (2) 
Violet-green Swallow Tachycineta thalassina 11 (5) 
Warbling Vireo Vireo gilvus 88 (38) 
Western Kingbird Tyrannus verticalis 10 (4) 
Western Meadowlark Sturnella neglecta 30 (13) 
Western Wood-pewee Contopus sordidulous 158 (68) 
White-breasted Nuthatch Sitta carolinensis 22 (9) 
White-throated Swift Aeronautes saxatalis 3 (1) 
Yellow Warbler Dendroica petechia 233 (99.9) 
Yellow-bellied Sapsucker Sphyrapicus varius 1 (1) 
Yellow-breasted Chat Icteria virens 172 (74) 
Yellow-headed Blackbird Xanthocephalus xanthocephalus 1 (1) 

 


