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ABSTRACT 

Distributional and ecological dynamics of Neotropical migratory birds at stopover sites 
where they maintain critical fat reserves during migration remain poorly understood in 
North American aridlands. I examined spatiotemporal abundance and timing of 
migrants relative to 1) upland and riparian habitats, 2) post-fire landscape mosaics, and 
3) phenological synchrony and overlap of migration with tree flowering in southeastern 
Arizona's Madrean Archipelago (2009-2011), and 4) abundance, habitat breadth, and 
foraging substrates relative to tree flowering along the Colorado River in southwestern 
Arizona and northwestern Sonora, Mexico (2000-2003).  I explored these dynamics 
relative to local weather conditions and El Niño Southern Oscillation (ENSO) climate 
phenomena. In Madrean habitats, migrants showed three non-exclusive responses to 
high precipitation, snowfall, and low minimum temperatures associated with El Niño in 
2010; migration timing adjustments, habitat shifts, and reduced abundances suggesting 
migration route shifts. Foliage-gleaning insectivores were most abundant in high 
severity burns, disproportionate to their availability, and decreased with time since fire 
(TSF); flycatchers were most abundant in low-moderate severity and increased with TSF.  
Migrant abundance increased with tree flowering.  Phenological overlap declined with 
increasing difference in timing of these events.  Overlap was lowest in 2011 in riparian 
habitat due to low willow (Salix goodinggii) flowering, despite high migrant abundance, 
but lowest in 2010 in montane conifer, despite high pollen cone production by Douglas-
fir (Pseudotsuga meziesii), suggesting temperature limitation of insect abundance at 
high elevations, but water limitation of plant phenology at lower elevations.  Along the 
Colorado River, migrant abundance and habitat breadth had inverse positive and 
negative quadratic relationships, respectively.  Abundance increased with tree 
flowering, but only in 2003 during severe drought.  Habitat breadth increased with 
monsoon precipitation.  Foraging substrate use tracked flowering, shifting from willow 
to mesquite (Prosopis sp.); the overlap coincided with peak abundance and narrowest 
habitat breadth.  Maintenance of diverse vegetation and post-fire landscape mosaics in 
the Madrean Archipelago should benefit migratory bird diversity.  Flowering phenology 
likely provides large-scale cues of local-scale stopover habitat condition associated with 
interannual climatic variation.  Management and restoration of upland habitats and 
large riparian woody perennials will be critical for migratory bird conservation in 
aridlands. 
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INTRODUCTION 

Bird migration 

Migratory bird species seasonally traverse extensive latitudinal and ecological 

gradients (Newton & Dale 1996) and climate conditions can vary dramatically among the 

regions and habitats through which their migration routes cross (Ahola et al. 2004, 

Cotton 2003, Fontaine et al. 2009).  Documentation of spatial and temporal migration 

patterns, habitat use, and environmental drivers is an important challenge for avian 

conservation and management (Petit et al. 1995, Petit 2000, Faaborg et al. 2010). 

The migratory period is a source of annual mortality for many small-bodied 

passerine bird species (Sillett & Holmes 2002, Paxton et al. 2007), and successful 

migration depends heavily on sufficient fat accumulation during stopover (Moore & 

Kerlinger 1987, Moore & Yong 1991).   The conditions that birds encounter at stopover 

sites can affect arrival time on breeding grounds (Marra et al. 2005, Balbontin et al. 

2009) and breeding success (Norris et al. 2004, Both et al. 2005); thus birds' experience 

during migration can have carry-over effects that influence their overall fitness (Norris 

2005). Therefore, information on the patterns of migration and stopover provides an 

important contribution to understanding the complete avian life cycle and connectivity 

of different portions of species' annual ranges (Norris and Marra 2007). 

Climate change is affecting the broad diversity of habitat types that migratory 

bird depend on within temperate breeding grounds (Both et al. 2005, Elwood et al. 

2010), mid-latitude and tropical wintering areas (Norris et al. 2004, Gordo et al. 2005) 
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and stopover sites (Marra et al. 2005, Barlein & Hüppop 2004).  The condition of 

stopover habitats and ability to refuel is strongly influenced by local, regional, and global 

climate patterns (Strode 2003, Barlein and Hüppop 2004, Gordo 2007), thus climate 

change is a critical concern for migratory bird conservation (Coppack & Both 2002, 

Cotton 2003, Sekercioglu et al. 2008).  The conditions experienced in any of these 

habitats can have carry-over effects to other periods of the avian life cycle which can 

ultimately affect productivity and survival (Marra et al. 2005).  Therefore, detailed 

information on distributional patterns, habitat use, and climate-driven habitat condition 

for migratory birds in all phenological stages is increasingly critical for conservation 

planning and management.  Furthermore, migratory birds seasonally increase regional 

and local species diversity and can benefit ecosystem function (Moguel & Toledo 1999) 

and provide ecosystem services (Kellermann et al. 2008).  Expanding our knowledge of 

the migratory bird ecology is a priority for biodiversity conservation as well (Petit et al. 

1995, Böhning-Gaese and Lemoine 2004, Sillett et al. 2000).  However we lack basic 

information on the impacts of annual climate variability on en route migrants (Gordo 

2007).  Evidence of how migratory birds respond to interannual variation in local 

weather conditions and larger scale climate patterns that affect stopover habitat 

condition will help inform predictive models of climate change impacts on birds 

(Pearson and Dawson 2003, Seavy et al. 2008). 

 Habitat condition during the spring in mountainous regions of America's desert 

southwest is strongly influenced by local weather during the preceding winter and 
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global El Niño-Southern Oscillation (ENSO) phenomena (Brown & Comrie 2002, Gutzler 

et al. 2002, Sheppard et al. 2002).  The insularized Madrean "Sky Island" mountains in 

southeastern Arizona provide oases of habitat types typical of more temperate latitudes 

and are a biodiversity hotspot of high conservation value in the American West (Spector 

2002, Coblentz & Ritters 2004).  Rapid upslope transitions of vegetation communities 

associated with climate change (Allen & Breshears 1998, Kelly & Goulden 2008), 

however, may result in the severe degradation or loss of these upland habitats.  The 

majority of research on bird migration in this region has focused on lowland riverine 

riparian systems (e.g. Terrill & Ohmart 1984, Finch & Yong 2000, Skagen et al. 2005, 

McGrath et al. 2009). 

Migratory birds and post-fire mosaics 

 Spatiotemporal bird distributions and their management and conservation are 

closely tied to the mosaic of habitats across the landscape (MacArthur and MacArthur 

1961, Weins et al. 1993, Law and Dickman 1998).  Disturbance events are critical drivers 

of ecological and landscape dynamics (Turner 2010) that create heterogeneous patterns 

in ecological communities through the disruption of ecological structure and process 

(Turner 1989, Collins 1992).   

 Fire is among the most important disturbance mechanisms shaping landscape 

heterogeneity in the North American west (Turner et al. 2009, Haire & McGarigal 2010, 

MacKensie et al. 2011).  Fostering a complex patch mosaic (Turner 2010) of short and 

long-term landscape patterns of vegetation structure, species composition, and age-
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class distribution (Agee 1998, Beaty & Taylor 2001, Kashian et al. 2006), fire dynamics 

can cascade throughout ecological communities (Romme et al. 2011).  In turn, fire 

occurrence is influenced by characteristics of ecological communities, topography, and 

environmental conditions such as drought (Westerling and Swetnam 2003, Schoennagel 

et al. 2007, De Angelis et al. 2012).  In particular, vegetation structure and composition 

are critical components of stopover habitat selection at multiple scales (Moore et al. 

1995, Buler et al. 2007, Deppe & Rottenberry 2008), which in turn follow landscape fire 

mosaics and reciprocally influence them (Blodgett et al. 2010, Ursino et al. 2010).  

Therefore, post-fire habitat characteristics as well as fire potential should be assessed in 

studies of stopover habitat where fire is an important driver of landscape diversity.   

 Historic fire regimes in the western United States have been affected by 

management and land-use activities such as fire suppression (Swetnam and Baisan 

1996, Stephens and Ruth 2005), grazing (Madany and West 1983, Keeley et al. 2003), 

timber harvest, climate change (Brown et al. 2004, Westerling et al. 2006, Fule 2008), 

and their interactions (He et al. 2002).  Wildland fire continues to be a high priority for 

natural resource and wildlife management policies in the U.S. (Stephens and Ruth 2005).  

 Birds, like many animal species (Huntzinger 2003, Fontaine and Kennedy 2012), 

are highly sensitive to changes in habitat composition, structure and food availability 

resulting from spatial and temporal variation in fire dynamics (Hutto 1995, Saab and 

Powell 2005), particularly fire severity and the amount of regeneration or succession 

that has occurred since a fire event (Smucker et al. 2005).  While fire severity and age  
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can have  short and long-term impacts on the diversity, composition and abundance of 

bird communities (Haney et al. 2008, Nappi et al. 2010, Pons and Clavero 2010), effects 

vary depending on species' life histories (Saab and Powell 2005, Smucker et al 2005).  

Although the effects of fire on a wide range of avian species and guilds have been 

studied, research has almost exclusively focused on the breeding season (e.g. Bock and 

Lynch 1970, Saab et al. 1998, Meehan and George 2003, Kotliar et al. 2007) neglecting 

other important periods of the annual life cycle, particularly migration when mortality 

can be significant (Sillett et al. 2000, Paxton et al. 2007).   

 Perhaps the most important prey items for foliage-gleaning insectivores are 

herbivorous lepidopteran larvae or caterpillars (Moore and Young 1991, Greenberg 

1995, Strong et al. 2000).  Fire can have direct and indirect effects on insect populations 

(Swengel 2001, Kim et al. 2012).  Therefore, fire could have effects on both the structure 

and composition of the vegetation communities in which birds forage, as well as the 

insect communities which comprise their prey.  Foraging success of foliage-gleaning 

insectivores is closely associated with fine-scale foliage structure, such as leaf petiole 

length, which affects birds' ability to physically reach prey (Robinson and Holmes 1981).  

In contrast, flycatchers are aerial insectivores that primarily capture arthropod prey 

during phenological stages capable of flight.  Flycatchers generally forage from an open 

perch where they visually locate prey and make aerial attacks, requiring relatively open 

larger-scale habitat structure for successful foraging (Davies 1977, Sakai and Noon 

1990).  Therefore, although fire severity and age influence both the composition and 
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structure of vegetation (Agee 1998, Beaty & Taylor 2001, Kashian et al. 2006) and the 

abundance and diversity of arthropods (Ferrenberg et al. 2006, Elia et al. 2011, Kim & 

Holt 2012), fire may be altering the accessibility and availability of prey items at 

different scales.  Furthermore, these guilds differ in the phenological stage of their focal 

prey.  Fire can influence plant phenology (Wrobleski et al. 2003, Paritsis et al. 2006, 

Jarrad et al. 2009) and thus may influence the phenology and synchrony of insect which 

could cascade throughout the ecosystem, affecting migratory birds (Both & Visser 2001, 

Jones & Cresswell 2009).    

 Decades of fire suppression in southeast Arizona have altered the composition 

and diversity of the landscape's fire and vegetation mosaics (Swetnam and Baisan 1996, 

Iniguez et al. 2008), and along with climate induced drought (Westerling et al. 2006) and 

human development and land use, have resulted in of extensive catastrophic fires in the 

Sky Islands (Swetnam et al. 1999, Swetnam et al. 2001, Dickson et al. 2006).  Although 

areas of high severity burn can provide important stopover habitat in Madrean oak and 

conifer woodlands and forests, some extensive high severity fires may threaten the 

maintenance of a complex mosaic of burn severities, ages, unburned areas, and 

vegetation communities important for a diverse avian communities (Hutto 1985, Hutto 

1995, Bock and Block 2005, Kirkpatrick et al. 2006, Conway and Kirkpatrick 2007), 

altering ecological processes (Saab & Powell 2005).  Even for species such as the Black-

backed Woodpecker which specializes on recent high severity fires, has its greater 

reproductive success in patches in closer proximity to unburned forest patches (Nappi & 
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Drapeau 2009).  The total loss or conversion of habitat types from stand-replacing fires 

(Barton 2002) along with upslope range shifts of upper elevation conifer forests being 

driven by climate change (Allen and Breshears 1998) may be threatening rare montane 

conifer forests of the Madrean Sky Islands and its biodiversity (Cunningham et al. 2002, 

Koprowski et al. 2005).  Although large high-severity fires may have been part of historic 

wildfire dynamics, they appear to have been relatively infrequent (Grissino-Mayer & 

Swetnam 2000, Fule et al. 2003).  Restoring and maintaining the diverse mixed-severity 

fire mosaic (Covington et al. 2003, Haire & McGarigal 2010) that exists across a range of 

ecological communities along the elevational gradients of the Madrean Sky Islands, and 

understanding how climate change, human land use, habitat types, and past fire 

regimes and management (Schoennagel et al 2004) will interact to affect future fire 

dynamics, landscape mosaics, and migratory birds will help guide management practices 

in southwestern forests.   

Migration and plant phenology 

Phenology, the timing of recurrent life cycle events is an important adaptive trait 

that can shape species distributions (Chuine 2010).   Migration is a highly visible 

phenological event in the annual life-cycle of thousands of bird species globally (Dingle 

1996, Wilcove and Wikelski 2008).  To sustain the physiological demands of migration, 

each bird must acquire food resources en route during their journey (Parish 2000), and 

small-bodied Neotropical migratory passerines that travel thousands of kilometers 

between their wintering and breeding grounds must make regular stopovers to rest and 
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feed to maintain sufficient fat reserves (Moore et al. 1995, Sandberg and Moore 1996, 

Guglielmo et al. 2005).   

During their migratory journey, birds continuously encounter novel habitats and 

unpredictable environmental conditions as they engage in stopover events (Moore et al. 

1990, Parrish 2000).  As birds make landfall at the end of an individual migratory flight 

period, they select stopover sites through a top-down hierarchical process (Moore and 

Aborn 2000, Chernetsov 2005), advancing from course to fine-resolution features (Buler 

et al. 2007).  The ability to quickly identify local-scale food availability (Paxton et al. 

2008) based on habitat characteristics detectable at larger scales as birds approach 

stopover sites would help them to maximize food acquisition and fat accumulation 

(Moore & Kerlinger 1987) while balancing search time costs (Moore and Yong 1991, 

Paxton et al. 2008).   

Emergence of insects, such as lepidopteran larvae, can be highly synchronized to 

coincide with vegetation phenology (Elzinga et al. 2007).  McGrath et al. (2009) found 

that migrating insectivorous Neotropical birds selected mesquite trees that had more 

flowers and that these trees harbored a greater abundance of preferred invertebrate 

prey.  This suggests that phenological information can be used to quickly assess 

stopover habitat condition.  Therefore, vegetation phenology is a coarse habitat 

characteristic that could be detected at multiple spatial extents (Turner et al. 2003), 

potentially aiding birds in habitat selection; the state of vegetation phenology that a 

bird encounters at a stopover site may indicate the potential abundance or availability 
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of insect prey Neotropical passerines rely on as their primary food resource during 

spring migration (Moore and Yong 1991).   

 Information on plant phenology may also provide a reference point by which 

changes in migration timing relative to environment throughout the birds' migratory 

range can be measured (Visser and Both 2005).  While some migratory passerines may 

be able to track spatiotemporal variation in environmental conditions and resource 

phenology across this range (Sutherland 1998, Ahola et al. 2004, Marra et al. 2005), the 

timing of phenological events among trophic levels such as insect emergence and 

migratory bird arrival has become decoupled in many systems (Both & Visser 2001, 

Møller et al. 2008, Jones and Cresswell 2010), especially when climate change may be 

having differential impacts across latitudes or biogeographic regions (Fontaine et al. 

2009). 

 Climate change affects the phenology of individual species and disrupts 

synchronization of species interactions within and among communities (Walther et al. 

2002, Visser and Both 2005, Parmesan 2007).   Phenological mismatches can have 

import effects on many demographic factors (Miller-Rushing et al. 2010) including 

population growth (Both et al. 2006).  However the effects of climate change on species 

phenology are not biogeographically homogenous across latitudes (Jones and Cresswell 

2010, Fontaine et al. 2009) and elevations (McKinney et al. 2012).  Many species 

interactions that rely on seasonal timing are changing rapidly, before a better 
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understanding of dynamics, potential asynchronies, and the consequences of so-called 

trophic mismatches can be developed (Both and Visser 2001).   

  Climate change projections indicate increasingly hotter and drier conditions for 

many arid regions, including the Desert Southwest of the United States (Seager et al. 

2007) where the weather is strongly affected by El Niño Southern Oscillation (ENSO) 

phenomena (Gutzler et al. 2002, Garfin et al. 2007), although this pattern is more 

variable during winter (Hoerling and Kumar 2002).   Simultaneously collected data on 

how phenological patterns of plants and animals are associated with climatic variation 

at will help understand the potential impacts of climate change on this ecologically 

vulnerable and diverse region. 

Phenological Synchrony vs. Phenological Overlap 

 Despite the recent interest and concern regarding the occurrence of so-called 

phenological mismatches (Jones & Cresswell 2010), which refers to the disruption of the 

"phenological synchrony", the concept remains poorly defined.  The topic is additionally 

confused by the use of the term "phenological overlap" (e.g. Miller-Rushing et al. 2010) 

in studies of phenology.  While closely related, these two concepts seem to have 

important and ecologically meaningful distinctions.  

 Phenological synchrony is primarily concerned with relationships in the timing of 

life-cycle events between species or members of ecological communities (e.g. Both et al. 

2006, Elwood et al. 2010).  Phenology is typically expressed in terms of parameters or 

metrics that express the measure of a given phenophase such as tree flowering or bird 
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presence relative to time.  These include the onset and offset (first and last date a 

phenophase is observed), duration (length of time between onset and offset), and 

magnitude (maximum measure of a phenophase on each date).  Together these metrics 

represent a response curve, the distribution of phenophase measurements over time 

(Fig. I.1a).   Two phenological response curves can then be expressed together for 

comparison, to reveal aspects of phenological synchrony and overlap (Miller-Rushing et 

al. 2010).  The relationships of these response curves can also be compared among 

different time periods (Fig., I.1a, b), for example to examine interannual variation 

relative to changes in climate or differences among habitat types within or among years 

or seasons.  

  In essence, phenological synchrony is concerned with comparing two 

distributions of phenological measurements or response curves using analytical 

frameworks such as generalized linear models, mixed-models, or regression.  Mean date 

of phenophase occurrence can also be compared, as can the difference between the 

two means.  Again, the difference in event timing (Fig. I.1) can be compared among 

years, seasons, habitats, or species (Miller-Rushing et al. 2010).   

 While the idea of phenological synchrony is relatively straight-forward, 

phenological overlap is more confusing.  Although the term "overlap" is used often in 

phenological studies (e.g. Marinho-Filho 1991, Stevenson et al. 2000, Oberhauser et al. 

2001), it typically refers to overlap of two phenological events in time only, i.e. the 

dimensionality is limited to the x-axis, Fi. I.1). However, the overlap of two distributions 
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can be considered in the dimensions of the x- and y-axes.  The boundary of the region of 

overlap is defined by whichever phenological response curve has the lower phenological 

measurement value at each point in time (y-axis, Fig. I.1).  Overlap calculated in this 

manner, incorporates both the duration of time over which both phenological events 

are occurring within a defined region, location, or site as well as the magnitude of the 

phenological events, such as the abundance of migratory birds or the percent flowering 

of trees.   Thus, this definition of overlap constitutes a more ecologically meaningful 

measure as it accounts for both the temporal co-occurrence of two phenophases (x-

axis) as well as their magnitude (y-axis).    

 It is important to consider the entire response curve and both phenological 

synchrony and overlap in comparative studies of phenological relationships.  The 

response curves for two phenological events for example, could be normal distributions 

in one year or location (Fig. I.1a) and skewed in a subsequent set of observations (Fig. 

I.1b).   Onset, offset, and magnitude can change (Fig. 1b) in response to a variety of 

environmental factors such as climate, resources availability, and species interactions 

(Freeman et al. 2003, Elzinga et al. 2007).  Organisms may compensate for resource 

limitations by changing the timing, duration, or magnitude of phenological behaviors.  

For example, temperature and snow melt can affect both the duration of flowering and 

abundance of flowers (Inouye et al. 2003).  Furthermore, the abundance of organisms 

can have important effects on the calculation of onset and offset values (Miller-Rushing 

et al. 2008, Miller-Rushing 2010).  Thus, overlap alone may not be sufficient to 
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understand the phenological dynamics of a system; the entire response curve should be 

considered and measures of event timing and individual phenophase magnitudes should 

also be addressed.   

Current study 

 I designed this study to investigate spatiotemporal and phenological patterns of 

spring bird migration relative to wildfire disturbance and interannual climatic variation 

across large elevational gradients in the Madrean Sky Island mountain ranges of 

southeastern Arizona, USA and along the lower Colorado River of southwestern Arizona, 

and northwestern Sonora, Mexico.   

The insularized Madrean "Sky Island" mountains in southeastern Arizona provide 

oases of habitat types typical of more temperate latitudes.  These mountain ranges are 

a biodiversity hotspot of high conservation value in the American West (Spector 2002, 

Coblentz & Ritters 2004).  The Madrean Sky Island Archipelago encompasses about 40 

mountain isolated mountains between the Mogollon Rim in the United States and the 

northern Sierra Madre Occidental of northern Mexico (Warshall 1994).  Southeastern 

Arizona contains roughly twelve larger "Islands" exceed 2400m elevation.  We 

established upland study sites within three ranges in southeastern Arizona: the Santa 

Catalina, Huachuca, and Santa Rita Mountains.  Increased wildfire potential (Brown et 

al. 2004) and rapid upslope transitions of vegetation communities associated with 

climate change (Allen & Breshears 1998, Kelly & Goulden 2008), may result in the severe 

degradation or loss of these upland habitats.  However, the majority of research on bird 



28 
 

migration in this region has focused on lowland riverine riparian systems (e.g. Terrill & 

Ohmart 1984, Finch & Yong 2000, Skagen et al. 2005, McGrath et al. 2009), whereas 

upland and montane areas have received relatively little attention, despite recognition 

over 25 years ago that they constitute important stopover habitats for a diversity of 

migratory bird species (Hutto 1985). 

 The lower Colorado River watershed includes a vast region of western North 

America, and the main river corridor spans several American states and bridges the U.S. 

and Mexico border en route to the Gulf of California.  Like many large rivers, the water 

of the Colorado is extensively managed (Poff et al. 1997, Rajagopalan et al. 2009) with 

important implications for riparian habitat and biodiversity in the region (Stevens et al. 

2001, Bunn et al. 2002, Morrison 1999, Glenn et al. 2002).  Increasing human demands 

on the limited water available in the Colorado River Basin due to climate change-

induced drought and continued development of settlements, agriculture, and recreation 

(Christensen et al. 2004) threaten this important corridor of riparian habitat.  Altered 

flood frequency, reduced water table, and increased salinity have already drastically 

reduced the abundance of large woody perennials and riparian forest (Busch and Smith 

1995) that migratory birds forage in and likely depend on to acquire sufficient insect 

prey to complete their migration through these arid lands (McGrath et al. 2009).  The 

loss of stopover habitat is a principal concern in migratory bird conservation and 

management (Moore et al. 1995).  Riparian areas provide critical stopover habitat, 

especially in desert regions of the southwestern United States and northwestern Mexico 
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(Skagen et al. 1998; Skagen et al. 2005) where they are threatened by climate change, 

drought, human water use and resource extraction, development, invasive species, and 

grazing (Knopf et al. 1988, Busch and Smith 1995, Garfin et al. 2007, Serrat-Capdevila et 

al. 2007).  Understanding the habitat use of riparian areas along the Colorado River 

riparian corridor will help inform wildlife and resource management. 
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Figures 

 

Figure I. 1. Conceptual models of phenological synchrony and phenological overlap.  X-
axes represent time which could be days, months, or years and y-axes represent the 
measure of some phenophase such as the percent flowering of trees or the abundance 
of migrants at a stopover site.  Two distributions (A, B) could represent two species, the 
same species at two locations, or different phenophases of the same species.  The 
difference between mean A and B (B-A) represents the difference in mean event timing.  
The distribution of a phenophase over time could be a normal distribution (a) or skewed 
(b).  Onset and offset could also vary among two sets of distributions and may or may 
not result in changes in overlap. 
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CHAPTER 1.  SPATIOTEMPORAL PATTERNS OF BIRD MIGRATION AND INTERANNUAL 
CLIMATE VARIATION ACROSS ELEVATIONAL GRADIENTS OF THE MADREAN 

Abstract 

Understanding distributional dynamics of migratory birds and their sensitivity to climate 

variation throughout their annual life cycle and biogeographic range is critical to their 

conservation.  However, spatiotemporal migration patterns remain poorly documented 

in the arid southwestern United States, especially in upland and montane habitats.  Our 

objective was to document how spring migrant abundance and timing in five diverse 

habitat types along 2150m elevational gradients within Arizona's "Sky Islands" was 

related to weather conditions associated with global climate patterns.  We surveyed 

birds within montane conifer, pine-oak, oak-juniper, mesquite, and cottonwood-willow 

habitats at 50 point-line transects across three mountain ranges.  Winter weather 

conditions and El Niño-Southern Oscillation events were assessed using public weather 

stations and National Oceanic and Atmospheric Association reports.  Utilizing mixed 

effects models, we examined differences in minimum temperature, precipitation and 

snowfall, relative migrant abundance, and migration timing among habitats and years 

during spring, 2009-2011.  Spatiotemporal migration patterns were complex and 

depended on species, habitat type, survey period, and annual climate conditions.  

Migrant abundance was lowest in 2010, a wet El Niño year, especially in montane 

conifer habitat which had high snowfall and persistent below-freezing temperatures.   In 

2010, birds migrated later than 2009 in upland habitats but earlier in riparian habitat 
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and short-distance migrants had greater delays and advances than long-distance 

migrants.  Hermit warblers were exclusively detected in montane conifer and pine-oak 

habitat and their abundance was 87% lower in 2010 than 2009.  In contrast, ruby-

crowned kinglets which used montane conifer and pine-oak habitats in 2009 shifted to 

riparian habitats in 2010 and experienced only a 31% reduction.  Hummingbird 

abundance was lowest in 2011, a dry La Niña year. We propose three non-exclusive 

migratory responses to climate-driven conditions at stopover sites; 1) adjustment of 

migration timing, 2) habitat type shifts, and 3) selection of alternate routes.  Both short 

and long-distance migrants appear able to adjust their migration timing.  Maintaining a 

landscape mosaic of riparian, upland, and montane habitats should be a priority for 

migratory bird conservation in the southwest. 

Introduction 

The seasonal distribution of migratory species with biogeographically expansive 

annual ranges can be complex (Rubenstein and Hobson 2004), are often poorly 

understood (Faaborg et al. 2010), and can be highly sensitive to climate variation and 

change (Walther et al. 2002, Parmesan 2006, Robinson et al. 2008).  Migratory bird 

species seasonally traverse extensive latitudinal and ecological gradients (Newton & 

Dale 1996) and climate conditions can vary dramatically among the regions and habitats 

through which their migration routes cross (Ahola et al. 2004, Cotton 2003, Fontaine et 

al. 2009).  Documentation of spatial and temporal migration patterns, habitat use, and 
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environmental drivers is an important challenge for avian conservation and 

management (Petit et al. 1995, Petit 2000, Faaborg et al. 2010). 

The migratory period is a source of annual mortality for many small-bodied 

passerine bird species (Sillett & Holmes 2002, Paxton et al. 2007), and successful 

migration depends heavily on sufficient fat accumulation during stopover (Moore & 

Kerlinger 1987, Moore & Yong 1991).   The conditions that birds encounter at stopover 

sites can affect arrival time on breeding grounds (Marra et al. 2005, Balbontin et al. 

2009) and breeding success (Norris et al. 2004, Both et al. 2005); thus birds' experience 

during migration can have carry-over effects that influence their overall fitness (Norris 

2005). Therefore, information on the patterns of migration and stopover provides an 

important contribution to understanding the complete avian life cycle and connectivity 

of different portions of species' annual ranges (Norris and Marra 2007). 

The condition of stopover habitats and thus potential for birds to refuel is 

influenced strongly by local, regional, and global climate patterns (Strode 2003, Barlein 

and Hüppop 2004, Gordo 2007), and climate change is a critical concern for migratory 

bird conservation (Coppack & Both 2002, Cotton 2003, Sekercioglu et al. 2008).  

However we lack basic information on the impacts of annual climate variability on en 

route migrants (Gordo 2007).  Evidence of how migratory birds respond to interannual 

variation in local weather conditions and larger scale climate patterns that affect 

stopover habitat condition will help inform predictive models of climate change impacts 

on birds (Pearson and Dawson 2003, Seavy et al. 2008). 
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In mountainous regions of America's desert southwest, spring stopover habitat 

condition is associated with local weather during the preceding winter.  Winter weather, 

particularly precipitation, is in turn largely governed by El Niño-Southern Oscillation 

(ENSO) phenomena that couples the Pacific Ocean with atmospheric circulation (Brown 

& Comrie 2002, Gutzler et al. 2002, Sheppard et al. 2002, McCabe et al. 2008).  The 

insularized Madrean "Sky Island" mountains in southeastern Arizona provide oases of 

habitat types typical of more temperate latitudes.  These mountain ranges are a 

biodiversity hotspot of high conservation value in the American West (Spector 2002, 

Coblentz & Ritters 2004).  Increased wildfire potential (Brown et al. 2004) and rapid 

upslope transitions of vegetation communities associated with climate change (Allen & 

Breshears 1998, Kelly & Goulden 2008), may result in the severe degradation or loss of 

these upland habitats.  However, the majority of research on bird migration in this 

region has focused on lowland riverine riparian systems (e.g. Terrill & Ohmart 1984, 

Finch & Yong 2000, Skagen et al. 2005, McGrath et al. 2009), whereas upland and 

montane areas have received relatively little attention, despite recognition over 25 

years ago that they constitute important stopover habitats for a diversity of migratory 

bird species (Hutto 1985). 

Our goal was to examine spatiotemporal patterns of spring bird migration across 

large elevation gradients in the Madrean Sky Islands and their association with 

interannual variation in local weather conditions and global ENSO events.  We 

compared relative migrant abundance, timing of peak migration, and mean migration 
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date during three spring migration seasons among montane conifer, pine-oak, oak-

juniper, mesquite, and riparian habitats spanning 2150m elevation in three separate 

mountain ranges. 

Methods 

Study sites  

 The Madrean Sky Island Archipelago encompasses about 40 mountain isolated 

mountains between the Mogollon Rim in the United States and the northern Sierra 

Madre Occidental of northern Mexico (Warshall 1994).  Southeastern Arizona contains 

roughly twelve larger "Islands" exceed 2400m elevation.  We established upland study 

sites within three ranges in southeastern Arizona: the Santa Catalina, Huachuca, and 

Santa Rita Mountains.  Our riparian sites were located along reaches of Sonoita Creek, 

Tanque Verde Wash and the Santa Cruz and San Pedro Rivers (Fig. 1.1). 

Study design and habitat types  

We used a modified stratified-random sampling design to select bird survey 

locations.  First we reclassified landcover based into five broadly defined habitat types 

based on predominant canopy and sub-canopy tree species from vegetation 

classifications in Whittaker & Niering (1964), NatureServe (Comer et al. 2003) and 

Southwest ReGAP (Lowry et al. 2005): riparian, mesquite, oak-juniper, pine-oak, and 

montane conifer.  Common tree species in these habitats include Fremont cottonwood 

(Populus fremontii) and Gooding's willow (Salix gooddingii) in riparian habitat, velvet 

mesquite (Prosopis vetulina) in mesquite, Arizona white oak (Quercus arizonica), Emory 
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oak (Quercus emoryii) and alligator juniper (Juniperus depeanna) in oak-juniper, 

ponderosa pine (Pinus ponderosa), Apache pine (Pinus engelmannii) and silverleaf oak 

(Quercus hypoleucoides) in pine-oak, and Douglas fir (Pseudotsuga menziesii), white fir 

(Abies concolor), and southwestern white pine (Pinus strobiformis) in montane conifer 

habitat. 

For upland habitats (non-riparian), we next demarcated polygons of contiguous 

habitat large enough to contain a point count transect (Reynolds 1980) that was at least 

1.5km long and 500m from all boundaries.  We then randomly selected "seed" points 

within the two largest polygons of each habitat type in each mountain range and 

created 1-2 transects of 8-12 points.  Due to the numerous large cliffs and deep canyons 

in this region, many of our randomly selected points were not accessible; therefore we 

moved individual points or entire routes to the nearest trail, road, or accessible terrain 

where possible.  This resulted in 40% of points being located on trails or small forest 

service roads.   Transects in riparian sites were comprised of 12-17 points and followed 

the main waterway.  Riparian transects began where vehicle access points were 

available.  We established 50 total upland and riparian transects comprised of 465 count 

points.  A team of five trained biologists simultaneously surveyed a "set" of five habitat 

types each day.  We surveyed each transect 4-7 times between 10 March and 15 May 

2009-2011. 
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Climate 

To assess interannual variation in climate among the years of our study, we first 

acquired daily weather data for winter (December-March) from 48 local weather 

stations (NOAA 2012a, Western Regional Climate Center 2012) in southeast Arizona 

ranging from 665m to 2512m elevation (Fig. 1).  The weather variables that we assessed 

were minimum air temperature, precipitation, and snow depth. We classified each year 

of our study as El Nino (wet), La Nina (dry), or ENSO "neutral" based on Oceanic Nino 

Index (ONI) values provided by the National Oceanic and Atmospheric Association 

guidelines (NOAA 2012a,b). 

Bird focal species 

We classified bird species as all migrant species combined (92 Species, Appendix A), 

long- (42 species) and short-distance (50 species) migrants, which often display 

differential responses to environmental change (Butler 2003, Jenni & Kery 2003, Marra 

et al. 2005, Jonzén et al. 2006), hummingbirds, which heavily rely on flower nectar 

resources during migration, and Empidonax flycatchers, which are aerial insectivores, 

and sparrows, which are generally ground foragers that consume seeds and insects 

(Table 1).  We excluded raptors, owls, caprimulgids, waterbirds, swifts, and swallows.   

We also assessed three individual foliage-gleaning insectivores, including hermit warbler 

(Setophaga occidentallis), a long-distance migrant that breeds in conifer forests of the 

Pacific Northwest (Pearson 1997), ruby-crowned kinglet (Regulus calendula), a short to 

moderate-distance migrant associated with temperate mixed-conifer breeding habitats 
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(Ingold & Wallace 1994); and Wilson's warbler (Cardellina pusilla), a long-distance 

migrant that breeds in moist northern latitude scrub habitats (Ammon et al. 1999).  All 

species we analyzed were in the order Passeriformes except hummingbirds in 

Apodiformes, two woodpecker species Williamson's Sapsucker (Sphyrapicus thyroideus) 

and Lewis' Woodpecker (Melanerpes lewis), in Piciformes, and Elegant Trogon (Trogon 

elegans: Trogoniformes). 

Analysis 

To examine interannual variation in climate, we used linear mixed-effects 

models (Crawley 2007) to test for differences in daily precipitation, minimum 

temperature above and below 2000m, and snowfall between years with weather station 

as a random variable.  We report winter climate conditions relative to that spring's 

migration season.  We classified each migration season as El Niño, La Niña, or neutral 

based on Southern Oscillation Index (SOI) values reported by NOAA (2012a). 

To assess spatiotemporal patterns of bird migration, we tested differences in 

mean relative abundance (mean birds per count point) using linear mixed-effects 

models with mountain range, year, habitat type, and survey period as fixed effects.  

Mountain range, habitat type, and survey route were hierarchically nested random 

effects.  We defined "peak migration" as the survey period(s) with the highest mean 

abundance.  Two-way interactions were tested between year and habitat type to 

examine interannual shifts in habitat use.   We further assessed temporal migration 

patterns between 2009 and 2010 with mean detection date across of a guild or species 
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as a dependent variable in linear mixed-effects models with year and habitat type as 

fixed effects and the same hierarchically nested structure of random effects as above.   

We ran Tukey's multiple comparison tests to examine individual factor levels.  All 

analyses were performed in R 2.15.0 (2012). 

Results 

Climate 

 The wettest year of our study was 2010, which was an El Niño and had the 

highest precipitation (mean+1SE, 1.8 + 0.1mm, t = 11.51, p < 0.0001) and snow depth 

(10.4 + 5.1mm, t =3.68, p < 0.001, Fig. 1.2).  2010 was also the coldest of the three years, 

at all elevations (0.88 + 0.07°C, t = 13.47, p < 0.0001) and above 2000m (-0.27 + 0.13°C, t 

= 7.94, p < 0.0001).  The driest year was 2011, a La Niña, with the lowest precipitation 

(0.3 + 0.04mm, t = 4.11, p < 0.001).  2009 was an ENSO "neutral" year with relatively 

average to low precipitation (0.5 + 0.04mm, Fig. 1.2). 

Migration patterns 

We found no difference in migrant abundance among mountain ranges (SC-HU: z 

= 2.6, p = 0.35, SR-HU: z = 1.42, p = 0.99, SC-SR: z =1.69, p = 0.99).  Therefore we 

considered mountain range only as a random variable in all subsequent analyses. 

All migrants 

Migrant abundance was lower in 2010 (mean + 1SE: 5.3 + 0.1 birds/point) than 

2009 (6.0 + 0.2) and 2011 (6.2 + 0.2, F= 13.64, df = 2, p<0.0001).  Abundance was greater 

in riparian than all other habitat types (z = 8.58, p < 0.0001, Fig. 1.3a).  There was also a 
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year by vegetation type interaction (F = 4.79, df = 8, p < 0.0001) with abundance in 

riparian habitats lower in 2010 (4.3 + 0.2, F = 14.54, df = 2, p < 0.0001) than 2009 (5.0 + 

0.2) or 2011 (5.1 + 0.2).  Similarly, abundance in montane conifer was lower in 2010 (2.8 

+ 0.2) than 2009 (4.7 + 0.7, z = 7.13, p < 0.01) and 2011 (4.1 + 0.4, z = 7.36, p < 0.03).  

Peak abundance generally occurred during the last three survey periods beginning 21 

April (z = 16.3, p < 0.001).    Across all habitat types, mean detection date was nearly 

identical in 2009 (mean day of year + 1SE: 108.02 + 0.14) and 2010 (107.99 + 0.15, F = 

0.78, df = 1, p = 0.38).  However, an interaction existed between year and habitat type (F 

= 92.16, df = 8, p < 0.0001).  Mean detection date of migrants in montane conifer 

habitat was more than a week later in 2010 (115.88 + 0.44, z = 11.61, p < 0.01, Fig. 1.4) 

than 2009 (108.35 + 0.34) whereas in riparian habitat it was nearly five days earlier in 

2010 (104.85 + 0.24, z = 16.07, p < 0.01) than 2009 (109 + 0.56). 

Long-distance migrants 

Mean relative abundance of long-distance migrants was lower in 2010 (2.7 + 

0.14 birds/point) than 2009 (3.2 + 0.1) or 2011 (3.2 + 0.1, F = 10.57, df = 2, p < 0.001) 

and higher in riparian habitat (F = 30.35, df = 4, p < 0.01).  However there was a habitat 

type by year interaction (F = 2.42, df = 8, p < 0.02).  Abundance was lower in montane 

conifer habitat in 2010 than 2009 (z = 5.7, p < 0.01) and 2011 (z = 3.3, p < 0.06).  Peak 

migration occurred during the last three survey periods in late April and early May (z 

=14.31, p < 0.0001, Fig. 1.3b).  Mean detection date was similar between 2009 (110.96 + 

0.18) and 2010 (110.19 + 0.2, F = 0.07, df = 8, p = 0.79); however, there was an 



41 
 

interaction between habitat type and year (F = 37.4, df = 4, p < 0.0001).  In 2010, long-

distance migrants in montane conifer forest were detected over seven days later 

(121.79 + 0.46, z = 7.66, p < 0.001) than in 2009 (114.15+0.33), whereas mean detection 

date was over 2 days earlier in riparian forest in 2010 (106.22 + 0.29, z = 7.1, p < 0.001) 

than in 2009 (108.47 + 0.28, Fig. 1.4). 

Short-distance migrants 

Relative abundance of short-distance migrants was also lower in 2010 (2.6 + 0.7 

birds/point) than 2009 (3.0 + 0.1) or 2011 (3.1 + 0.1, F = 8.37, df = 2, p < 0.001).   

Abundance was greater in riparian than all other habitat types (z = 3.46, p < 0.01).  There 

was also an interaction between year and habitat (F = 3.37, df = 8, p < 0.001); lowest 

abundance was in 2010 in both montane conifer (z = 4.5, p < 0.01) and riparian habitats 

(z = 3.19, p < 0.1, Fig. 1.3c).  Peak migration was during the last three survey periods in 

late April and early May (z = 5.83, p < 0.001, Fig. 1.3c).  Mean detection date differed 

little between 2009 (105.21 + 0.1) and 2010 (105.71 + 0.21, F = 0.07, df = 1, p = 0.79) but 

a year by habitat type interaction existed (F = 37.4, df = 4, p < 0.001).   In 2010, short-

distance migrants were detected later in all upland habitat types by three to five days (z 

= 2.08, p < 0.05, Fig. 1.4).  In montane conifer habitat short-distance migrants were 

nearly 10-days later in 2010 (110.7 + 0.64) than in 2009 (100.94 + 0.58, z = 7.66, p < 

0.001) while they were over 9-days earlier in riparian habitat in 2010 (102.11 + 0.44) 

than in 2009 (111.2 + 0.32, z = 7.12, p < 0.001, Fig. 1.4). 
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Flycatchers 

Mean flycatcher abundance was different among years (F = 3.81, df = 2, p < 

0.03), with lower abundance in 2010 (0.02 + 0.01 birds/point) than 2009 (0.05 + 0.01) 

and 2011 (0.05 + 0.01, z = 2.3, p = 0.02).  Abundance was lowest in montane conifer 

(0.03 + 0.01, z = 2.73, p < 0.01) and greatest in mesquite (0.06 + 0.01, z = 2.03, p = 0.06), 

however an interaction between habitat type with year existed (F = 3.81, df = 2, p < 

0.03, Fig. 1.5a).   There was a difference among survey periods (F =13.06, df = 6, p < 

0.0001) with peak flycatcher migration generally occurring during the last three survey 

periods between 21 April and 15 May (z = 8.24, p < 0.001), especially in 2009.  There was 

no difference in the mean migration date between 2009 (day of year = 114.42 + 0.88) 

and 2010 (112.06 + 1.44, F = 0.0004, df = 2, p = 0.98) and only a moderate difference 

among vegetation types (F = 3.4, df = 4, p =0.08, Fig. 1.4).  However, there was an 

interaction between habitat type and year (F = 0.07, df = 2, p = 0.79) with flycatchers 

migrating through oak-juniper woodlands over six days later in 2010 (118.72 + 2.25) 

than 2009 (112 + 1.94, z = 2.77, p < 0.01), but migrating roughly seven and five days 

earlier in 2010 through riparian forest (107.66 + 2.24, z = 1.7, p = 0.08) and mesquite 

woodland (105.29 + 2.49, z = 2.01, p < 0.05) respectively than 2009 (riparian = 115.04 + 

1.53, mesquite = 110.73 + 2.15, Fig. 1.4). 

Hummingbirds 

 Mean relative abundance of hummingbirds was lower in 2011 (0.16 + 

0.02birds/point) than 2009 (0.24 + 0.02) and 2010 (0.3 + 0.02, z =3.28, p < 0.01).  
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Abundance was greater in mesquite (0.39 + 0.05) and riparian forest (0.39 + 0.04) than 

all other vegetation types (z =2.34, p < 0.05) and lower in montane (0.1+0.01) and pine-

oak forest (0.15 + 0.02, z =3.28, p < 0.01, Fig. 1.5b).  There was also habitat type 

interaction (F = 4.77, df = 8, p < 0.001).  Abundance was lower in 2011 in oak-juniper 

(0.17 + 0.04, z =4.1, p < 0.0001) and pine-oak habitat (0.07 + 0.02, z =3.44, p < 0.001) 

than both 2009 (0.37 + 0.04 and 0.14+0.03 respectively) and 2010 (0.37 + 0.03 and 0.22 

+ 0.03 respectively).  Hummingbird abundance was different among survey periods (F = 

29.12, df = 6, p < 0.0001); the greatest abundances occurred during the last two survey 

periods beginning 1 May (z = 7.29, p < 0.0001, Fig. 1.5b).  Mean detection date was  

earlier in 2010 (day of year= 107.71 + 0.54) than 2009 (109.39 + 0.67, F = 2.32, df = 1, p = 

0.13), but there was a  year by habitat type interaction (F = 11.57, df = 4, p < 0.0001); 

hummingbirds in riparian habitat migrated more than nine days earlier in 2010 (102.17 

+ 1.05) than 2009 (111.29 + 1.41, z = 5.6, p < 0.0001) while birds were more than six 

days later in mesquite in 2010 (108.62 + 1.19) than 2009 (102.17 + 1.32, z = 3.8, p < 

0.0001, Fig. 1.4). 

Sparrows 

 Sparrow abundance was lower in 2010 (0.1 + 0.02 birds/point) than 2009 (0.4 + 

0.1) and 2011 (0.4 + 0.1, z = 5.59, p < 0.001).  Sparrow abundance was lowest in oak-

juniper and montane conifer habitats (z = 9.87, p < 0.001) with only two individuals 

detected over all three years.  Migration generally peaked in survey period beginning 1 

May (z = 2.09, p = 0.06, Fig. 1.5c).  Mean detection date was earlier in 2010 (day of year 
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= 104.26 + 0.88) than 2009 (106.78 + 0.43, F = 5.42, df = 1, p < 0.05) and there was a 

habitat type interaction (F = 95.73, df = 2, p < 0.0001); mean migration date in riparian 

habitat was over 9-days earlier in 2010 (103.1 + 1.36) than 2009 (112.3 + 0.41, z = 9.59, 

p < 0.0001, Fig. 1.4).  In contrast, sparrows in mesquite habitat were over 10-days later 

in 2010 (103.86 + 1.1) than 2009 (93.21 +U 0.83, z = 6.25, p < 0.0001) and sparrows in 

oak-juniper were over 25-days later in 2010 (111.68 + 1.34) than 2009 (86.0 + 2.68, z = 

8.11, p < 0.0001). 

Hermit warblers 

 Hermit warbler abundance was lower in 2010 (0.02 + 0.01 birds/point) than 2009 

(0.15 + 0.05, z = 3.85, p < 0.001) or 2011 (0.16 + 0.04, z = 4.87, p < 0.0001, Fig. 1.6a).  Of 

the 691 total hermit warbler detections we recorded, over 97% were in montane conifer 

and pine-oak habitat; montane conifer had the greatest abundance across all years (z = 

3.86, p < 0.001).  Peak migration occurred between 21 April and 11 May (z = 4.19, p < 

0.0001).  Mean detection date was nearly 5-days later in 2010 (day of year = 120.35 + 

1.38) than 2009 (115.59 + 0.35, z = 2.01, p < 0.05) and hermit warblers in montane 

conifer were nearly 12 days later in 2010 (126.0+1.11) than in 2009 (114.98+0.42, F = 

5.35, df= 6, p < 0.0001, Fig. 1.4). 

Ruby-crowned kinglets 

 Ruby-crowned kinglet abundance was different among years (F = 6.81, df = 2, p < 

0.01), it was greater in 2009 (0.45 + 0.04 birds/point) than 2010 (0.31 + 0.03, z = 3.12, p 

< 0.01) and 2011 (0.36 + 0.04, z = 2.33, p < 0.06).  Abundance was also different among 
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habitat types (F = 11.65, df = 4, p < 0.01); it was greatest in montane conifer (z = 6.45, p 

< 0.001, Fig. 1.6b). There was a habitat type interaction (F = 3.99, df = 8, p < 0.0001) with 

abundance in montane conifer habitat greater in 2009 (0.81 + 0.0.15) than 2010 (0.26 + 

0.06, z = 2.07, p < 0.05) and 2011 (0.37 + 0.0.1, z = 3.32, p < 0.001) but lower in riparian 

in 2009 (0.14 + 0.03, z = 1.78, p = 0.07) than 2010 (0.31 + 0.06) and 2011 (0.31 + 0.1).  

Over all three years, kinglet abundance declined after 1 May (z = 7.07, p < 0.0001) and 

then again after 11 May (z = 11.05, p < 0.0001, Fig. 1.6b).  Mean detection date was later 

in 2010 (day of year = 98.35 + 0.57) than 2009 (93.01 + 0.47, F = 142.23, df = 1, p < 

0.0001, Fig. 1.4).  Migration date was later in montane conifer (98.66+0.69) and pine-

oak habitats (97.12 + 0.64) than all other habitat types (z = 1.03, p = 0.07, Fig. 6).  There 

was habitat type interaction (F = 19.18, df = 4, p < 0.0001); in 2010 mean detection date 

of kinglets was over 11-days later in montane conifer (109.02 + 1.5, z = 6.0, p < 0.0001), 

over 12-days later in pine-oak (109.02 + 1.5, z = 10.13, p < 0.0001), and nearly 12-days 

later in oak-juniper habitat (109.02 + 1.5, z = 8.51, p < 0.0001).  In contrast, kinglets 

were over 6-days earlier in riparian habitat (85.86 + 0.86, z = 2.77, p < 0.01, Fig. 1.4). 

Wilson's warblers 

 Wilson's Warbler abundance was lower in 2010 (0.12 + 0.01 birds/point, z = 5.3, 

p < 0.0001) than 2009 (0.22 + 0.02) and 2011 (0.24 + 0.02) and different among 

vegetation types (F = 24.6, df = 2, p < 0.0001).  Over 72% of 1167 Wilson's Warbler 

detections were in riparian habitat (z = 10.8, p < 0.0001).  There was a habitat type 

interaction (F = 8.27, df = 8, p < 0.0001) with Wilson's warbler abundance in mesquite 
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habitat greater in 2011 (0.4 + 0.11) than 2009 (0.17 + 0.03, z = 2.41, p < 0.02) and 2010 

(0.05 + 0.02, z = 4.92, p < 0.0001, Fig. 1.6c).  Peak migration occurred during the survey 

period starting 1 May (z = 13.77, p < 0.0001).  Migration date was earlier in 2010 (day of 

year = 117.18 + 0.76) than 2009 (119.24 + 0.3, F = 18.43, df = 1, p < 0.0001) and earlier in 

riparian (117.42 + 0.37) than all other vegetation types (122.66 + 0.48, Fig. 1.4).  There 

was also a habitat type interaction (F = 5.3, df = 4, p < 0.001); mean stopover date was 

over4-days earlier in riparian habitat in 2010 (114.08 + 0.91) than in 2009 (118.77 + 

0.35, z = 5.85, p < 0.0001) but over 5-days later in oak-juniper habitat in 2010 (127.43 + 

0.88) than 2009 (122.7 + 0.7, z = 2.23, p < 0.03, Fig. 1.4). 

Discussion 

 Our research represents one of the most spatially and temporally 

comprehensive observational studies on the distribution of bird migration in the 

southwestern United States.  While our research confirms the importance of riparian 

habitat (Skagen et al. 2005), we demonstrate that many species also use upland and 

montane habitats for migration stopover.  Species such hermit warbler may even 

ŎƻƴǎǘƛǘǳǘŜ ϦƳƻƴǘŀƴŜ ǎǇŜŎƛŀƭƛǎǘǎΦέ  IƻǿŜǾŜǊΣ ǘƘŜ ŀōǳƴŘŀƴŎŜ ƻŦ ƳƛƎǊŀƴǘǎ ŀƴŘ ǘƛƳƛƴƎ ƻŦ 

their migration is also strongly influenced by climate conditions associated with ENSO.  

Furthermore, our results highlight the importance of explicitly considering habitat type.  

For example, mean migration date alone for short-distance migrants was not different 

between 2009 and 2010, but when we considered timing in relation to habitat we see 
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that birds using upland habitats are migrating later, whereas those in riparian are 

earlier. 

The complex spatiotemporal migration patterns that we observed suggest at 

least three non-exclusive responses among migratory birds to variation in climate-

related stopover habitat condition in 2010: 1) adjustments in timing of migration (Marra 

et al. 2005, Gordo 2007, Van Buskirk et al. 2009); 2) elevational shifts among habitat 

types (Martin 2001); and, 3) geographic shifts in migration routes (Sutherland 1998). 

Adjustments in timing of migration 

 Later migration dates in upland habitats, especially montane conifer forest, and 

earlier dates in riparian areas in 2010 were associated with higher winter precipitation 

and snowfall and persistent cold minimum temperatures above 2000m.  At higher 

elevations, cold snowy conditions may have reduced the availability and abundance of 

invertebrate prey which is highly sensitive to temperature (Bale et al. 2002) forcing 

migrants to delay migration.  In contrast, increased precipitation in lowland riparian 

habitat may increase available plant and animal-based food resources (Hawkins and 

Holyoak 1998, Elzinga et al. 2010), allowing species such as insectivorous flycatchers and 

Wilson's warblers to advance their migration.  Earlier hummingbird migration in riparian 

and mesquite habitats in 2010 could also indicate earlier phenology and greater 

phenological synchrony with their nectar plants which may have flowering earlier 

(Russell et al. 1994, McKinney et al. 2012).  Detailed information on the phenology of 

plant and invertebrate food resources at stopover sites should be included in future 
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migration studies to better understand the direct and indirect impacts of climate on 

species demography (Miller-Rushing et al. 2010). 

Short-distance migrants demonstrated greater adjustments in the timing of 

migration than long-distance migrants.  Short-distance species may experience 

environmental conditions on their wintering grounds more akin to those at stopover 

and breeding sites and thus receive more accurate cues of how to adjust their migration 

timing (Butler 2003, Vegvari et al. 2010).  For long-distance migrants, conditions on 

wintering grounds may not be indicative of northern stopover or breeding areas (Ahola 

et al. 2004), a latitudinal decoupling which may be increasing with climate change 

(Fontaine et al. 2009, McKinney et al. 2012).  Whereas long-distance migrants may be 

constrained by arrival time on their breeding grounds (Both et al. 2005), our research 

suggests that at least some species of long-distance migrants can adjust the timing of 

migration. 

Elevational shifts among habitat types 

 During 2009, the ENSO neutral year, ruby-crowned kinglets were most abundant 

in montane conifer early in the season and nearly absent from riparian areas.  However 

during the cold snowy conditions of 2010, kinglets were absent from high-elevation 

habitats and abundant in riparian habitat.   The ability to shift habitats suggests 

flexibility in physiological tolerances, functional morphology (Bairlein 1992), foraging 

strategy (Strong 2000), or competitive ability (Moore & Yong 1991).  The phenotypic 

plasticity of a migratory bird may foster genetic change or increase population viability 
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(Price et al. 2003) and enhance its capacity to adapt to climate change (Yeh & Price 

2003, Bradshaw and Holzapfel 2006, Charmenteir et al. 2008).   The greater the habitat 

specialization of a bird species, especially for those which use rare or isolated habitats 

such as high elevation forests of the Madrean Sky Islands  (Sekercioglu et al. 2008), 

could indicate species with a greater risk due to climate change, habitat loss, and 

functional homogenization of ecosystems (Moussus et al. 2010). 

Geographic shifts in migration routes 

 Despite changes in timing and habitat shifts, nearly all migratory bird groups and 

species we analyzed exhibited  declines in relative abundance in 2010, except 

hummingbirds which declined  in 2011 (Fig. 4b).  Annual survival probabilities of long-

distance migratory birds have been shown to fluctuate in relation to ENSO phenomena 

(Sillett and Holmes 2000).  However the rapid and dramatic patterns interannual 

patterns we observed, such as the 86% decline of Hermit warblers in 2010 and 

subsequent rebound in 2011, would be unprecedented and seem unlikely to be due to 

variation in survival and recruitment.  While survival may have played a role, we suggest 

that declines in 2010 across dozens of short and long-distant migrants suggest that birds 

followed alternate migration routes through other geographic areas, which has been 

observed in a wide diversity of migratory bird species (Sutherland 1998).  The benefits of 

relatively moderate longitudinal shifts in migratory pathways, for example toward the 

more Mediterranean climate of the west coast, could outweigh the costs of increased 
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migratory distance and later arrival on the breeding grounds if they encounter preferred 

high quality habitats and this behavior would be selected for (Johnson 2007). 

Conclusions 

Migration strategies and their response to climate variation likely involve 

different behavioral and evolutionary trade-offs (Whelan 2001, Ydenberg et al. 2002) 

occurring at different ecological and geographic scales.  Costs involve changes in 

competition (Moore & Yong 1991), predation risk (Fransson & Weber 1997), disease 

exposure (Altizer et al. 2011), metabolism, and physiological stress (Wikelski et al. 2003).  

Quantifying these costs to understand potential evolutionary consequences of climate 

change on migratory birds will ultimately require detailed information on habitat quality 

(Wood et al 2012), phenology of food resources (Jones & Cresswell 2010), and how 

different migration and stop-over strategies affect individual bird condition and 

ultimately survival and productivity. 

The spatiotemporal migration patterns we observed within the Madrean 

Archipelago highlight the necessity of maintaining large geographic expanses that retain 

a sufficiently diverse mosaic of habitat types and ecological communities on the 

landscape (Petit et al. 1995, Petit 2000).  Climate change is affecting the broad diversity 

of habitat types that migratory bird depend on within temperate breeding grounds 

(Both et al. 2005, Elwood et al. 2010), mid-latitude and tropical wintering areas (Norris 

et al. 2004, Gordo et al. 2005) and stopover sites (Marra et al. 2005, Barlein & Hüppop 

2004).  The conditions experienced in any of these habitats can have carry-over effects 



51 
 

to other periods of the avian life cycle which can ultimately affect productivity and 

survival (Marra et al. 2005).  Therefore, detailed information on distributional patterns, 

habitat use, and climate-driven habitat condition for migratory birds in all phenological 

stages is increasingly critical for conservation planning and management.  Furthermore, 

migratory birds seasonally increase regional and local species diversity and can benefit 

ecosystem function (Moguel & Toledo 1999) and provide ecosystem services 

(Kellermann et al. 2008).  Therefore, expanding our knowledge of the migratory bird 

ecology is a priority for biodiversity conservation as well (Petit et al. 1995, Böhning-

Gaese and Lemoine 2004, Sillett et al. 2000). 
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Tables 

Table 1.1. Migratory bird species that comprise guilds used in analyses of patterns of 

bird migration in the Madrean Sky Island Mountains of southeastern Arizona during 

spring, 2009-2011. 

 

Guild Common name Scientific name 

Flycatchers Hammond's Flycatcher Empidonax hammondii 
 Dusky Flycatcher Empidonax oberholseri 
 Gray Flycatcher Empidonax wrightii 
Hummingbirds Broad-billed Hummingbird Cynanthus latirostris 
 Rufous Hummingbird Selasphorus rufus 
 Broad-tailed Hummingbird Selasphorus platycercus 
 Black-chinned Hummingbird Archilochus alexandri 
 Anna's Hummingbird Calypte anna 
 Costa's Hummingbird Calypte costae 
Sparrows Lark Sparrow Chondestes grammacus 

 Chipping Sparrow Spizella passerina 
 Brewer's Sparrow Spizella breweri 
 Vesper Sparrow Pooecetes gramineus 
 Green-tailed Towhee Pipilo chlorurus 
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Figures 

 

Figure 1.1. Map of the study region depicting migratory bird point count survey 
locations (white dots) and ground-based weather stations (white flags) in three 
Madrean Sky Island Mountain ranges and along two river corridors of southeastern 
Arizona, USA. 
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Figure 1.2. a) Mean daily precipitation and minimum temperature across all elevations 
and above 2000m and b) mean daily snow depth during winter months (December-
March) from NOAA (n = 41) and WRCC (n = 7) weather stations in the southeastern 
Arizona, USA. 
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Figure 1.3. Relative abundance (mean birds per point) of (a) all 92 migrant species, (b) 
long-distance migrants, and (c) short-distance migrants within five habitat types during 
seven survey periods between 10 March and 15 May, 2009-2011 in the Madrean 
Archipelago, Arizona, USA.  Habitat types were montane conifer forest (solid black), 
pine-oak (solid gray), oak-juniper (black dots), mesquite (black dash), and cottonwood-
willow riparian woodland (gray dots). 
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Figure 1. 4. Mean day of year (+1 SE) focal migratory bird guilds and species were 
detected (migration date) during point-line transect surveys conducted within five 
habitat types, montane conifer forest(MC), pine-oak (PO), oak-juniper (OJ), mesquite 
(ME), and cottonwood-willow riparian woodland (RI), during seven survey periods 
between 10 March and 15 May, 2009-2011 in the Madrean Archipelago, Arizona, USA. 
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Figure 1.5. Relative abundance of (a) three Empidonax flycatcher species, (b) six 
hummingbird species and (c) five sparrow species (Table 1) within five habitat types 
during seven survey periods between 10 March and 15 May, 2009-2011 in the Madrean 
Archipelago, Arizona, USA.  Habitat types were montane conifer forest (solid black), 
pine-oak (solid gray), oak-juniper (black dots), mesquite (black dash), and cottonwood-
willow riparian woodland (gray dots). 
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Figure 1.6. Relative abundance of (a) Hermit Warbler (Setophaga occidentalis), (b) 
²ƛƭǎƻƴΩǎ ²ŀǊōƭŜǊ όCardellina pusilla) and (c) Ruby-crowned Kinglet (Regulus calendula) 
within five habitat types during seven survey periods between 10 March and 15 May, 
2009-2011 in the Madrean Archipelago, Arizona, USA.  Habitat types were montane 
conifer forest (solid black), pine-oak woodland (solid gray), oak-juniper woodland (black 
dots), mesquite (black dash), and cottonwood-willow riparian forest (gray dots). 
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CHAPTER 2.  BIRD MIGRATION AND LANDSCAPE POST-FIRE MOSAICS: MIGRATORY 
INSECTIVORES IN FOREST AND WOODLAND HABITAT OF THE MADREAN ARCHIPELAGO, 

ARIZONA, USA 

Abstract 

Distributions of wildlife populations are influenced strongly by landscape habitat 

patterns.  Fire is one of the most important forms of such disturbances shaping habitat 

mosaics in the American west.  Avian communities show a wide range of responses to 

fire dynamics such fire severity and time since fire.  However, most research has focused 

only on the impact of fire on birds during the breeding season.  Migration is a critical 

period of the annual life-cycle when mortality can be high.  We sampled the relative 

abundance of two bird guilds (foliage-gleaning insectivores and flycatchers) at 293 point 

count locations during spring migration in burned and unburned areas of oak-juniper, 

pine-oak, and montane-conifer habitats in three Madrean Sky Island mountain ranges of 

southeast Arizona from 2009-2011.  At points within burned areas, we analyzed the 

relative abundance of bird guilds in relation to fire severity, TSF, and habitat type with 

linear mixed-effects models and conditional inference tree models.  Although there was 

no significant differences in guild abundance between burned and unburned points, bird 

abundance was highly dependent on fire severity, TSF, habitat type, and their 

interactions.  Foliage-gleaning insectivores were most abundant in more recent (<4-year 

old) high severity burns and in montane conifer habitat, whereas flycatchers were more 

abundant in older (>6-year old) low and moderate severity burns and oak-juniper 

woodlands.  Foliage-gleaner abundance in high severity burns and montane conifer 
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habitats was greater than would be expected given the relative rarity and low 

proportional availability of suitable habitat on the landscape.  Differential results 

between guilds may be partially due to the phenological stages of their primary prey 

and how impacts of fire at different scales affect foraging success.  Decades of fire 

suppression, drought, and climate change in the Southwest may be increasing the 

prevalence of large high severity fires which could have complex effects on bird 

communities.  Additional research on the relative composition and extent of both fire 

and vegetation mosaics in aridland forests will help guide fire and wildlife management 

in this important ecological region and in the southwest. 

 

Introduction 

 Animals often utilize different habitats as they progress though their annual 

cycle.  As a consequence, their spatial and temporal distribution, as well as their 

management and conservation are linked intimately with the mosaic of habitats across 

the landscape (MacArthur and MacArthur 1961, Weins et al. 1993, Law and Dickman 

1998).  Disturbance events are critical drivers of ecological and landscape dynamics 

(Turner 2010) that create heterogeneous patterns in ecological communities through 

the disruption of ecological structure and process (Turner 1989, Collins 1992).   

 Fire is among the most important disturbance mechanisms shaping landscape 

heterogeneity in the North American west (Turner et al. 2009, Haire & McGarigal 2010, 

MacKensie et al. 2011).  Fostering a complex patch mosaic (Turner 2010) of short and 
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long-term landscape patterns of vegetation structure, species composition, and age-

class distribution (Agee 1998, Beaty & Taylor 2001, Kashian et al. 2006), fire dynamics 

can cascade throughout ecological communites (Romme et al. 2011).  In turn, fire 

occurrence is influenced by characteristics of vegetation communities, topography, and 

environmental conditions such as drought (Westerling and Swetnam 2003, Schoennagel 

et al. 2007, De Angelis et al. 2012).  Historic fire regimes in the western United States 

have been affected by management and land-use activities such as fire suppression 

(Swetnam and Baisan 1996, Stephens and Ruth 2005), grazing (Madany and West 1983, 

Keeley et al. 2003), timber harvest, climate change (Brown et al. 2004, Westerling et al. 

2006, Fule 2008), and their interactions (He et al. 2002).  Wildland fire continues to be a 

high priority for natural resource and wildlife management policies in the U.S. (Stephens 

and Ruth 2005).  

 Birds, like many animal species (Huntzinger 2003, Fontaine and Kennedy 2012), 

are highly sensitive to changes in habitat composition, structure and food availability 

resulting from spatial and temporal variation in fire dynamics (Hutto 1995, Saab and 

Powell 2005), particularly fire severity and the amount of regeneration or succession 

that has occurred since a fire event (Smucker et al. 2005).  While fire severity and age  

can have  short and long-term impacts on the diversity, composition and abundance of 

bird communities (Haney et al. 2008, Nappi et al. 2010, Pons and Clavero 2010), effects 

vary depending on species' life histories (Saab and Powell 2005, Smucker et al 2005).  

Although the effects of fire on a wide range of avian species and guilds have been 
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studied, research has almost exclusively focused on the breeding season (e.g. Bock and 

Lynch 1970, Saab et al. 1998, Meehan and George 2003, Kotliar et al. 2007) neglecting 

other important periods of the annual life cycle.   

 Migration is a critical phase of avian phenology and can be a significant source of 

annual mortality for Neotropical migratory birds (Sillett and Holmes 2002).  Thus, 

understanding the ecology of migration is a priority for bird conservation and 

management (Moore et al. 1995, Donovan et al. 2002, Faaborg et al. 2010).  Small-

bodied passerines cannot complete migration in a single flight and must make regular 

stops to maintain fat reserves (Moore et al. 1995, Sandberg and Moore 1996).  The 

process of stopover habitat selection as birds end individual flight periods during 

migration likely follows a top-down hierarchical process (Moore and Aborn 2000, 

Chernetsov 2005) that is scale dependent.  This means that birds may take advantage of 

different cues of habitat quality as they approach and enter novel habitats (Buler et al. 

2007), which occurs repeatedly throughout migration (Moore et al. 1990, Parrish 2000).   

Quick location of habitats with sufficient food availability to maximize fat accumulation 

(Moore & Kerlinger 1987) while balancing costs of search time, competition, and 

predation (Moore and Yong 1991) is critical to successful migration.   

 Insects are the primary food resource for Neotropical passerine birds during 

spring migration (Moore and Yong 1991, Long et al. 2003).  Fire can have direct and 

indirect effects on insect populations (Swengel 2001, Kim et al. 2012).  Therefore, fire 

could have effects on both the structure and composition of the vegetation 
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communities in which birds forage, as well as the insect communities which comprise 

their prey.   

 Migratory passerines are often classified into guilds based on their foraging 

behavior (DeGraaf et al. 1985).  Two common insectivorous foraging guilds are species 

that acquire prey by gleaning from the surface of vegetation and aerial "flycatching" 

species which capture prey in flight (e.g. Williamson 1971, Martin & Karr 1986, Nebel et 

al. 2010).  These guilds show a mixture of responses to fire (Saab & Powell 2005, 

Smucker et al. 2005, Fontaine & Kennedy 2012) which may be associated with 

differences in their foraging habitat requirements (Robinson & Holmes 1982) related to 

the physiognomy of understory and overstory structure and post-disturbance seral 

stage development (Sallabanks et al. 2006).  Foliage-gleaning insectivores forage in a 

range of relatively dense vegetation associated with forest gaps and edge habitats 

created by disturbance events (Hutto 1980, Martin & Karr 1986, Kilgo 2005, Rodewald & 

Brittingham 2005, Moorman et al. 2012).  In contrast, flycatcher habitat is generally 

characterized by a more open understory and a more complete canopy that includes 

broad-leaf trees (Geboers & Nol 2009) although some species may benefit from 

increased understory and decreased overstory density on their breeding grounds (Kroll 

& Haufler 2007).  However, these habitat characteristics are primarily based on breeding 

season studies; birds' physiological and ecological requirements can vary seasonally and 

habitat associations during migration may depend on biogeographic aspects of the 

stopover (Dingle 2007, Buler & Moore 2011, Velky et al. 2011). 
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 Stopover habitat relationships remain poorly understood in general (Faaborg et 

al. 2010), especially in upland habitats of the American southwest, where the impacts of 

fire on birds is also lacking (Bock and Block 2005).  Wildfires of unprecedented size in 

Arizona in recent years (e.g. 2002 Rodeo-Chediski fire, 2011 Wallow fire) have 

emphasized the importance of understanding their ecological impacts on wildlife 

communities in arid regions where climate change is expected to increase drought 

conditions and fire potential (Westerling et al. 2006).  The isolated "Sky Island" 

mountain ranges of the Madrean Archipelago are a hotspot of biodiversity (Spector 

2002) containing fire-prone oak and conifer communities (Barton et al. 2001, Barton 

2002) that provide key migratory "stepping stones" between the Sierra del Madre of 

Mexico and ranges of the western U.S. such as the Rocky mountains and Sierra Nevada.  

Associations of birds and fire characteristics may vary across different vegetation 

communities, therefore studies of fire and bird habitat should be considered in an 

ecological context (Bagne & Purcell 2011). 

 Our goal was to examine relationships of birds during migration to the landscape 

post-fire mosaic among three upland forest and woodland habitat types.  We assessed 

the relative abundance of two insectivorous migratory bird guilds during spring 

migration over three years at unburned and burned locations that comprised a range of 

fire severities and ages in three "Sky Island" mountain ranges of the Madrean 

Archipelago in southeast Arizona, USA. 
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Methods 

Study sites and habitat types 

We established study sites within the Santa Catalina, Huachuca, and Santa Rita 

Mountain ranges in southeast Arizona, USA (Fig. 2.1).  We classified  three broadly 

defined forest and woodland stopover habitat types based on predominant canopy and 

sub-canopy tree species from vegetation classifications in Whittaker & Niering (1964) 

and Southwest ReGAP (Lowry et al. 2005): montane conifer, pine-oak, and oak-juniper.  

Representative tree species in these habitat types are Arizona white oak (Quercus 

arizonica), Emory oak (Quercus emoryi) and alligator juniper (Juniperus depeanna) in 

oak-juniper habitat, ponderosa pine (Pinus ponderosa), Apache pine (Pinus engelmannii) 

and silverleaf oak (Quercus hypoleucoides) in pine-oak habitats, and Douglas-fir 

(Pseudotsuga menziesii), white fir (Abies concolor), and southwestern white pine (Pinus 

strobiformis) in montane conifer habitat. 

Bird Surveys and migrant guilds 

 We used a crew of five trained biologists to survey migratory birds along point-

line transects or "point counts" (Reynolds 1991).  We established 38 transects 

comprised of 293 points, with 144 points in burned areas and 149 in unburned (Fig. 2.1).  

We proportionally sampled fire severities within burned areas (see Fire mosaics below) 

with 95 points in low severity, 37 in moderate, and 22 in high severity burns (MTBS 

2012).  We performed five-minute point counts and included all birds within 100m of 
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the point center.  We surveyed each point count transect four to seven times per year 

between 10 March and 15 May, 2009-2011.   

 We categorized a suite of 15 insectivorous migratory bird species into two guilds 

based on foraging behavior: gleaning insectivores and aerial flycatching insectivores 

(Table 2.1).  While the first guild was comprised of a variety of families, with many 

species that are often observed foraging in mixed-species flocks, the latter is comprised 

only of Tyrrannidae flycatchers (Table 2.1).  Guild assignment was based on diet and 

foraging information published in the Bird of North America (Poole 2005) and 

classifications in Saab and Powell (2005).   

Fire mosaic 

 To examine relationships between relative migratory bird guild abundance and 

fire we examined three variables at each point count location: (i) whether the location 

was burned or unburned since 1984, (ii) fire severity, and (iii) time since the fire (TSF) in 

years.  Spatially explicit data on fire severity and age were obtained from the Monitoring 

Trends in Burn Severity (MTBS) web portal (MTBS 2012, Eidenshink et al. 2007).  We 

sampled fire variables for only the most recent fire at each point.  Burned points were 

within the perimeters of four wildland fires (Fig. 2.1), Aspen (2003, 31127 ha), Bullock 

(2002, 12858 ha), Florida (2005, 6621 ha), and Oversite (2002, 857 ha).  Low, moderate, 

and high severity areas comprising 70%, 23%, and 7% respectively of the total combined 

area of these fires.  Fire severity at point count locations was initially determined by 
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sampling severity using Spatial Analyst in ArcMap 10 (ESRI 2011) and subsequently 

confirmed during bird surveys.   

Analysis 

 We performed all statistical analyses in R 2.15.1 (2012).  We assessed 

relationships between the relative abundance of migratory bird guilds and fire variables 

using linear mixed-effects (LME) models (lme in the nlme R package).  We first tested for 

differences in abundance between burned and unburned points with mountain range, 

habitat type, and point count transect as hierarchically nested random variables.  For 

the subset of all burned points, we examined patterns of migrant abundance for each 

guild with fire mosaic and landscape characteristics with fire severity, time since fire 

(TSF), and habitat type as fixed effects and mountain range and point count transect as 

random variables.  We used Tukey's tests with Bonferroni adjustments to make multiple 

comparisons of habitat type and fire severity factor levels. 

 In order to more intricately explore and intuitively present how fire variables and 

habitat combine and interact to affect the abundance of migratory bird guilds in a way 

that is more applicable to wildlife and fire management, we next entered the fixed-

effect variables from top models into conditional inference tree models (ctree function 

in the party R package), which use binary recursive partitioning and stop criterion based 

on multiple test procedures (Hothorn et al. 2006).  We applied the multiplicity adjusted 

p-values of Bonferroni tests with a minimum criterion of 0.95.  Terminal nodes in ctree 
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models include box plots that display the median, first and third quartiles, and 

maximum and minimum values.  

Results 

 We found no differences in relative migrant abundance per point between 

burned and unburned points for either foliage-gleaning insectivores (burned: mean + 

1SE=1.51 + 0.23 birds/point, unburned: 1.25 + 0.09, F = 0.5, p = 0.48) or aerial 

insectivores (burned: 0.05 + 0.01, unburned: 0.05 + 0.01, F = 1.57, p = 0.21).  However 

top LME and tree models for both guilds included fire severity and time since fire (TSF) 

as well as habitat type.  

 Relative foliage-gleaner abundance was greater in high severity (3.61 + 1.41 

birds/point) than moderate (1.9 + 0.17, t = 2.43, p < 0.02) or low severity burns (1.72 + 

0.12, t = 3.18, p < 0.01), which was disproportionate to the availability of these burn 

severities on the landscape (Fig. 2.2a).  Foliage-gleaners had a moderate negative 

correlation with TSF (F = 3.76, df = 1, p < 0.06) and an interaction of fire severity and TSF 

(F = 4.7, df = 2, p < 0.02) where abundance was greatest in 4-year old, high severity burn 

areas (7.85 + 3.05,), over 3x the abundance of the nest highest points in 4-year old 

moderate severity burns (2.51 + 0.39).  Abundance was also greater in montane conifer 

habitat (2.83 + 2.83, t = 2.11, p < 0.04) than both pine-oak (1.49 + 0.12) and oak-juniper 

(1.61 + 0.08) which was also disproportionate to their availability on the landscape 

(Figure 2.3a).  The conditional inference tree model for foliage-gleaners was similar to 

the LME model with binary splits at TSF and fire severity, but not for habitat type.  
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Median abundance of gleaning insectivores was greatest in 4-year old high severity 

burns (Fig. 2.4).   

 Flycatcher abundance was greater in low (0.23 + 0.02 birds/point) and moderate 

severity burns (0.19 + 0.04) than high severity burns (0.04 + 0.02, t = 2.49, p < 0.02) 

which was relatively proportionate to their availability on the landscape (Fig. 2.2b).  

While there was no correlation of flycatchers with TSF alone (F = 0.29, p = 0.59) there 

was an interaction with habitat type (F = 5.62, df = 2, p < 0.01), with the greatest 

flycatcher abundance in oak-juniper woodland that burned 6-years (0.48 + 0.04) to 4-

years ago (0.35+0.08).  There was a difference in flycatcher abundance among habitat 

types (F = 17.4, df = 2, p < 0.0001), with abundance in oak-juniper habitat (0.38 + 0.03, t 

= 2.85, p < 0.01) greater than pine-oak (0.11 + 0.02) and montane conifer (0.11 + 0.02), 

but this was relatively proportionate to the availability of these habitat types (Figure 

2.3b).  The tree model for flycatchers implemented binary splits in habitat type and fire 

severity, but not TSF (Fig. 4).  Median flycatcher abundance was greatest in oak-juniper 

habitat regardless of fire characteristics, whereas in montane conifer and pine-oak 

habitat, median abundance was greatest in low and moderate severity burns (Fig. 2.4). 

Discussion 

 Our research is one of the first studies to describe the relationships of migratory 

bird abundance with landscape post-fire mosaics across an elevational gradient of 

woodland and forest stopover habitat types.  Although we found no differences in bird 

abundance when points were simply classified as either burned or unburned, we 
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discovered a range of responses to fire severity and time since fire.  This reaffirms the 

importance of including pyrodiversity measures in studies of fire impacts on birds (Saab 

and Powell 2005, Smucker et al. 2005).  Vegetation structure and composition is a 

critical component of stopover habitat selection at multiple scales (Moore et al. 1995, 

Buler et al. 2007, Deppe & Rottenberry 2008), in turn vegetation follows landscape fire 

mosaics and reciprocally influences them (Blodgett et al. 2010, Ursino et al. 2010).  

Therefore, post-fire habitat characteristics as well as fire potential should be assessed in 

studies of stopover habitat where fire is an important driver of landscape diversity.   

 Although both of the foraging guilds we examined have primarily insectivorous 

diets, they responded differently to fire mosaics.  While the foliage-gleaning guild was 

most abundant in more recent high severity burns, flycatchers were more abundant in 

older low and moderate severity burns.  Perhaps the most important prey items for 

foliage-gleaning insectivores are herbivorous lepidopteran larvae or caterpillars (Moore 

and Young 1991, Greenberg 1995, Strong et al. 2000).  Foraging success of foliage-

gleaning insectivores is closely associated with fine-scale foliage structure, such as leaf 

petiole length, which affect birds' ability to physically reach prey (Robinson and Holmes 

1981).  In contrast, flycatchers are aerial insectivores that primarily capture arthropod 

prey during phenological stages capable of flight.  Flycatchers generally forage from an 

open perch where they visually locate prey and make aerial attacks, requiring relatively 

open larger-scale habitat structure for successful foraging (Davies 1977, Sakai and Noon 

1990).  Therefore, although fire severity and age influence both the composition and 
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structure of vegetation (Agee 1998, Beaty & Taylor 2001, Kashian et al. 2006) and the 

abundance and diversity of arthropods (Ferrenberg et al. 2006, Elia et al. 2011, Kim & 

Holt 2012), fire may be altering the accessibility and availability of prey items at 

different scales.  Furthermore, these guilds differ in the phenological stage of their focal 

prey.  Fire can influence plant phenology (Wrobleski et al. 2003, Paritsis et al. 2006, 

Jarrad et al. 2009) and thus may influence the phenology and synchrony of insect which 

could cascade throughout the ecosystem, affecting migratory birds (Both & Visser 2001, 

Jones & Cresswell 2009).   The extent to which these factors contribute to variation in 

migratory bird abundance at stopover sites is unclear and deserves closer study in a 

diversity of fire-prone habitats.   

 Differences in relative abundance of insectivore guilds among fire severities as 

well as habitat types are also important in light of their relative prevalence on the 

landscape.  High severity fire comprised only 7% of the burned area of the wildfires in 

which our bird survey points were located, yet abundance of foliage-gleaning 

insectivores was far greater at these points.  Likewise, foliage-gleaners were far more 

abundant in montane conifer and pine oak habitat compared to their relative rarity on 

the landscape, comprising only 3% and 8% of the vegetation landcover in our study area 

respectively (Lowry et al. 2005). Flycatchers did not show a difference in abundance 

between low and moderate severity burns; however, moderate burns comprised only 

23% of the burned landscape in our study while low severity represented 70%.  

Selection of these fire severities and vegetation types in disproportion to their 
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availability further suggests that these migratory bird guilds prefer these areas and that 

they provide high quality stopover habitat (Johnson 2007).  Therefore, studies of avian 

communities across fire and vegetation mosaics should consider abundance in relation 

to habitat availability. 

 While we detected an effect of TSF on both migratory bird guilds it is important 

to note that the shortest temporal span between fire occurrence at any of our bird 

survey points and the commencement of our study is four years.   We only assessed a 4-

7 year post-fire period and thus our TSF variable is constrained to a mid-successional 

phase.  Early successional phases during the first 1-3 years following a fire can be an 

ecologically dynamic period, particularly relative to the fire severity (Donato et al. 2008, 

Fontaine & Kennedy 2012, Marzona et al. 2012).  The immediate and direct effects of 

fire on soil nutrients, microorganisms, and plants influence post-fire succession of soil 

and vegetation communities (Hart et al. 2005).  Early post-fire dynamics have important 

implications for the physiognomy, composition, and food availability of bird habitat.  For 

example, in boreal forests, nest density and nest success of Black-backed woodpeckers 

(Picoides articus) was highest the year immediately following high severity fire and 

declined for 3-years post-fire (Nappi & Drapeau 2009) potentially due to the abundance 

of saproxylic insect larvae in snags (Nappi et al. 2010).  For cavity nesting Western 

Bluebirds, distinct dispersal phenotypes and range expansion strategies have evolved to 

track the pattern and process of the landscape fire mosaic as aggressive males seek 

recently burned areas with abundant snags and nest cavities (Duckworth 2008).  The 
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dynamics of migratory abundance and stopover habitat use during the first three years 

of post-fire succession may have unique dynamics that we have missed with this study.  

Future research should be planned to capture a more complete successional picture of 

post-fire dynamics at stopover locations across a range of habitat types and fire 

severities. 

 Another important consideration of the landscape fire mosaic is the size and 

distribution of fire severity patches (Haire & McGarigal 2010) and the distance of 

locations within fire perimeters to unburned or older seral stages (Smucker et al. 2005, 

Watson et al. 2012).  Although areas of high severity burn can provide important 

stopover habitat in Madrean oak and conifer woodlands and forests, some fires may 

have "too much of a good thing", threatening the maintenance of a complex mosaic of 

burn severities, ages, unburned areas, and vegetation communities important for a 

diverse avian community (Hutto 1985, Hutto 1995, Bock and Block 2005, Kirkpatrick et 

al. 2006, Conway and Kirkpatrick 2007).  Even for species such as the Black-backed 

Woodpecker which specializes on recent high severity fires, has its greater reproductive 

success in patches in closer proximity to unburned forest patches (Nappi & Drapeau 

2009).  Decades of fire suppression in southeast Arizona have altered the composition 

and diversity of the landscape's fire and vegetation mosaics (Swetnam and Baisan 1996, 

Iniguez et al. 2008), and along with climate induced drought (Westerling et al. 2006) and 

human development and land use, have resulted in of extensive catastrophic fires in the 

Sky Islands (Swetnam et al. 1999, Swetnam et al. 2001, Dickson et al. 2006).  
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 The total loss or conversion of habitat types from stand-replacing fires (Barton 

2002) along with upslope range shifts of upper elevation conifer forests being driven by 

climate change (Allen and Breshears 1998) may be threatening the already rare 

montane conifer forests of the Madrean Sky Islands and its biodiversity (Cunningham et 

al. 2002, Koprowski et al. 2005).  Although large high-severity fires may have been part 

of historic wildfire dynamics, they appear to have been relatively infrequent (Grissino-

Mayer & Swetnam 2000, Fule et al. 2003).  Our results further support the importance 

of restoring and maintaining a diverse mixed-severity fire mosaic (Covington et al. 2003, 

Haire & McGarigal 2010) across a range of ecological communities that occur along the 

elevational gradients of the Madrean Sky Islands.  Understanding how climate change, 

human land use, habitat types, and past fire regimes and management (Schoennagel et 

al 2004) will interact to affect future fire dynamics, landscape mosaics, and migratory 

birds will help guide management practices in southwestern forests.   
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Tables 

Table 2.1. Two guilds of insectivorous migratory bird species used to assess relationships 
of bird migration with the landscape fire mosaic in the Madrean Sky Island mountains of 
southeast Arizona, USA. 

Guild Species  

Foliage-Gleaning Plumbeous Vireo Vireo plumbeus 
 Cassin's Vireo Vireo cassinii 

 Blue-gray Gnatcatcher Polioptila caerulea 
 Ruby-crowned Kinglet Regulus calendula 
 Orange-crowned Warbler Oreothlypis celata 
 Black-throated Gray Warbler Setophaga nigrescens 
 Hermit Warbler Setophaga occidentalis 
 Townsend's Warbler Setophaga townsendi 
 Yellow-rumped Warbler Setophaga coronata 

Flycatchers Hammond's Flycatcher Empidonax hammondii 

 Dusky Flycatcher Empidonax oberholseri 

 Gray Flycatcher Empidonax wrightii 

 Cordilleran Flycatcher Empidonax occidentalis 

 Pacific-slope Flycatcher Empidonax difficilis 
 Ash-throated Flycatcher Myiarchus cinerascens 
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Figures 

 

Figure 2. 1. Maps of bird study sites and wildfire boundaries in the Madrean Sky Island 
Mountains of southeast Arizona, USA (star in inset).  We used point counts to sample 
birds during spring migration 2009-2011 within unburned (n=149) and burned (n= 144) 
areas of four fires (Aspen, Bullock, Florida, Oversite) in three mountain ranges (Santa 
Catalina, Santa Rita, Huachuca) near Tucson, AZ. 
 
 


























































































































































