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ABSTRACT

Distributionaland ecological dynamicg Neotropicalmigratory birds at stopover sites
where theymaintaincriticalfat reserveuring migrationremain poorlyunderstood in
North America aridlands | examired spatiotemporabbundaiceand timingof
migrantsrelative to 1)uplandand riparian habitats?) postfire landscapenosaicsand
3) phenological synchrony and overlap of migration wiiée floweringin southeastern
Arizona's Madrea\rchipelagq20092011) and4) abundancehabitat breadth, and
foraging substrateselative to tree flowering along the Colorado River in southwestern
Arizona and northwestern Sonora, Mexico (2(@®3) | exploredhesedynamics
relativeto localweather conditionsand ENifio Southern Oscillatin (ENSO) climate
phenomenaln Madrean habitats, myrantsshowedthree nonexclusivaesponses to
high precipitation, snowfall andlow minimumtemperaturesassociated withel Nifio in
2010;migration timingadjustments habitat shifts, andreduced abundncessuggesing
migrationroute shifts. Foliageglearing insectivore were most abundarih high
severityburns,disproportionate to theiravailability and decreased with time since fire
(TSE)flycatchers were mosabundant inlow-moderate severity and oreased with TSF
Migrant abundanceancreasedwith tree flowering. Renologicabverlap declined with
increasing diffeence intiming oftheseevents. Overlap wdswest in 2011 in riparian
habitatdue to low willow Galix godinggii) flowering, despitdighmigrant abundancge
but lowest in 2010 iCmmontane conifer despitehigh pollen cone production by Douglas
fir (Pseudotsuga meziesisuggestingamperaturelimitation of insectabundance at
high elevationsbut water limitation of plant phenologyt lower elevations.Along the
Colorado Rivemigrant abundance and habitat breadth hat/ersepositive and
negative gadratic relationshipsrespectively. Abundance increased with tree
flowering, but onlyin 2003during severe drought Habitat breadthricreasedwith
monsoonprecipitation Foragingsubstrate usdrackedflowering, shifting from willow

to mesquite(Prosopis 8.); the overlapcoinciced with peak abundance and narrowest
habitat breadth. Maintenance otdiversevegetation and posfire lands€ape mosaics
the Madrean Archipelagshouldbenefit migratory bird diversity. Floweringhenology
likely provideslargescalecues oflocatscalestopoverhabitat conditionassociated with
interannual climatic variationManagement and restoration afpland habitats and
large riparianwoody perennialsvill be criticalfor migratory bird conservatiom
aridlands.
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INTRODUCTION
Bird migration

Migratory bird species seasonatipverseextensiveatitudinaland ecological
gradients (Newton & Dale 1996nd climate conditions can vary dramatically among the
regions and habitats through which their migration routes crégsofa et al. 2004,

Cotton 2003Fontaine et al. 2009)Documentation opatial and temporal migration
patterns habitat use, and envanmental drivers is ammportant challenge for avian
conservation and management (Petitadt 1995 Petit 2000 Faaborg et al. 2010).

The migratoryperiod is a source of annual mortalitgrfmany smatbodied
passerine bird specigSillett & Holmes 2002Raxton et al. 2007and succedsl
migrationdependsheavilyon sufficientfat accumulation during stopover (Moore &
Kerlinger 1987, Moore & Yong 1991)he onditionsthat birds encounteiat stopover
sites can affect arrival time on breeding grountia(ra et al. 2005, Balbontin et al.
2009) and breeding success (Norris et al. 2004, Both et al. ;2008)birds' experience
during migration can have cargver effects that influence their overall fitness (Norris
2005) Therefore, information on the ptrns 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 abitat types that migratory
bird depend on within temperate breeding grounds (Both et al. 2005, Elwood et al.

2010), midlatitude and tropical wintering areas (Norris et al. 2004, Gordo et al. 2005)
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and stopover sites (Marra et al. 2005, Barlein@pbp 204). The condition of
stopover habitats and ability to refuel is strongly influenced by local, regional, and global
climate patterns (Strode 2003, Barlein and Huppop 2004, Gordo 2007),|imagec
change is critical concern fomigratory bird conserv#éon (Coppack & Both 2002,
Cotton 2003, Sekercioglu et al. 2008). The conditions experienced in any of these
habitats can have cargver effects to other periods of the avian life cycle which can
ultimately affect productivity and survival (Marra et 2005). Therefore, detailed
information on distributional patterns, habitat use, and climabeven habitat condition
for migratory birds in all phenological stages is increasingly critical for conservation
planning and management. Furthermore, migratbigds seasonally increase regional
and local species diversity and can benefit ecosystem function (Moguel & Toledo 1999)
and provide ecosystem services (Ketlann et al. 2008). ¥panding our knowledge of
the migratory bird ecology is a priority for bieérsity conservation as well (Petit et al.
1995, BhningGaese and Lenme 2004, Sillett et al. 2000However we lack basic
information on the impacts of annual climate variability @mroutemigrants (Gordo
2007). Evidence of how migratory birds resmbto 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 candition during the spring imountainous regions of America's desert

southwestis strongly influenced bipcalweatherduring the preceding winteand
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globalEl Nilo-Southern Oscillation (ENS@henomenaBrown & Comrie 2002, Gutzler
et al. 2002, Shepparet al. 2002. The insularized Madrean "Sky Island" mountains in
southeastern Arizona provide oases of habitat types typical of more temperate latitudes
andare a biodiversity hotspot of high conservation value in the American West (Spector
2002, Coblent& Ritters 2004) Rapid upslope transitions of vegetation communities
associated with climate change (Allen & Breshears 1998, Kelly & Goulden 2008)
however,may resultin the severe degradation or losstbese uplanchabitats. The
majority of research o bird migrationin this regiorhas focused on lowland riverine
riparian systems (e.g. Terrill & Ohmart 1984, Finch & Yong 2000, SkeaajeAG£5,
McGrath et al. 2009).
Migratory birds and posfire mosaics

Spatioemporalbird distributions and their maagement and conservaticare
closely tied tahe mosaic of habitats across the landscape (MacArthur and MacArthur
1961, Weins et al. 1998 aw and Dickman 19R8Disturbance events are critical drivers
of ecological and landscape dynamics (Turner 20i&)dreate 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 theNorth Ameican west (Turner et al. 2009, Haire & McGarigal 2010,
MacKensie et al. 2011).0$tering a complex patch mosaic (Turner 2010) of short and

longterm landscape patterns of vegetation structure, species composition, and age
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class distribution (Agee 1998, &g & Taylor 2001, Kashian et al. 2006E dynamics

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

occurrence is influenced by characteristiceoblogicacommunities, topography, and

environmental conditions such asought(Westerling and Swetham 200Schoennagel

et al. 2007, De Angelis et al. 2012 particular, egetation structure and composition

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

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

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

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

studies of stopoer habitat where fire is an important driver of landscape diversity.
Historic fire regimes in the western United States have befégctedby

management and landse activities such as fire suppression (Swetnam and Baisan

1996, Stephens and Ruth 2008§)azing (Madany and West 1988eeley et al. 2003

timber harvest, climate chang8&fown et al. 2004Westerling et al. 2006~ule 2008

and their irteractions (He et al. 2002). i\and fire continues to be a high priority for

natural resource and wilde management policiem 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 athtemporal variation in fire dynamics (Hutto 1995, Saab and

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

that has occurred sincafire event (Smucker et al. 2005). While fire severity and age
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can have short antbng-term impacts on the diversity, composition and abundance of
bird communities (Haney et al. 2008, Nappi et al. 2010, Pons and Clavero &3
vary depending on species' life histories (Saab and Powell 2005, Smucker et al 2005).
Although the efécts of fire on a wide range of avian species and guilds have been
studied,research has almost exclusively focusedtmbreeding season (e.g. Bock and
Lynch 1970, Saab et al. 1998, Meehan and George 2003, Kotliar et al. 2007) neglecting
other importantperiods of the annual life cyclearticularly migration when mortality
can be significant (Sillett et al. 2000, Paxton et al. 2007)

Perhaps the most important prey items for foliagkeaning insectivores are
herbivorous lepidopteran larvae or catetpils (Moore and Young 1991, Greeng
1995, Strong et al. 2000Fire 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 vegetatiorommunities in which birds forage, as well as the
insect communigs which comprise their preyroraging success of foliagieaning
insectivores is closely associated with fs@le foliage structure, such as leaf petiole
length, whichaffectsbirds' ablity 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 visaily locate prey and make aerial attacks, requiring relatively open
largerscale 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 vegettion (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
couldcascade 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 (weand 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 (Swetham et al. 1999, Swetnam et al. 20(Ksddiet 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, aggsurned 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 spechess the Blaek
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 fretandreplacing fires
(Barton 2002) along with upslope range shifts of upper elevation conifer forests being
driven by climate change (Allen and Breshears 1998y be threateningare montane
conifer forests of the Madrean Sky Islands and its biodivefSitynningham et al. 2002,
Koprowski et al. 2005). tAbugh largehigh-severity firesmay have been part of historic
wildfire dynamicsthey appear to have beerelatively infrequent GrissineMayer &
Swetnam 2000Fule et al. 2003)Restoring and maintiaing thediverse mixeeseverity
fire mosaic (Covington et al. 2003, Haire & McGarigal 20Hd)existsacross a range of
ecological communities along the elevational gradients of the Madrean Sky |séarls
understanding how climate change, human lane usabitat 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 phenolgy

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 ligy/cle of thousands of bird species globallyn (e
1996, Wilcove and Wikelski 2008). To sustain the physiological demands of migration,
each bird must acquire food resourcess routeduring their journey (Parish 2000), and
smallbodied Neotropical migtory passerineghat travel thousands of kilomets

between their wintering and breeding groundmustmake regular stopaoers to rest and
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feed to maintain sufficientat reserves (Moore et al. 1995, Sandberg and Moore 1996,
Guglielmo et al. 2005).

During their migratory journey, birds continuouglgcaunter novel habitas and
unpredictableenvironmental conditios as they engage in stopover eve(i¥oore et al.
1990, Parrish 2000). As birds make landfall at the end of an individual migratory flight
period, theyselect stopover sites through a tafown hierarchical process (Moore and
Aborn 2000, Chernetsov 20Q%dvancing from course to firesolution features (Buler
et al. 2007). The ability to quickly identibcatscale food availability (Paxton et al.
2008) based on habitat characteristics detdue at larger scales as birds approach
stopover sites would helthem to maximizefood acquisition andat accumulation
(Moore &Kerlinger 1987) while balamg search time cos{®oore and Yong 1991
Paxton et al. 2008

Emergence of insects, such apitopteran larvae¢an 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 harbed a greater abundance of preferred invertebrate
prey. This suggests that phenological information can be used to quickly assess
stopover habitat condition.Therefore, egetation phenology is a coarkabitat
characteristic that coulthe detected at muiple spatial tents (Turner et al. 2003),
potentially aiding birds in habitat selectiorhé state of vegetation phenology that a

bird encounters at a stopover site may indicate the potential abundan@eailability
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of insect prey Neotropical passermeely on as their primary food resource during
spring migratbn (Moore and Yong 1991

Information on plant phenology may also provide a reference point by which
changes in migration timing relative to environment throughthg birds' migratory
rangecan be measured (Visser and Both 2005). While some migratory passerines may
be able to track spatiotemporal variation in environmental conditiand resource
phenology across this rang8utherland 1998, Ahoket al. 2004, Marra et al. 2008he
timing of phenological eventamong trophic levelsuch as insect emergence and
migratory bird arrival habecome decoupled in many systenBoth & Visser 2001,
Mgller et al. 2008, Jones and CressWel10),especially wherlimate changenay be
havingdifferential impacts across latitudes biogeographic regiongontaine et al.
2009).

Climate change affesthe phenology of individual species and dismipt
synchronization of species interactions within and amoagmunities (Walther et al.
2002, Visser and Bo2005, Parmesan 2007). Phenological mismatches can have
import effects on many demographic factors (MiHeushing et al. 2010) including
population growth (Both et al. 2006). However the effects of climate change on species
phenology are not biogeograjcally 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, befoedtarb
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understanding of dynami¢@otential aynchronies, and the consequences oftatled
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 Urfitiedes (Seager et al.
2007) where the weather is strongly affected by Eid\bouthern Oscillation (ENSO)
phenomena (Gutzler et al. 2002, Garfin et al. 2007), although this pattern is more
variable during winter (Hoerlingnd Kumar 2002). Simultaneousbjlected cta 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
vulnerableand diversaegion.
Phenological Synchrony vs. PhenaabOverlap

Despite the recent interest and concern regarding the occurrence-oaled
phenological mismatches (Jones & Cresswell 2010), which refers to the disruption of the
"phenological synchrony”, the concept remains poorly defin@de topic isadditionally
confused by the use of the term "phenological overlap” (e.g. MRashing et al. 2010)
in studies of phenology. While closely related, these two concepts seem to have
important and ecologically meaningful distinctions.

Phenological syncbnyis primarily concerned with relationshijs 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 expess the measure of a given phenophase such as tree flowering or bird



25

presence relative to time. These include the onset and offgst and last date a
phenophase is observed), duratidkength d time between onset and offset), and
magnitude (haximum neasure of a phenophase on each dat&ogether these metrics
represent a response curythe distribution ofphenophasaneasurements over time
(Fig. I.1a). wo phenological response curves can thendx@ressed together for
comparisonfo revealaspectsof phenobgical synchrony and overlgMiller-Rushing et

al. 2010).The relationships of these response curves can also be compared among
different time periodqFig., I.1ab), for example to examine interannual variation
relative to changes in climata differences among habitat types within or among years
or seasons

In essence, phenological synchrasygoncerned with comparing two
distributions of phenological measurementsresponse curves using analytical
frameworks such as generalized lin@andels, mixeemodels, or regressionMean date
of phenophase occurrence can also be compared, as can the difference between the
two means. Again, the difference in event timing (Fig. 1.1) can be compared among
years, seasons, habitats, or species (MiReishing et al. 2010).

While the idea of phenological synchrony is relatively strafghtard,
phenological overlap is more confusing. Althoughtdren "overlap" is used oftem
phenological studiege.g. MarinheFilho 1991, Stevenson et al. 200®Gethauser et al.
2001) it typicdly refersto overlapof two phenological eventm time only, i.e. the

dimensionality is limited téhe xaxis Fi. 1.]. However the overlap of two distributions
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can be considered in the dimensions of thend yaxes. The boundary of the region of
overlap is defined by whichever phenological response curve has the lower phenological
measurement value at each point in timedyis, Fig. 1.1). Overlap calculated in this
manner, incorporates both the duration of time awehich 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 overlapnstitutes a more ecologically meaningful
measure astiaccounts for bth the temporal ceoccurrence of two phenophasés-
axis)as well as theimagnitude(y-axis).

It is important to consider the entire response curve and both phenological
synchrony ad overlap in comparative studies of phenological relationshipe
response curvef two phenological events for example, colblle normal distributions
in one year or location (Fig. I.1a) and skewed in a subseaetmf observationgFig.
l.1b). @set, offset, and magnitudeanchange (Fig. 1bi) response to a variety of
environmental factors such as climate, resources availability, and species interactions
(Freeman et al. 2003, Elzinga et al. 20@F)ganisms 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 flowerginouye et al. 2003)Furthermore, the abundance of organisms
can havamportant effectson the calculation of onset and offset values (MiRushing

et al. 2008 Miller-Rushing 2010 Thus, overlap alone mayot be sufficient to
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understand the phenological dynamics of a systéme entire responsewve should be
consideed and measures of event timing and individual phenophase magnitudes should
also be addressed.
Current study

| designed this study to investigate spatiotemporal and phenological patterns of
spring bird migration relative to wildfire disturbance and istenual 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 "Slgland" mountains in southeastern Arizona provide
oases of habitat types typical of more temperate latituddhese mountain rangese
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 largdslands" exceed 2400m elevatiowe
establisheduplandstudy sites withirthree ranges in southeastern Arizorthe Santa
Catalina, Huachuca, and Santa Rita Mountainsreased wildfire potential (Brown et
al. 2004) andapid upslope transitions of veggion communities associated with
climate change (Allen & Breshears 1998, Kelly & Goulden 20@&)resulin the severe

degradation or loss dhese uplanchabitats. However, the majority of research orirth
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migrationin this regiorhas focused on lowhd riverine riparian systems (e.g. Terrill &
Ohmart 1984, Finch & Yong 2000, Skagen et al. 2005, McGrath et al. 208@asvh
upland and montan@areashave receivedelativelylittle attention, despite recognition
over 25 years ago that they constitutaportant stopover habitats for a diversity of
migratory bird specieHutto 1985).

The lower Colorado River watershed includes a vast region of western North
Americg and the main river corridor sparseveralAmerican states and bridges the U.S.
and Mexio borderen routeto the Gulf of CaliforniaLike 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 a
2001, Bunn et al. 2002, Morrison 1999, Glenn et al. 200%yeasing 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 attd Smi
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¢.
loss ofstopover habitat is a principabncern in migratory bird conservatioma
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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(Skageret al. 1998; Skagen et al. 2005) where they are threatened by climate ehang
drought, human water use and resource extraction, development, invasive spaces,
grazing (Knopf et al. 1988, Busch and Smith 1995, Garfin et al. 2007;Gmpovila et
al. 2007). Understanding the habitat use of riparian areas along the ColBiaep

riparian corridor will help inform wildlife and resource management.
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Figure I.1. Conceptual models of phenological synchrony and phenological overap. X
axes represent time which could be days, monttrsyears and-axes repesent the
measure of some ph@phase such as the percent flowering of trees or the abundance
of migrants at a stopover site. Two distributions BAcould represent two species, the
same species at two locations, or differentguiophases of the same species. The
difference between mean A and B-f8 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 amaéng sets of distributiongnd may or may

not resultin changes in overlap
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CHAPTER BPATIOTEMPORAL PATTERNS OF BIRD MIGRATION AND INTERANNUAL
CLIMATE VARIATION ACROSS ELEVATIONAL GRADIENTS OF THE MADREAN

Abstract
Understanding distributional dynansof 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 Ureid States, especially in upldand montane habitats. Our
objectivewas 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 asciatal with global climate patternsWe surveyed
birds within montane conifer, pineak, oakjuniper, mesquite, and cottonwoodillow
habitats at 50 poidine transects across three mountain ranges. Winter weather
conditions and El Ro-Southern Osddtion 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, anmdgration timing among habitats and years
duringspring, 2002011. 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 HoNear, especially in montane
conifer habitat which had higenowfall and persistent belowreezing temperatures. In

2010, birds migrated later than 2009 in upland habitats but earlier in riparian habitat
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and shortdistance migrants had greater delays amtVances than longlistance
migrants. Hermit warblers were exclusively detected in montane conifer andgaike
habitat and their abundance was 87% lower in 2€4&h 2009. In contrast, ruby
crowned kinglets which used montane conifer and paorak habitas in 200Sshifted to
riparian habitats in 2010 and experienced only a 31% reduction. Hummingbird
abundance was lowest in 2011, a dry LAalNjear.We propose three nomxclusive
migratory responses to climatériven conditions at stopover sites; 1) adjurnt of
migration timing, 2) habitat type shifts, and 3) selection of alternate routes. Both short
and longdistance migrants appear able to adjust their migration timing. Maintaining a
landscape mosaic of riparian, upland, and montane habitats shouédgv®rity for
migratory bird conservation in the southwest.
Introduction

The gasonaMistribution of migratory speciesith biogeographically expansive
annual rangesan becomplex (Rubenstein and Hobson 20@&4E often poorly
understood (Faaborg et.a2010), and can be highly sensitive to climate variation and
change (Walther et al. 2002, Parmesan 20R6binson et al. 2008). iytatory bird
species seasonaltyaverseextensiveatitudinaland ecologicafiradients (Newton &
Dale 199% and climate coditions can vary dramatically amotige regions and habitats
through which their migration routes cro¢8hola et al. 2004Cotton 2003Fontaine et

al. 2009).Documernation of spatial and temporal migration patternhabitat use, and
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environmental drives is anmportant challenge for avian conservation and
management (Petit edl. 1995 Petit 2000,Faaborg et al. 2010).

The migratoryperiod isa sourceof annual mortality &r many smatbodied
passerine bird specigSillett & Holmes 2002, Paxton et 2007) and succedsl
migrationdependsheavilyon sufficientfat accumulation during stopover (Moore &
Kerlinger 1987, Moore & Yong 1991Jhe onditionsthat birds encounteiat stopover
sites can affect arrival time on breeding grounds (Marra et @528albontin et al.

2009) and breeding success (Norris et al. 2004, Both et al. ;200S)birds' experience
during migration can have cargver effects that influence their overall fitness (Norris
2005) Therefore, information on the patterns of migiat 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 amldus potential for birdgo refuel is
influencedstrongly by local, regional, and global climate patterns (Strode 2003, Barlein
and Huppop 2004, Gordo 200@nd dimate change is critical concern fomigratory
bird conservation (Coppack & Both 2002, Cotton 2003, Sekerciogl2€08)).

However we lack basic information on the impacts of annual climate variabilgpnon
route migrants (Gordo 2007)Evidence of how migratory birds respond to interannual
variation in local weather conditions and larger scale climate patternsatfatt

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 regios of America's desert southwest, spring stopover habitat
conditionis associated witHocalweatherduring the preceding winterWinter weather,
particularly precipitation, is in turn largely governedBlyNiio-Southern Oscillation
(ENSOphenomenathat couples the Pacific Ocean with atmospheric circulati@nown
& Comrie 2002, Gutzlet al. 2002, Sheppard et al. 2Q0@cCabe et al. 2008 The
insularized Madrean "Sky Island" mountains in southeastern Arizona provide oases of
habitat types typical of more temperate latitudeg hese mountain rangese a
biodiversity hotspot of high atservation value in the American West (Spector 2002,
Coblentz & Ritters 2004)ncreased wildfire potential (Brown et al. 2004) alagpid
upslope transitions of vegetation communities associated with climate change (Allen &
Breshears 1998, Kelly & Gould2®08) may resultin the severe degradation or loss of
theseuplandhabitats. However, he majority of research onital migrationin this
regionhas focused on lowland riverine riparian systems (e.g. Terrill & Ohmart 1984,
Finch & Yong 2000, Skagen et2dl05, McGrath et al. 2009), wireasupland and
montaneareashave receivedelativelylittle attention, despite recognition over 25
years ago that they constitute important stopover habitats for a diversity of migratory
bird speciesHutto 1985).

Our godwas 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 agidbalENSO events. We

compared relative migrarebundance, timing of peak migration, and mean migration
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date during three spring migration seasons among montane conifer;qakeoak
juniper, mesquite, and riparian habitats spanning 2150m elevatidhree separate
mountain ranges
Methods

Studysites

The Madrean Sky Island Archipelago encompaaiseat 40 mountain isolated
mountains between the Mogollon Rim in the United States andntbrighern Sierra
Madre Occidental of northern Mexico (Warshall 1994)utBeastern Arizona&ontains
roughly twelvelarger 'Islands” excee@400m elevation. We establishediplandstudy
sites withinthree ranges in southeastern Arizorthe Santa Catalina, Huachuca, and
Santa Rita MountainsOur riparian sites were located aloreaches of Sonoita Creek,
Tanque Verd&Vash and the Santa Cruz and San Pedro Rivers (Big. 1
Study design and habitat types

We used a modified stratifiecandom sampling design to select bird survey
locations. First wreclassifiedandcoverasedinto five broadly defined habitat types
basedon predominant canopy and sttanopy tree species from vegetation
classifications in Whittaker & Niering (196MptureServe (Comer et al. 20G8)d
Southwest ReGAP (Lowry et al. 200farian, mesquite, oakuniper, pine-oak, and
montane conifer Common tree species in these habitateludeFremont cottonwood
(Populus fremontjiand Gooding's willowSalix gooddigii) in riparian habitat, velvet

mesquite Prosopis vetulinain mesquite, Arizona white oa(ercus arizonigaEmory
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oak Quercus emaii) and alligator juniperJuniperus depeanfan oakjuniper,
ponderosa pineRinus ponderogaApache pineRinus engehannii) and silverleaf oak
(Quercus hypoleucoidem pineoak, and Douglafir (Pseudotsuga meziesi), white fir
(Abies concolgr and southwestern white pine Rinusstrobiformig in montane conifer
habitat.

For upland habitats (neniparian), we next demarcateplolygons ofcontiguous
habitat large enough to contain a point count transect (Reynolds 1980) that was at least
1.5km long ard 500m from all boundaries. We theandomly selectedseed" points
within the two largest polygons of each habitat type in each mountain range and
created 12 transects of 8L2 points Due tothe numerous large cliffs and deep canyons
in this region, may 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 resulted40% of pointdeing located orrails orsmall forest
serviceroads. Transects in riparian sites were comprisetRef7 pointsand followed
the main waterway. Riparian transects began where vehicle access points were
available. We establisheésD totaluplandand ripariantransects comprised of 465 count
points. A team of five trained biologists simultaneously surveyed a "set" of five habitat
types each day. We surveyed each transe¢ttdnes between 10 March and 15 May

20092011.
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Climate

To assess interannual variation in climate among the years of our stedfyst
acquired daily weather data for winter (Decembdarch) 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 varitiidésie 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 Atmospherici#&so
guideines (NOAA 2012a,b)
Birdfocal species
We classified bird speciesall migrant species combing@2 SpeciesAppendix A
long- (42 species) and shedistance(50 speciesiigrants, which often display
differential responses to environmental change f{Bu2003, Jenni & Kery 2003, Marra
et al. 2005, Jorén et al. 2006), hummingbirds, which heavily rely on flower nectar
resources during migration, arempidonaxlycatchers, which are aerial insectivores,
and sparrowswhich are generally ground foragettsat consume seeds and insects
(Table 1). We excluded raptors, owls, caprimulgids, waterbirds, swifts, and swallows.
We also assessed three individual foliageaning insectivoresncludinghermit warbler
(Setophaga occidental)isa longdistance migant that breeds in conifer forests of the
Pacific Northwest (Pearson 1997), rutrpwned kinglet Regulus calendujaa short to

moderate-distance migrant associated with temperate mixezhifer breeding habitats
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(Ingold & Wallace 1994); and Wilson's wiartCardellina pusillg a longdistance
migrant that breeds imoist northern latitude scrub habitats (Ammon et al. 1999). All
speciesve analyzedvere in the order Passeriformes excdptmmingbirds in
Apodiformes, two woodpecker species Williamson'psbaker $phyrapicus thyroidels
and Lewis' WoodpeckeMelanerpes lewis in Piciformesand Elegant TrogorT fogon
elegans Trogoniformes).
Analysis

To examine interannual variation in climate, we used linear meféetts
models (Crawley 2007) to tesdrfdifferences in daily precipitation, minimum
temperature above and below 2000m, and snowfall between years with weather station
as a randonvariable We report winter climate conditions relative to that spring's
migration season. We classified eachmaigpn season as Elfid, La Niia, or neutral
based on Southern Oscillation Index (SOI) values reported by NOA&)(2012

To assess spatiotemporal patterns of bird migration, we tested differences in
mean relative abundance (mean birds per count point) gigimear mixeeeffects
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) thighhighest mean
abundance. Twavay 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 gusidearies
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as a dependent variable in linear mixetfects 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 factotsleva|
analyses were performed in R 2.15.0 (2012).
Results

Climate

Thewettest year of our studyas 201Qwhich was an El Ro and had the
highest precipitation (meatlSE, 1.8 0.1mm,t = 11.51p < 0.0001) and snow depth
(10.4+5.1mm,t =3.68,p < 0001, Figl.2). 2010was also the coldest of the theeyears,
at all elevations (0.88 0.07°C,t = 13.47p < 0.000) and above 2000m@.27+0.13C
=7.94p < 0.000). The driest year was 2014 ,La Nia, with the lowest precipitation
(0.3+0.04mm,t = 4.11p < 0.001).2009was an ENSO "o#&al" yearwith relatively
average to low precipitation (0.50.04mm, Figl.2).
Migration patterns

We found no difference in migrant abundance among mountain rangesi{(8Z
=2.6,p=0.35 SRIU: z=1.2, p=0.99, SSRz=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 201 éan+ 1SE5.3+ 0.1 birds/point) than
2009 (6.0+0.2) and 2011 (6.20.2, F= 13.64, df = 2, p<0.0001). Abundance was greater

in riparian than all other habitat typeg £ 8.58 p< 0.0001, Fig. 1.3a There was also a
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year by vegetation type interactiofr € 4.79,df = 8,p < 0.0001) with abundance in
riparian habitatsdwer in 20104.3+0.2, F= 14.54df = 2,p < 0.0001) than 2009 (58
0.2) or 2011 (5.2 0.2). Similarly, abundance in montane conies lowerin 2010 (2.8
+0.2) than 2009 (4.%0.7,z= 7.13,p< 0.01) and 2011 (440.4,z= 7.36p < 0.03).
Peak abundance generally occurred during the last three survey periods beginning 21
April =16.3p<0.001). Across all habitat types, mean detection date was nearly
identical in 2009 (mean day of yead SE: 108.02 0.14) and 2010 (107.990.15,F=
0.78,df = 1,p= 0.38). However,manteractionexistedbetween year and habitat typd-=(
=92.16df=8,p< 0.0001). Mean detection date of migrants in montane conifer
habitat was more than a week later in 2010 (115t8844,z= 11.61p< 0.01Fig. 1.3
than 2009 (108.35 0.34) wtereasin riparian habitat it was nearly five days earlier in
2010 (104.85 0.24,z= 16.07p < 0.01) than 2009 (1090.56).
Longdistance migrants

Mean relative abundance of lordjstancemigrants was lower in 2012.7 +
0.14birds/point) than 2009 (3.2 0.1) or 2011 (3.2 0.1, F= 10.57df= 2,p < 0.001)
and higher in riparian habitaFE 30.35df = 4,p < 0.01). However there was a habitat
type by year interactionq= 2.42,df = 8,p < 0.02). Abundance wdower in montane
conifer habitat in 2010 than 2002 € 5.7,p< 0.01) and 2011%zE 3.3,p< 0.06). Peak
migration occurred during the last three survey periods in late April and early May (
=14.31p < 0.0001Fig. 1.3h. Mean detection date was silar between 2009 (110.96

0.18) and 2010 (110.1090.2,F= 0.07,df = 8,p = 0.79); however, there was
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interactionbetween habitat type and yeaFE 37.4,df = 4,p < 0.0001). In 2010, long
distance migrants in montane conifer forest were detectaer seven days later
(121.79+0.46,z= 7.66,p < 0.001) than in 2009 (114.13.33), whereasmean detection
date was over 2 days earlier in riparian forest in 2010 (106@229,z=7.1,p< 0.001)
than in 2009 108.47+0.28 Fig. 1.4
Shortdistancemigrants

Relative abundance of shedistance migrats was also lower in 2010 (2t®.7
birds/point) than 2009 (3.6-0.1) or 2011 (3.3 0.1, F=8.37,df = 2,p < 0.001).
Abundance was greater in riparian thalh@her habitat types (z = 3.46 < 001). There
was also amiteraction between year and habitaf € 3.37,df = 8,p < 0.001); lowest
abundance was in 2010 in both montane coniter @.5,p < 0.01) and riparian habitats
(z=3.19p< 0.1, Fig. 1.3c Peak migration was during the laéistee survey periods in
late April and early MayE 5.83p < 0.001Fig. 1.3t Mean detection date differed
little between 2009 (105.220.1) and 2010 (105.730.21,F= 0.07df= 1,p = 0.79) b
ayear by habitat type interactioaxisted(F= 374, df = 4,p<0.001). In 2010, shert
distance migrants were detected later in all upland habitat types by three to five days (z
=2.08p < 0.05, FiglL.4). h montane conifer habitashort-distance migrantsvere
nearly 10days later in 2010 (11040.64) than in 2009 (100.940.58, z = 7.6 <
0.001) whilethey were over Days earlier in riparian habitat in 2010 (102:40.44)

than in 2009 (111.20.32,z= 7.12,p < 0.001 Fig.1.4).
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Flycatchers

Meanflycatcher abundance watifferent among yees = 3.81df=2,p<
0.03), withlower abundance in 2010 (0.320.01birds/point) than 2009 (0.050.01)
and 2011 (0.05-0.01,z=2.3,p=0.02). Abundance wéswnest in montane conifer
(0.03+0.01, z = 2.73 < 0.01) and greatest in mesquit@.Q06+0.01, z = 2.03 = 0.06),
howeveraninteractionbetweenhabitat type with yeaexisted(F= 3.81df=2,p<
0.03, Fig. 1.5a There was a difference among survey periédsl3.06,df = 6,p <
0.0001) with peak flycatcher migration generaltcarring during the last three survey
periods between 21 April and 15 May (z = 8j24,0.001), especially in 2009. There was
no difference in the mean migration date between 20a0ay of year 114.42+0.88)
and 2010 (112.06 1.44,F= 0.0004df = 2,p = 0.98) and only a moderate difference
among vegetation typed-€ 3.4,df = 4,p =0.08, Fig. 14 However, there wasma
interaction between habitat type and yedf£ 0.07,df = 2,p = 0.79) with flycatchers
migrating throughoak-juniper woodlands osr six days later in 2010 (118.¥2.25)
than 2009 (112 1.94,z= 2.77 p < 0.01) but migratingroughly seven and five days
earlierin 2010through riparian forest107.66+2.24, z= 1.7,p = 0.08) and mesquite
woodland (05.29+2.49 z= 2.01,p < Q05)respectivelythan 2009 (iparian =115.04+
1.53,mesquite =110.73+2.15, Fig. 1.4
Hummingbirds

Mean relative abundance of hummingbirdsis lowerin 2011 (0.6 +

0.02virds/point) than 2009 (0.24 0.02) and 2010 (0.80.02,z=3.28,p < 0.01).
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Abundance was greater in mesquite (0:80.05) and riparian forest (0.390.04) than
all other vegetation typesz(=2.34,p < 0.05)and lowerin montane (0.20.01) and pine
oak forest (0.15-0.02,2=3.28,p< 0.0] Fig. 1.5h There was also habitatfe
interaction = 4.77,df = 8,p < 0.001). Abundance was lower in 2011 in-pakper
(0.17+0.04,z2=4.1,p< 0.0001) and pineak habitat (0.04 0.02,z=3.44,p< 0.001)
than both 2009 (0.3# 0.04 and0.14+0.03 respectively) and 2010 (0.3D.03 and 0.22
+0.03 respectively) Hummingbird abundance wasfiérent among survey period$ €
29.12,df = 6,p < 0.0001); he greatest abundances occurreliring the last two survey
periods beginning 1 May € 7.29p < 0.0001 Fig. 1.5h Mean detectin date was
earlier in 2010day of year=107.71+0.54) than 2009 (109.3980.67,F=2.32df=1,p=
0.13), but there was gear byhabitat type interactionf= 11.57df = 4,p < 0.0001);
hummingbids in riparian habitat migratedhore than nine day earlier in 2010 (102.17
+1.05) than 2009 (111.291.41,z=5.6,p < 0.0001) while birds were more than six
days laterin mesquitein 2010 (108.62 1.19) than 2009 (102.1¥1.32,z= 3.8 p<
0.0001, Fig. 1.3
Sparrows

Sparrow abundance was lower 2010 (0.1 0.02birds/point) than 2009 (0.4
0.1) and 2011 (0.40.1,z=5.59p < 0.001). Sparroabundancewas lowesin oak
juniperand montane conifer habitat& = 9.87 p < 0.001) withonly two individuals
detected over all three years. Migian generally peaketh survey period beginning 1

May €= 2.09,p = 0.06 Fig. 1.5¢ Mean detection date was earlier in 20Hay of year
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=104.26+0.88) than 2009 (106.780.43,F=5.42df = 1,p < 0.05) and there was
habitattype interaction F= 95.73df = 2,p < 0.0001); rean migration date in riparian
habitat was over 9ays earlier in 2010 (103#1.36) than 2009 (112.80.41,z= 9.59,
p < 0.0001Fig. 1.4 In contrast, sparrows imesquite habitat were over 1@ays later
in 2010 (10386 +1.1) than 2009 (93.24U 0.83,z=6.25,p < 0.0001) and sparrows in
oakjuniper were over 25lays later in 2010 (111.681.34) than 2009 (86.62.68,z=
8.11,p < 0.0001).
Hermit warblers

Hermit warbler abundance was lower in 2010 (0#0201birds/point) than 2009
(0.15+0.05,z= 3.85p < 0.001) or 2011 (0.1:60.04,z= 4.87 p< 0.0001 Fig. 1.6p Of
the 691 total hermit warbler detections we recorded, over 97% were in montane conifer
and pineoak habitat; montane conifer had the greategiundance across all yearsH
3.86,p< 0.001). Peak migration occurred between 21 April and 11 Kay(19p <
0.0001). Mean detection date wagarly 5dayslater in 2010 day of year 420.35+
1.38) than 2009 (115.500.35,z= 2.01,p < 0.05)and hermit warblersn montane
coniferwere nearly 12 days later in 2010 (12610L1) than in 2009 (114.98.42,F=
5.35,df= 6,p < 0.0001 Fig. 1.3
Rubycrowned kinglets

Rubycrowned kinglet abundance was different among yeé&rs 6.81,df = 2,p<
0.01),it was greateiin 2009 (0.45% 0.04birds/point) than 2010 (0.3%0.03,z=3.12p

< 0.01) and 2011 (0.360.04,z= 2.33p < 0.06). Abundance wasdsodifferent among
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habitat types F= 11.65df = 4,p < 0.01); it was greatest imontane corfer (z= 6.45p
< 0.001 Fig. 1.6b). There washabitat type interactionk= 3.99,df = 8,p < 0.0001) with
abundance in montane conifer habitat greater in 2009 (G:®10.15) than 2010 (0.26
0.06,z=2.07p < 0.05) and 2011 (0.3#70.0.1,z= 3.2, p < 0.001)out lower in riparian
in 2009 (0.14+0.03,z= 1.78)p = 0.07) than 2010 (0.310.06) and 2011 (0.3£0.1).
Over all three years, kinglet abundance declined after 1 May7(07,p < 0.0001) and
then again after 11 MayE 11.05p < 00001, Fig. 1.6lh Mean detection date was later
in 2010 @ay of year 98.35+0.57) than 2009 (93.0£0.47,F=142.23df=1,p<
0.0001 Fig. 1.4 Migration date was later in montane conifer (98t669) and pine
oak habitats (97.12 0.64) thanall other habitat typesZ= 1.03,p = 0.07, Fig. 6). There
was habitat type interactionq= 19.18df = 4,p < 0.0001);n 2010 mean detection date
of kinglets was over tdlays later in montane conifer (109.82L.5,z= 6.0,p < 0.0001),
over 12days laer in pineoak (109.02+1.5,z= 10.13p < 0.0001), and nearly idays
later in oakjuniper habitat (109.02 1.5,z=8.51p < 0.0001). Irontrast, kinglets
were over 6days earlier in riparian habitat (85.88.86,z=2.77,p< 0.01, Fig. 1)4
Wilson's warblers

Wilson's Warbler abundance wésver in 2010 (0.12 0.01birds/point, z= 5.3,
p < 0.0001) than 2009 (0.220.02) and 2011 (0.240.02)and differentamong
vegetation typesK= 24.6,df = 2,p < 0.0001).Over 72% 01167 Wilson's Waller
detectionswere in riparian habitafz= 10.8,p < 0.000). There was a habitat type

interaction = 8.27,df = 8,p < 0.0001) withNilson's warbler abundance in mesquite
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habitat greater in 2011 (0.40.11) than 2009 (0.1¥0.03,z=2.41p < 0.03 and 2010
(0.05+0.02,z=4.92p < 0.0001 Fig. 1.6 Peak migratioomccurredduring the survey
period starting 1 MayzZ= 13.77p < 0.0001). Migration date was earlier in 20@@y( of
year =117.18+0.76) than 2009 (119.240.3,F= 18.43df=1,p < 0.00Q) and earlier in
riparian(117.42+0.37) than all other vegetation types (122.66.48, Fig. 1.1 There
was also a habitalype interaction &= 5.3,df = 4,p < 0.001); mean stopover date was
over4-days earlier in riparian habitat in 201014.08+ 0.91) than in 2009 (1187#4
0.35,z=5.85p < 0.0001) but overBays later in oakuniper habitat in 2010 (127.48
0.88) than 2009 (122.%0.7,z= 2.23p < 0.03, Figl.4).
Discussion

Our research represents one of the most spatiallg &gmporally
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 apldnd
montane habitats fomigrationstopover $ecies such hermit warblemay even
O2yaitAitdziS bY2ylalyS alLISOAIFIfAaGEDE | 26 S OSN.
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 shadigtance migrants was not different

between 2009 and 2010, but when we considered timing in relation to habitatege
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that birds using upland habitats are migrating later,ammsthose in riparian are
earlier.

The complex spatiotemporal migration pattertigat we observed suggest at
least three norexclusive responses among migratory birds to variation in climate
related stopover habitat conditiom 201Q 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 fonast
earlier dates in riparian areas in 2010 were associated with higher winter precipitation
and snowfall and persistent cold minimum tempaires 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, increasedgipitation in lowland riparian
habitat may increase available plant and anibased food resources (Hawkins and
Holyoak 1998, Elzinga et al. 20Jdl)owing species such as insectivorous flycatchers and
Wilson's warblers to advance their migration. lEesrhummingbird migration in riparian
and mesque habitats in 201@ould also indicate earlier phenology and greater
phenological synchrony with their nectar planthich may have flowering earlier
(Russell et al. 1994, McKinney et al. 2012). Detaiedmation 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 thdirect and indirecimpacts of climate on
species demography (MilldRushing et al. 2010).

Shortdistance migrantslemonstraed greater adjustments in the timing of
migration thanlong-distance migrants Shortdistance species may experience
environmental conditions on their wintering grounds more akin to those at stopover
and breeding sites and thusceive more accurate cues of how to adjust their migration
timing (Butler 2003, Vegvari et al. 2010). For ldigiance migrants, conditions on
wintering grounds may not be indicative of northern stopover or breeding areas (Ahola
et al. 2004), a latituthal decoupling which may be increasing with climate change
(Fontaine et al. 208, McKinney et al. 2012). Wherdasg-distance migrants may be
constrained by arrival time on their breeding grounds (Both et al. 2005), our research
suggests that at leasbme species of lonrdistance migrants can adjuste timing of
migration.

Elevational shifts among habitat types

During 2009, the ENSO neutral year, rabgwned kinglets were most abundant
in montane conifer early in the season and nearly ab$®m riparian areas However
during the cold snowy conditions of 2010, kinglets were absent from-&ligation
habitats and abundant inparian habitat The ability to shift habitats suggests
flexibility in physiological tolerances, functional morphology {Bi 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 noaté change (Yeh & Price
2003, Bradshaw and Holzapfel 2006, Charmenteir et al. 2008). The greater the habitat
specialization of a bird species, especially for thosekumse rare or isolated habitats
such as high elevation forests of the Madrean Slkants (Sekercioglu et al. 2008),
could indicate species with a greater rifke toclimate change, habitat loss, and
functional homogenization of ecosystems (Moussus et al. 2010).
Geographic shifts in migration routes

Despite changes in timing and habisdtifts, nearlyall migratory bird groups and
species we analyzed exhibited declines in relative abundance in 2010, except
hummingbirdswhichdeclined in 2011 (Fig. 4bAnnual sirvival probabilitieof long-
distancemigratory birdshave been shown téluctuate inrelation toENSO phenomena
(Sillett and Holme2000. Hbwever the rapid and dramatic patterns interannual
patterns we observed, such #se 86%decline ofHermit warblers irk010and
subsequent rebound i2011, would be unprecedented argeemunlikely to be due to
variation in survival and recruitmentWhile survival may have played a roles suggest
that declines in 2010 across dozens of short and-distant migrants suggest that birds
followed alternate migration routes through other gaaghic 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, cdwutweigh 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 ¢bmate variation likely involve
different behavioral and evolutionary tradefs (Whelan 2001, Ydenberg et al. 2002)
occurring at different ecological and geographic scales. Costs involve changes in
competition (Moore & Yong 1991), predation risk (Frams& 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 requiretdiled information on habitat quality
(Wood et al 2012), phenology of food resources (Jones & Cresswell 2010), and how
different migration and stogver strategies affect individual bird condition and
ultimately survival and productivity.

The spatiotempaal migration patterns we observed withthe Madrean
Archipelago highlighthe 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, Re2000). 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), Auatitude and tropical wintering areas (Norris
et al. 2004, Gordo et a2005) and stopover sites (Marra et al. 2005, Barleiniggép

2004). The conditions experienced in any of these habitats can haveosamreffects



51

to other periods of the avian life cycle which can ultimately affect productivity and
survival (Marra etk 2005). Therefore, detailed information on distributional patterns,
habitat use, and climatdriven habitat condition for migratory birds in all phenological
stages is increasingly critical for conservation planning and management. Furthermore,
migratary 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 priaty for biodiversity conservation as well (Petit et al. 1995hlng

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



Tables

52

Tablel.1. Migratory bird species that comprise guilds used in analyses of patterns of

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

spring, 20092011.

Guild

Common name

Scientific name

Flycatchers

Hummirgbirds

Sparrows

Hammond's Flycatcher
Dusky Flycatcher

Gray Flycatcher
Broadbilled Hummingbird
Rufous Hummingbird
Broadtailed Hummingbird
Blackchinned Hummingbird
Anna's Hummingbird
Costa's Hummingbird
Lark Sparrow

Chipping Sparrow
Brewer's Sparrow
Vesper Sparrow
Greentailed Towhee

Empidonax hammondii
Empidonax oberholseri
Empidonax wrightii
Cynanthus latirostris
Selasphorus rufus
Selasphorus platycercus
Archilochus alexandri
Calypte anna

Calype costae
Chondestes grammacus
Spizella passerina
Spizella breweri
Pooecetes gramineus
Pipilo chlorurus
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Figurel.1. Map of the study region depicting migratory bird point count survey

locations (white dots) and grouddlased weather stations (white flags) in three
Madrean Sky Island Mountain ranges and along two river corridors of southeastern

Arizona, USA.
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Figurel.2. a) Mean daily precipitation and minimum temperatuaeross all elevations

and above 2000m and b) mean daily snow degining winter months (December
March) from NOAA (n = 41) and WRCC (n = 7) weather stationssoutieastern
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Figure 13. Relative abundace (mean birds per point) of Xall 92 migranspecies, (b)
long-distance migrants, and Yshortdistance migrants within five habitat types during
seven survey periods between 10 Mamhd 15 May, 2002011 in the Madrean
Archipelago, Arizona, USAabitat types were montane conifer forest (solid black),

pine-oak (solid gray), oakiniper (black dots), mesquite (black dash), and cottonwood
willow riparian woodland (gray dots).
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Figurel. 4. Mean day of year{l SE) focal migratory bird guilds and species were
detected (migration date) during poifine transect surveys conducteudthin five

habitat typesmontane conifer forest(MC), pireak (PO), oajuniper (©OJ), mesquite
(ME), and cottonwoodvillow riparian woodland (RI3luring seven survey periods
between 10 March and 15 May, 202911 in the Madrean Archipelago, Arizona, USA.
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Figure 15. Relative abundance of #éhree Empidonaxlycatcher speciggb) six
hummingbird specieand(c) five sparrow spece(Table 1)within five habitat types
during seven survey periods between 10 March and 15 May,-2002 in the Madrean
Archipelago, Arizona, USHMabitat types were montane coniféorest (solid black),
pine-oak (solid gray), oakiniper (black dots), mesquite (black dash), and cottonwood
willow riparian woodland (gray dots).
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Figure 16. Relative abundance of Y&lermit Warblel(Setophaga occidentaligb)

2 A f 42y QaCaridilinapdsifipbiid @ Rubycrowned KingletRegulus calendu)a
within five habitat types during seven survey periods between 10 March and 15 May,
20092011 in the Madrean Archipelago, Arizona, U$kabitat types were montane
conifer forest (solid black), pireak woodland (solid gray), ogiltniper woodland (black
dots), mesquite (black dash), and cottonwewdlow riparian forest (gray dots).
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CHAFER 2BIRD MIGRATION AND LANDSEeABRH-IRE MOSAICS: MIGRATORY
INSECTIVORES IN FOREST AND WOODLAND HABITAT OF THE MADREAN ARCHIPELAC
ARIZONA, USA
Abstract
Distributions of wildlife populations are influenced strongly by landscape habitat
patterns. Fie 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 onthe impact of fire on birds during the breeding season. Migration is a critical
period of the annual lifeycle when mortality can be high. We sampled the relative
abundance of two bird guilds (foliaggeaning insectivores and flycatchers) at 293 point
count locations during spring migration in burned and unburned areas ofurager,
pine-oak, and montaneonifer habitats in three Madrean Sky Island mountain ranges of
southeast Arizona from 2008011. At points within burned arease analyzed the
relative abundance of bird guilds in relation to fire severity, TSF, and habitat type with
linear mixedeffects models and conditional inference tree models. Although there was
no significant differences in guild abundance between burned and unburned pbirds,
abundance was highly dependent on fire severity, TSF, habitat type, and their
interactions. Foliaggleaning insectivores were most abundant in more recentyear
old) high severity burns and montane conifer habitat, wheredlcatchers were me
abundant in olderX6-year old) low and moderate severity burns and -gakiper

woodlands. Foliaggleaner 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
suppressiondrought, and climate change in the Southwest may be increasing the
prevalence of large high severity fires which could hawaplexeffects on bird
communities. Additional research on the relative composition and extent of both fire
and vegetation mosaids aridland forests will help guide fire and wildlife management

in this important ecological region and in the southwest.

Introduction

Animalsoften utilize different habitats as they progress though their annual
cycle. As aconsequencetheir spatialand temporal distributionas well as their
management and conservatiare linked intimately with the mosaic of habitats across
the landscape (MacArthur and MacArthur 1961, Weins et al. 1B8®& and Dickman
1998. Disturbance events are critical drigasf 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 mecisams shaping landscape
heterogeneity in theNorth American west (Turner et al. 2009aire & McGarigal 2010,

MacKensie et al. 20)1 Fostering a complex patch mosaic (Turner 2010) of short and
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longterm landscape patterns of vegetation structure, speciesiposition, and age
class distribution (Agee 1998, Beaty & Taylor 2001, Kashian et al, 88®@ynamics
can cascade throughout ecologicommunites (Romme et al. 2011In turn, fire
occurrence is influenced by characteristics of vegetation comriasitopography, and
environmental conditions such as droudlYesterling and Swetham 200Schoennagel
et al. 2007 De Angelis et al. 20).2Historic fire regimes in the western United States
have beeraffectedby management and lardse activities suchs fire suppression
(Swetnam and Baisan 1996, Stephens and Ruth 2005), grazing (Madany and West 1983
Keeley et al. 2003timber harvest, climate changBrown et al. 2004Westerling et al.
2006 Fule 2008 and their ineractions (He et al. 2002). ilMand fire continues to be a
high priority for natural resource and wildlife management poliaethe U.S. (Stephens
and Ruth 2005).

Birds, like many animal species (Huntzinger 2003, Fontaine and Kennedy 2012),
are highly sensitive to changes in habitatmposition, 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 sincafire event ($nucker et al. 2005). While fire severity and age
can have short and loAgrm impacts on the diversity, composition and abundance of
bird communities (Haney et al. 2008, Nappi et al. 2010, Pons and Clavero &t}
vary depending on species' liféstories (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 focusedtmbreeding season (e.g. Bock and
Lynch 1970, Saab et al. 1998 &han and George 2003, Kotliar et al. 2007) neglecting
other important periods of the annual life cycle.

Migration is a critical phasef avian phenology and can be a significantirce of
annual mortality for Neotropical migratory birds (Sillattd Hdmes 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 reglkar
stops to maintain fat reserves (Moore et al. 1995, Sandberg and Moore 1986).
process otopoverhabitat selection as birds enddividualflight periods during
migration likelyfollows a top-down hierarchical procegdloore and Aborn 2000,
Chernetsov 2005)hat isscak dependent This means thatitils may take advantage of
different cues of habitat quality as thepproach and enter novélabitats (Buler et al.
2007) which occurs repeatedly throughout migrativioore et al. 1990, Parrish0R0)
Quick locaton of habitats with sufficient food availability to mamize fat accumulation
(Moore &Kerlinger 1987) while balancing costs of search time, competition, and
predation (Moore and Yong 1991k critical to successful migration

Insect are the primary food resource fdleotropicalpasserine birdsluring
spring migrationMoore and Yong 1991, Long et al. 2D08irecan havedirect and
indirect effects orinsect populationgSwengel 2001Kim et al. 2012 Therefore, fire

could have #ects on both the structure and composition of the vegetation
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communitiesin which birds forageas well as the insect communities which comprise
their prey.

Migratory passerines areften classifiednto guildsbased on their foraging
behavior(DeGraéet al. 1985).Two common insectivorous foraging guilds are species
that acquire preyoy gleaningrom the surface of vegetation and aerial "flycatching”
species which capture prey in fliglet.§. Williamson 197Martin & Karr 1986Nebel 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 irtheir foraging habitat requirement@Robinson & Holmes 198&)lated to
the physiognomy ofinderstory and overstory structurand postdisturbance seral
stagedevelopment(Sallabanks et al. 20Q6lroliagegleaning insectivore®rage in a
range ofrelatively dense vegetatioassociated witHorestgaps and edge habitats
created by disturbance eves(Hutto 1980, Martin & Karr 1986, Kilgo 206&%dewald &
Brittingham 2005Moorman et al. 2012)In contrast flycatcher habitat is generally
characterized by more open understorgnda more complete canopy that includes
broadleaf trees(Geboers & Na2009) 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 studiedyirds’ physiologidaand ecological requirements can vary seasonally and
habitat associations during migration may depend on biogeographic aspects of the

stopover(Dingle 2007, Buler & Moore 201\elky et al. 2011)
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Stopover habitat relationshipgemain poorly understooth generalFaaborg et
al. 2010), especially in upland habitats of the American southwest, where the impacts of
fire on birds is also lacking (Bock and Block 200hldfires of unprecedented size in
Arizonain recent yearge.g. 2002 Rode€@hediski fire2011 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 isolatéyg I'Sand"
mountain ranges of the Madrean Archipelago are a hotspot of biodiversity (Spector
2002) containing firgorone oak and conifer communities (Barton et al. 2001, Barton
2002)that providekeymigratory "stepping stones" between the Sierra del Madfe
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 teidies of fire and bird &bitat should be considered in an
ecological context (Bagne & Purcell 2011).

QOur goal was to examine relationships of birds during migratiiotihe landscape
postfire mosaic amonghree upland forest and woodland habitat types. We assessed
the relaive abundance of two insectivoroumigratory 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 sitesnd habitat types

We establishedstudy sites within the Santa Catalina, Huachuca, and Santa Rita
Mountain ranges in southeast Arizona, USA Ellj. We classified three broadly
defined forest and woodland stopover habitat types based on predominammaand
sub-canopy tree species from vegetation classificationg/hittaker & Niering (1964)
and Southwest ReGAP (Lowry et al. 2005): montane coniferoaikeand oakuniper.
Representative tree species in these habitat typesfmiezona white oak@uercus
arizonicg, Emory oakQuercus emoryiand alligator juniperJuniperus depeanfan
oak-juniper habitat ponderosa pineRinus ponderogaApache pineRinus agelmannii)
and silverleaf oakQuercus hypoleucoides pineoak habitats, and Douglds
(Pseudotsuga nmeziesi), white fir (Abies concolgr andsouthwestern white pine Rinus
strobiformig in montane conifer habitat.
Bird Surveys and migrant guilds

Weused a crew of five trained biologists to surveigratory 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 unburne@ @Big.
We proportionally sampled fire severities within burned areas (see Fire mosaics below)
with 95 mints in low severity, 37 in moderate, and 22 in high severity burns (MTBS

2012). We performedfive-minute point countsand included all birds whin 100m of
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the point center. We surveyeshch point count transect four to seven timpsr year
between 10March and 15 May, 2062011.

We categorized a suite db insectivorous migratory bird species into two guilds
based on foraging behavior: gleaning insectivores and dgréatchinginsectivores
(Table2.1). While the first guild was comprised ofariety of families, with many
species that are often observed foraging in mbspecies flocks, the latter is comprised
only of Tyrannidaeflycatchers (Tablé.1). Guild assignment was based on diet and
foraging information published in the Bird of Nor¥merica (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 variab$ at each point count location: (ihether the location
was buned or unburnedsince 1984(ii) fire severity, andjiii) 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.\2807).
sampled fire variables for only the most recent fire at each point. Burned points were
within the perimeters of four wildland fired=ig.2.1), Aspen (2003, 31127 ha), Bullock
(2002, 12858 ha Florida (2005, 662ia), and Oversite (2002, 857)haow, 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 2@14)tzsequently
confirmedduring 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 mixegffects (LME) mods (mein thenimeR 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, wexamined 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 tanséct as
random variables We used Tudy's testswith Bonferroni adjustmentso 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 abundandentigratory bird guildsn a way
that is more applicable to wildlife and fire management next entered the fixed
effect variables from top models into conditional inference tree modetieéfunction
in the party R packageWwhich use binary recursiv@artitioning and stop criterion based
on multiple test pr@edures (Hothorn et al. 2006). eMpplied the multiplicity adjusted

p-values of Bonferroni tests with a minimum criterion of 0.95. Terminal nodesar
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models include box plstthatdisplay themedian, first and third quartiles, and
maximum and minimum values.
Results

We found no differences in relative migrant abundance per point between
burned and unbirned points for either foliaggleaning insectivoregourned: mean+
1SE=1.51+ 0.23 birds/point, unburned: 1.25+ 0.09, F = 0.5,p = 0.48) or aerial
insectivores (burned: 0.0%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 simee fire (TSF)
as well adhabitat type.

Relative foliagegleanerabundance was greater in high severity (3#61.41
birds/point) than moderate (1.9-0.17,t = 2.43,p < 0.02) or low severity burns (1.#2
0.12,t = 3.18,p < 0.0), which was disproportionate to the availability of thdsan
sewerities on the landscape (Fig23). Foliagegleanershad a moderate negative
correlation withTSFRE= 3.76,df = 1,p < 0.06) and ainteraction of fire severity and TSF
(F=4.7,df = 2,p< 0.02) whereabundance was greatest inyear old, hgh severity burn
areas (7.8%3.05,), over 3x the abundance of the nest highest pointsyeat old
moderate severity burns (2.540.39). Abundanceras also greater in montane conifer
habitat (2.83+2.83,t = 2.11 p < 0.04) than both pin@ak (1.49+0.12) and oaluniper
(1.61+0.08) whichwas also disproportionate to their availiity on the landscape
(Figure 2.8). The condibnal inference tree model for foliaggieanerswas sinilar to

the LME model witlbinary splitsat TSF and fire severjtyut not for habitat type
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Median abundance of gleaning insectivores was greatestywadold high severity
burns (Fig2.4).

Flycatcher abundance was greater in low (0tZBO2birds/point) and moderate
severity burns (0.1% 0.04) than high sevayi burns (0.04+0.02,t = 2.49p < 0.09
which was relatively proportionate to their avallility on the landscape (Fig2b).
While there waso correlation of flycatchers with TSF aloke=(0.29,p = 0.59) there
was an interaction with habitat typgF = 5.62df = 2,p < 0.01), with the greatest
flycatcher abundance in oglniper woodland that burned§ears (0.48 0.04) to 4
years ago (0.3®.08) There was difference in flycatcher abundance among habitat
types £=17.4df = 2,p< 0.0001), wth abundance in oakuniper habitat (0.38-0.03,t
= 2.85p < 0.01)greater than pineoak (0.11+0.02) and montane conifer (0.10.02),
but this wasrelatively proportionateto the availability of these habitat tyse(Figure
2.3b). The tree moel for flycatchers implementedinary splits in habitat type andr@
severity, but not TSF (Fig. 4Median flycatcher abundance was greatest in-patkper
habitat regardless of fire characteristics, @basin montane conifer and pinreak
habitat, median abndance was greatest in low amabderate severity burns (Fig.4).

Discussion

Our research isne ofthe first studies tadescribe therelationships ofmigratory
bird abundancewith landscapeost-fire mosaics acrosseelevationalgradientof
woodland and foreststopoverhabitat types Although wefound no differences in bird

abundance when points wermplyclassified as either burned or unburned, we
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discovered a range of respondesfire severity and time since fireThis reaffirms the
importance d including pyrodiversityneasuresn studies of fire impacts on birds (Saab
and Powell 2005, Smucker et al. 2009kgetation structure and composition is a
critical component of stopover habitat selection at multiple scales (Moore et al. 1995,
Buler etal. 2007, Deppe & Rottenberry 2008), in turn vegetation follows landscape fire
mosaics and reciprocally influences th@@todgett et al. 2010Jrsino et al. 2010)
Therefore postfire habitat characteristics as well as fire potential should be assessed i
studies of stopover habitat where fire is an important driver of landscape diversity.
Although both of theoraging guildsve examined have primarily insectivorous
diets, they responded differently téire mosaics While the foliagegleaning guild ws
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
foliagegleaning 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-fic&le foliage structure, such as leaf
petiole length, which affect birds' ability to physically reach prey (RobinsdrHames
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 attaeggjring relatively
open largerscale habitat structure for successful foraging (Davies 1977, Sakai and Noon

1990). Therefore, althougdiire severity and agenfluence both the composition and
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structure of vegetationAgee 1998, Beaty & Taylor 2001, Kastet al. 200pand the
abundance and diversity of arthropods (Ferrenberg et al. 2&0é et al. 2011, Kim &
Holt 2013, fire may be altering the accessibility and availability of prey items at
different scales.Furthermore, these guilds differ in th@henological 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, afflegtmigratory birds (Both & Visser 2001,
Jones & Cresswell 2009The exent to which these factors contribute variation in
migratory bird abundance at stopover sites is unclear and deserves closer study in a
diversity of fireprone habitats.

Differences in relative abundance of insectivorelds among fire severitiess
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 aur bird survey points were located, yet abundance of foligganing
insectivores was farrgater at these points Likewise, foliaggleaners were far more
abundant in montane conifer and pine oak habitat compared to their relative rarity on
the landscap, comprising only 3% and 8% of the vegetation landcover in our study area
respectively (Lowry et al. 26). Flycatchers did not showd#ference in abundance
between low and moderate severiburns;however, moderate burns comprised only
23% of the burnd landscape in our study while low\grity represented 70%

Selection of these fire severities and vegetation types in disproportion to their
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availability further suggests théihese migratory bird guildgrefer these areas and that
they provide high quigty 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 importa
to note that the shortest temporal span between fire occurremte@ny of our bird
survey pointsaand the commencement of our study is four year®\e only assessed 4
7 year posffire period and thus our TSF variable is constrained to asmidessioal
phase. Early successional phadesngthe first 1-3 years following a fire can beaa
ecologically dynamic periggbarticularly relative to the fire severit{ppnato et al. 2008
Fontaine & Kennedy 2012, Marzona et al. 20Ithe immediateand directeffects of
fire on soil nutrientsmicroorganismsand plantanfluence postfire succession of soil
and vegetation communities (Hart et al. 2Q003arly postfire dynamics have important
implications for the physiognomy, composition, and food availgtili bird habitat. For
example, in boreal forests, nest density and nest success of-Bémled woodpeckers
(Picoides articysvas highest the year immediately following high severity fire and
declined for 3years posffire (Nappi & Drapeau 2009) potaally 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 alosis 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 postfire succession may have unique dynamics that aeehmissed with this study.
Future research should be planned to captarenore complete successional picture of
postfire dynamics at stopover locations across a range of habitat types and fire
severities.

Another important considerationf the landscap fire mosaic is the siznd
distribution of fire severity patchesHaire & McGariga2010 and the distance of
locations within fire perimeters to unburned or older seral stages (Smucksdr 2005,
Watson et al. 2012)Although areas of high severibyirn 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 comnesriitiportant for a
diverse avian community (Hutto 1985, Hutto 1995, Bock and Block 2005, Kirkpatrick et
al. 2006, Conway and Kirkpatrick 200Euen for species such as the Btaekked
Woodpecker which specializes on recent high severity fires, haserseg 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 (Sweand Baisan 1996,
Iniguez et al. 2008), and along with climate induced drought (Westerling et al. 2006)
human development and land uskave resulted in of extensive catastrophic fires in the

Skylslands (Swetnam et al. 1999, Swetnam et al. 2@0&son et al. 2006
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The total loss or conversion of habitat types from staaglacing fires (Barton
2002) along with upslope range shifts of upper elevation conifer forests being driven by
climate change (Allen and Breshears 1998) may be threateningithady rare
montane conifer forests of the Madrean Sky Islands and its biodiversity (Cunningham et
al. 2002, Koprowski et al. 2005Athough largehigh-severity fireamay have been part
of historicwildfire dynamicsthey appear to have beerelativelyinfrequent Grissine
Mayer &Swetnam 2000Fule et al. 2003) Our results further support the importance
of restoring andmaintaining a diverse mixeskeverity fire mosai¢Covington et al. 2003,
Haire & McGarigal 201@cross a range of ecological comntigs that occur alogthe
elevational gradients of the Madrean Sky Islands. Understanding how climate change,
human land use, habitat types, and past fire regimes and managefS8ehbennagel et
al 2004)will interact to affect futurefire dynamics, landsgpe mosaics, anahigratory

birds will help guidenanagement practices in southwestern forests.
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Tables

Table2.1. Two guilds of insectivorous migratory bird species used to assess relationships
of bird migration with the landsqee fire mosaic in the Madrean Sky Island mountains of
southeast Arizona, USA.

Guild

Species

FoliageGleaning

Flycatchers

Plumbeous Vireo
Cassin's Vireo

Blue-gray Gnatcatcher
Rubycrowned Kinglet
Orangecrowned Warbler

Blackthroated Gray Warbler

Hermit Warbler
Townsend's Warbler
Yellowrumped Warbler
Hammond's Flycatcher
Dusky Flycatcher

Gray Flycatcher
Cordilleran Flycatcher
Pacifieslope Flycatcher
Ashthroated Flycatcher

Vireo plumbeus

Vireo cassinii

Polioptila caerulea
Regulus calenda
Oreothlypis celata
Setophaga nigrescens
Setophaga occidentalis
Setophaga townsendi
Setophaga coronata
Empidonax hammondii
Empidonax oberholseri
Empidonax wrightii
Empidonax occidentalis
Empidonax difficilis
Myiarchus cinerascens
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Figures

Figure 21. 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 206811 within unburnd (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.







































































































































































































































