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Abstract

We curently lack knowledge of how the hormone corticosterone (CORT) varies across
broad spatial and temporal scales. In HiI@ISRT acts to make energy available for routine
tasks and is also secreted in response to stredseatuating CORT physiologi apowerful
tool for determining how individuals are coping with their environment. While CORT has
traditionally been measured instantaneously, from plasma, a novel technique for measuring
CORT deposited into feathers during growth (CORTTf) provides a mdisgityantegrated
measure of hormone secretion over days to weeks. In addition to exploring how CORThvaries i
space and time, the present stgtlpws that CORTTf is associated with weather variables,
corroborating previous findings obtained using plaSi@QRT.

House sparronRasser domesticySORTf was high in individuals sampled in the hot,
dry, northcentral region of Mexico. In this populatidDORTf was also negatively related to
measures of temperature and precipitation. Weather conditions afttiigemoult period were
stronger predictors of CORTTf than conditions experienced during feather growth, indicating that
past energetic challenges may have lasting effects on CORT physiology.

Over 27 yearsvariation inCORT( of Eurasian tree spaws (Passer montangisn
lllinois wasnotlinear, and showed a notable increase in the early 1980s. Tree sparrow CORTf
was consistently negatively related to temperature. Howas€2ORTf was positively
associated with spring precipitation and negatiasisociated with late summer precipitation,
temperaturgorecipitation interactions appear to influence overall energetic requirements.

This is the first macrophysiological study using CORTf and these results provide
valuable data that can be used as eregice point in future CORTf studies. These findings bring
us closer to understanding what habitat conditions are energetically challenging and conversely

what conditions are ideal for bird populations. This information is critical for identifying causes



of population declines and developing effective conservation measures. The ability to
retrospectively analyze CORT using feathers is a highly innovative approach, and by
understanding past responses to variation we can more accurately predict how future

environmental change will impact populations.
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Chapter 1: Literature Review

1.1 Introduction to ecophysiology

Ecophysiology is the study of the interplay between the physiology and ecology of
organisms living in natural environments (Bradshaw 2003). While the close association between
an or gani s mtGsd pleysiologicalpnoaesses such as thermoregulation has long been
recognized, ecophysiology did not develop as a discipline until the 1950s (Block and Vannier
1994). By integrating physiology and ecology we can gain a hew perspective on basic sjuestion
such as why a species is found in some areas but not others and why processes such as
reproduction, growth, and recruitment vary spatially. Ecophysiological studies can also provide

relevant information for conservation and management as understaodingdividual

physiological responses vary within and betwe
to adapt to changing environment al conditions
chall engesd for futuogegy retsetaegd:h i Adwamgaeans sima |t

organismalenvironmental research will require interdisciplinary thinking and
coll aborationéunderstanding the flexibility a
change is also critetald009.y i mportant. o (Schwen
1.2 Stress and corticosterone

Stress is widely recognized as an ecological factor that is critically important for the
fitness and welbeing of wild animals (Broom 1993; Newton 1998; Boraeal 2009). Thus,
stress hasemergedasamaoon f ocus of ecophysiological stud
as the ternis used variably to refer to three different, although related, aspects of stress
physiology: an unpredictable, unpleasant stimulus that an animal is exposed to; tbgicgsi
and behavioural responses of the animal to this stimulus; and the negative consequences that

result from ovesstimulation of these responses (Romero 2004). In an attempt to alleviate this

1



confusion the reactive scope model was developed (Romeab 2009). This graphical
representation of the effects of physiological responses to stressors within four distinct ranges is
highly wuseful as it focuses on how stressors
to the range of levels dfie physiological mediator involved in responding to predictable events
such as breeding, migration, or seasonal chan
the range of levels of the mediator required to respond to stressors, defined astatypeedi
events that threaten fitness. These two rang
individual, and when levels of the physiological mediator fall either above or below the normal
reactive scope (ranges t er noesdt abtHocmeFoasitlauriecd ,Ovr
pathology may develop.

The reactive scope model can be applied to any physiological mediator involved in
responding to stressors. Corticosterone (CORT) is frequently chosen as the hormone of interest
in studies focusingn the ecophysiology of stress. CORT is the main glucocorticoid (GC)
hormone found in birds, reptiles, and rodents and it is produced via activation of the
hypothalamepituitary-adrenal (HPA) axis. The process begins when an animal experiences a
stimulus, and in response neural impulses are sent to the hypothalamus via the central,
peripheral, and autonomic nervous systems (Taatas1995). This causes the hypothalamus
to synthesize and secrete corticotremfeasing factor (CRF), arginine vasoto¢AVT), and
oxytocin or mesotocin, which travel to the anterior pituitary (Wingfield and Ramenofsky, in
Balm, Ed. 1999). At the pituitary these hormones stimulate the release of adrenocorticotrophic
hormone (ACTH), which acts to promote the synthesisraledse of GC hormones by the

adrenal cortex. While the HPA axis is the most common route via which CORT is released into



the bloodstream, in some cases Osystemic stre
without the involvement of theemvous system (Toates 1995).

CORT is wellstudied because it is involved in or can affect three important processes:
energy regulation, responding to stressors, and immune function. GC hormones mobilize stored
amino acids, promote glucose synthesiaqgneogenesis) in the liver, and stimulate the
brealdown of stored fats (lipolysisactions which help regulate energy expenditure (Karasov
and Martinez del Rio 2007). Importantly, these effects indicate that CORT secretion is not
alwaystiedtorespomndng t o a specific stressor, and an i
may simply reflect their current level of overall energetic demand. This line of reasoning is
supported by a study showing that in many species plasma CORT (CORTYp) levels fluctuate
predictably on annual time scales, with CORTYp levels being highest during breeding, a highly
energetically demanding period (Romero 2002). However, this study also found that in several
species of passerine bird3ORTp levels reach an annual low duringuth and migration, also
energetically costly stages. This indicates that there are likely mwépkebles affecting
plasma GC levels.

The most frequently cited stimulus causing GC secretion is exposure to stressors. When
an animal experiences an wegictable, noxious stimulus (a stressor) CORT is secreted and acts
to redirect energy toward essential activities. CORT secretion allows the organism to respond to
the stressor appropriately then return to normal (i.e. maintain homeostasis) wherstoe sag
passed\Wingfield et al 1999. Examples of this redirection of energy are suppression of
reproductive behaviour, promotion of foraging, and promotion of irruptive or escape behaviour
(Wingfield and Ramenofsky 1999). This interruption of norawivities has been referred to as

the O0emeshgenhoyyl staged, and is adaptive in th



surviving the stressor and enhances their ability to recover in a timely manner. However, it is
important to note that if aanimal experiences frequent or prolonged stressors, or if their ability

to shut off CORT secretion via negative feedback and return to normal once the stressor has
passed is impaired, elevated CORT levels can have serious, detrimental consequenckg (Sapols
et al.2000; Romeret al.2011). The negative effects of chronic, elevated CORT levels can
include suppression of growth, death of neuronal cells, breakdown of skeletal muscle, and
suppression of the immune system (Wingfield and Ramenofsky 1999).

Thediscovery that GCs can inhibit the immune system initially led to doubts as to
whetherchanges irthese hormones could be considered an adaptive response to stressors (Maule
and VanderKooi in Balm, Ed. 1999). The relationship between CORT and immucoiyex.
Shortterm CORT elevation can act to enhance immune activity, and the type of stressor an
animal experiences can also influence how CORT affects immune function (Martin 2009).
Additionally, CORT affects some facets of the immune system manegtyrthan others, and
the specific immune function impacted can depend on thedoale of exposure to elevated
CORT (Martin 2009). A study that exposed neonatal rats to a toxin also showed that early life
exposure to immune challenges, and potenttallyther stressors as well, can lead to increased
sensitivity of the immune system to GC effects later in life (Shahks 2000). There is also
evidence that the sensitivity of the immune system to GC effects can vary between populations,
as temperatbouse sparrowgasser domesticushowed a reduction in immune activity in
response to an artificial CORT increase but tropical house sparrows showed no change in

immune function (Martiret al. 2005).



1.3 Broad-scale variation in corticosterone andelationships between corticosterone and
weathervariables

By understanding how physiological responses vary both within and between populations

on broad scales we can identify potential drivers of this variation and make predictions regarding

the le\el of plasticity and adaptation that may be seen in these traits in response to future
changes. While there is considerable interest in exploring {swad variation in physiological
traits and also in increasing our understanding of stress physithegg, research topics are
seldom combined. In terms of spatial variation, several studies have compared CORTp levels

between high altitude and low altitude populations or between populations from northern and

sout hern areas wi t lverimandWisgfiekl ¢99& Beaet al 2003). eThe( e x .

majority of these studies were designed to
birds at high latitudes or altitudes have a limited time period in which they can breed, face
frequent envionmental perturbations, and are often unable-tuest; therefore these birds
should dowrregulate the HPA axis so that CORT increases do not interfere with breeding
activities. As predicted based on this hypothesis, most studies have found negstomsteps
between CORTp and both latitude and elevatsae \Wingfieldet al. 1994, Silveriret al. 1997,
Silverin and Wingfield 1998, etaD@6BeWilsohand an d
Holberton 2004). However, some studies found positive CARfltpde relationships
(Wingfield et al. 1995, Martinet al. 2005), no relationship (Lynet al 2003), or an association
that changed between years (Lindstréinal 2005). Clearly more work is needed to resolve
these conflicting results and to expanat knowledge to include stages other than the breeding
period.

These studies focused on CORT levels during breeding. We lack information about

CORT-latitude and CORZltitude relationships during other stages of the annual cycle.

Wi



Another caveat ithat these studies only compared birds from two sites chosen to represent
0extremesd in terms of |l atitude or altitude s
variation across an entire speciesoObyrange. A
measuring CORTDp levels of song wre@yphorhinus phaeocephaluslong a 45 km transect
that covers the majority of the etp@®@il)esd rang
CORTp levels were higher and body condition was lower in birdsgiwi dry areas near the
speciesd6 range | i mit. This may indicate that
regions because individuals are unable to physiologically cope with these energetically
demanding conditions.

Broadscale temporal vation in CORT is another question that has not been properly
addressed, as the vast majority of CORT studies take place over a period of <5 years, To date
just one study has explored loteym CORT variability. Bortolottet al. (2009) compared
feathe CORT (CORTH) levels of great horned owlupo virginianu$ collected in 20042005
to CORTTf levels of museum specimens collected from %84 and found that CORTTf levels
were higher in the museum specimens. This could indicate that historical amdigoe more
energetically demanding or could reflect a sampling bias related to the health status of
individuals at the time of capture. The potential to expand our knowledge etelong
variability in GC levels has recently been made possible by thenadf techniquefor
measuring CORT from feathers (Bortoladtial. 2008) and CORT or cortisol from hair (Sawté
al. 2007). As these methods require only dead tissue they can be applied to museum specimens,
opening up a multitude of possibilities f&udying longterm changes in GC levels within

populations and using this information to predict responses to future environmental change.



Despite our lack of knowledge regarding lelegm CORT variation, on short time scales
there is often considerablger-annualvariation inCORT. A twoyear study of effects of food
supplementation on CORT in Florida scrub jadpHelocoma coeruloscer®und that across all
treatments CORTp was lower in the second study year, which was unusually favourable as
indicated by increased adult body condition and high fledging rates (Sckebatl2007). In
individual common murredJria aalge), CORTp levels were higher in a prey mismatch year
compared to a match year, suggesting that-em@ual differences in food alability can drive
temporal patterns in CORT variation (Dooelyal. 2008). Kittiwake Rissa tridactyla chicks
showed higher stressduced CORTDp levels in low productivity years which were characterized
by poor foraging conditions but this relationshipgs not found in baseline CORTp levels
(Breweret al 2008). In contrast Beletslet al (1992) found that mean annual CORTp levels of
redwinged blackbirdsAgelaius phoenicelislid not differ significantlyamong4 study years.

This may indicate thatterannual di fferences may only occur
prey mismatch year, are included in the study period.

Many of the aforementioned studies have linked tatetual differences in CORT levels
to variation in food availability. Welgr is another important environmental factor that varies
between years, and precipitation can affect the abundance of food resources, indirectly
contributing to CORT variation. It is important to clearly distinguish weather -srontevents
or statesaking place over hours to days, from climate, which refers to average weather
conditions over a period of several years (Wingfield and Ramenofsky 2011). While weather
conditions are pervasive in the lives of wild animbig recent studies highlighted olack of
understanding of how weather affects basic patterns and processes such as population dynamics

(Knape and de Valpine 2011) and species distributions (Zuckezbatd2011). Furthermore,



we would expect CORT to be responsive to weather condibienause GC hormones are
involved in energy regulation and weather can influence daily energetic requirements directly,
for example by altering the costs of thermoregulation, or indirectly via effects on food
availability. Extreme weather events sucls@asms or droughts could also be perceived as
stressors, which would be reflected in CORT levels.

Many studies have focused on the effects of storms or periods of extreme, inclement
weather, on CORT levels. Diving petrefe{ecanoides urinatrixcapturel during a period
characterized by high winds, low temperatures, snow, and decreased visibility had higher
CORTp levels than birds captured before the storm (Sehih 1994). Similarly Lapland
longspurs Calcarius lapponicuscaptured after a-8ay snavstorm had higher acute CORTp
levels compared to birds captured before the storm (Astheinarl995). Snowfall was also
associated with increased CORTp levels in ggnrid juncosJunco hyemalis hyemaliRogers
etal 1993) and i nsparmovisd@analrichiaauerilaRohwerandsAngfield
1981). In whiteruffed manakinsQorapipo alterg, CORTp was positively associated with
periods of extreme precipitation (Boydeal 2010). Cold, rainy periods during breeding were
associated with gher CORTp levels in song sparrowéelospiza melodipand whitecrowned
sparrows Zonotrichia leucophrys pugetenswingfield et al 1983; Wingfield 1985a)b
However, these effects differed between the sexes and also ddpendhether the storm
occured during an early or late stage of the breeding period. Wind can also affect CORT, as
cliff swallows sampled during an extremely windy period showed elevated CORTp levels
compared to those sampled before and after the windy period (&zadu2006).

CORT increases in response to extreme, inclement weather can be explained in the

context of the emergency |Hastory stage as they allow the animal to respond adaptively to



these perturbations or stressors (Wingfitldl 1998). Recent studies lelegun exploring the
effects of more moderate weather changes on GC levels. Negative relationships have been found
between CORTp and fecal CORT (CORTfe) and mean, minimum, or maximum temperatures
(JenniEiermanret al 2008; Frigericet al 2004; Lobateet al 2008). Interestingly greylag
geeseAnser anse@ralso showed a positive relationship between CORTfe and minimum

afternoon air pressure the day before sampling, which may indicate that they use environmental
cues to physi ol o gre eveathébgsedicpangepiraenezgetic fequireménts t
(Frigerioet al 2004). A lab study tested the COfImperature association by exposing

starlings to a moderate (3 °C), experimental decrease in temperature and found that cooled birds
had higher postreatment CORTp levels than controls (de Bruijn and Romero 2011).

Precipitation can also influence CORT secretion. Dusky flycatcEenpiflonax oberholséri

had higher baseline CORTYp in years with longer periods of precipitation prior to sampling
(Pereyraand Wingfield 2003), and nestling alpine switgp(s melbasampled following cool,

rainy mornings with high winds had elevated baseline CORTp compared to nestlings sampled
after warm, dry, calm mornings (Biat al 2010). The effect of precipitatiom@ORT is likely

indirect, as rain and snow are known to have negative effects on foraging success (Wingfield and
Ramenofsky 2011) and lab studies have shown that CORTp levels increase in response to
reduced or unpredictable food availability (Pravosuetal. 2001; Reneerkeret al 2002).

Cyclical weather events, such as the El Nifio Southern Oscillation (ENSO), may also
influence CORT levels as these conditions affect resource availability. However studies thus far
have yielded mixed results. Someaps showed increased CORTYp in El Nifio years
(Wingfield and Ramenofsky 2011) and others showed no clear relationship between CORTp and

ENSO phase (Addisoet al. 2008; Wingfield and Ramenofsky 2011). These discrepancies



highlight the difficulty in drawindirm conclusions about relationships between CORT and
weather conditions. These associations can vary between species and also based on sex
(Wingfield 1985a,b), age class (Schwabhl 1985), and social status (Rohwer and Wingfield
1981; Rubenstein 200. Romercet al (2000) also found that within a species the sensitivity of
the HPA axis to weather can vary betweenHifgtory stages, as three arebieeding passerines
showed weak or neaxistent relationships between CORTp and breeding seasomewbat
strong correlations between CORTp and weather during the moult period. The pronounced
effects of weather on CORT levels during moult are interesting. However, many of the
previously mentioned studies have focused on the breeding period and ai@moh CORT
weather relationships during other féstory stagessiwarranted.
1.4 Plasma, fecal, and feather corticosterone measurements

Corticosterone levels of wild or captive animals can be measured in several ways. The
most prevalent techniguused is blood sampling. Because this procedure is a stressor in itself, a
capture and restraint protocol is used to obtain two samples representing CORTp levels before
and after the stressor is experiendedrfiero and Wingfiel@001). In the field, albod sample
is taken within three minutes of capturing th
the animal is held in a bag or other enclosure for approximately 30 minutes after which a second
bl ood sample i s takeassitnod uocbetdadi nC QRhTep flaecvuetie.0 oT
baseline sample reflects the level of CORT circulating in the blood prior to the disturbance of
capture, and the acute sample represents the increased CORT level present in the blood after the
HPA axis has beeactivated by the investigatamduced stressor of capture, handling, and

sampling.
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There are severémitationsto the blood sampling method. Baseline blood samples can
be difficult to obtain in the field. It may be impractical to constantly monitor traps to determine
the exact moment of capture and to extract animals from mist nets or other traps within the 3
minute window. Tere is also evidence that in some cases CORTp levels may begin to increase
as soon as 1.8 minutes following capture (Schoeehal 1999, Romero and Reed 2005). This
means that samples collected >90 secondsgagdgtire may not accuratelgpresent baseline
CORTp levels. There is also the question of whether baseline samples truly represent an
Aunstressedo CORTp concentration. As Dbl ood
CORT physiology it is impossible to know whether the basédéinel may have been elevated,
for example by an encounter with a predator or a conspecific prior to capture, unless the animal
was tracked before it was sampled. Another concern is that acute CORTDp levels reflect CORT
secretion occurring in response be stressor of capture and handling by the investigator, and it
is difficult to determine how this response may be related to CORT responses to natural stressors
of varying duration and magnitude. Finally, while some studies have concluded that blood
samping does not negatively affect wild birds (ex. Shelévmal 2008), blood sampling resulted
in a 2233% decrease in average survivorship in cliff swallows (Brown and Brown 2009). In
light of this result, using blood sampling to measure CORT raisesrosnoeterms of animal
welfare and investigatanduced effects on individual survival. These effects would be
especially problematic for studies focusing on endangered or threatened species or studies
examining links between CORT and fitness or survival.

In response to these concerns, severalinaasive techniques for measuring CORT have
been developed. Measuring CORT from feces (Harper and Austad 2000; Gatrahr2902)

or cloacal fluid (Hieberet al. 2000) have the advantages of beiog-invasive, providing
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measures of hormone secretion integrated over a period of hours, and theoretically avoiding bias
due to investigatemduced CORT responses. However, CORTfe levels can be influenced by
diet or by individual variation in how hormones areqassed by the kidney and liver (Creel
2001). Cloacal fluid CORT levels must be corrected to account for the hydration state of the
individual being sampled (Hiebest al. 2000). In baboond$@pio cynocephalus cynocephglus
variation in the amount of eliary fiber affects excretion of progestogens in feces (Watsér
1993), and variation in dietary fiber content may also affect the measurement of glucocorticoid
metabolites from feces (Goymaanal 2005). This issue can be alleviated to an extgnt b
expressing hormone concentrations as grams per dry weight to control for the amount of water in
feces but CORTfe measurements still tend to b
has also been shown that in some species sex differencesacaiticoid metabolism may
prevent comparative analyses (Goymann 2005). Finally, while these methods readily lend
themselves to lab situations, obtaining samples of feces or cloacal fluid in the field can be
challenging and in some cases impossible.

Relatively new, nofinvasive techniques for measuring CORT from hair (Macbeti
2010) and feathers (Bortolo#t al 2008) are appealing to many ecophysiologists because the
logistics of sampling and storing these tissues in the field are much sthgotethose involved
in sampling blood or excreta. Additionally, blood sampling provides an instantaneous measure
of CORT secretion but CORTTf is an integrated, lb&ign measure reflecting circulating plasma
CORT concentrations during the days to wealex avhich the feather is grown (Bortologti al
2008). This method is also ideal for controlled studies evaluating treatments effects because
feather growth can be induced outside of the moult period by pulling a feather. Daily growth of

the inducedfat her can then be measur edt,r maantdmda rmted femd
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Opdgteat ment 6 sections which can be compared

in response to the manipulation. As previously mentioned this technique alsouppaew
possibilities for retrospective exploration of variation in CORTTf levels using museum specimens,
as it appears that CORT in feathers does not degrade over time (Bogtaddtd00%).

Clearly there are many advantages to the feather CORMitgee. The method was
independently validated by implanting starlin§surnus vulgariswith CORT and showing that
the increased plasma hormone concentrations were reflected in CORTf valuese{ladttin
2011). Studies linking CORTTf to a variety obémgical variables have also yielded notable
results. In redegged partridgefAlectoris rufg CORTf was related to clutch size in females
and to feather colouration in males, which acts as a social signal in this species (Bettalotti
2008). Expamental manipulations have also shown that CORTTf influences how red grouse
(Lagopus lagopus scoticusespond to parasite and testosterone treatments (Boradlatti
2009h and how parasite load affects development of ornaments (Moeigaio2010).
Environmental conditions can also influence CORTf. Nestling male tree swallawy(Cineta
bicolor) from a reclaimed wetland site had higher feather CORT than nestlings from a reference
site(Harmsetal 2 010) and iChersdphipsocdopordCORT veas dssociafed
with habitat conditions as indexed by stabl
scale, nest box type (traditional plywood boxes versus thigkéled aspen boxes) was
associated with CORTT of nestling tree swallowhjle adult females showed relationships
between CORTf and laying date, clutch size, and productivity (Fairbuast2012). In captive
Cl ar k 6 s nudfraga eoturkbeganpthe gddition and removal of environmental
enrichment were both associateth CORTTf increases but interestingly responses were related

to the timescale of exposure to enrichment objects (Fairtetrat 2011). Finally, CORTf has
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been shown to predict future survival of wild house spar(@esenet al 2012), indicating tha
this measure can be used as a biological indicator or biomarker.
1.5 Objectives, hypotheses, and predictions

Two main objectives of my project are to explore spatial variation in CORTf in house
sparrows across their range in Mexico antht@stigate temporal variation in CORTf in
Eurasian tree sparrowBdsser montanys her eaf ter Atree spHEO0r ows 0)
My final objective was to evaluate relationships between CORTf and weather variables, focusing
on temperature andqxipitation, in each of these populatiois workprovides information
that can be used for comparison with new data
predicting future patterns in CORTf as environmental conditions change. | also use msyasesul
a basis for generating new hypotheses that can be experimentally tested in the future.

This project aims to fill a gap in our understanding of how CORT varies over-broad
scales in both space and time. Information about spatial variation can tezlpide whether
populations may be able to cope with future environmental change through changes in
distribution, plasticity of the CORT response, or both. Retrospective CORTf data will provide a
baseline that can be used to assess whether current ared@@RTTf fluctuations fall within the
normal range of variation (i.e. the normal reactive scope, Roete&lo2009) for a given
species, or alternately if these fluctuations are likely to negatively impact individual condition
and ultimately populationsUnderstanding factors that contribute to habitat suitability is critical
for effectively conserving bird populations. This project can make a major contribution toward
developing this knowledge by demonstrating that CORTTf is a highly useful measure for
assessing habitat quality, or the energetic costs or benefits of certain habitat features. Finally,

this study will be the first to explore CORWeather relationships. This is important for
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addressing gaps in our understanding of how wild animals peraad cope with weather
conditions. Also, this analysis will determine whether CORTTf will show associations with
weather similar to those found in studies that used CORTp or CORTfe.

Though | did not test prestablished hypotheses, | had several ptiedis regarding the
CORTf relationships that | expected to emerge from each data set. In house sparrows | predicted
that CORTf would be highest in individuals living in low rainfall areas in Mexico, in keeping
with the findings of Busclket al. (2011). lalso predicted that CORTf would be negatively
related to both altitude and latitude in this population. This prediction may seem eounter
intuitive, as in temperate regions highitude orhigh-latitude areas are considered to be more
severe or demandirenvironments and therefore we would likely expect-bmeding sparrows
to show higher CORTTf in these areas. However, house sparrows evolved in temperate areas and
have colonized tropical regions relatively recently. Due to this evolutionary history |
hypothesize that tropical areas may be more challenging for this species. Warm, humid
conditions are farther from their physiologically optimal conditions than-laigfude or high
altitude regions of Mexico, which more closely resemble environments chley evolved.
Additionally, in low-altitude, lowlatitude areas house sparrows may be exposed to novel
parasites, predators, or competitors, all of which could increase energetic demands and therefore
CORT levels.

My final prediction for house spanws was that CORTf would be negatively related to
ambient temperatures during the moult period. | based this prediction on the conbept of t
thermoneutral zone of an endotherm, which is the range of temperatures in which the organism
does not have to egpd large amounts of energy to maintain its body temperature. This zone is

bounded by the upper and the lower critical temperatures, and for house sparrows from various
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locations in the U. S. the lower critical temperature has been designhate@28Q@8nd the
upper critical temperature as-38 °C (Hudson and Kimzey 1966). In Mexico, house sparrows
will likely encounter temperatures low enough to cause increased energetic demands, and
possibly also high temperatures that exceed the upper limit otleemoneutral zone.
Therefore, an alternate prediction was that the relationship between CORTf and temperature will
becomplex with the lowest CORT values being associated with intermediate temperatures (i.e.
temperatures that fall within the thermomalzone for house sparrows).

In tree sparrows, | predicted that there would be a gradual increase in CORTTf over time.
This prediction was based on Breeding Bird Survey data which shows that the lllinois population
of tree sparrows has increasedizedrom 19662010 (estimated yearly percent change of
+6.9%; Saueet al 2011) while their range has not expanded considerably over this time period
(Barlow and Leckie 2000). In terms of relationships with weather | predité¢CORTf would
be negatiely related to temperature during the moult period, a prediction that was again based
on the thermoneutral zone concept. It is unlikely that temperatures in lllinois will reach highs
that exceed the upper limit of the thermoneutral zone of tree spanepustéd as 36.4°C; Deng
and Zhang 1990) even during the moult period (late surhraarly fall). However, the lower
critical temperature for this species has been reported as 27.5°C (Deng and Zhang 1990), and
while this seems high even if the actual loweund of the thermoneutral zone is closer to the
value reported for house sparrows-20°C; Hudson and Kimzey 1966) it is likely that these
birds will experience challenging, low temperatures. These cold periods would be characterized
by increased emgetic demands and therefore increased CORT levels are expected. | also
predicted that CORTf would be negatively related to precipitation. | based this prediction on the

assumption that dry conditions will be more energetically challenging for tre@wgatargely
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due to presumed positive effects of precipitation on food availability. However, an alternate
prediction was that CORTTf will showrmaore complexelationship with total precipitation. Low
CORT values could be found at intermediate levelzretipitation and higher CORT values
found at low levels of precipitation due to the theorized positive association between
precipitation and food availability, and also at high levels of precipitation due to increased
energetic demands, for example beedwsavy rainfall can impair the foraging abilities of small
birds (Keller and van Noordwijk 1994; Radfaetial. 2001).

CORTf is an exciting physiological measure because it provides a window onto
individual energetic state. It is essential to learn more about how CORTTf is related to a range of
ecological conditions to develop its potential to fill research gaps in 1ds 6&ecophysiology
and conservation. Obtaining information about how CORTTf varies in space and in time is an
essential first step to understanding which environmental factors have pronounced energetic
consequences for birds. As weather is a constetdrfen the lives of wild animals, it is also
i mportant to expand our knowledge of individu
temperature and precipitation. The objectives of this project also advance our understanding of
how CORTTf can be mostfettively used by conservation biologists as a tool for assessing

which habitat features are essential to maintain healthy populations.
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Chapter 2: Spatial variation in feather corticosterone and CORTFweather relationships in
House Sparrows Passer domesticyisn Mexico

2.1 Introduction

Combining ecology and physiology has led to considerable advancement in these fields,
and the advantages of using data collectedagtdoscales to answer biological questions has
long been recognized, however more work is needed to unite these concepts. Macrophysiology
was introduced in response to a growing interest in exploring physiological patterns on broad
spatial and temporal dea (Chowret al. 2004). Macrophysiology seeks to study variation in
physiological traits at large scales and to use this information to generate novel, holistic answers
to basic questions in ecophysiology. By expanding the range of physiological stadian
also use current patterns to predict future responses to climate or land use changes (Chown and
Gaston 2008). Since the introduction of macrophysiology this approach has been applied to a
variety of contexts and taxa. For example, recent sthdwes investigated factors controlling
patterns of species abundance and biological invasions in marine systems (reviewed in Osovitz
and Hofmann 2007), predicted which tropical insect species are most vulnerable to climate
change effects (Bonebrake and Deht2012), and explored relationships between physiological
traits and range size in beetles (Cakisal 2010). Despite these advances there are still many
areas of physiology that have yet to be explored from a twcalé perspective. One example is
the study of variation in hormone levels within and between populations and how these patterns
are related to environmental factors.

Corticosterongthe main avian glucocorticoid, is often referred to as a stress hormone, yet
it is correlated with a muttude of ecological variables that do not all involve a stress response.
CORT is associated with stress because it is produced and secreted when an animal experiences

an unpredictable environmental perturbation or stressor (Wingfieltl 1998; Romero @04).
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However CORT is also involved in glucose synthesis and in the breakdown of fat, processes that
provide energy for routine tasks such as foraging and social interactions (Detlalat©993;

Toates 1995). Studies have shown that individual CORGpCDRTfe levels are related to

predation risk, social status, population density, and weather conditions (ex. &eab2007;

Creel 2001; Lindstroret al. 2005;Nephew and Romero 2003; Sebktaal 2011;Romeroet al

2000; Bizeet al 2010).

While most ecophysiological studies use blood sampling to measure CORT, feather
CORT has several advantages over this technigqg
measure within 3 minutes of captureaftemd an 6a
capture (Schoecét al 1999; Romero and Romero 2002). Blood measures provide
instantaneous pictures of individual CORT levels, which can be useful for inferring responses to
manipulations or relating hormone levels to conditions experienced iiat@gdrior to
sampling. However, downsides to measuring CORT from blood include this restricted temporal
perspective, the difficulty of obtaining baseline samples in the field, and potential negative
effects on survival resulting from the invasive sampprocedure (Romero and Reed 2005;

Brown and Brown 2009). Measuring CORT levels from feathers provides a-f@nger

perspective on CORT secretion and integrates both baseline levels and any elevations occurring
during the period of feather growth (Boltti et al 2008). Feather CORT also allows

investigators to avoid the difficulty and negative effects of blood sampling. Furthermore, as
initial work indicates that CORT in feathers does not degrade over time this technique opens up
the possibility ofusing museum specimens to study kwagn changes in a physiological

measure (Bortolotiet al 2009). Initial work showed that CORTf is correlated with ecological

variables including clutch size, social signals, and habitat conditions (Borttlatt2008;
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Harmset al 2010; Fairhurst 2011); and found an association between CORTf and future survival
probability in house sparrows (Korehal 2012). Clearly this measure provides a powerful tool
for expanding our knowledge of ecophysiological relagtups in a variety of contexts.

Though Busclet al. (2011) explored vaation in CORTp of song wrerecross the
Isthmus of Panama, feather CORT has not yet been used to address macrophysiological
guestions. The objective of this study is to exploreatiam in CORTf of house sparrows across
Mexico, and to identify factors that may be driving lasgale variation in CORT. A secondary
goal was to evaluate relationships between CORTf and weather variables in this population to
add to existing research@rring relationships between hormone secretion and weather
conditions. One prediction was that the spatial analysis would show that CORTTf levels are
highest in birds living in low precipitation areas, similar to the findings of Besah (2011).
Anotherprediction was that CORTf would be negatively related to both elevation and latitude.
High-altitude and higHatitude areas are considered to be severe or demanding environments.
However based on the evolutionary history of house sparrows andetlagivaly recent
expansion into tropical environments, tropical regions (i.e. lower latitudes and altitudes) may be
more challenging for this species. Supporting this theory, house sparrows do not occur in the
Yucatan peninsula, one of the more tropicaba of the country (Aleman and Garcia 1974;
Lowther and Cink 2006). That said, high altitudes or latitudes may also be challenging for
sparrows, as these habitats are more demanding than average temperate areas. Final predictions
were thatCORTf would & negatively related to both temperatures and precipitation levels
during the moult period. This relationship with temperature could reflect direct effects of
temperature on energetic demands as suggested based on CORTfe data €Feb@004;

Lobatoet al 2008). It could also be the result of indirect effects of temperature on food
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availability, as suggested based on a CORTp study (E@emannet al. 2008). As has been
hypothesized for CORFprecipitation relationships (Bizet al 2010; Busclet al 2011),
associations between rainfall and CORTTf are likely indirect, mediated through effects of rainfall
on food supply.

Determining how CORTf wvaries across house
variation to weather can help identifypgs of conditions that are energetically demanding for
these birds. This important information will allow us to anticipate how populations may respond
to future environmental change, and also to plan effective habitat management for conservation
purposes.Furthermore, obtaining this type of baseline CORTf data is critical so that we have a
frame of reference to compare house sparrow CORTT levels to in future studies. Finally, these
results will add to our understanding of how temperature and precipitdtect the CORT
response and determine whether previously obtained relationships between weather and CORTp
or CORTfe can be reproduced using CORTT.

2.2 Materials and Methods
2.2.1 Study species and study area

House sparrows are native to Europe Asth but were introduced to the United States in
the 1850s; their North American range now extends from northern Saskatchewan and Manitoba
to Panama (Lowther and Cink 2006) and they spread across the majority of Mexico between
1910 and the 1970s (Robbing7B; Schreyet al.2011). Their success as an invasive species has
been partly attributed to the facts that they are generalist feeders and human commensals
(Lowther and Cink 2006). The human population of Mexico has increased rapidly since the
1940s, ad the percentage of the population living in urban areas increased from 35.1% in 1940

to 78% in 2010 (United Nations 2012). Although most house sparrows in Mexico likely reside
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in urban areas or near rural dwellings, climate and physical geography wargezably across
the country. The coasts and the Yucatan peninsula are characterized by warmer temperatures
(mean annual temperature >22 °C), while the majority of the interior is cooler (mean annual
temperatures ranging from 122 °C; in some high atude regions mean annual temperatures
range from <5 12 °C; Aleman and Garcia 1974; Rudolph 1985). The Sonoran and Chihuahuan
deserts are located in nowtkntral Mexico, and along with the Baja peninsula these regions are
arid and subject to extremeghitemperatures (mean July temperatures can range fr@d 25)
and considerable annual temperature variability (range-@01%; Aleman and Garcia 1974).
Mean annual rainfall is highest on the Yucatan peninsula (range f3116m) and in the
southen and central regions of Mexico (range of approx138 cm), while the northern plateau
region and the Baja peninsula receive less annual precipitat@an(annual levelkl-27 cm and
1-10 cm, respectively; Aleman and Garcia 1974; Rudolph 1985).
2.2.2Field methods and weather data

Feathers were collected from December 2006 to March 2007 as part of a study that
devel ope d’Hisosdage fot Megiao (Hobsat al 2009). Sampling sites (n=49) were
chosen based on obtaining adequate coveradpe aountry and also on accessibility from
roadways. Birds were captured using mist nets and individuals were sexed and assigned an age
class (hatch year, HY; after hatch year, AHY; second year, SY; after second year, ASY; or
unknown, U). A unique numbeataluminum ban@U.S. Fish and Wildlife Service) was
attached to &ch individual anaving length was measured (wing ruler, to the nearest mm). The
number of individuals sampled per site ranged from 1 to 20, with a mean and mode of 9. Prior to
CORT analyss feathers were stored in paper envelopes at the Environment Canada laboratory of

Dr. Keith Hobson in Saskatoon, Canada.

22



At each site, latitude, longitude, elevation, and evapotranspiration were measured.
Monthly precipitation, mean annual precipitati@nd average monthly minimum and maximum
temperatures were obtained for each site using information presented in Hnaarf2005).
Monthly deuterium excesse x ¢ e dHsi 8 Z%01Clark and Fritz 1997) was calculated for
each site. Deuterium excess can be used as a proxy for evaporative conditions (Clark and Fritz
1997) and previous work showed that in Mexico, groundwhexcess values are lower in semi
arid regions compared the rest of the country (Wassenatal 2009). This variable may
supplement the analysis of CORTecipitation relationships in terms of identifying relationships
between moisture availability and hormone levels.

2.2.3 Corticosterone analysis

Most sanple envelopes contained three flight feathers, P1, S1, and an outer rectrix;
however, in some cases, one or more of these feathers was not collected. Due to missing
feathers, secondaries were used for 438 samples and rectrices for the remaining B) sample
CORT levels did not differ significantly based on which feather was used (Welesaiwple
test, p=0.22). Prior to analysis the calamus was removed then each feather was measured to the
nearest mm using a wing ruler. Feathers were measured b&saR3evalues were reported in
pg/mm, based on the hypothesis that CORT is deposited into feathers indepemslent rather
than a massdependent fashion (Bortolo#t al 2008; Bortolotti 2010). After measurement
feathers were cut into small pieces (wBY) using scissors.

Corticosterone was recovered from feathers using a methaset extraction technique
which is fully described and validated in Bortolatial (2008). Feather pieces were covered
with 10 mL of methanol (HPLC grade, VWR Internat@, Mississaugua, ON) and then vials

were placed in a sonicating water bath at room temperature. After 30 minutes in the sonicator
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samples were transferred to a 50 AC water bat
then removed from the saiepria vacuum filtration with a piece of synthetic polyester fibre
used to plug the funnel. The original sample vial, the feather pieces, the filtration funnel, and the
polyester plug were washed twice with ~5 mL of methanol, which was added to the.sample
Methanol extracts were placed under a fumehood until vials were completelyldrylags,
after which sampl es wer e rbefieredhsalinei(RB8;t0.85dM, pHn 6 0 0
= 7.6). To evaluate the efficiency of the recovery procedure thagieer samples spiked with
~5000 CPM ofH-corticosterone (Amersham Bioscience) were included in each recovery. The
448 feather samples were recovered in 5 batches; for all batches >90% of the radioactivity was
recoverable from the reconstituted samigiaean recovery efficiency 95.8%, SE +1.28%). Final
CORT values were adjusted to account for recovery efficiency. Reconstituted samples were
stored in &20°C freezer prior to radioimmunoassay.

Reconstituted samples were analyzed via standard radioicassay procedures
(Waylandet al 2002), with each sample analyzed in duplicdte.avoid bias samples were
placed in random order prior to analysis. Samples were also identifieblamglaumber so that
the investigator was blind to tls¢te atwhich e&@h sample was collecte&erial dilutions of
house sparrow feather extracts were shown to be parallel to the corticosterone standard curve,
indicating that there were no substances in the extracts that compromised the assay (Bortolotti
al. 2008;Bucharan and Goldsmith 2004 Dextrancoated charcoal was used to separate bound
and unbound hormone. To evaluate assay variability, three internal standards containing known
concentrations of hormone were included in each assay. Samples were processsdags]0
with a mean intraassay coefficient of variation (CV) of 6.57% (range 41806%) and an inter

assay CV of 4. 63%. The mean detection | imit
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sample but all data values were considerably greater thamthisti ( mean = 43. 0 pg/
range 17.237). All analyses were performed at the University of Saskatchewan, Canada.
2.2.4 Statistical analyses

Data exploration was conducted by following the procedure outlined byeZalr
(2010), including outlier amgsis and evaluation of heteroscedasticity and collinearity of
explanatory variables. The distribution of CORTTf in the sample was plotted; other preliminary
analyses included usingdsts and ANOVAs to explore relationships between CORTf and sex
and ageclass, and using simple linear regressions, controlling for sex, to evaluate relationships
between CORTTf and wing length.

To explore spatial variation in CORTT, correlations between CORTf and latitude,
longitude, and elevation were evaluated using serfipkar regressions.-f€sts were used to
look for variation in CORTf between the Atlantic and Pacific drainage basins and between the
interior and exterior regions of Mexico. ANOVA was used to test for differences in CORTf
related to evapotranspiratiolbimple linear regressions were used to test fonme
relationships between CORTf and deuterium excess or monthly weather variables.

Relationships between CORTf and multiple explanatory variables were explored by
developing two sets of 15 candidate general linear models (GLMs). Each set included one global
model that contained all explanatory variables thought to potentially expligtioain CORTHT.

The first set used the original weather data as explanatory variables and the second used the two
NMDS axes (see below) as explanatory variables in lieu of monthly weather data. Each model
contained a combination of explanatory variglitbosen based on a specific prediction of which
factors are important determinants of variation in CORTf. The best approximating model was

chosen based on Akai keds I nformationoffCriterio
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between model fit and éhnumber of parameters included in the model (Burnham and Anderson
1998).

To further explore the influence of weather variables on CORTHf, ordination was used to
reduce the dimensionality of the weather data. Weather data wermmoal and notinea so
non-metric mdtidimensional scalingvas used as the assumptions of this method are less strict
than those of more traditional ordination techniques such as principal components analysis
(PCA; McCune and Grace 2002). An iterative technique, NMDS degkeserve the rank
order of relationships among objects by finding the configuration of points in reduced space that
minimizes the deviance of the rank order of points in this reduced space from the rank order of
points in the original space,ortommi ze fAstresso (McCune and Grac
distance metric was used as this metric produced solutions with low stress compared to other
metrics considered, and a final solution with two dimensions (axes) was chosen based on the
same criterion (mimizing stress). CORTf was plotted against these axes and correlations
between original variables and axis scores (similar to factor loadings produced by PCA) were
used to interpret the weather conditions represented by each axis.

Univariate regressiotiees were used to identify the most important predictors of
CORTIf. Regression trees recursively split a data set into mutually exclusive, binary subsets.
The algorithm uses criteria defined by predictor variables to split objects based on values of the
response variable, with each split based on a
the one that maximizes homogeneity of the response variable within each group (McCune and
Grace 2002) . |l nstead of setddtibg etopping tuk
relative error then selecting the tree with the lowest error value. Each tree was run 10 times and

each run included 1000 csogalidations Cross validatiorerror values estimate prediction error
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of the model, ané@rroraveraged over all runs is reported for each tree. All statistical analyses
were performed in R v. 2.14.0 and the o6mvpart
Development Core Team 2011).
2.3 Results
2.3.1 Distribution of CORTTf and relationships with sex, age, and body condition

The majority of the individuals sampled had CORTT levels ranging from Z05g/mm,
but 20 individuals had higher levels. These extreme individuals did not consistently belong to
one sex or age class. However, they wdrsashpled at one of five sites, with 11 of the
extremes captured at a single site. Additionally, 19 of the 20 individuals with high CORTf
values were sampled in the Atlantic drainage basin. These 19 birds had feather deuterium values
in the midrange forthe sample, but the one individual with a high CORTf value (13.62 pg/mm)
sampled from the Pacific drainage basin also had a high, negative feather deuteriur®2alue (
a; sampl € 1m&amid, d44.1d409gde. 9= a) . CORTf Il evels did
significantly between the sexes (Mafes= 5.8 pg/mm, Females= 5.6 pg/mm; p=0.42) or age
classes (ANOVA, df=4, p=0.74). CORTTf levels were not strongly related to wing length for
either sex (Males #0.007705, F=1.833, df=236, p=0.1771; Femal&s0®003422
F=0.06229, df=182, p=0.803).
2.3.2 Oneway relationships between feather CORT and spatial or weather variables

Oneway associations between CORTf and latitude, longitude, and elevation were weak
(R?values all <0.045) although the regression with ldétwas significant (p=1.04 x p
CORTf values differed significantly between the drainage basins east versus west of the
continental divide (Atlanti@@= 6.4 pg/mm, Pacifi@ = 5.1 pg/mm; p=1.04 x 19 Figure2.1)

and between the interior and exterilbainage basingdefined as described in Wassenstaal
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2009; Interior T = 6.4 pg/mm, Exteriox = 5.2 pg/mm; p=1.14 x 10 Figure2.1). These
differences persisted afte¥moving individuals with unusually high CORTf values (n=20) from
the data setpE0.00086 for drainage baspr0.023 for interior/exterior) CORTTf also differed
significantly based on evapotranspiration level (ANOVA, df=11, F= 4.46, p=2.19)x ddh
higher mean CORTTf values associated with low evapotranspiration values (<12008Q0D).
Regressions modelling relationships between CORTf and monthly precipitation, minimum and
maximum temperature, anlexcess values did not reveal strong-aras associations (allR
values <0.08); however many models had significavdlpesat he U=0. 05 | evel
2.3.3 Ordination and Modelling

Examining correlations between NMDS axes and weather variables showed that Axis 1
was positively associated with precipitation during the moult period (conservatively estimated to
be JuneNovember basedroMathew and Naik 1986; Lowther and Cink 2006; and Roreeab
2006) which overlaps with the rainy season in Mexico (3dptember). Axis 1 was also
positively associated with minimum and maximum temperatures of months outside of the moult
period, in he dry season. Axis 2 was negatively associated with precipitation during the moult
period/rainy season and positively associated with minimum and maximum monthly
temperatures during the moult period/rainy season. High CORTf values were associated with
low values of Axis 1, which corresponds to dry conditions during the moult period/rainy season
and cool temperatures outside of the moult period (dry seasonjraitié values of Axis 2,
which correspond to intermediate temperatures and levels of pracipiaring the moult
period/rainy season, were also associated with high CORTf (RRg®)reEvidently, there is a
contradiction regarding the effect of moult period precipitation levels on CORTf. Further

examination shows that some high CORTTf valuesatso associated with high values of Axis 2,
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which correspond to low levels of precipitation during moult, andnandje values of Axis 1,
which correspond to intermediate levels of precipitation during the moult period.

In the first set of candidatGLMs, which used original weather data as explanatory
variables, the best approximating model was the global model, with théestxnodels
containing only Site, all of the monthly weather variables, and weather variables from the dry
season only. Thdifference in AIC between the top two models was >2 meaning there was no
model selection uncertainty (Burnham and Anderson 1998). The second set of models, which
used NMDS axes as explanatory variables, yielded similar results; the best approximaghg mod
was the global model, followed by models containing Site only, all weather variables (the 2
NMDS axes plusl-excess and evapotranspiration), then abéxcess variables.
2.3.4 Regression Tree Analysis

Regression trees were run on the data set widhaathoutd-excess data. In all cases the
most important variable predicting CORTf was site. To determine whether the dominance of site
was driven by 6 influential sites (those from which birds with CORTf >10 pg/mm were sampled)
a stepwise eliminationof these sites was conducted, with regression trees run after each
removal. After removing these sites, site was still the top predictor in all trees. Age, mean
annual precipitation, andtexcess also emerged as important predictors of CORTf. Fortthe da
set excludingl-excess, the modal best tree size from the 10 runs considered was 3 nodes, and
both splits were based on site. To explore other potentially important predictors of CORTf the
variable site was removed from the analyses. Regressiomureesthout site identified
minimum temperatures in January, June, and July, and age class as important predictors of
CORTTf (Figure2.3). Rerunning regression tree analyses of the data set incldegxgess data

after removing site identified-excessn April and May precipitation as importapredictors of
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CORTTf (Figure 2.4 As some of the weather variables were collinear, for the trees developed
after removing site | looked at surrogate variables for each split. Generally the surrogate
variables wee quite similar to the variable on which the split was based. However, in some
cases precipitation variables or spatial data (latitude or longitude) appeared as surrogates for
temperature variables, or vice versa. Improvement values for each suragaéewere low
(all <0.35), indicating that using these variables instead would not result in a considerable
increase in withirgroup homogeneity.
2.4 Discussion

The dominant spatial pattern in CORTf was the clustering of the@@RT birds in the
north-central region of Mexico, where average conditions are hot and dry (mean annual
temperatures ranging from-22 °C and mean annual rainfall ranging from2Zlcm;Aleman
and Garcia 1974) The tendency for CORTf | evels to be
range is similar to previous findings using CORTp (Busichl 2011). Contrary ta priori
predictions, CORTf showed a weak, positigiationship with latitude and@mplexassociation
with elevation. Previous studies have found negative relationships between CORTp and latitude
in snow buntingsKlectrophenax nivalisand Lapland longspurs in Alask&/{ngfield et al
1994), in willow warblersRhylloscopus trochilysandpied flycatchersKicedula hypoleucgain
Sweden $ilverinet al 1997; Silverin and Wingfield 1998), and in Arctic shorebirds
(Scol opacidae; OO6Reilly and Wingfield 2001).
where latitude is closely linked to @ment climate conditiond=fom and Staver 1979; Gaskell
and Morris 1979)and the same association does not necessarily exist in more tropical areas
(Osborne 2012) However, northern Mexico is characterized astsojpical while the southern

part of the ountry is tropical. Temperature and rainfall therefore show some association with
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latitude across the country (Aleman and Garcia 1974). Other work has shown no effect of
latitude on CORTp (Lynet al 2003), CORTHatitude relationships that varied beereyears
(Lindstromet al 2005b) and positive relationships between latitude and CORTp (Wingtield
al. 1995 Matrtin et al 2005). Previous studies have also found negative relationships between
CORTp and elevatiorPereyra and Wingfield 2003; Beatal. 2003; Liet al 2009, and it is
difficult to conceive of a biological explanation for why intermediate elevations would be
associated with the highest CORT levels in a population.

Feather CORT levels were significantly different between the AtlanticPacific
drainage basins, and also between the interior and coastal regions of Mexico. Interestingly,
using feathers from the same birds, Hobsbal. (2009 ) f o dHhvdluesdisat f eat he
varied between the Atlantic and Pacific drainage bag\ssprecipitation appears to be a good
predictor of CORTTf variation, differences between the Atlantic and Pacific drainage basins may
reflect differences in average rainfall between the two sides of the country. Based on this
hypothesis, CORT levels shoude lower in the Atlantic region, as the Gulf coast receives more
precipitation than the Baja peninsula and the Pacific cééstin@n and Garcia 1974; Rudolph
1985). However, | found that CORTTf levels were higher in birds from the Atlantic drainage
basin,which suggests that the difference may reflect the fact that the majority of the high CORTf
birds were sampled in the Atlantic region. Similarly, CORTf could be higher in the interior
drainage basin because most of the extreme birds were sampleditetioe.i However, re
running these analyses after removing individuals with unusually high C@RIds fronthe
data set yielded significantyalues, suggesting that some unmeasured difference between these

broad regions of the country is associatedhVORTTf variation.
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As predicted, CORTf was negatively associated with temperatures and precipitation
levels, but onavay associations were weak. However, the clustering of the high CORTTf birds in
the northcentral, desert region of the country sugg#sis precipitation is an important
ecological variable explaining variation in CORTf. Previous studies have found negative
associations between CORTp and precipitation levels in what@ned sparrows in Washington

(Wingfield et al 1983), in darkeyed jincoswintering across the U. $Rogerset al. 1993), and

in Alpine swifts in Switzerland (Bizet al. 2010). House sparrows eat grains primarily but also
consume insects (Lowther and Cink 2006). As rainfall is important for plant growth and weather
can influence the availability of insect prey (Murphy 1987), the COR@&€ipitation

associations in this popuian could be driven by the effects of precipitation on food supply.
Alternately sparrows could be at a risk of dehydration in extremely arid regions. In this case
rainfall could be directly affecting CORTTf by increasing the energetic costs of obtamoagte

water to maintain homeostasis.

Low ambient temperatures have been associated with higher CORTp and CORTfe levels
in multiple species and contexts, including diving petéishe coast of South Georgia Island
(Smithet al 1994), Greylag geese Austria (Frigerioet al. 2004), and nestling blue tits
(Cyanistes caeruledsind pied flycatchers in central Spain (Lobet@l 200§. Except for
cases in which cool temperatures occurred during storms, these associations likely reflect effects
of ambent temperature on energetic requirements or food availability, rather than cool
temperatures being perceived as stressful (as suggesiedrafziermannet al. 200§. The
thermoneutral zone the range of temperatures in which an organism does notdhaxeend
large amounts of energy to maintain its body temperaturegtall 2004). When temperatures

fall below the lower limit of the thermoneutral zone the amount of energy required to
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thermoregulate increases. For house sparrows from varioti®isce the U. S. the lower
bound of the thermoneutral zone has been designated2#s°ZDand the upper bound as3
°C (Hudson and Kimzey 1966). During the moult period extreme minimum temperatures at the
sampling sites ranged from 8.2 °C for Jumd ¥4 °C for NovemberAs CORT is known to
stimulate foraging behaviour (Sapolsityal 2000; Crossiret al 2012) and to make energy
available by promoting glucose synthesis and the breakdown of fat reserves (Toates 1995), we
would expect individuals tamcrease CORTTf levels in response to low temperatures, as seen in
this population.

Site consistently emerged as the most important predictor in modelling and regression
tree analyses. As weather variables were measured at the site level this textltheef
influence of weather conditions on CORTf. Alternately, CORTf may be more strongly
influenced by an unmeasured variable that differs among sites, such as conspecific density or
predation pressure. Other important predictors were precipitatiels learly in the breeding
period (ApritMay) and temperatures in January and during the breeding/moult period (June
July). Interestingly, CORTf was not most strongly related to weather variables during the moult
period. CORTf may reflect individual enetge condition during feather growth (Fairhurst
2011). Together this suggests that conditions experienced during the wintering or breeding
stages could have effects thatcasry er t o i nfl uence an individual
moult. For example,aol temperatures during the goeeeding or breeding stages could cause
birds to expend more energy to maintain their body temperature, resulting in reduced fat storage.
Unless these negative effects can be countered by increased fat storage during tireedi
individual would be in relatively poor condition during the feather growth period, which could

result in higher CORTf. Alternately, extreme temperatures or precipitation levels earlier in the
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year could determine the quantity or quality of foodilawée during the breeding and moult
periods.

The lack of considerable variation in CORTf within the sample likely occurred because
individuals with extremely low or extremely high CORT values are severely compromised in
their ability to cope with theienvironment and often do not survive (Rometal 2009). Many
studies have shown that sex, age, and body condition can influence CORTp and CORTfe (ex.
Bonieret al 2007;Cabeza®t al 2007;Wilcoxonet al. 2011). In this sample, however, CORTf
did not differ significantly between the sexes or age groups and was not significantly associated
with wing length. One explanation for the uniformity of CORTT levels of birds sampled across
the country could be that house sparrows are human commensalesésitids live in close
association with humans, their habitats may be fairly consistent in terms of food supply, shelter,
predation pressure, and other factors affecting energetic requirements. Therefore regardless of
their location in Mexico house spaws may face similar energetic requirements, and maintain
similar CORTT levels. The nortbentral region of the country is an exception to this hypothesis,
suggesting that in this area birds are less reliant on humans, or that living with humans cannot
completely buffer house sparrows from environmental conditions. Additionally, other studies
have found that urban birds show CORTp differences based on sex (Balie?007), age
class (De Nevet al. 2010), and body condition (Fokide$ al 2011) despe their close
association with humans, so this theory does not explain the lack of these effects. It would be
interesting to repeat this study using feathers collected from a species that is not human
commensal. Presumably such a species wexperiene greater habitat variability across its
range, which would likely result in stronger associations between CORTf and both spatial and

weather variables.
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A hypothesis that has emerged from my results and the results of &uwsc{2011) is
that precipitéion level is one of the most important factors governing taage spatial
variation in CORT. More studies focusing on broad patterns in CORT are needed to further
validate the precipitation hypothesis, and to identify alternate variables that sbog str
associations with CORT. Another focus of future work could be the apparenbearrgffect,
or the tendency for CORTTf to be associated with weather conditions outside of the feather
growth period. Nestling CORTp levels appear to reflect weathelitcmms experienced in the
hours immediately prior to sampling and not conditions as recently-24 h@urs prior (Bizet
al. 2010). This finding opposes the caayer effects hypothesis, perhaps because CORTp and
CORTTf reflect hormone secretion ovefferent time periods. It would be interesting to include
both blood and feather CORT measurements in future studies to expand our knowledge of how
these two measurements differ and identify the specific time period during which environmental
conditions nfluence CORT secretion.

These results show that CORTTf is a valuable tool for macrophysiology, as this analysis
successfully revealed broad spatial patterns in house sparrow CORT levels. Low levels of
precipitation appear to require increased energeitigut in this species. Based on this finding,
it can be predicted that future reductions in rainfall may result in decreased individual condition,
population declines, or range contractions. Additionally, populations in low rainfall regions may
be moresusceptible to other negative pressures such as changes in predator or prey numbers or
anthropogenic disturbances. Information such as this is vital for planning effective conservation
strategies, therefore future studies should explore broad CORTimaiiabther species,

especially those that are currently declining or threatened.
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Figure 2.1: Differences in feather CORT of house sparrows sampled in different drainage basins
and in the exterior versus interior regions of Mexico. The Atlantic and Pacific drainage basins
are sesgarated by the continental diviown are the mediahdrizontal line within box), 28

and 7% percentiles (lower and upper edges of box! a6d 93" percentiles (whiskers below

and above box) and outliers (values outside tfeah@ 98" percentiles; open circlesPf the 49
sampling sites, 29 weredated in the Pacific drainage basin and 20 in the Atlantic drainage

basin; 17 were located in the interior region and 32 in the exterior region. Welch two sample t
tests showed that feather CORT differed significantly between drainage basins (p=194 x 10
and also between the interior and exterior regions of the country (p=1.13.x 10
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Figure 2.2: This figure shows feather CORT values of house sparrows sampled in Mexico
plotted as contour lines on the reduced space created by two axes prodoidaiipn of 37

weather variables. Ordination was done usingmetric multidimensional scaling with a

Euclidean distance metric, and the solution with the lowest stress consisted of two dimensions or
axes. The first axis (NMDS1) is positively correldtwith precipitation from months during the

rainy season, which overlaps with the moult period of house sparrows, and positively correlated
with minimum and maximum temperatures from months outside of the moult period, during the
dry season. The secorxi(NMDS2)is negatively correlated with precipitation during the

moult period or rainy season and positively associated with minimum and maximum
temperatures during the moult period or rainy season.
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TMIN_1>=19 | TMIN_1<19

TMIN_6< 152 | TMIN_6>=152
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n=355

TMIN_7-=172.5 | TMIN_7<172.5
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n=52

Age=AHY ASY | Age=SY

6.53 14.4
n=16 n=2

Error: 0.585 CV Error: 0.727 SE: 0177

Figure 2.3: A regression tree showing the divissba sample of 448 house sparrows sampled
across Mexico into groups based on feather CORT, with group divisions determined based on
one of 45 predictor variables, each describing spatial location or weather conditions of sampling
sites. Variables appeagmear the top of the tree are more important predictors of feather
CORT, meaning that based on this tree the most important variable explaining variation in
feather CORT is January minimum temperature (TMIN_1) and other important variables are
minimum tenperatures in June (TMIN_6) and July (TMIN_7), and age class. For each terminal
node the group size (n) and the mean feather CORT for that group (in pg/mm) are listed.
Threshold values for each split are also listedtemperature variables units are*@0. The

best tree size was selected based on minimizing relative error. This model was run 10 times and
each run included 1000 cregalidations. The average CV error value over all runs was 0.7709.
Regression trees including the predictor variaitke indicated that site is also a very important
predictor of feather CORT.
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528
n=386

6.27 122
n=39 n=23

Error: 0644 CV Error: 0.781 SE: 0.192

Figure 2.4: A regression tree showing the division of a sample of 448 house sparrows sampled
across Mexico into groups based on feather CORT, with group divisions detebageztion

one of 58 predictor variables, each describing spatial location or weather conditions of sampling
sites. Variables appearing near the top of the tree are more important predictors of feather
CORT, meaning that based on this tree the most imgardaiable explaining variation in

feather CORT is deuterium excess in April (DExcess_Apr) and May precipitation (PRIBC_5

mm) is also important. For each terminal node the group size (n) and the mean feather CORT
for that group (in pg/mm) are listedhreshold values for each split are also listed. The best tree
size was selected based on minimizing relative error. This model was run 10 times and each run
included 1000 crosgalidations. The average CV error value over all runs was 0.6857.
Regressin trees including the predictor variable site indicated that site is also a very important
predictor of feather CORT.
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Chapter 3: Temporal variation in feather corticosterone and CORFweather relationships
in Eurasian Tree Sparrows Passer montanusin 1llinois

3.1 Introduction

Long-term studies provide data that can be used to monitor population health and assess
the impacts of environmental change. This type of research has long been recognized as a
powerful tool in biology. Over time, human impaots ecosystems across the globe have
increased in their range and intensity. These include alteration or destruction of natural habitats
for agricultural, industrial, and urban expansion and changes in global climate and
biogeochemical cycles (see Vitolsst al. 1997). Habitat alteration and climate change have
serious, negative effects on bird populations (ex. Andren 1994;eBalh2006; Lemoineet al.
2007), as does the humarediated spread of invasive species (ex. Savidge 1987; Flatdérs
2006; MacGregotforset al 2010). At any time, organisms face multiple, often inédated
challenges in their environment. It is important to understand how individuals and populations
cope with these challenges so that conservation actions can btzedaaind the effects of
future changes can be anticipated and potentially counteracted.

Corticosterone is the main avian glucocorticoid hormone and is involved in daily energy
mobilization and in mounting a stress response when animals experienadiataple
environmental perturbations (Wingfiedd al 1998; Sapolskgt al 2000). This measure can be
considered an indicator of individual energetic state (Fairhurst 2011), and CORT levels provide
insight into the welbeing of organisms. More speciily, CORT can reveal whether
individuals are capable of responding appropriately to environmental challenges or if they are
struggling to maintain normal physiological functions. Léegn CORT sampling can help
monitor the health and viability of wildé populations and provide reference points that can be

used to assess the impacts of current or future environmental changes. Despite the strong
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potential of this approach, few researchers have collected CORT data over extended time
periods. Die(Richand Romero 2001) and annual (Romero 2002) patterns of CORTp variation
have been reported, and most studies measure CORT-8wezdts, but we lack information

about variation over longer time periods. One exception is a comparison of CORTTf levels of
great horned owls collected in 20@% to CORTTf levels of museum specimens collected from
193174 which concluded that the higher CORTT levels in the museum specimens could indicate
that past environmental conditions were more energetically demanding (Roebkl. 200%).
However, the authors cautioned that these data could also reflect a bias for the individuals that
were obtained as specimens to be of relatively poor quality.

The lack of longterm CORT data can be partly attributed to logistinstraints, as blood
sampling and storage in the field is difficult and tio@suming. Techniques for measuring
CORT metabolitedrom feces (Goymanat al 1999; Harper and Austad 2000) &d@RT from
feathers (Bortolottet al 2008) mean that existinepng-term studies can now incorporate CORT
sampling with relative ease. Furthermore, as CORT deposited into feathers does not degrade
over time (Bortolottiet al 200%) CORTTf levels of individuals preserved as museum skins can
be measured.

This projectexplored broasscale temporal variation in CORTf of Eurasian tree sparrows
(hereafter tree sparrows) collected in lllinois from 19830 that were prepared and stored as
museum skins. Tregparrows are small (~22.8 g), nongratory human commensals ivatto
Europe and Asia (Barlow and Leckie 2000). In 1870, about 22 individuals were introduced to
St. Loui s, MO; the speciesd cur-cemraltllinoor t h Ame
extending slightly into lowa and Missouri. Despite the lackaofye expansion, the North

American population of tree sparrows grew during the sampling period, from ~2,500 individuals
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in 1964 to ~150,000 in 1988 (St.Louis and Barlow 1988). A more recent population estimate
based on annual bird counts is 25,000 @ar&nd Leckie 2000). Current population growth and
range expansion is thought to be minimal, which could be related to unsuitable habitat,
competitive exclusion, or reduced reproductive success due to founder effects (Barlow and
Leckie 2000). lllinois ideavily involved in agriculture and industrial activities. The climate is
continental and annual weather varies considerably, with annual mean temperatures ranging from
9-14°C, annual minimum temperatures ranging fradf C to-2°C, annual maximum
tempeatures ranging from 232°C, and mean annual precipitation levels of-8200 mm
(Changnoret al. 2004). During the study peridde human population of Illinois increased

(U.S. Census Bureaand habitats became more reduced and fragmented due totagaicul
expansion (lverson and Risser 1987; Iverson 1988).

The objectives of this study are to explore temporal variation in CORTTf of tree sparrows
in lllinois and to evaluate relationships between CORTf and weather variables. As this study is
exploraory and relies on previously collected dataanariori hypotheses were tested, rather the
goal was to explore the utility of the feather CORT technique and generate information that can
inform future work. Previous work showed positive associationsdegtwonspecific density
and CORTp (Nephew and Romero 2003) and CORTfe (®¢tlah2011). As habitat alteration
or disturbance has also been linked to CORWagseret al 1997; Thielet al. 2009, one
prediction was that average CORTTf levels wouldease over time. Another prediction was
that CORTf would be negatively related to average and also extreme temperatures and
precipitation levels during the moult period. Cool temperatures can increase thermoregulation
costs, and increased CORT secretielps make energy available to maintain homeostasis

(Toates 1995). Accordingly, negative associations have been found between CORTp or CORTfe
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and temperature in several species and systems (Retredr@000; Frigericet al 2004; Lobato

et al 2008). Tenperature and precipitation can also both affect CORTp indirectly through their
influence on availability and quality of food resources (J&haermannet al 2008;Bize et al

2010; Busctlet al 2011)).

The results of this study will be some of thetfegidence that CORTf can be used to
obtain information about the physiological state of preserved birds. This ability to conduct
retrospective analysis of CORT levels is groundbreaking. These tlatdlow us to determine
how energetic challenges ex@aced by current populations compare to those that past
populations faced, which has important implications for assessing population viability and for
gauging the severity of current conditions. ldentifying conditions under which past populations
were ot challenged is also vital, as this can help managers and conservation biologists
determine what steps to take to improve existing conditions. Along with the results presented in
Chapter 2, this analysis will also contribute to our understanding of indgvdmpe with
variation in temperature and precipitation, which is important for predicting future responses.
3.2 Materials and Methods
3.2.1 Field methods, feather collection, and weather data

Field work was conducted by Dr. Jon Barlow and Dr. Vini¢&. Louis from 1963990
(for details see St. Louis and Barlow 1988). Briefly, tree sparrows (n=433) wereatied in
four lllinois counties (Greene, Morgan, Scott, and St. Clair). Birds were aged (adult or
immature) based on skull ossification,igleed to the nearest 0.1 g, and assigned a fat class (v
light, light, lightmoderate, moderate, modersiavy, heavy, \heavy, or no). For 113
individuals collected from 1982985, 16 morphometric measurements were taken (nearest

+0.05 mm using diel cglers; St. Louis and Barlow 1987). Birds were sampled in 19 years
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during the study period and sample sizes varied among years (r88gentan=23 and
mode=13). Sample sizes also differed between sites, however most birds (n=423) were collected
from threecounties within a 50 km area. Specimens were stored on dry ice prior to preparation
at the Royal Ontario Museum (ROM, Toronto, Ontario, Canada). After preparation (see Section
3.2.4 for details)study skins were stored at the ROM; feathers were collected in 2009. Monthly
weather dataneasured at the Jacksonville, IL station in Morgan County were obtained from the
U. S. National Climatic Data Centre (NCDC, www.ncdc.noaa.gov). Data describMigdZLa
Nifia Southern Oscillation phases and the Palmer Drought Severity Index (PDSI) were also
obtained.
3.2.2 Corticosterone analysis

Corticosterone analysis was conducted as described in Chapter 2. Samples were
extracted in 5 batches and for all liegs >90% of the radioactivity was recoverable from the
reconstituted samples (mean recovery efficiency 97.6%, SE +1.29%); final CORT values were
adjusted to account for recovery efficiency. Samples were processed in 9 agbagsnean
intracassay C\Wf 5.35% (range 3.96.68%) and an intesissay CV of 3.74%. Mean detection
limit (80% bound) for the assays was 10.2 pg
exceeded this |imit ( meld3). AH#labowerk ias pogducie@ &tthe L, r
University of Saskatchewan, Saskatoon, Canada.
3.2.3 Statistical analyses

T-tests and ANOVAs were used to explore relationships between CORTf and sex, age,
site, and fat score, and relationships between CORTf and body mass were evaluated using simple
linear regressions. For a subset of the data (n=113) a body size measure was developed using

principal components analysi$ 16 morphometric variables. Some morphometric variables
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differed in scale therefore a PCA based on a correlation matrix wabesaase this method
automatically standardizes the data. Eight individuals were missing one or more measurement,
so analyses with and without missing values were compared. Removing missing values resulted
in more variance being captured by the main axesa higher Bquared value for a regression
of body mass against PC1. Results obtained from this analysis are reported. Correlations with
original variables showed that PC1 can be interpreted as a linear measure of body size. A linear
regression of by mass on PC1 was run, and residual values were used as measures of
individual condition (Gould 1975). The relationship between CORTf and body condition was
explored using linear regression.

ANOVAs were used to test for effects of year and ENSO phatsianple linear
regressions to explore relationships between CORTf and weather variables. Model selection and
regression trees were used to identify important predictors of CORTf. The top model(s) were
chosen based ohIC, which aims to optimize the traeff between model fit and number of
parameters (Burnham and Anderson 1998). Dimensionality of the weather data was reduced
using ordination then a second set of candidate models were run using ordination axes as
explanatory variables. Weather data wava-normal and noitinear and normetric
multidimensional scalingvas used because it has relaxed assumptions compared to other
ordination techniques. NMDS iteratively seeks to preserve the rank order of relationships among
objects by finding the configation of points in reduced space that minimizes the deviance of
the rank order of points in reduced space from the rank order of points in the original space
(Astresso,; Mc Cune and Grace 2002) . Manhattan
stresssolutions compared to other distances metrics. Two axes were retained in the final

solution based on comparing stress values of solutions with different dimensionality.
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Correlations between original variables and axis scores were used to interpret eaadit®ns
represented by each axis then CORTf was plotted against these axes.

Regression trees recursively split a data set into mutually exclusive, binary subsets using
criteria defined by predictor variables to split objects based on values o$plomse variable.
Each split is based on a single predictor variable and the best split maximizes homogeneity of the
response variable within each group (McCune a
plotting tree size versus relative error then delgahe tree with the lowest error value. Each
tree was run 10 times with each run including 1000 evadations. CV error values, which
estimate prediction error of the model, are reported as average values for all runs. All statistical
analyseswee performed in R v. 2.14.0 and the O6mvp:
Development Core Team 2011).
3.2.4 Feather preparation experiment

During preparation as a study skin at theNR@ach sample was treated witbthing
(n=50), distilledwater (n=227), water and petroleum naptha (n=33noaqueous solution of
Palmolive green dish detergent and petroleum naptha (n=153). Treatment method was related to
time, for example the water and naptha treatment was only used in 1964, detergaptiaad n
was the prevalent treatment from 198832, and water was the only treatment used from-1983
1990 (see Tabld.1). A main goal of this study was to explore CORT differences between years
therefore it is critical to ensure that changes in preparat&thods are not confounding year
effects. To address this issue an experiment was conducted in 2012 using feathers of 10 house
sparrows (7 male, 3 female) collected in Mexico as part of a different study (for more

information see Hobsoet al 2009 and Sgion 2.2.1).
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Six samples per individual were used (each sample consisted of three symmetrical
contour feathers; multiple feathers were used to ensure that CORTf levels would be detectable by
radioimmunoassay). Each sample was randomly assigned to sixgrefitment groups: no
treatment, water, detergent, water and naptha, detergent and naptha, and Hexane.was
not one of the treatments used on the study skins but it was included in order to investigate
potential effects of another organic solven CORTf and to corroborate previous work done by
Bortolotti et al. (2008). The calamus was removed, feathers were measured to the nearest mm
using a ruler, and feathers were cut in half along the rachis using a scalpel. Each feather half was
randomlyassigned to control or treatment. For each treatment there were 10 control and 10
treatment vials. Mean CORTT of treated feather halves was compared between the six groups to
determine whether these treatments have the potential to extract CORT fitoensf@aior to
analysis.

Feathers in the 6no treatmentd group wer e
minute immersions, alone or in combination, in: 10 mL distilled water, 10 mL of a mixture of 1
part green Palmolive dish detergent (ColgR#nolive Company, New York City, New York,
U. S.) : 100 parts distilled water, 10 mL of petroleum naptha (Coleman Company, Inc., Wichita,
Kansas, U. S.), or 10 mL hexane (HPLC grade, VWR International) then separating the feather
pieces via vacuum filtratroand leaving them to dry under a fumehood. Following immersion in
the detergent solution feathers were rinsed (2 minute immersion in 10 mL distilled water
followed by vacuum filtration and patting dry) twice. After treatment feather halves were
extractel, reconstituted, and recovered following the procedure described in Chapter 2. All
samples (n=120, 60 control and 60 treated) were extracted in one batch with a recovery

efficiency of 90%. Samples were processed in 3 assays witkairdra ay C V%, 8.458f 9. 84

a7



and 3.37% and an intassay CV of 10.9%. Detection limits (80% bound) for the assays were

11.8 pg CORT per 100 eL of sample, 12.2 pg CO

sample; most data values were greater than these limits (meanp-@6.01 00 &€ L5 r ange
70.6) however 3 samples, all controls for the
(10. 3, 10.4, and 11.9 pg/ 100 eL). ANOVA was

treated feather halves between the six treatigenips.
3.3 Results
3.3.1 Temporal patterns in feather CORT

The majority of the individuals sampled had CORTTf values <13 pg/mm. Evaluation of
differences in CORTf between years revealed a weak, cyclical pattern, with CORTTf increasing
from 19661970 then decreasing, increasing from 19877 then decreasing, and a notable
increase from 19884 followed by a decrease (FiguBd4). CORTTf values differed significantly
between years (ANOVA, df=19, p<2 x 1), and in several analyses (described belsesr
emerged as a top predictor variable.
3.3.2 Relationships between CORTf and weather variables

Oneway relationships between CORTf and monthly weather or drought variables were
weak (R<0.1). Variables showing stronger associations with CORT(R) were measures of
September temperatures and May drought conditions. ENSO phase during the winter prior to
feather growth had no significant effect on CORTf; however there were significant effects of
ENSO phase in the summer prior to feather growth §pt@?) and ENSO phases of the summer
(p=0.0424) and winter (p<2 x 1®) 1 year before feather growth (Fig®2).

A set of 22 candidate models, including a global model, was developed with each model

containing a combination of explanatory variablesatibing a specific prediction of which
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factors are important determinants of variation in CORTf. The top model was the global model,
with the two nextbest models containing all of the monthly weather variables and Year only. As
the difference in AIC btween the top two models was >2 model selection uncertainty was not an
issue (Burnham and Anderson 1998).

The ordination solution with the lowest stress consisted of two dimensions or axes.
Plotting CORTTf on the reduced space created by these axgedtiat high CORTf values are
associated with high values of Axis 1, which corresponds to high temperatures during the moult
period and low levels of precipitation during the moult period and the month immediately prior
to moult (Figure 3). High CORTi{values are also associated with high values of Axis 2, which
corresponds to high levels of precipitation 2 months prior to moult and high levels of
precipitation near the end of the moult period. A second set of 15 candidate models using
ordination axessexplanatory variables in lieu of monthly weather variables was developed.

The best approximating model was the global model, with the twebeskimodels containing
county, age, sex, and year and year only. There was no model selection uncertainty.

Regression trees were run with CORTTf as the response variable and Year, Site, Age, Sex,
Body mass, fat score, Feather preparation method, 112 monthly weather or drought variables,
and 4 ENSO variables as predictors. Year of feather growth was ideasfttd most important
predictor of CORTf. The modal best tree from 10 runs had 4 nodes, with two splits based on
Year and one based on April precipitation. To identify other important predictors of CORTT,
Year was removed from the data set and regressen were reun. The modal best tree over
10 runs had 13 nodes, with splits based on September temperature, May precipitation, site,
August precipitation, ENSO phase of the summer 1 year prior to feather growth, ENSO phase in

the winter prior to feathregrowth, body mass, sex, and feather preparation method (RBigire
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As some weather variables are collinear surrogate variables for each split were examined. For
the tree developed using the full data set measures of July or September temperajusts, Au
precipitation levels, or drought conditions in April or May could be substituted for year.
Surrogates for the split based on April precipitation were the same measure of precipitation for
May, June, July, or August. For the tree developed afterviegn&’ear other potentially
important predictors of CORTf are April, June, and July temperatures, precipitation levels in
April, June, July, September, and October, April and May drought conditions, ENSO phase in
the summer prior to feather growth andhe winter 1 year prior to feather growth, and fat score.
Improvement values for most surrogate variables were low (<0.35), indicating that using these
variables instead would not result in a considerable increase ingithup homogeneity. For
the lastsplit in the tree developed using the data set with Year removed improvement values
were higher (0.59), indicating that similar results would have been obtained if this split had been
based on precipitation in April, May, June, or August rather than featbparation method.
3.3.3 Relationships between CORTf and other variables

Feather CORT levels did not differ significantly between sexes (Mak3.92 pg/mm,
Femalesr= 7.88 pg/mm; p=0.90) or age classes (Adlts 7.87 pg/mm, Immatures= 8.02
pg/mm; p=0.62). CORTT differed significantly based on site (ANOVA, df=3, F=6.865,
p=0.000159) and fat class (ANOVA, df=6, F=2.819, p=0.0106). Linear regressions of CORTf
against body mass were performed for the two sexes then the two age classesyseparate
although Rsquared values were low (all <0.12y@lues were significant (males p=0.000725,
females p=0.00622, adults p=0.011, immatures p=8.63"x 1 all subsets the association
between CORTf and mass was positive. CORTT differed significkased on specimen

preparation method (ANOVA, df=3, F=30.23, p<2 x*{Figure35). Due to this finding, an
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experiment was performed to ensure that these treatment methods do not alter the amount of
CORT recoverable from the feather (see Sectiahg 33.3.4).

The ordination of morphometric data extracted a single dominant pattern, as indicated by
the high proportion of variance captured by PC1 (43.7%). Positive factor loadings for 15 of the
16 morphometric variables indicated that this axis ssgres overall body size, with higher PC1
values corresponding to larger birds. The variable with a negative loading on PC1, narial width,
made a very minor contribution to the pattern extracted by this axis. A linear regression of body
mass on PC1 showedstrong, positive association’é®.5205, df=93, F=101, p<2 x 18).

Residuals of this regression were used as an index of body condition, with large, negative values
denoting individuals in relatively poor condition (i.e. lower than expected mass, thieir body

size), large, positive values representing individuals in good condition, and values near zero
representing individuals in average condition. Linear regression of CORTf against this condition
index revealed a weak, negative associatidrQR03224, df=89, F=0.2879, p=0.593; Figure

3.6). One individual had an unusually low body condition sc&®9; median was 0.035 and
maximum was 1.98); reunning the regression after removing this individual resulted in a

slightly stronger, negative amsation (R=0.01524, df=88, F=1.362, p=0.246; Fig3t8).

3.3.4 Feather preparation experiment

Two samples from the feather prep experiment were lost during the assay process, one
from the édno treat ment d gr o urqup. diepthcemantcurnies om t h
produced using serial dilutions were parallel to the standard curve for each of the six treatments.
For all six preparation methods the difference in mean CORTTf of the control and treated feather
halves was not significant. Me& ORTf values of the treated feather halves did not differ

between the 6 treatment groups (ANOVA, df=5, F=2.21, p=0.067; F&jtye
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3.4 Discussion

The clearest temporal trend in tree sparrow CORTf was a marked increase fram 1981
1984 followed by a teirn to relatively low levels for the remainder of the sampling period.
There were also slight CORTf increases 1967 and 1977, followed by returns to lower levels in
the subsequent years, which may suggest that temporal variation in CORTTf is cyclical. The
was no evidence of a gradual increase in CORTf over time. So while energetic challenges
appear to vary among years, there is no evidence of a continual increase in energetic
requirements over the sampling period.

Weather is one potential explanatiam the observed pattern in CORTf. In 1981 there
was a moderate drought during the moult andnpoeilt periods, but conditions were normal or
wetter than average from 1982. Temperatures were unusually high during the moult period in
1983 compared to oer years during the sampling period, while spring (Apuihe)
temperatures were unusually cool in 1982. Additionally, Nioeember 1982 and December
1982May 1983 are ranked as some of the most extreme EI Nifio periods in the past century
(NationalOceanic andAtmosphericAdministrationEarth System Research Laboratory 2012).
Therefore extreme fluctuations in weather conditions during these years could partly explain
increased CORTTf levels as coping with extreme temperatures is energetically demidiidatg (
al. 2004).

Inter-annual differences in population density, predation pressure, or food availability
could also be driving variation in CORTf. However, while CORTTf levels were steadily
increasing (198B4) tree sparrow population size was dectinf@aueret al 2011)Tree sparrow
population size increased from 1988, suggesting that while population density likely did not

contribute to the CORTTf increase, factors affecting CORTTf levels may have also been limiting
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population size. Interestinglgumbers of avian predators counted on BBS routes increased
from 198081 then remained relatively steady before increasing again in 1987. Therefore
increased predation pressure may have contributed to higher CORTTf levels in 1981, but likely
did not contrbute to CORTTf increases from 1982. However, tree sparrows also have
mammalian predators such as cats and raccoons, and changes in predation pressure from these
sources may have contributed to patterns in CORTf. Another potentially influential &actor i
food availability. In the U.S. overall, corn production was >10% lower than expected in 1970,
1974, 1983, and 1988 (Babcock 2007) and the Crop Moisture Stress Index, which measures
negative consequences of moisture extremes on crop yield, was higidirnl996, 1980, 1983,
and 1988 (U.SNCDC 2012). In the lllinois counties from which birds were collected the
overall trend was an increase in annual corn yields over the study period but there was
considerable inteannual variability, with relatively lgh yields in 1979, 19882, 198587, and
19891990 and relatively low yields in 1964, 1966, 1970, 1980, and 1983 (Repartment of
AgricultureNational Agricultural Statistics Service 2012). Overall, the temporal pattern in tree
sparrow CORTf does néihe up with patterns of corn production. The low yield and the high
moisture stress index in 1983 do however indicate that decreased food availability could be
partially responsible for high CORTf levels in 1983.

As predicted, negative CORVfeatherassociations emerged, the strongest being
relationships with September minimum temperature and maximum precipitation in August.
Previous studies have shown that CORTp elevations are associated with cool temperatures in
white-crowned sparrows Washingta (Wingfield et al 1983), indiving petrels off the coast of
South Georgia Islangmithet al 1994), and in Greylag geese in Aiss{Frigerioet al 2004).

High CORTp was also associated with low levels of rainfall in song wrens across the isthmus of
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PanamaBuschet al 2011). The relationship with temperature likely reflects increased
thermoregulation costs during cooler periods, although temperature could also indirectly
influence CORTYp via effects on food availability (JeEmermanret al 2008). The negative
CORTtprecipitation relationship is likely indirectly mediated by the same pathway, especially
for largely granivorous species such as tree sparrows. These-@&dfer relationships are

not completely novel but this is the first time thewe been shown using CORTf. Also most
previous studies have focused on the breeding or wintering periods (however see &a@hero
2000) and this is some of the first evidence that these relationships are found during the moult
period.

Interestingly,while CORTf was negatively related to temperature in all months during
the premoult and moult periods, CORTf was positively associated with April and May
precipitation levels but negatively associated with precipitation in August. Previous studies have
found CORTp elevations during cool, rainy periods and during storms involving increased
precipitation in song sparrows in New Yoi¥ihgfield 1985a,b), inapland longspurs in Alaska
(Astheimeret al 1995), and in Alpine swifts in Switzerland (Bigeal 2010. Similarly the
positive relationship between CORTf and spring precipitation could reflect energetic challenges
of inclement weather during this stage carrying over to influence individual energetic condition
during feather growth. Poor weather cihiaths can also negatively affect foraging ability
(Power 1980; Hiltoret al. 1999) so shorterm food restriction caused by high levels of
precipitation may have also contributed to this effect.

CORTTf tended to be higher if there was an EIl Nifio event in the 18 months prior to
feather growth, and as mentioned some of the highest CORTTf values were seer88,1982

extreme El Nifio years. While other studies have evaluated effects of extreme weartieon
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CORTp Smithet al 1994; Astheimeet al 1995; Raouét al 2009 this is one of the first

investigations of relationships between CORT and ENSO phase. Interestingly, El Nifio effects

on lllinois climate are ranked as fairly mild compared teeotegions of the United States, with
winter conditions being slightly drier and slightly warmer than avesagesummers being

cooler and wettefNationalOceanic and\tmosphericAdministrationEarth System Research
Laboratory 2012).During La Nifia yeas winters are slightly warmer and wetter, with more
storms, while summers are warmer and driérat said, the highest moult and yoneult period
temperatures seen during the sampling period occurred during the extreme EIl Nifio event of
198283. This sugests that temperature extremes in either direction can be associated with
increased CORT.

Relationships between CORTf and ordination axes representing weather conditions
provide support for the hypothesis that the relationship between CORT and temperature
complex. CORTf was positively related to August temperature, which at first seems
contradictory. However, in this case the variable is the number of days with maximum
temperature O032.2AC, indicating t hauallybooblgh

and unusually warm periods. This is intuitive if we consider CORT to be a reflection of

COR

energetic demands, because thermoregulation costs will increase when ambient temperatures fall

outside of the lower or upper bounds of the thermoneutrad @dill et al 2004).

CORTTf did not differ between the sexes or age classes, which is somewhat surprising as

other studies have found send agerelated differences in CORTp (ekngelieret al 2010;
Heidingeret al. 2010; Verbovert al. 201Q. However, many of these studies were conducted
during breeding, when energetic requirements often differ considerably between the sexes.

Outside of the breeding season, CORT differences based on sex or age could be related to
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dominance and competitidar limited resources, as social status can influence CORTp levels
(reviewed in Creel 2001) and in many species adults are dominant to immatures and males are
dominant to females. If this is a driver of age andretated CORT differences these effects
would be seen primarily during times of resource limitation and high competition. Tree
sparrows are human commens#aar{ow and Leckie 2000and have access to human food
sources and humanade shelter from predators and the elements. Therefore, itenmayebfor
this species to experience resource limitation of the severity required to necessitate strong
competition. Several studies have also found no sex or age effects on CORTp (exetGdutte
2010; Doneet al 2011; Liet al 2012).

CORTTf differad significantly among sites, with higher CORTT levels in birds from Scott
County relative to other sites. This may be an artefact of sample size differences, as
considerably fewer birds were sampled from Scott (n=17) and St. Clair (h=10) counties
comparedo Greene (n=172) and Morgan (n=234) counties. Alternately, this effect could reflect
differences in the timing of the sampling. All birds from Scott County grew their feathers in
1983, one of the years with the highest CORTTf levels measured. Ihbiddseen collected from
Scott County in other years, the site effect would likely be weaker eexistent. Scott County
lies between Greene and Morgan counties. Due to this arrangement it is unlikely that some
unmeasured difference in conditions betws#es caused a true CORT effect; however this is a
possibility.

CORTf was significantly related to fat score, butcountert ui t i vel y birds i
and Omoderate6 fat classes had higher- CORTf |
moder ated cl asses. Previous work found no ass

et al 1997) but also lower CORTQp levels in birds with more fat (Jehal 2000). The lack of a
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relationship in this study could simply reflect the subjectivitasdigning fat score (ex. Scett

al. 1995). The relationship between CORTf and body mass was positive while the relationship
between body condition and CORT was negative. Other studies have found negative
associations between CORTp and body conditon Rerfitoet al 2002; Long and Holberton

2004; Rajaahoet al 2010). Furthermore, the body condition analysis indicates that the positive
association between CORTf and mass likely reflects the fact that larger birds have higher overall
energetic requements than smaller birds and secrete more CORT to meet these demands.

The results of the feather preparation experiment indicate that variation in CORTTf in the
sample was likely not influenced by differences in how the featlere treated during the
preparatiorof the skins and the feathers used in the present.stddyever, it is possible that
immersion or washing in certain organic solvents or other substances could strip some hormone
from feathers (Bortolottet al 2008 Appendix S1), causing e CORTT values to inaccurately
reflect the amount of CORT deposited into the feather during feather growth. Therefore it is
critical that future studies using museum specinaat®unt for differences in how feathers were
treated, cleaned, or stored prio CORTf analysis.

Retrospective CORT analyses using museum specimens is an exciting research avenue
made possible by the feather CORT technique. Future work exploring temporal patterns in
CORTTf will be critical for providing data that can be used asference point and for exploring
the normal range in CORTf variation over time, which can help determine whether recent trends
in CORTTf levels are cause for concern or simply represent natural fluctuations. Measuring
CORTTf levels in other species catted over similar time periods or in similar areas to the tree
sparrow specimens could also help identify factors that may be driving the trend seen in tree

sparrows. Another advantage to the feather CORT technique is the ease of collecting samples in
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the field. Ongoing, longerm monitoring projects should consider collecting feathers each year
so that studies similar to this one can be conducted in the future. These data could be beneficial
to these projects as well, as CORTTf predicted future surpradlabilities of house sparrows and
therefore has potential for use as a biomarker (Keteh 2012). Recent work has supported

the interpretation of CORTf as a measure of overall energetic requirements (Fairhurst 2011).
These data are therefore usdéu determining how birds are coping with changes in their
environment over time. Future work could also determine whether the C@étiher

associations seen in this sample are repeatable in other species, particularly the finding that
energetic challeges due to high levels of spring precipitation may have lasting effects on
individual condition.

While it may often seem that the conditions wild birds experience have continually
become more challenging over the past several decades due to incrémdetat degradation,
climate change, increases in pollution and environmental contaminants, and other factors, these
results indicate that this may not be the case. Astemy CORTTf variation in tree sparrows
was not unidirectional, it is important ientify which factors were likely responsible for lower
energy requirements in years with relatively low average CORT. This project also advances our
understanding of CORWeather relationships. While weather clearly cannot be controlled, this
informaion is important because it allows us to determine what types of weather conditions are
likely to make populations more vulnerable to other negative environmental influences. For
example, if extreme weather conditions such as storms or El Nifio evemdeeé energetically
challenging, some conservation measures may be more effective if they are implemented during
these periods. More work is needed to be able to inform managers, and these data show that

CORTf is a highly valuable measure that will allag/to reach this level of understanding.
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Tables and Figures

Table 3.1: A summary of environmental variables associated with feather CORT of Eurasian tree spass@vsr(ontanjisn

lllinois and of feather treatment methods overgheod of feather collection, 196P90. Year reflects the year in which the feather

was grown, rather than the year of sampling. For the four variables descriting lo Sout her n Osci | | ati on
nor mal, ANOO = EI M Meather peepacation methods are nothing No), water and naptha (WN), detergent and
naptha (DN), or water (W). The Palmer Drought Severity Index (PDSI) assigns a value of zero to normal conditions, 2value of
indicates moderate drough8, severe tbught, and positive values indicate excess rainfall (ex. +2 is moderate rainfall). Two values
are reported for the May PDSI in 1964 because birds were sampled in multiple counties in that year.

Year 1963 | 1964 | 1965 | 1966 | 1967 | 1971 | 1972 | 1973 | 1975| 1977 | 1978 | 1979 | 1980 | 1981 | 1982 | 1983 | 1984 | 1985 | 1986 | 1989

ENSO NM | NA NO | NM | NM | NA NO [NM [NM [NM |NM |NM |[NM |NM | NO |NM |NM |NM | NM | NM

summer

ENSO NM | NM | NA NO | NM | NA NM [NO [NM |[NM |NM |NM |NM |[NM |[NM [ NO |NM | NM | NM | NA

winter

ENSO NM | NM | NA NO |[NM | NM | NA NO [NA [NM |[NM [NM |NM |NM | NM | NO |[NM | NM | NM | NA

previous

summer

ENSO NM |[NM |NM | NA | NO | NM | NA NM | NA | NA NM [NM |[NM |NM |NM |NM | NO |NM |NM | NM

previous

winter

Feather No No, | No No, | No No DN DN | DN | DN DN | No, DN, |DN |W w w w w w

Prep WN DN DN | W

method

Sept. min. 41 36 39 39 38 37 38 41 37 44 39 37 39 41 39 33 31 37 35 29

temp. (°F)

Days in May 6 8 6 8 11 9 8 8 11 5 9 3 5 7 8 9 7 6 9 8

with O0.

precip.

August extreme | 265 | 216 | 187 | 167 | 117 | 152 | 187 | 82 160 | 117 | 68 43 134 | 173 | 82 33 68 149 | 78 66

max. daily

precip. (inches

*100)

Days in April 5 8 8 11 12 2 7 7 5 6 12 6 7 10 7 11 10 4 7 8

with O0.

precip.

May PDSI -0.34| -1.55| -3.26| 1.27 | 1.02 | -1.06 | -0.75| 2.53 | 3.18 | -0.81| 2.07 | -0.69 | -2.84 | 0.92 | 2.21 | 4.39 | 3.03 | 1.26 | -2.27 | -1.32
-3.03
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Figure 3.1: This plot shows the relationshgtween feather CORT and the year of feather
growth in a sample of 433 Eurasian tree sparrows collected in 19 different years from four

coug)ties in lllinois. Feather CORT values differed significantly between years (ANOVA; p<2 x
10%9).
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Figure 3.2:Differences in feather CORT of Eurasian tree sparrows sampled four counties in
lllinois from 19631990, based on the phase of the El Nifio/La Nifia Southern Oscillation
(ENSO) during summer and winter seasons preceding feather grStulivn are thenedian
(horizontal line within box), Z8and 7%' percentiles (lower and upper edges of box! 46d

90" percentiles (whiskers below and above box) and outliers (values outsiddthaed19d'
percentiles; open circles)n lllinois El Nifio summersre cooler and wetter while winters are
warmer and drier; La Nifia years are characterized by warmer, drier summers and warmer, wetter
winters. ANOVAs showed that ENSO phase in the winter prior to feather growth was not
significant; however feather CORTffgred significantly based on ENSO phase in the summer
prior to feather growth (p=2 x T, ENSO phase of the summer 1 year prior to feather growth
(p=0.0424), and ENSO phase of the winter 1 year prior to feather growth (p<2)x 10

61



1000

500
I
%

NMDS2
-\\ T

-500
I

-1000 -500 0 200

NMDSA

Figure 3.3: Fether CORT values of Eurasian tree sparrows sampled in lllinois from-1968

plotted as contour lines on the reduced space created by two axes produced by ordination of 105
weather variables. Ordination was done usingmetric multidimensional scalingith a

Manhattan distance metric, and the solution with the lowest stress consisted of two dimensions
or axes. The first axis (NMDS1) is positively correlated with August temperature and negatively
correlated with precipitation levels in June and Juliie $econd axi€NMDS2)is positively

correlated with precipitation levels in May and September. Contours indicate that high feather
CORT levels are associated with high August temperatures and high levels of precipitation in
May and September.
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Figure3.4: A regression tree showing the division of a sample of 433 Eurasian tree sparrows

sampled in lllinois from 1963990 into groups based on feather CORT, with group divisions

determined based on one of 123 predictor variables, including monthly weatkérons and

variables such as age, sex, and body mass. Variables appearing near the top of the tree are more
important predictors of feather CORT, meaning that based on this tree the most important

variable explaining variation in feather CORT is exteeminimum temperature in September
(EMNT_SERin°F and ot her i mportant
precipitation (DP01_MAY), County (site), extreme daily maximum precipitation in August

vari

abl

es

(EMXP_AUG,; in inches * 100, ENSO phasenithe summer 1 year prior to feather growth
(PRE_SUM), ENSO phase in the winter prior to feather growth (NOAA_W), Body mass (WT

in g), Sex, and feather preparation method (Prep). For each terminal node the group size (n) and

ar

the mean feather CORT for tigroup (in pg/mm) are listed. Threshold values for each split are

also listed. Branch lengths were set at a uniform size so that all labels could be displayed clearly,
therefore the length of each branch does not represent the proportion of varidaiceeiy a

given predictor variable. The best tree size was selected based on minimizing relative error.
This model was run 10 times and each run included 1000-¢atidations. The average CV
error value over all runs was 0.5719. Regression trekgling the predictor variable year

indicated that year of feather growth is also a very important predictor of feather CORT.
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Figure 3.5Differences in feather CORT of Eurasian tree sparrows based on feather preparation
method. The codes corresponddur different methods for preparing specimens as study skins

(et er _napthaé= washing with di sContrabe=t enfrogent , t
treatWaedt, washing wi tWatacairstnialpltdnch 6watwars,hi dg wi
then withpetroleum naptha)Shown are the median (horizontal line within box)" 26d 7%’

percentiles (lower and upper edges of box¥! 46d 98" percentiles (whiskers below and above

box) and outliers (values outside thé"Hhd 98 percentiles; open cites). An ANOVA

showed that feather CORT differs significantly between treatments (p<2°x 10
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Figure 3.6: The relationship between feather CORT and body condition of Eurasian tree
sparrows collected in Illinois from 198985. The body conditivindex is the residuals of a

linear regression of body mass against PC1, a measure of overall body size developed by
performing a PCA of 16 morphometric variables. The figure on the left (n=95) includes one
individual with an unusually low body conditiaalue ¢4.09) and the figure on the right (n=94)
shows the same relationship with this extreme bird removed. Neither regression was significant
(with extreme p=0.593, without extreme p=0.246).
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Figure 3.7: Results of an experiment designed to testfflcts of 6 feather preparation methods
on feather CORT values. For each treatment feathers from 10 individuals were cut in half along
the rachis and one half of each feather was treated while the other half acted as a control. The
treatments involvedoaking feather halves for 2 minutes in: dish detergent diluted in water
(Detgt), dish detergent diluted in water followed by petroleum naptha (Detgt Naptha), hexane
(Hexane), nothingQontro)), distilled water (Water), and distilled water followed byrplktum

naptha (Water NapthaShown are the median (horizontal line within box)" 2&d 7%’

percentiles (lower and upper edges of box¥! 46d 98" percentiles (whiskers below and above
box) and outliers (values outside thé"Ehd 98" percentiles; open circleslhe top panel shows

the difference in feather CORT between the control and treated feather halves for each sample
(absolute values); the bottom panel shows feather CORT values of the treated feather halves
only. Mean featheCORT of the treated feather halves did not differ significantly between the 6
treatment groups (ANOVA, df=5, F=2.21, p=0.067).
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Chapter 4: Discussion

4.1 Conclusions regarding broaescale variation in feather CORT and relationships with
weather

The dominant pattern that emerged from the analysis of spatial variation in CORTTf of
house sparrows across their range in Mexico was that the individuals with the highest CORTf
levels occurred in the desdilte, northrcentral region of the country. Thisrroborates past
evidence that individual CORTTf levels are a reflection of the overall energetic demands an
individual faces in their environment (Bortologti al. 2008; Fairhurst 2011). Contrarydo
priori predictions there were no strong associatlmetsveen CORTf and either latitude or
elevation. While previous studies found that CORTQp levels often show negative relationships
with latitude and elevatiorSflverinet al 1997; Silverin and Wingfield 1998; Pereyra and
Wingfield 2003; Liet al 2009, this work was conducted in temperate areas where latitude and
climate are strongly linked (From and Staver 1979; Gaskell and Morris 1979). In tropical
regions climatic conditions tend to be less variable overall and show weaker associations with
latitude(Osborne 2012) so it is not altogether surprising that latitude did not strongly affect
CORTf in this population. However, the link between climate and elevation exists in both
temperate and tropical areas (From and Staver 1979; Osborne 2012). Thiénebwe,
surprising that CORTf was only weakly related to elevation. One possible explanation for this
result is that house sparrows may be buffered from extremes in ambient conditions because they
exploit human sources of food and shelter.

Other spatibpatterns that emerged were that CORTTf levels were significantly higher in
birds sampled from the Atlantic drainage basin versus the Pacific, and also significantly higher in
birds sampled from the Interior versus the Exterior region of Mexico. Thdseedifes

persisted after removing 20 individuals with unusually high CORTf values from the data set,
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suggesting that energetic requirements for house sparrows differ between these broad regions of
the country. These regional differences could be relatectather conditions, as some weather
variables considered in this study were important predictors of CORTf. Differences between
drainage basins and the Interior versus Exterior could also be related to an unmeasured variable
such as conspecific densifyredation pressure, food availability, or environmental contaminants.
The strongest temporal trend in CORTTf of Eurasian tree sparrows in lllinois was a
considerable increase in average CORTTf levels from-Bd8bllowed by a decrease to lower
levels for he remainder of the sampling period (19¥90). Compared to this trend there was
little variation in CORTTf levels during the 1960s and 1970s, although it could be argued that
there was a weak cyclical pattern in the data with CORTT levels increasing-bwexars then
decreasing for-2 years before showing another increase. Several weather variables emerged as
strong predictors of CORTf and in 198283 there was a severe El Nifio event and extreme cool
and warm temperatures were recorded relativeadother study years. Thus, temporal trends in
CORTTf could be driven by inteannual variation in weather conditions. The period of CORTf
increase coincided with a decline in the lllinois tree sparrow populd&@amefet al. 2017 so
conspecific densityas likely not a contributing factor. However, this information supports the
conclusion that tree sparrows faced considerable energetic challenges during this period. An
increase in avian predator numbers in the early 1980s may have contributed tdffie CO
increase in the first-2 years, and though the continued increase was likely not attributable to
changes in avian predation pressure numbers of mammalian predators may have increased during
this period. Finally, in 1983 moisture conditions had angfroegative effect on annual corn
yields in the study area. Decreased food availability may have also contributed to increased

energetic challenges and thus increased CORTf. CORTT reflects the total energetic requirements
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an individual faces during fdsr growth (Bortolottet al. 2008). Therefore, several of these
factors, in addition to other, unmeasured variables, may have acted synergistically to cause the
increase in average CORTTf during the early 1980s.

In both data sets CORTf was negativelyoassted with monthly measures of both
temperature and precipitation. In tree sparrows, ENSO conditions over the two years prior to
feather growth also emerged as important predictors of CORTI. Interestingly, in both data sets
CORTf was associated with ather variables measured both during and prior to the period of
feather growth, and conditions during feather growth were not always stronger predictors of
CORTf levels. This was unexpected based on the interpretation of CORTf as a reflection of
individud energetic state during the feather growth period. However, these findings indicate that
individual energetic condition at any one point in time is influenced not only by current demands
and conditions but also by conditions or challenges experientkd past. This idea is similar
to the concepts of seasonal interactions and -caney effects often studied in migratory species
(ex. Marraet al. 1998; Webster and Marra 2005; Norris 2005). The results of this study suggest
that in nomamigratory specige challenges experienced during one stage of the annual cycle can
influence physiological responses in subsequent stages.

Previous work focusing on spatial CORT wvar
season hypot hesi s 0,birdwlreediny at bigladitude er highhltdule b e c au s e
locations are exposed to frequent perturbations, have a short period of time in which to breed,
and have limited raesting oppourtunities, they will dowegulate the HPA axis so that CORT
elevations do nanterfere with reproduction (Wingfield 1994). In keeping with this prediction,
negative relationships between latitude and CORTp have been found several species and

contexts, including in breeding pied flycatchers and willow warblers in Sweden (Sewexiin
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1997; Silverin and Wingfield 1998) and in breeding redp@safthis flammean Alaska
(Wingfield et al 1994). However, there was no difference in CORTYp levels ofatitdde
versus higHatitude breeding birds in tH@alcariugPlectrophenaxlade (Lynnet al 2003), in
house finchesGarpodacus mexicanus the eastern U. S. CORTatitude relationships varied
between years (Lindstroet al 2005b), and positive CORlptitude relationships were found
in male bush warblerCettia diphongin Japan (Wingfieleet al 1995) and in house sparrows
breeding in New York versus Panama (Maeiral 2005). Martin et al. (2005) suggested that in
some cases latitudinal CORTp variation may be driven by differences in parasite or disease
pressure beteen locations rather than by variation in the length of the breeding season,
explaining why their results contradicted the short season hypothesis. Similarly, in house
sparrows in Mexico the weak, positive relationship between CORTf and latitude caoitend
that birds living at lower latitudes experience greater parasite and disease challenges and are
downregulating CORT secretion to maintain appropriate immune system responsiveness.
A negative relationship between acute CORTp levels and altitusiéowad in Dark
eyed juncosJunco hyemalis oregonuis Alberta (Bear®t al 2003) and house sparrows from a
high-altitude site in China had lower baseline CORTp thenrdtiiude conspecifics in Arizona,
though acute CORTp did not differ between sitesef al. 2008). While these results suggest
that demanding, highltitude environments can be associated with doegulation of the
CORT response, the positive relationship between CORTf and elevation in house sparrows in
Mexico indicates that these 88 respond to the increased energetic challenge by increasing
CORT secretion. This effect was weak, which could indicate that, as suggesteet lay Li

(2008), birds that exploit human sources of food and shelter do notrégwiate the CORT
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response lsed on latitude or altitude because their close association with humans ameliorates
the severity and unpredictability of their environment.

This study is novel in that it was one of the first hrgholution analyses of spatial
variation in CORT leels, the first examination of temporal variability in CORT over a period of
>5 years, and it used an innovative measure of CORT from feathers. The only other high
resolution study of spatial variation in CORY date showed that song wremsthe isthmusf
Panama have higher baseline CORTp levels and lower body condition in low rainfall areas near
their range limit (Busclet al. 2011). Similarly, house sparrows had higher CORTf levels in a
low rainfall area in nortitentral Mexico, adding support to theediction that precipitation is an
important predictor of broad spatial differences in baseline CORT levels. Adaong
comparison of CORf levels of great horned owtmllected in 200905 to CORTT levels of
museum specimens collected from 1931 fourd that CORT( levels were higher in the museum
specimens, suggesting that past environmental conditions may have been more energetically
demanding (Bortolottet al. 200%). Similarly, in tree sparrows in lllinois the temporal pattern in
CORTf over 27 yearwas not unidirectional, suggesting that in some cases environmental
conditions fluctuate temporally rather than becoming steadily more challenging.

Previous studies have found negative relationships between CORTp and both temperature
and precipitationn multiple contexts, including isong sparrows in New York\(ingfield
1985a,b), irbarn swallowsHKlirundo rusticg in Finland(Rajaahoet al 2010, and in captive
starlings(de Bruijnet al.2011). These studies have largely been conducted in temperate areas
and have used blood or fecal hormone measures. This study showed that the same CORT
weather associations are seen in house sparrows in a more tropical region, and also that these

relationshipscan be detected in both temperate and tropical species using the feather CORT
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measure. Bizet al (2010) found that in nestling alpine swifts in Switzerland baseline CORTp
was significantly related to conditions in the morning (5 hours) prior to sagnplitnot to
conditions during the night {67 hours) or the day (381 hours) prior to sampling, suggesting
that CORT responses to weather occur over very shorstiales. In contrast, the results of this
study suggest that CORTT reflects physiologremponses to weather conditions experienced
both during feather growth and also in previous months. This discrepancy could reflect
differences between the two measures, and it is intuitive that the instantaneous, blood
measurement would reflect immediatanditions while the integrated measure of CORT from
feathers provides a more holistic perspective on the many factors influencing energetic condition
during the weeks in which feathers are grown. Alternately, the contradictory findings could
simply indicate that the factors governing CORT secretion vary between nestlings and adults
(Sapolsky and Meaney 1986; Waetaal. 2009).
4.2 Comparison of the two data sets

In both data sets the majority of the individuals had CORTTf values in tliel®.pg/mm
range. However, only 20 house sparrows had values >10 pg/mm while 88 tree sparrows had
CORTTf values in this higher range. In both data sets individuals were sampled over a wide range
of conditions, but the lack of considerable variation in CORTf may meréigate that there is a
narrow range of CORTTf levels in which birds are healthy enough to survive to be sampled (i.e.
these values |l ikely all fall withinetalhe 6énorm
2009). The two species examined haanynsimilarities: they are congeners, they are similar in
size and appearance, they have similar food sources and predators, they are-bognatory
human commensals, and they were both introduced to the areas in which they were sampled.

However, thes species showed very different pogtoduction population trajectories. House
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sparrows have expanded their range to cover most of North America but this population has been
declining since the 1960k@wther and Cink 2006). In contrast, tree sparrbexe maintained a
restricted distribution but have seen population growth over the past 50B5adosv(and
Leckie 2000).

As conditions in lllinois are more similar to the temperate areas in which house sparrows
and tree sparrows evolved compared toxidg, it could be predicted that tree sparrows would
tend to have lower CORTT levels than house sparrows. Additionally, asameal variability
in conditions in lllinois is likely less severe than variability in conditions across the country of
Mexico, it would be predicted that tree sparrows would show less variable CORTTf levels. In
fact, tree sparrows tended to have higher (tree spaixew&90 pg/mm, house sparrows
5.72 pg/mm)and more variable CORTTf levels than house sparrows. One explafoatiba low
variability in house sparrow CORTf is that as human commensals they are buffered from
ambient conditions to an extent, and therefore the variability in conditions that the birds actually
experience is less severe than the variability in amls@mditions across Mexico. However, tree
sparrows are also human commensals; therefore this explanation fails to explain the discrepancy
between the two species. In light of the different invasion histories of the two species, house
sparrows could be kter able to cope with a wide variety of environmental challenges. For
example, if house sparrows show more flexibility than tree sparrows in their behaviour or in the
food sources or shelters they use, they could be able to thrive in a wider varmgitibas or
circumstances while avoiding an increase in energetic requirements, and a corresponding
increase in CORTTf levels.

For both data sets it was predicted that CORTTf levels would be negatively related to

measures of temperature and precipitatibhese associations were seen for both species though
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all oneway associations between CORTf and monthly weather variables were wealk (low R
values). Interestingly, the strongest regression results for tree sparrows were with September
temperature and Mayrecipitation, while for house sparrows CORTf was most strongly
associated with temperatures in Deceridarch. Plotting CORTf against ordination axes
describing weather conditions indicated that in house sparrows CORTf was associated with
precipitationduring moult and temperatures outside of the moult period, while in tree sparrows
CORTf was associated with temperature during moult and precipitation during and prior to
moult. In both analyses, there was a pattern for precipitation variables to beampoedictors
of CORTTf for tree sparrows and for temperatures outside of the feather growth period to be most
important for house sparrows.

For both data sets a moesslection approach to determining which weather variables
were most influential wasot very useful, as in both cases the top model was the global model,
followed by models with all of the weather variables and models containing only one dominant
predictor (year for tree sparrows, site for house sparrows). Initial regression treesaalslyse
indicated that year and site appeared to be 6
the majority of the variation in the data sets. However, in the initial regression tree with the tree
sparrow data April precipitation was also a pppdictor. After removing the dominating
predictor variable from each data set, second sets of regression trees identified weather variables
that were important predictors of CORTf: January, June, and July temperatures and April and
May precipitation fohouse sparrows, and September temperature, May and August
precipitation, and ENSO conditions for tree sparrows.

Overall, temperature and precipitation during feather growth were associated with

CORTf in both data sets.carydbhereedppeadednt ol
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with temperatures several months prior to moult also showing relatively strong associations with
CORTIf. Although a similar effect was seen in tree sparrows with precipitation in2meohths
prior to moult, this redtionship only emerged in one method of analysis. Relationships between
CORTTf and temperature were negative for both speaid®ugh tree sparrows did also show a
positive association between CORTf and extreme, high temperatures in ;Augushile house
sparrows showed negative relationships between CORTTf and precipitation in all months, tree
sparrow CORTT levels were positively associated with April and May precipitation levels and
negatively associated with August precipitation levéls.discussed in Chapter 3 the change in
direction of this relationship in tree sparrows could be a result of inclement weather in spring
increasing energetic requirements. Heavy rainfall can make foraging difficult, and if birds get
wet they may suffeincreased flight and maintenance costs (Ketlgl.2002; Ortegalimenez
and Dudley 2012). These increased costs during spring could have persisted to affect energetic
condition during feather growth. Heavy precipitation during the rainy seasons indMiely
represents more challenging conditions than spring precipitation in lllinois, so it is surprising that
a positive CORTprecipitation association was seen in tree sparrows but not in house sparrows.
These results could be related to tempergbueeipitation interactions, as cool temperatures and
rain likely occur concurrently in lllinois more often than in Mexico.

The two species were sampled in vastly different areas and experience different average
conditions. While in more tropical regisof Mexico climate variability is less severe than it is
in lllinois (Aleman and Garcia 197€hangnoret al.2004), compared to lllinois conditions in
Mexico are far more different from the conditions where these species evolved (temperate
regions of Euope and Asia). Also, the range of conditions experienced across the entire country

of Mexico will be more variable than the range of conditions experienced between years in
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lllinois. House sparrows also established in Mexicd @0 years later than treparrows
established in lllinois. As house sparrows have had less time to adjust to conditions in Mexico
they may be more likely to encounter challenging weather conditions compared to tree sparrows
in lllinois. This difference should be especially pronced during the feather growth period, as
in Mexico this overlaps with both the rainy season and the warm, summer months and in lllinois
weather during the moult period is relatively mild compared to other times of thedyeada
and Garcia 1974Zhangmn et al.2004).

Based on this assumption, it would be predicted that Ca@Rather associations would
be stronger in house sparrows versus tree sparrows. Howewevagrassociations between
CORTf and monthly weather variables were actually weakerefl R values) in house
sparrows compared to tree sparrows. As mentioned, this could help explain why house sparrows
have been a more successful invasive species. House sparrows may be highly flexible in terms
of physiological and behavioural respongeenvironmental challenges and therefore show less
pronounced CORT elevations than tree sparrows under identical conditions. In this case, part of
the reason why tree sparrows have not expanded their range to the same extent as house sparrows
could be tlat they lack the level of physiological and behavioural plasticity necessary to cope
with a wide range of environmental challenges.
4.3 Future research directions

The main hypothesis emerging from the analysis of spatial variation in house sparrow
CORTf,and from another examination of spatial CORTp variation (Baselh 2011), is that
precipitation is a dominant factor influencing bresdile variation in CORT levels in space. To
further investigate this hypothesis more lasgale studies investigag CORT variation and

relating these patterns to weather conditions are needed. Both studies on which this hypothesis
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based were conducted in relatively tropical areas (Mexico and Panama), and it remains to be
determined whether this association hofdsore temperate regions. Another interesting

direction would be to use captive birds to assess the effects of restricted access to water on
CORTTf levels, as elevated cortisol levels have been found in horses deprived of access to water
compared to contits (Friend 2000).

Analysis of temporal variation in CORTT of tree sparrows in Illinois indicated that in the
mid-eastern U. S. the early 1980s were an unusually energetically demanding period for birds
compared to other years from the mi@60s to the k& 1980s. To determine if this pattern is
seen in other species this study could be repeated using feather collections or museum specimens
sampled over a similar time period and preferably from a similar area. It may be rare to find
collections meetingtese criteria, so another approach is to identify more recent periods where
conditions were similar to those in lllinois in the 1980s (severe El Nifio event, low corn yields
due to moisture stress, etc.) and determine whether these periods were assibiatadsually
high CORTTf levels. This type of analysis would help isolate which environmental factors were
likely responsible for the 1980s CORTTf increase in tree sparrows.

All future studies of temporal CORT variation are dependent on access to GE&RT d
collected over long time periods. To make this work possible in the future, established, long
term study sites should consider collecting feathers each year so that temporal changes in CORTf
in their study population can be tracked. Especially fecigs for which there are few museum
specimens to use as a reference point for historical variation in CORTT this information is critical
for determining whether future CORTTf increases in response to environmental change are cause

for concern or if they fawithin the normal range of variation.
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This study was the first to explore CORVEather relationships using feather CORT.
Several previous studies have explored associations between CORTp or CORTfe and weather in
different species and contexts, but marork is needed. Studies incorporating multiple
measures of CORT can help clarify how using blood, fecal, or feather CORT measures may
affect interpretation of these relationships. This study suggested that weather conditions in
months prior to feathegrowth influence CORTf and also that the direction of CORTf
precipitation relationships is not always consistent over the course of the annual cycle. These
hypotheses should be further explored with more studies relating CORTTf levels to weather
conditionsmeasured over multiple time scales. It is important to note that the time scale over
which weather is considered must be appropriate to the measure of CORT used. Monthly
measures were relevant for this study because CORTf incorporates CORT secretéon ove
period of weeks. Bizet al (2010) measured weather conditions for various periods in the 42
hours prior to blood sampling, which is more relevant to this instantaneous measure of CORT
secretion. As CORTTf incorporates the amplitude and duratiolh ©O&RT elevations occurring
during the period of feather growth (Bortolagtial 2008) the CORTf value may be strongly
influenced by the number of O6peaksd, or perio
monthly temperature may not be strongksociated with CORTf compared to the number of
days in a month with extreme high or low temperatures or levels of precipitation. Rather than
using monthly measures it would be ideal to relate CORTTf to weather conditions during the exact
period of featkr growth; however it would be difficult to determine exactly when this occurs for
individuals in the wild. One way to get around this is to pull a feather to induce growth of a
replacement feather then relate the amount of CORT in the replacementtieatbather

conditions during the exact time period over which it was grown. An experiment like this could
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have another treatment group in which CORTp levels were related tetestmoniveather
conditions at the same time, to determine whether the COR3uneeased affects conclusions
regarding CORdweather relationships.

My results are novel because they are the first application of feather CORT to a
macrophysiological context. It is clear that this measure can reveal how CORT varies across
broad spatiahnd temporal scales. Information about brseadle variation in a physiological
measure that is tied to energetic requirements is highly relevant for conservation. Due to the
ease of feather sampling this method should be used to provide these ddtarfspecies. My
results are also the first to demonstrate links between CORTf and weather variables. Although
similar relationships have been shown using CORTp and CORTfe, feather CORT is unique in
that it can be used retrospectively. As shown irtrie sparrow study, CORTf can tell us how
birds were coping with past environmental conditions. Knowledge of how birds respond to a
range of weather conditions can allow us to predict how populations will respond to future
changes. This critical informian can help conservationists put measures in plaee pre
emptively, potentially mitigating or even avoiding population declines and extinctions.

These data also add to a growing body of evidence showing that feather CORT provides
valuable informatiorabout how birds cope with environmental challenges (Bort@btil
2009a; Harmet al. 2010; Fairhurset al 2011; Fairhurst 2011; Fairhuestal 2012; Fairhurst
et al 2012H. Many avian species are currently listed as threatened or endangeteddiuzal
and anthropogenic factors including climate change and habitat loss or degradaticet éBoth
2006; NABCI Canada 2012; Eglingtenal 201 2) . 't is highly desir
available to biologists for determining how to mgedabitats and other factors such as predator

and prey populations in order to establish stable or increasing bird populations. While breeding
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indices have traditionally been used as measures of habitat quality, this information does not help
identify ideal conditions during other stages of the annual cycle. Recent migratory bird research
has emphasized the need for expanding our knowledge of how conditions during wintering and
migration affect populations (Rappole and McDonald 1994; Websedr2002;Norris et al

2004), and the same could be said for-nogratory species. The data presented here show that
feather CORT is a powerful tool for assessing how habitat conditions are translated into
energetic costs or benefits for birds. This measure¢hearfore help fill this knowledge gap and

ultimately allow us to more effectively conserve all bird species.
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Appendix 1: Feather CORT Data

Table Al.1: Feather CORT data for 449 house sparrows sampled from 49 sites actoss Mexico
from Dec. 2006 Mar ch 2007. The o6Sampl el D6 col umn | i
column lists identificatn numbers used in a previous analysis of feather deuterium of these
individuals. Feathers were processed to extract CORT in 2011, feather CORT values are listed

in pg/mm. Age classes at@atch year, HY; after hatch year, AHY; second y&af; after

seond year, ASY; andnknown, U

SamplelD LabID Feather | Age | Sex Site Latitude | Longitude
CORT

145176503 G-50203 5.97 SY LACO |18.71375 -97.6729

145176504 G-50204 5.86 SY LACO |18.71375 -97.6729

1451-76505| G-50205 5.52 SY LACO |18.71375 -97.6729

1451-76506| G-50206 6.03 SY LACO |18.71375 -97.6729

145176507 G-50207 5.60 SY LACO |18.71375 -97.6729

145176508 G-50208 5.30 SY LACO |18.71375 -97.6729

145176509 G-50209 5.32 SY LACO |18.71375 -97.6729

145176510 G-50345 6.45 SY MATE |16.96962 -97.9122

145176511 G-50346 4.96 AHY MATE | 16.96962 -97.9122

145176512 G-50347 4.63 AHY MATE | 16.96962 -97.9122

145176513 G-50348 4.61 AHY MATE | 16.96962 -97.9122

145176514 G-50349 4.41 ASY MATE | 16.96962 -97.9122

145176515| G-50350 4.35 ASY MATE | 16.96962 -97.9122

145176516 G-50210 6.20 AHY SAN1 |16.77661] -99.4259

145176517 G-50211 5.87 AHY SAN1 |16.77661] -99.4259

145176519| G-50352 5.80 SY TEC1 17.235 | -100.631

1451-76520| G-50353 4.68 SY TEC1 17.235 | -100.631

145176521 G-50354 6.27 AHY TEC1 17.235 | -100.631

1451-76523| G-50356 4.38 AHY TEC1 17.235 | -100.631

145176524 G-50357 5.15 SY TEC1 17.235 | -100.631

1451-76525| G-50358 5.71 SY TEC1 17.235 | -100.631

145176526 G-50359 5.73 AHY TEC1 17.235 | -100.631

145176527 G-50360 5.32 SY TEC1 17.235 | -100.631

145176528 G-50361 6.49 ASY TEC1 17.235 | -100.631

145176529 G-53263 3.20 ASY MOLO | 19.05987| -104.258

145176531 G-53261 5.87 ASY MAR1 |20.95261] -105.33

145176532 G-53260 4.92 AHY MAR1 | 20.95261] -105.33

1451-76533| G-53259 6.12 AHY MAR1 |20.95261] -105.33

145176535 G-53257 4.25 AHY MAR1 |20.95261] -105.33

145176536| G-53256 4.18 AHY MAR1 | 20.95261] -105.33

145176537 G-53255 3.54 ASY MAR1 |20.95261] -105.33

145176538 G-53254 3.71 ASY MAR1 | 20.95261] -105.33

145176539 G-53253 4.00 AHY MAR1 |20.95261] -105.33

M2 Z I ZN NI nnmnmmZIZnmmZ LIS L

145176540| G-50212 5.29 ASY ZAP2 | 20.46668 -102.931
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145176541 G-50213 5.57 ASY | M ZAP2 | 20.46668 -102.931
145176542 G-50214 5.95 AHY | M ZAP2 | 20.46668 -102.931
145176543 G-50215 3.36 AHY | M ZAP2 | 20.46668 -102.931
1451-76545| G-50217 6.51 AHY | M ZAP2 | 20.46668 -102.931
1451-76546| G-50218 5.21 AHY | F ZAP2 | 20.46668 -102.931
145176547 G-50219 6.16 SY | M ZAP2 | 20.46668 -102.931
145176548 G-50220 5.16 AHY | M ZAP2 | 20.46668 -102.931
145176549 G-50221 4.63 SY | M ZAP2 | 20.46668 -102.931
145176550 G-50222 4.60 AHY | F ZAP2 | 20.46668 -102.931
145176551 G-50223 5.33 SY | M ZAP2 | 20.46668 -102.931
145176553 G-50225 6.01 SY | M QUIR 19.65742 -101.529
1451-76554| G-50226 4.75 SY | M QUIR 19.65742| -101.529
1451-76555| G-50227 6.30 AHY | M QUIR 19.65742) -101.529
145176556 G-50228 4.54 AHY | M QUIR 19.65742| -101.529
145176557 G-50229 5.86 AHY | M QUIR 19.65742) -101.529
145176558 G-50230 3.86 AHY | F QUIR 19.65742) -101.529
145176559| G-50231 4.90 AHY | F QUIR 19.65742| -101.529
145176560 G-50232 4.14 AHY | M QUIR 19.65742) -101.529
145176561 G-50233 4.39 SY | M QUIR 19.65742| -101.529
1451-76562| G-50234 3.27 SY | M QUIR 19.65742) -101.529
145176563 G-50235 3.31 SY | M QUIR 19.65742| -101.529
145176564 G-50391 4.12 SY | M PRES |20.87935 -100.777
145176565 G-50392 5.39 AHY | F PRES |20.87935 -100.777
145176566 G-50393 3.60 AHY | F PRES |20.87935 -100.777
145176567 G-50394 3.87 AHY | F PRES |20.87935 -100.777
145176568 G-50395 3.97 ASY | M PRES |20.87935 -100.777
145176569 G-50396 4.24 AHY | M PRES |20.87935 -100.777
145176570| G-50397 3.33 ASY | M PRES |20.87935 -100.777
145176571 G-50398 5.14 SY | M PRES |20.87935 -100.777
145176572 G-50252 6.10 AHY | F MARR 21.7231| -100.97
145176573| G-50253 7.01 AHY | M MARR 21.7231| -100.97
145176574 G-50254 2.69 AHY | F MARR 21.7231| -100.97
145176577 G-50257 2.74 SY | M MARR 21.7231| -100.97
145176578 G-50258 8.68 SY | M MARR 21.7231| -100.97
145176579 G-50259 10.35 SY | M MARR 21.7231| -100.97
145176581 G-50260 6.49 SY | M MARR 21.7231| -100.97
145176582 G-50261 3.80 AHY | M MARR 21.7231| -100.97
145176583 G-50262 4.26 SY | M MARR 21.7231| -100.97
145176584 G-50263 3.47 SY | M MARR 21.7231| -100.97
145176585| G-50264 6.27 AHY | F MARR 21.7231| -100.97
145176586 G-50265 5.39 AHY | F SNIL 23.15911 -102.851
145176587 G-50266 6.08 AHY | F SNIL 23.15911 -102.851
145176588 G-50267 3.98 SY | M SNIL 23.15911] -102.851
145176589 G-50268 4.59 AHY | F SNIL 23.15911 -102.851
145176590| G-50269 6.74 AHY | F SNIL 23.15911] -102.851
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145176591 G-50270 4.66 ASY | M SNIL 23.15911] -102.851
145176592 G-53264 4.42 AHY | M RANG | 24.07586| -104.656
145176593 G-53162 4.09 AHY | F NATO |24.61479 -104.642
1451:-76595| G-53164 4.95 AHY | F NATO |24.61479 -104.642
145176597 G-50273 3.49 SY | M TONI 25.12865| -104.537
145176598 G-50271 6.33 SY | M TONI 25.12865| -104.537
145176599 G-50272 3.88 AHY | F TONI 25.12865| -104.537
145176600 G-50274 2.55 AHY | F TONI 25.12865| -104.537
145176701 G-50275 3.25 SY | M TONI 25.12865| -104.537
145176702| G-50276 4.46 SY | M TONI 25.12865| -104.537
145176703 G-50277 5.91 SY | M TONI 25.12865| -104.537
145176704| G-50278 4.53 AHY | M TONI 25.12865| -104.537
1451-76705| G-50279 4.54 AHY | F TONI 25.12865| -104.537
145176706| G-50280 5.03 AHY | M TONI 25.12865| -104.537
145176707 G-50281 3.56 AHY | M TONI 25.12865| -104.537
145176708 G-50282 4.32 AHY | F TONI 25.12865| -104.537
145176709| G-50283 6.35 ASY | M TONI 25.12865| -104.537
1451-76710| G-50284 5.44 AHY | F TONI 25.12865| -104.537
145176711 G-50285 5.64 AHY | M TONI 25.12865| -104.537
145176712 G-50286 4.40 AHY | F TONI 25.12865| -104.537
145176713| G-50287 4.85 AHY | F TONI 25.12865| -104.537
145176714 G-50372 5.92 AHY | M SPER | 25.86036, -104.822
1451-76715| G-50371 5.01 ASY | M SPER | 25.86036, -104.822
145176716| G-50364 5.63 AHY | M SPER | 25.86036] -104.822
145176717 G-50365 6.05 ASY | M SPER | 25.86036) -104.822
145176718| G-50366 4.30 AHY | M SPER | 25.86036] -104.822
145176719 G-50367 5.45 AHY | F SPER | 25.86036, -104.822
145176720| G-50368 5.55 ASY | M SPER | 25.86036] -104.822
145176721 G-50369 6.30 AHY | F SPER | 25.86036] -104.822
145176722| G-50370 5.87 SY | M SPER | 25.86036, -104.822
145176723 G-50362 9.06 SY | M SPER | 25.86036] -104.822
1451-76724| G-50363 6.15 AHY | F SPER | 25.86036, -104.822
145176725| G-50373 5.90 SY | M ZARA | 27.45398 -105.819
145176726| G-50374 7.87 AHY | M ZARA | 27.45398 -105.819
145176727 G-50375 9.59 ASY | M ZARA | 27.45398 -105.819
145176728 G-50376 8.52 AHY | F ZARA | 27.45398 -105.819
145176729 G-50377 19.19 AHY | M ZARA | 27.45398 -105.819
145176730| G-50378 32.36 ASY | M ZARA | 27.45398 -105.819
145176731 G-50379 18.32 SY | M ZARA | 27.45398 -105.819
145176732 G-50288 14.49 AHY | F RICA 29.95166| -106.963
145176733 G-50289 5.48 ASY | M RICA 29.95166| -106.963
145176734| G-50290 12.85 AHY | F RICA 29.95166| -106.963
145176735| G-50291 12.56 AHY | F RICA 29.95166| -106.963
1451-76736| G-50292 10.26 ASY | M RICA 29.95166| -106.963
145176737 G-50293 9.96 AHY | M RICA 29.95166| -106.963
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145176738 G-50294 17.43 SY | M RICA 29.95166| -106.963
145176739 G-50295 6.67 AHY | F RICA 29.95166| -106.963
145176740 G-50296 6.36 SY | M RICA 29.95166| -106.963
145176741 G-50297 11.54 AHY | M RICA 29.95166| -106.963
145176742 G-50298 11.91 AHY | F RICA 29.95166| -106.963
145176743 G-50299 11.96 AHY | F RICA 29.95166| -106.963
145176744| G-50300 13.89 ASY | M RICA 29.95166| -106.963
1451-76745| G-50301 10.05 AHY | F RICA 29.95166| -106.963
145176746| G-50302 6.38 ASY | M RICA 29.95166| -106.963
145176747 G-50303 16.44 AHY | F RICA 29.95166| -106.963
145176748 G-50380 6.98 AHY | F SACR | 28.85377| -106.203
145176749| G-50381 13.67 AHY | F SACR |28.85377| -106.203
145176750 G-50382 6.81 AHY | F SACR | 28.85377| -106.203
145176751 G-50383 5.36 AHY | M SACR | 28.85377] -106.203
1451-76752| G-50384 7.18 AHY | M SACR | 28.85377| -106.203
145176753 G-50385 4.36 AHY | F SACR | 28.85377| -106.203
145176754| G-50386 4.37 AHY | F SACR | 28.85377| -106.203
1451-76755| G-50387 10.45 SY | M SACR | 28.85377 -106.203
145176756| G-50388 5.87 AHY | F SACR | 28.85377] -106.203
145176757 G-50389 5.29 AHY | F SACR | 28.85377 -106.203
145176758 G-50390 18.38 SY | M SACR | 28.85377| -106.203
145176760 G-50237 4.10 AHY | F VENT | 25.83524 -103.601
145176761 G-50238 4.36 ASY | M VENT | 25.83524 -103.601
145176762 G-50239 4.59 AHY | M VENT | 25.83524] -103.601
145176763 G-50240 5.11 ASY | M VENT | 25.83524 -103.601
145176764| G-50241 5.11 AHY | F VENT | 25.83524] -103.601
145176765 G-50242 3.95 SY | M VENT | 25.83524 -103.601
145176767 G-50244 5.43 SY | M VENT | 25.83524] -103.601
145176768 G-50245 4.38 AHY | F VENT | 25.83524| -103.601
145176769 G-50246 4.10 AHY | M VENT | 25.83524 -103.601
145176770 G-50247 5.29 ASY | M VENT | 25.83524] -103.601
145176771 G-50248 5.29 ASY | M VENT | 25.83524 -103.601
145176772 G-50249 7.96 AHY | F VENT | 25.83524] -103.601
145176773 G-50250 8.02 AHY | M VENT | 25.83524 -103.601
145176774| G-50251 5.00 ASY | M VENT | 25.83524 -103.601
145176775| G-50399 5.98 AHY | M SAC1 |26.99818 -101.72
145176776| G-50400 6.63 SY | M SAC1 |26.99818 -101.72
145176777 G-50401 6.38 AHY | M SAC1 |26.99818 -101.72
145176778 G-50402 4.64 AHY | M SAC1 |26.99818 -101.72
145176779 G-50403 4.47 AHY | F SAC1 |26.99818 -101.72
1451-76780| G-50404 6.23 ASY | M SAC1 |26.99818 -101.72
145176781 G-50405 9.35 ASY | M SAC1 |26.99818 -101.72
145176782 G-50406 5.17 AHY | F SAC1 |26.99818 -101.72
145176783 G-50407 6.07 SY | M SAC1 |26.99818 -101.72
145176784| G-50408 11.58 ASY | M SAC1 |26.99818 -101.72
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1451-76785| G-50409 7.37 AHY | F SAC1 |26.99818 -101.72
145176786 G-50410 7.57 AHY | F SAC1 |26.99818 -101.72
145176787 G-50411 6.14 ASY | M SAC1 |26.99818 -101.72
145176788 G-50412 5.80 AHY | F SAC1 |26.99818 -101.72
145176789 G-50413 4.69 AHY | M SAC1 |26.99818 -101.72
145176790| G-50414 6.93 AHY | M SAC1 |26.99818 -101.72
145176791 G-50415 8.09 AHY | M SAC1 |26.99818 -101.72
145176792| G-50416 7.05 AHY | M SAC1 |26.99818 -101.72
145176793| G-50417 4.84 AHY | M TANO | 26.75202] -101.41
145176794| G-50418 7.30 AHY | F TANO | 26.75202] -101.41
1451-76795| G-50419 6.85 AHY | F TANO | 26.75202] -101.41
145176796 G-50420 3.40 AHY | F TANO | 26.75202] -101.41
145176797 G-50421 6.39 ASY | M TANO | 26.75202] -101.41
145176798 G-50422 4.58 AHY | F TANO |26.75202] -101.41
145176799 G-50423 4.70 SY | M TANO | 26.75202] -101.41
1451-76800| G-50424 5.61 AHY | F TANO | 26.75202] -101.41
145190001 G-50304 4.68 AHY | F CRBL |19.63744] -97.1633
145190002 5.99 CRBL

145190003 G-50306 4.98 AHY | M CRBL |19.63744] -97.1633
1451-:90004| G-50307 4.64 SY | M CRBL |19.63744 -97.1633
1451-90005| G-50308 5.01 SY | M CRBL |19.63744] -97.1633
145190006 G-50309 5.46 SY | F CRBL |19.63744 -97.1633
1451-:90008| G-50310 4.72 ASY | M LACO |18.71375 -97.6729
1451-90009| G-50311 5.30 SY | M LACO |18.71375 -97.6729
1451:90012| G-50314 4.32 AHY | F CARC |16.33886| -92.5653
145190013 G-50315 3.98 AHY | F CARC |16.33886] -92.5653
1451-:90014| G-50316 5.06 AHY | M CARC |16.33886| -92.5653
1451-90015| G-50317 6.90 AHY | F CARC |16.33886] -92.5653
1451-90016| G-50318 3.80 AHY | F CARC |16.33886] -92.5653
145190017 G-50319 3.96 AHY | F CARC |16.33886] -92.5653
145190018 G-53172 4.76 AHY | F B0OO1 23.45581] -105.828
1451-90019| G-53173 5.72 AHY | M BOO1 23.45581] -105.828
1451-90020| G-53174 3.53 AHY | F B0OO1 23.45581] -105.828
1451:90021| G-53175 4.33 AHY | F BOO1 23.45581] -105.828
145190022 G-53176 3.99 AHY | F B0OO1 23.45581] -105.828
145190023 G-53177 3.21 ASY | M B0OO1 23.45581] -105.828
1451:90024| G-53178 4.59 AHY | F B0OO1 23.45581] -105.828
1451-90025| G-53179 4.05 AHY | F B0OO1 23.45581] -105.828
145190026 G-53180 4.36 AHY | F B0OO1 23.45581] -105.828
145190027 G-53181 3.23 AHY | F B0OO1 23.45581] -105.828
1451-:90028| G-53223 4.41 AHY | F B0O06 24.17617| -107.102
1451:90029| G-53224 4.49 AHY | F B0O06 24.17617| -107.102
145190030 G-53225 2.88 AHY | F BO06 24.17617| -107.102
1451-90031| G-53226 4.68 AHY | F B0O06 24.17617| -107.102
145190032 G-53227 3.67 AHY | F BO06 24.17617| -107.102
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1451-90033| G-53228 2.80 AHY | F B0O06 24.17617| -107.102
1451-90034| G-53229 5.36 ASY | M BO06 24.17617| -107.102
1451-90035| G-53230 2.98 ASY | M B0O06 24.17617| -107.102
145190036 G-53231 5.78 ASY | M B0O06 24.17617| -107.102
145190037 G-53232 3.45 AHY | F B0O06 24.17617| -107.102
1451-:90038| G-53233 5.18 SY | M B0O06 24.17617| -107.102
145190039 G-53182 3.51 ASY | M B012 25.88251] -109.009
145190040 G-53183 4.27 ASY | M B012 25.88251] -109.009
145190041 G-53184 5.55 AHY | F B012 25.88251] -109.009
145190042 G-53185 3.74 AHY | F B012 25.88251] -109.009
1451-:90043| G-53186 3.24 ASY | M B012 25.88251] -109.009
1451-90044| G-53187 4.29 ASY | M B012 25.88251] -109.009
1451:90045| G-53188 4.05 AHY | M B012 25.88251] -109.009
1451-90046| G-53189 3.90 AHY | F B012 25.88251] -109.009
145190047 G-53190 4.22 ASY | M B012 25.88251] -109.009
1451-:90048| G-53191 4.04 AHY | M B012 25.88251] -109.009
145190049 G-53222 4.90 ASY | M B012 25.88251] -109.009
1451:90049| G-53192 5.74 ASY | M B012 25.88251] -109.009
1451-90050| G-53193 4.42 AHY | F B012 25.88251] -109.009
145190051 G-53194 5.58 AHY | M B012 25.88251] -109.009
145190052 G-53195 4.17 ASY | M B012 25.88251] -109.009
1451-90053| G-53196 3.72 AHY | M B012 25.88251] -109.009
1451:90054| G-53197 3.56 AHY | F B012 25.88251] -109.009
1451-90055| G-53234 4.99 AHY | F BO15 27.33023] -109.733
145190056 G-53235 4.49 AHY | M BO15 27.33023] -109.733
145190057 G-53236 4.40 ASY | M BO15 27.33023] -109.733
1451-90058| G-53237 4.79 AHY | M BO15 27.33023] -109.733
145190059 G-53238 4.83 ASY | M BO15 27.33023] -109.733
1451-90060| G-53239 6.11 AHY | M BO15 27.33023] -109.733
1451:90061| G-53240 4.92 AHY | M BO15 27.33023] -109.733
1451-90062| G-53241 8.92 AHY | F BO15 27.33023] -109.733
1451-90063| G-53242 5.30 AHY | F BO15 27.33023] -109.733
1451-90064| G-53243 3.89 AHY | M BO15 27.33023] -109.733
145190065 G-53244 5.06 ASY | M BO15 27.33023] -109.733
145190066 G-53245 4.61 ASY | M BO15 27.33023] -109.733
1451-90068| G-53198 5.24 ASY | M B018 27.93818 -110.936
1451-:90069| G-53199 5.83 AHY | M BO18 27.93818 -110.936
1451-90070| G-53200 4.88 AHY | F B018 27.93818 -110.936
145190071 G-53201 4.81 ASY | M BO18 27.93818 -110.936
145190072| G-53202 4.47 ASY | M B018 27.93818 -110.936
1451-90073| G-53203 3.66 ASY | M BO18 27.93818 -110.936
145190074 G-53246 6.33 ASY | M B024 28.56873| -109.579
145190075| G-53247 4.44 AHY | M B024 28.56873| -109.579
145190076 G-53248 4.90 AHY | F B024 28.56873 -109.579
145190077 G-53249 6.19 AHY | F B024 28.56873 -109.579
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145190078 G-53250 5.40 AHY | F B024 28.56873| -109.579
145190079 G-53251 6.51 AHY | M B024 28.56873 -109.579
145190080 G-53252 4.97 AHY | F B024 28.56873| -109.579
145190081 G-53204 4.78 AHY | F BO31 28.21689 -108.225
145190082 G-53205 6.33 AHY | F B0O31 28.21689 -108.225
1451-90083| G-53206 6.93 AHY | F BO31 28.21689 -108.225
1451-90084| G-53207 5.84 AHY | F B0O31 28.21689 -108.225
145190085 G-53208 5.71 AHY | F BO31 28.21689 -108.225
1451-90086| G-53209 3.99 AHY | F B0O31 28.21689 -108.225
145190087 G-53210 4.92 AHY | F B0O31 28.21689 -108.225
1451-:90088| G-53211 6.34 ASY | M BO31 28.21689 -108.225
145190089 G-53212 6.05 AHY | F B0O31 28.21689 -108.225
1451-:90090| G-53213 6.72 AHY | M BO31 28.21689 -108.225
145190091| G-53214 4.82 ASY | M B0O31 28.21689 -108.225
1451:90094| G-53215 6.06 AHY | F B0O38 30.61046| -106.511
1451-90095| G-53216 4.95 AHY | M B0O38 30.61046| -106.511
145190096 G-53217 7.43 ASY | M B038 30.61046| -106.511
145190097 G-53218 6.70 ASY | M B0O38 30.61046| -106.511
1451-90098| G-53219 6.96 ASY | M B038 30.61046| -106.511
1451:90099| G-53220 4.98 AHY | F B0O38 30.61046| -106.511
1451-90100| G-53221 7.42 ASY | M B038 30.61046| -106.511
1451:90401| G-50425 7.15 AHY | F TANO | 26.75202] -101.41

1451:90402| G-50426 6.21 ASY | M TANO | 26.75202] -101.41

145190403 G-50427 4.78 ASY | M TADA | 25.28699 -101.085
1451:90404| G-50428 4.12 ASY | M TADA | 25.28699 -101.085
1451-90405| G-50429 4.45 AHY | M TADA | 25.28699 -101.085
145190406 G-50430 5.62 ASY | M TADA | 25.28699 -101.085
145190407 G-50431 4.59 ASY | M TADA | 25.28699 -101.085
145190408 G-50320 5.53 AHY | F RANC | 23.42107] -98.9789
1451:90409| G-50321 4.35 AHY | F RANC | 23.42107| -98.9789
1451-90410| G-50322 5.88 AHY | F RANC | 23.42107] -98.9789
1451:90411| G-50323 5.00 AHY | F RANC | 23.42107| -98.9789
145190412 G-50324 4.05 AHY | F RANC | 23.42107] -98.9789
145190413 G-50325 6.76 AHY | F RANC | 23.42107| -98.9789
145190414 G-50326 5.96 ASY | F RANC | 23.42107| -98.9789
1451-90415| G-50327 6.08 AHY | F RANC | 23.42107] -98.9789
1451:90416| G-50432 5.63 AHY | M RMAS | 21.69752 -98.9676
145190417 G-50433 6.09 AHY | F RMAS | 21.69752| -98.9676
1451:90418| G-50434 4.09 ASY | M RMAS | 21.69752 -98.9676
1451-90419| G-50435 5.77 AHY | F RMAS | 21.69752| -98.9676
145190420 G-50436 8.31 AHY | F RMAS | 21.69752 -98.9676
1451:90421| G-50437 5.13 ASY | F RMAS | 21.69752 -98.9676
145190422 G-50438 7.28 AHY | F RMAS | 21.69752| -98.9676
145190423 G-50439 5.76 ASY | M RMAS | 21.69752 -98.9676
145190424 G-50440 5.50 AHY | M RMAS | 21.69752 -98.9676
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1451:90425| G-50441 5.27 AHY | F RMAS | 21.69752 -98.9676
1451-90426| G-50328 6.52 AHY | F REME | 20.53033] -99.3173
145190427 G-50329 5.69 AHY | F REME | 20.53033] -99.3173
1451:90428| G-50330 4.57 AHY | M REME | 20.53033] -99.3173
145190429 G-50331 3.37 SY | M REME | 20.53033] -99.3173
145190430 G-50332 3.79 AHY | F REME | 20.53033] -99.3173
145190431 G-50333 2.50 AHY | F REME | 20.53033] -99.3173
1451:90433| G-50335 2.71 ASY | M REME | 20.53033] -99.3173
1451-90434| G-50336 6.34 AHY | F REME | 20.53033] -99.3173
1451-90435| G-50337 6.27 ASY | M REME | 20.53033] -99.3173
145190436 G-50338 6.29 AHY | F REME | 20.53033] -99.3173
145190437 G-50339 3.55 AHY | M REME | 20.53033] -99.3173
1451:90438| G-50340 5.33 AHY | F REME | 20.53033] -99.3173
145190439 G-50341 2.72 ASY | M REME | 20.53033] -99.3173
1451:90440| G-50342 3.10 AHY | F REME | 20.53033] -99.3173
1451:90441| G-50343 5.99 AHY | F REME | 20.53033] -99.3173
145190442 G-50344 3.07 AHY | F REME | 20.53033] -99.3173
1451:90443| G-50442 3.04 AHY | F SAN3 | 19.93762 -98.5967
145190444 G-50443 5.28 AHY | F SAN3 | 19.93762 -98.5967
1451:90445| G-50444 6.18 AHY | F SAN3 | 19.93762 -98.5967
1451-90446| G-50445 6.13 ASY | M SAN3 | 19.93762 -98.5967
145190447 G-50446 3.34 ASY | M SAN3 | 19.93762 -98.5967
1451:90448| G-50447 6.72 ASY | M SAN3 | 19.93762 -98.5967
1451-90450| G-53113 5.93 ASY | M B043 31.09423] -107.989
1451:90451| G-53114 5.58 ASY | M B043 31.09423 -107.989
145190452 G-53115 4.39 ASY | M B043 31.09423] -107.989
145190453 G-53116 7.07 ASY | M B043 31.09423 -107.989
1451-90454| G-53117 3.85 ASY | M B043 31.09423] -107.989
1451-90455| G-53118 7.04 ASY | M B043 31.09423] -107.989
145190456 G-53119 9.77 ASY | M B043 31.09423 -107.989
145190457 G-53120 5.40 AHY | M B043 31.09423] -107.989
1451:90459| G-53122 6.10 AHY | M B043 31.09423 -107.989
145190460 G-53123 6.58 AHY | M B043 31.09423] -107.989
145190461 G-53124 6.43 AHY | F B043 31.09423 -107.989
145190462 G-53125 4.02 AHY | M B043 31.09423 -107.989
145190463 G-53126 6.97 AHY | M B043 31.09423 -107.989
145190464 G-53127 5.77 ASY | M B043 31.09423] -107.989
1451-90465| G-53128 7.24 AHY | M B043 31.09423] -107.989
1451:90466| G-53129 6.87 ASY | M B043 31.09423 -107.989
145190467 G-53130 4.35 ASY | M B043 31.09423] -107.989
145190468 G-53131 9.29 ASY | M B043 31.09423] -107.989
145190469 G-53132 7.04 AHY | F B043 31.09423 -107.989
1451-90470| G-53133 4.03 ASY | M B043 31.09423] -107.989
145190471 G-53134 3.45 AHY | F B047 31.31389 -109.584
145190472 G-53135 3.90 AHY | F B047 31.31389 -109.584
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1451:90474| G-53137 8.22 AHY | F B047 31.31389 -109.584
1451-90475| G-53138 7.30 ASY | M B047 31.31389 -109.584
1451:90476| G-53139 6.87 AHY | F BO51 30.83893| -110.837
145190477 G-53140 6.50 AHY | F BO51 30.83893| -110.837
145190478| G-53141 4.43 SY | M B0O51 30.83893 -110.837
1451:90479| G-53142 3.56 AHY | F BO51 30.83893| -110.837
145190480 G-53143 3.82 ASY | M B0O51 30.83893 -110.837
1451:90481| G-53144 3.74 AHY | M BO51 30.83893| -110.837
145190482 G-53145 3.38 ASY | M B0O51 30.83893 -110.837
145190483 G-53146 6.34 AHY | F B0O51 30.83893 -110.837
1451:90484| G-53147 4.43 ASY | M BO51 30.83893| -110.837
1451-90485| G-53148 6.48 SY | M B0O51 30.83893 -110.837
1451:90486| G-53149 3.69 AHY | F BO51 30.83893| -110.837
145190487 G-53150 7.08 AHY | F B055 29.17527| -110.895
1451:90488| G-53151 3.81 ASY | M B0O55 29.17527, -110.895
1451:90489| G-53152 4.17 AHY | F B0O55 29.17527 -110.895
1451-90490| G-53153 3.55 AHY | F B055 29.17527| -110.895
1451:90491| G-53154 5.63 ASY | M B0O55 29.17527 -110.895
145190492 G-53155 3.76 ASY | M B055 29.17527| -110.895
1451:90493| G-53156 8.54 AHY | F B0O55 29.17527 -110.895
1451-90494| G-53157 6.64 AHY | F B055 29.17527| -110.895
1451:90495| G-53158 6.09 ASY | M B0O55 29.17527 -110.895
1451:90496| G-53159 5.85 ASY | M B0O55 29.17527, -110.895
145190497 G-53160 8.27 ASY | M B055 29.17527| -110.895
1451:90498| G-53161 5.95 ASY | M B0O55 29.17527 -110.895
2241-67601| G-57565 6.88 HY | M | D7-TOSA | 23.44228 -110.227
224167602| G-57566 6.67 U F | D7-TOSA | 23.44228 -110.227
2241-67603| G-57567 7.89 HY | M | D7-TOSA | 23.44228 -110.227
2241-67604| G-57568 7.91 U F | D7-TOSA | 23.44228 -110.227
224167605| G-57569 8.70 U F | D7-TOSA | 23.44228 -110.227
2241-67606| G-57570 6.85 U F | D7-TOSA | 23.44228 -110.227
224167607 G-57571 6.66 AHY | M | D7-TOSA | 23.44228| -110.227
2241-67608| G-57572 8.11 AHY | M | D7-TOSA | 23.44228| -110.227
224167609| G-57573 5.35 U F | D7-TOSA | 23.44228 -110.227
224167610 G-57574 6.07 AHY | M | D7-TOSA | 23.44228| -110.227
224167611| G-57575 6.39 U F | D7-TOSA | 23.44228 -110.227
224167612 G-57576 7.14 U F | D7-TOSA | 23.44228 -110.227
224167613| G-57577 5.19 U F | D7-TOSA | 23.44228 -110.227
224167614| G-57578 7.45 U M | D7-TOSA | 23.44228 -110.227
224167615| G-57579 7.55 HY | M | D7-TOSA | 23.44228 -110.227
224167618| G-57580 6.38 U M | D7-SAAG | 24.16076] -110.922
224167619| G-57581 6.62 AHY | M | D7-SAAG | 24.16076| -110.922
2241-67620| G-57582 6.54 U F | D7-SAAG | 24.16076) -110.922
224167621 G-57583 6.69 U F | D7-SAAG | 24.16076] -110.922
2241-67622| G-57584 5.76 AHY | M | D7-SAAG | 24.16076] -110.922
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224167623| G-57585 6.24 AHY | M | D7-SAAG | 24.16076] -110.922
224167624 G-57586 7.12 AHY | M | D7-SAAG | 24.16076] -110.922
224167625 G-57587 6.97 U F | D7-SAAG | 24.16076] -110.922
224167626| G-57588 5.65 HY | M | D7-SAAG | 24.16076] -110.922
224167627 G-57589 5.30 U F | D7-SAAG | 24.16076) -110.922
224167628 G-57590 8.17 U F | D7-SAAG | 24.16076] -110.922
224167629 G-57591 7.34 U F | D7-CUIN | 25.39863 -111.839
224167630| G-57592 7.26 U M | D7-CUIN | 25.39863 -111.839
224167631 G-57593 6.79 AHY | M | D7-CUIN | 25.39863 -111.839
224167632 3.17 AHY | M | D7-CUIN | 25.39863 -111.839
224167633| G-57594 3.31 HY | M | D7-GUNE | 27.96787| -114.036
2241-67634| G-57595 3.69 U M | D7-GUNE | 27.96787| -114.036
224167635| G-57596 4.38 U M | D7-GUNE | 27.96787| -114.036
224167636| G-57597 3.31 U F | D7-GUNE | 27.96787| -114.036
224167637 G-57598 3.63 U M | D7-GUNE | 27.96787| -114.036
224167638| G-57599 3.73 U F | D7-GUNE | 27.96787| -114.036
2241-67639| G-57600 5.36 HY | M | D7-CATA | 29.72793 -114.719
224167640 G-57601 3.93 U F | D7-CATA | 29.72793 -114.719
224167641 G-57602 6.61 U F | D7-CATA | 29.72793 -114.719
224167642 G-57603 3.93 AHY | M | D7-CATA | 29.72793 -114.719
2241-67643| G-57604 4.14 U F | D7-CATA | 29.72793 -114.719
224167644 G-57605 4.02 AHY | M | D7-CATA | 29.72793 -114.719
224167645| G-57606 5.17 U F | D7-SAFE | 30.67681| -115.978
2241-67646| G-57607 3.99 AHY | M | D7-SAFE | 30.67681] -115.978
224167647 G-57608 4.81 U F | D7-SAFE | 30.67681| -115.978
2241-67648| G-57609 3.43 AHY | M | D7-SAFE | 30.67681] -115.978
224167649| G-57610 4.33 U F | D7-SAFE | 30.67681| -115.978
224167650 G-57611 4.85 U M | D7-SAFE | 30.67681] -115.978
224167651 G-57612 3.76 AHY | M | D7-SAFE | 30.67681] -115.978
224167652| G-57613 3.96 HY | M | D7-SAFE | 30.67681] -115.978
2241-67653| G-57614 5.74 U F | D7-SAAN | 31.97218 -116.656
224167654| G-57615 5.35 U F | D7-SAAN | 31.97218 -116.656
2241-67655| G-57616 5.44 AHY | M | D7-SAAN | 31.97218] -116.656
224167656| G-57617 5.15 U F | D7-SAAN | 31.97218 -116.656
224167657 G-57618 5.16 AHY | M | D7-SAAN | 31.97218| -116.656
2241-67659| G-57619 3.61 HY | M | D7-SLRC | 32.42539 -114.797
224167660 G-57620 4.90 AHY | M | D7-SLRC | 32.42539| -114.797
224167661 G-57621 13.62 U M | D7-SLRC | 32.42539 -114.797
224167662| G-57622 5.59 AHY | M | D7-SLRC | 32.42539| -114.797
2241-67663| G-57623 5.59 U F | D7-SLRC | 32.42539 -114.797
224167664 G-57624 6.15 U F | D7-SLRC | 32.42539 -114.797
224167665| G-57625 5.12 U M | D7-SLRC | 32.42539 -114.797
2241-67666| G-57626 5.22 U F | D7-SLRC | 32.42539 -114.797
224167667 G-57627 4.97 U F | D7-SLRC | 32.42539 -114.797
2241-67668| G-57628 4.94 HY | M | D7-SLRC | 32.42539 -114.797
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U-002 G-57629 4.05 U F | D7-Pave | 27.03026] -112.082
U-003 G-57630 4.80 AHY | M | D7-Pave | 27.03026] -112.082
U-004 G-57631 5.83 HY | M | D7-Pave | 27.03026] -112.082
U-005 G-57632 4.21 U F | D7-Pave | 27.03026] -112.082
U-006 G-57633 5.52 HY | M | D7-Pave | 27.03026] -112.082
U-007 G-57634 4.65 HY | M | D7-Pave | 27.03026] -112.082
U-008 G-57635 5.50 AHY | M | D7-Pave | 27.03026] -112.082
U-009 G-57636 5.12 AHY | M | D7-Pave | 27.03026] -112.082
U-010 G-57637 6.62 U F | D7-Pave | 27.03026] -112.082
U-011 G-57638 4.93 SY | M | D7-Pave | 27.03026] -112.082

TableAl.2: Feather CORT data foB3 Eurasian tregparrows sampled fromebunties in

lllinois from 19631990. After collection birds were prepared as study skins and stored at the

Royal Ontario Museum in Toronto, Qieathers were collected in 2088d CORTanalysis was

conducted in 2011 OROMNOOG is the speci meonntds@&re:assi gned
Greene County, GC; Saint Clair County, SCC; Morgan County, MC; and Scott County, SC. All

birds were assigned to one adfurtewd 6d gnaméogl. a s Beod

listed in grams and feather CORT is listed in pg/mm.
ROMNO | County | Year | Age | Sex| Mass | Feather CORT
96441 GC [1963| ad | F | 24.1 2.94
96495 GC |1963|imm| F | 23.2 3.39
96465 GC |1963| ad | M | 23.1 4.35
96477 GC |1963|imm| F | 21.5 4.64
96483 GC |1963| ad | F | 255 5.01
96497 GC |1963| ad | F 23 5.56
96489 GC |1963| ad | F | 22.7 5.73
96485 GC |1963| ad | F | 255 5.82
96466 GC |1963|imm| F | 24.1 5.87
96479 GC |1963|imm| F 22 6.08
96468 GC |1963|imm| M | 25.8 6.18
96488 GC |1963|imm| M | 23.6 6.54
96480 GC |1963| ad | F | 241 6.60
96530 SCC [1964| ad | M 23 3.99
96572 GC [1964| ad | F | 21.1 4.28
96567 GC |1964|imm| F | 21.2 4.42
96576 GC |1964| ad | M | 24.3 4.57
96562 GC |[1964|imm| M | 22.7 4.81
96573 GC [1964| ad | M 24 4.88
96499 SCC |1964| ad | M | 25.2 5.02
96467 GC | 1964 |imm| F 23 5.13
96527 SCC |1964|imm| F | 21.5 5.24
96532 GC |1964| ad | M | 20.9 5.30
96528 SCC |1964|imm| F | 24.1 5.44
96568 GC |1964|imm| M | 23.1 5.67
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96487 GC |[1964| ad | F 25 5.93
96575 GC |1964| ad | M | 23.2 5.94
96490 GC |[1964|imm| M | 23.6 5.95
96478 GC |[1964|imm| M | 22.8 6.16
96571 GC |[1964|imm| M | 22.2 6.20
96526 SCC |1964| ad | F | 231 6.21
96570 SCC |1964| ad | M | 26.5 6.35
96545 SCC |1964| ad | F | 22.7 6.36
96574 GC |1964|imm| F | 22.2 6.41
96564 GC |[1964|imm| M | 22.2 6.42
96565 GC |[1964| ad | F 21 6.53
96543 GC |[1964|imm| M | 21.6 6.56
96569 SCC |1964| ad | M | 23.9 6.60
96492 GC |[1964|imm| F | 20.6 6.80
96577 GC [1964|imm| M | 22.1 6.84
96529 SCC |1964| ad | F 24 6.89
96555 SCC |1964|imm | F |20.07 7.36
96566 GC |[1964| ad | M | 245 7.99
99064 GC |1966| . M | 23.2 3.43
99059 GC |[1966|imm| F | 18.1 3.85
99060 GC |[1966|imm| M 4.14
97501 GC |1966| ad | M | 23.3 4.38
99052 GC |1966| ad | M | 24.2 4.77
99056 MC 1966| ad | F | 21.6 4.90
99053 GC |[1966|imm| M | 23.3 4.92
99051 MC 1966 | imm | M | 21.3 5.46
99063 MC 1966 | imm | F | 21.1 5.83
99047 GC |[1966|imm| F | 20.7 5.90
99062 GC |[1966|imm| M | 20.5 5.93
99055 MC 1966 | imm | F 19 6.06
99057 MC 1966 | imm | F | 21.6 6.25
99061 GC |[1966|imm| M | 23.9 6.38
99045 GC |[1966|imm| M | 20.9 6.61
99058 MC 1966 | imm | M | 20.9 8.10
99054 GC [1966|imm| M | 234 9.81
99465 GC |[1967| ad | F | 234 6.56
100849 MC 1968| ad | M | 23.3 6.81
100848 MC 1968| ad | F 22 7.78
114759 GC |[1972|imm| F 23 8.03
119982 GC |1973|imm| M | 22.5 4.97
119609 GC |1973]| ad | M | 21.3 5.01
119989 GC |[1973|imm| M | 22.7 5.64
119983 GC |1973|imm| F | 19.5 5.79
119984 GC |[1973|imm| M 21 6.19
119991 GC |1973|imm| M | 21.8 6.73
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119992 GC |1973|imm| F | 175 6.90
119980 GC |1973|imm| F | 185 8.97
119985 GC |[1973|imm| F | 20.1 9.34
121666 GC |[1974| ad | M 21 5.10
121667 GC |[1974| ad | M 22 6.00
125092 GC |1975| ad | F | 245 7.19
125095 GC |1976| ad | M | 24.7 5.67
125090 GC |1976| ad | F | 215 6.24
125088 GC |1976| ad | F | 215 6.25
125091 GC |[1976| ad | M 22 6.36
125094 GC |1976| ad | M | 23.8 6.38
125093 GC |1976| ad | M | 225 7.02
125097 GC |1976| ad | M | 235 7.03
125096 GC |1976| ad | F 22 7.45
125089 GC |1976| ad | F | 20.3 8.75
128813 GC |1977|imm| F | 22.2 3.07
128820 GC |[1977| ad | M 23 5.54
128819 GC |[1977| ad | M | 214 5.62
128818 GC |[1977| ad | M 22 6.00
128814 GC 1977 ad | M | 225 6.36
128817 GC |[1977| ad | M 21 7.96
128815 GC |1977| ad | M | 20.5 8.31
128810 GC |1977| ad | F 23 8.55
128812 GC [1977|imm| M 25 9.23
128816 GC |1977| ad | F | 20.9 9.43
128811 GC |[1977| ad | M 23 9.74
132882 MC 1979| ad | M | 23.1 2.32
132888 MC 1979| ad | F | 21.8 3.76
132928 MC 1979| ad | F 23 3.87
132884 MC 1979| ad | F | 225 4.27
132886 MC 1979| ad | F | 22.6 4.50
132899 MC 1979| ad | M 20 4.85
132900 MC 1979| ad | F 22 5.32
132925 MC 1979| ad | M | 21.7 5.96
132893 MC 1979| ad | M | 21.6 6.40
132883 MC 1979| ad | F | 22.7 6.56
132892 MC 1979 ad | M | 22.2 6.62
133491 MC 1979| ad | F | 24.9 6.66
133506 MC 1979| ad | F | 234 6.67
133509 MC 1979| ad | F | 224 6.68
132885 MC 1979| ad | M | 22.8 6.78
133498 MC 1979| ad | F | 26.7 6.95
132922 MC 1979| ad | M | 21.9 7.09
132903 MC 1979| ad | M | 22.8 7.17
132887 MC 1979| ad | F 21 7.31
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133494 MC 1979| ad | F | 231 7.35
132929 MC 1979| ad | F | 225 7.35
133489 MC 1979| ad | F 26 7.38
133495 MC 1979| ad | F 25 7.41
133490 MC 1979| ad | F | 20.5 7.42
132890 MC 1979| ad | F | 20.5 7.53
132923 MC 1979| ad | F | 21.7 7.64
132901 MC 1979| ad | F | 22.2 7.86
132897 MC 1979| ad | F 23 7.95
132889 MC 1979| ad | F | 23.1 8.01
133500 MC 1979| ad | F | 26.5 8.10
132920 MC 1979| ad | M 22 8.26
132881 MC 1979| ad | F | 221 8.31
132924 MC 1979| ad | M | 23.6 8.44
132898 MC 1979| ad | F | 22.2 8.58
132902 MC 1979| ad | M | 25.3 8.66
132894 MC 1979| ad | F | 214 8.91
132896 MC 1979 ad | M | 21.5 9.06
132895 MC 1979| ad | F 23 9.14
132930 MC 1979| ad | F 21 9.55
132921 MC 1979| ad | M | 23.6 9.78
133493 MC 1979| ad | F 27 10.70
137881 MC 1980| ad | F | 20.5 2.49
137886 MC 1980| ad | F 22 3.35
137915 GC |1980| ad | F | 21.8 4.60
137901 GC |[1980| ad | F 22 4.78
137885 MC 1980| ad | F 21 4.86
137903 MC 1980| ad | M 25 5.05
137916 MC 1980| ad | F | 225 5.07
137897 MC 1980| ad | F | 225 5.23
137878 MC 1980| ad | M | 235 5.85
137883 MC 1980| ad | M 26 6.02
137907 MC 1980| ad | M 18 6.11
137884 GC |[1980| ad | F 25 6.57
137918 MC 1980| ad | F | 225 6.76
137905 MC 1980| ad | M | 21.5 6.86
137914 GC |1980| ad | F 24 7.05
137891 MC 1980| ad | M 23 7.13
137882 GC |[1980| ad | M | 22.2 7.18
137894 MC 1980| ad | F 23 7.20
137896 MC 1980| ad | F | 235 7.25
137877 GC |1980| ad | F 25 7.37
137917 MC 1980| ad | M | 23.5 7.41
137909 GC [1980| ad | M 20 7.48
137898 MC 1980| ad | F | 21.5 7.54
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137887 MC 1980| ad | M 22 7.66
137895 MC 1980| ad | M | 225 8.00
137893 MC 1980| ad | M 23 8.11
137906 MC 1980| ad | F | 225 8.37
137913 MC 1980| ad | M | 235 8.46
137908 MC 1980| ad | M 23 8.52
137892 MC 1980| ad | M | 235 8.59
137910 MC 1980| ad | F | 235 8.84
137874 MC 1980| ad | M 21 8.97
137873 GC [1980| ad | M 22 9.05
137876 GC [1980| ad | M 23 9.13
137912 MC 1980| ad | M 9.24
137875 MC 1980| ad | M 24 9.51
137888 MC 1980| ad | M | 21.5 9.79
137900 MC 1980| ad | F | 225 10.82
137899 MC 1980| ad | M | 225 11.00
137889 MC 1980| ad | F | 21.5 11.29
137911 MC 1980| ad | F | 225 11.74
137904 GC |[1980| ad | M 21 15.17
141425 MC 1981 ad | M | 225 5.26
141428 MC 1981| ad | F 5.45
141432 MC 1981| ad | M 22 5.59
141436 MC 1981 . M 21 5.67
141426 MC 1981| ad | F 20 5.98
141433 MC 1981 ad | M | 21.5 6.03
141110 MC 1981 |imm | F 22 6.35
141101 MC 1981| ad | M 24 6.38
141431 MC 1981| ad | F 21 6.78
141427 MC 1981| ad | M 21 6.79
141434 MC 1981| ad | F | 235 6.99
141112 MC 1981| ad | F 21 7.33
141429 MC 1981| ad | M 20 7.47
141116 MC 1981| ad | F | 235 7.48
141438 MC 1981 ad | M | 195 7.66
141424 MC 1981 ad | F 22 7.88
141435 MC 1981 ad | M | 21.5 8.16
141437 MC 1981| ad | M 23 8.25
144032 MC 1982| ad | M 22 4.36
144030 MC 1982| ad | F 21 4.62
144024 MC 1982| ad | F 21 4.65
144025 MC 1982| ad | F 21 5.72
144035 MC 1982| ad | F 22 5.85
144033 MC 1982| ad | M 23 6.44
144022 MC 1982| ad | M 23 6.51
144020 MC 1982| ad | M 21 6.55

110




144026 MC 1982| ad | M 26 6.68
144037 MC 1982| ad | F 22 6.87
144023 MC 1982| ad | F 24 6.91
144027 MC 1982| ad | M 7.09
144017 MC 1982| ad | M 23 7.30
144029 MC 1982| ad | F 20 7.33
146943 MC 1982 imm | M | 25.5 7.38
146933 MC 1982 imm | F 24 7.46
144031 MC 1982| ad | F 25 7.78
144021 MC 1982| ad | M 22 7.80
144036 MC 1982| ad | F 21 7.88
144019 MC 1982| ad | F 22 7.99
146927 MC 1982 | imm | M 23 8.02
146940 MC 1982| ad | M | 255 8.17
144034 MC 1982| ad | F 23 8.23
146938 MC 1982| ad | M 20 8.24
146931 MC 1982| ad | F 23 8.39
146926 MC 1982| ad | F 25 8.65
144028 MC 1982| ad | M 23 8.72
146935 MC 1982 imm | F 24 8.84
146934 MC 1982| ad | F 23 8.91
146941 MC 1982 imm | F 25 8.95
146942 MC 1982| ad | F 22 9.23
146928 MC 1982| ad | M | 24.8 9.27
146929 MC 1982| ad | M | 255 9.44
146925 MC 1982 | imm | M 25 9.47
146924 MC 1982 | imm | M 25 9.50
146939 MC 1982 ad | F | 245 9.71
146932 MC 1982| ad | F | 20.5 10.39
146936 MC 1982| ad | F | 235 10.74
148045 MC 1983| ad | F 25 4.01
148039 MC 1983| ad | F 24 6.64
148034 MC 1983| ad | M | 26.2 7.73
148028 SC 1983| ad | M 26 8.03
148024 SC 1983|imm | F | 23.9 8.07
148030 SC |1983|imm| M | 235 8.08
148026 SC ]1983| ad | M | 23.9 8.24
148040 MC 1983 imm | M | 25.5 8.37
148036 MC 1983|imm | F | 235 8.85
148044 MC 1983| ad | F | 23.5 8.86
148051 MC 1983| ad | F 23 8.97
148033 MC 1983 | imm | M 23 9.00
148025 SC |1983| ad | F 27 9.20
148020 SC 1983 | imm | M 24 9.24
148043 MC 1983 imm | M | 23.5 9.32
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148023 SC |1983|imm| F 24 9.48
148038 MC 1983|imm | F | 22.2 9.71
148022 SC 11983|imm| M | 25.1 9.72
148037 MC 1983|imm| F | 21.9 9.77
148046 MC 1983|imm | M | 23.5 9.83
148041 MC 1983| ad | M | 245 10.13
148016 SC |1983| ad | F | 26.8 10.26
148050 MC 1983| ad | F | 255 10.28
148021 SC |1983| ad | M | 25.1 10.32
148049 MC 1983| ad | M 26 10.47
148018 SC ]1983| ad | F | 245 10.58
148027 SC |1983| ad | F | 235 10.61
148032 MC 1983| ad | F 24 10.71
148042 MC 1983|imm | F | 245 10.85
148017 SC 1983| ad | F | 241 10.93
148015 SC 1983 | imm | F 22 11.14
148053 MC 1983| ad | M | 26.3 11.34
148031 SC 1983|imm | F | 225 11.34
148052 MC 1983| ad | M 25 11.35
148019 SC 1983|imm | F | 24.2 11.78
148047 MC 1983|imm | F | 235 12.19
148055 MC 1983| ad | F 24 13.20
148029 SC 1983| ad | M | 27.3 13.98
148048 MC 1983|imm | M | 26.2 14.96
148054 MC 1983 | imm | M 23 16.21
151427 GC [1985|imm| M 22 3.95
151436 GC [1985|imm| F | 215 4.38
151445 GC |[1985| ad | F | 235 4.47
151437 GC [1985| ad | M 23 4.92
151448 GC [1985|imm| F 21 4.97
151442 GC [1985|imm| M | 20.5 5.26
151444 GC [1985|imm| M 26 5.30
151435 GC |[1985|imm| F | 245 5.44
151443 GC [1985|imm| M 23 5.48
151441 GC [1985|imm| F 21 5.51
151426 GC |[1985|imm| M | 23.2 5.55
151438 GC |1985| ad | M | 255 5.60
151446 GC |1985| ad | F 24 5.63
151439 GC |[1985|imm| F | 225 5.65
151440 GC [1985|imm| M | 245 5.80
150238 GC |[1985| ad | M 23 7.28
150264 GC |[1985| ad | M | 244 8.63
150235 GC |1985| ad | F | 19.6 8.76
150245 GC |1985| ad | F | 24.7 9.42
150253 GC |1985| ad | M | 235 9.67
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151424 GC [1985|imm| F 25 9.69
150270 GC |[1985|imm| M | 24.9 9.78
150268 GC |[1985| ad | M | 22.6 9.84
150255 GC |[1985| ad | M | 23.9 10.01
150226 GC |[1985|imm| F | 24.9 10.03
150234 GC |[1985| ad | M | 241 10.03
150265 GC |1985| ad | M | 225 10.15
150269 GC |[1985| ad | M | 244 10.22
150252 GC |1985| ad | M | 225 10.27
151415 MC 1985| ad | F | 24.3 10.40
151408 MC 1985| ad | F | 21.5 10.46
151412 MC 1985 | imm | M 23 10.46
150215 GC |[1985|imm| M | 23,5 10.52
150223 GC |[1985| ad | F | 243 10.82
151417 MC 1985|imm | F 24 11.04
150221 GC |[1985| ad | M | 24.6 11.07
151409 MC 1985| ad | M 21 11.13
150251 GC |[1985|imm| F | 22.2 11.25
150263 GC |1985| ad | F | 22.8 11.25
150250 GC |[1985|imm| M | 23.3 11.30
150228 GC [1985|imm| F | 22.4 11.37
150257 GC [1985|imm| F 22 11.38
151413 MC 1985|imm | F 22 11.50
150258 GC |[1985| ad | F | 214 11.60
150225 GC |1985| ad | F | 225 11.61
150243 GC [1985| ad | M 25 11.71
151416 MC 1985|imm | M | 24.5 11.72
150239 GC |[1985| ad | F | 244 11.75
150247 GC |[1985| ad | M | 244 11.83
150248 GC |[1985| ad | F | 211 11.93
150256 GC [1985|imm| F | 21.1 11.98
150260 GC [1985|imm| F 23 12.19
150220 GC |[1985| ad | M | 25.3 12.23
150246 GC |1985| ad | M | 22.6 12.33
151425 GC [1985|imm| M 26 12.40
150222 GC |[1985| ad | F | 21.2 12.49
150267 GC |[1985|imm| F | 23.6 12.50
150230 GC [1985| ad | M | 224 12.57
151418 MC 1985|imm | M | 22.5 12.61
150262 GC |1985| ad | F | 23.6 12.75
151410 MC 1985| ad | F | 21.5 12.77
151407 MC 1985 | imm | M 21 12.84
150249 GC |1985| ad | F | 23.2 12.88
150241 GC |[1985| ad | M 23 13.07
150242 GC |1985| ad | M | 235 13.18
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150224 GC |[1985| ad | M 23 13.40
150244 GC |[1985|imm| F | 24.1 13.43
151422 GC |[1985| ad | F | 215 13.78
150216 GC |[1985| ad | F 22 13.85
151421 GC |[1985|imm| M | 24.8 13.90
150266 GC |[1985|imm| M | 21.9 14.01
150229 GC |1985| ad | M | 23.1 14.21
150261 GC |1985| ad | F | 225 14.22
150219 GC |1985| ad | M | 23.9 14.64
150227 GC |1985| ad | M | 22.6 15.11
150240 GC |[1985| ad | F 23 15.21
151419 MC 1985| ad | M 23 15.38
150232 GC |1985| ad | F | 225 15.91
151414 MC 1985| ad | F | 235 16.20
151423 GC |[1985| ad | F 24 16.70
150259 GC [1985|imm| M | 234 17.35
150254 GC [1985|imm| M | 234 18.24
150237 GC |[1985| ad | M 23 18.49
151518 MC 1986| ad | M | 225 4.58
151592 MC 1986| ad | F | 21.9 4.68
152616 MC 1986| ad | F 20 4.89
152607 MC 1986| ad | M | 20.5 4.98
151513 MC 1986| ad | F | 225 5.12
151524 MC 1986| ad | M 23 5.12
152623 MC 1986|imm | F | 20.5 5.13
151519 MC 1986| ad | M 22 5.19
151602 MC 1986| ad | M | 224 5.19
152312 GC |[1986|imm| M | 20.6 5.24
151514 MC 1986| ad | M | 20.5 5.30
151528 MC 1986| ad | M 22 5.31
151599 MC 1986| ad | M 24 5.32
152592 MC 1986| ad | M | 235 5.47
152612 MC 1986| ad | F | 21.2 5.57
151596 MC 1986| ad | M | 234 5.59
151604 MC 1986| ad | F | 21.7 5.61
151607 MC 1986| ad | M | 24.3 5.63
152608 MC 1986| ad | F | 195 5.63
151520 MC 1986| ad | M 22 5.67
151593 MC 1986| ad | F | 254 5.72
151589 MC 1986| ad | M 25 5.75
151595 MC 1986|imm | F | 21.2 5.83
151521 MC 1986| ad | F 22 5.83
151522 MC 1986| ad | M | 22.5 5.83
152620 MC 1986|imm | F | 21.8 5.83
151515 MC 1986| ad | M 23 5.88
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151597 MC 1986| ad | M | 224 5.96
151525 MC 1986| ad | M 21 5.98
152313 GC [1986|imm| M | 20.5 6.04
151516 MC 1986| ad | F 21 6.06
151594 MC 1986| ad | F | 22.2 6.08
152615 MC 1986 | imm | M | 22.5 6.23
151523 MC 1986| ad | M 22 6.28
152297 GC [1986|imm| M 20 6.31
152594 MC 1986| ad | F | 21.3 6.33
152614 MC 1986| ad | M 21 6.35
152595 MC 1986| ad | M 21 6.36
151588 MC 1986| ad | F 24 6.42
151586 MC 1986| ad | F | 255 6.42
151590 MC 1986| ad | M 25 6.45
151587 MC 1986 | imm | M 23 6.48
152309 GC |[1986|imm| M | 194 6.59
151606 MC 1986| ad | F | 23.7 6.63
152609 MC 1986 | imm | M | 20.7 6.65
152611 MC 1986 | imm | M | 19.8 6.66
152618 MC 1986|imm | F | 22.5 6.81
151598 MC 1986| ad | M | 21.8 6.86
151601 MC 1986| ad | M | 22.1 6.89
152299 MC 1986|imm | F | 19.8 6.96
151600 MC 1986| ad | F | 21.1 7.07
152617 MC 1986| ad | F | 22.8 7.31
152610 MC 1986 | imm | M | 19.3 7.36
151529 MC 1986| ad | F 22 7.37
152593 MC 1986| ad | F | 225 7.43
152624 MC 1986| ad | F 22 7.47
152318 GC |[1986|imm| M | 215 7.68
152303 MC 1986 | imm | M 20 7.76
151517 MC 1986| ad | F 21 7.82
152626 MC 1986 | imm | F | 225 7.94
151591 MC 1986| ad | M | 214 8.05
152625 MC 1986| ad | M 22 8.08
152621 MC 1986| ad | F | 20.5 8.13
152622 MC 1986 | imm | M | 22.5 8.36
151603 MC 1986| ad | F | 21.5 8.40
152606 MC 1986| ad | M | 19.8 8.47
152619 MC 1986| ad | M | 21.5 8.85
156090 GC |[1990| ad | M | 19.7 6.13
156083 GC |[1990|imm| M | 23.9 6.44
156096 GC |1990| ad | F 22 6.60
156095 GC |[1990|imm| F | 195 6.69
156098 GC |1990| ad | F | 20.5 7.00

115




156092 GC [1990|imm| M 21 7.30
156091 GC |[1990| ad | M | 195 7.61
156085 GC [1990| ad | F 20 9.92
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Appendix 2: Linear Regressions of Feather CORT and Spatial or Weather Data

Table A2.1:Results of simple linear regressions exploring-aag relationships between feather
CORT of house sparrows sampled from 49 sites across Mexico from Deci 20@&h 2007

and various spatial and weather variables. Significantpl ues ( U=0. 05)
X variable Residual SE| F-statistic | df | R-squared | p-value

Latitude 2.509 19.89 446 | 0.0427 1.04 x 10°
Longitude 2.563 0.7311 446| 0.001636 | 0.393
Elevation 2.558 2.374 446 0.005295 |0.124
January precipitation 2.549 5.64 446| 0.01249 0.018
Februaryprecipitation 2.562 0.9736 446| 0.002178 | 0.324
March precipitation 2.545 6.899 446| 0.01523 0.00892
April precipitation 2.56 1.496 446| 0.003342 | 0.222
May precipitation 2.557 2.827 446| 0.006299 | 0.0934
June precipitation 2.543 7.82 446| 0.01723 0.00539
July precipitation 2.555 3.264 446| 0.007266 | 0.0715
August precipitation 2.545 6.935 446| 0.01531 0.00875
September precipitation 2.553 4.019 446| 0.00893 0.0456
October precipitation 2.537 9.735 446| 0.02136 0.00192
November precipitation 2.534 10.76 446 | 0.02355 0.00112
December precipitation 2.527 13.42 446| 0.02921 0.000279
Mean annual precipitation 2.542 7.902 446| 0.01741 0.00515
January minimum temperature | 2.496 24.86 446| 0.0528 8.83 x 10/
Februaryminimum temperature | 2.498 24.01 446| 0.05109 1.34 x10°
Marchminimum temperature 2.507 20.65 446| 0.04425 7.11x 10
April minimum temperature 2.543 7.571 446| 0.01669 0.00617
May minimum temperature 2.555 3.445 446| 0.007666 | 0.0641
Juneminimum temperature 2.562 0.9462 446| 0.002117 | 0.331
July minimum temperature 2.564 0.3257 446| 0.0007298 | 0.568
Augustminimum temperature | 2.562 0.934 446 | 0.00209 0.334
Septembeminimum temperaturg 2.552 4591 446| 0.01019 0.0327
Octobeminimum temperature | 2.531 12.02 446| 0.02625 0.000577
Novembeminimum temperaturg 2.511 19.39 446| 0.04167 1.33 x 10°
Decembeminimum temperature| 2.497 24.5 446| 0.05206 1.06 x 10°
January maximum temperature | 2.466 36.46 446| 0.07557 3.29 x 10°
Februarymaximum temperature | 2.463 37.58 446 | 0.07772 1.93 x 10°
Marchmaximum temperature | 2.482 30.14 446]0.06331 |6.74x10
April maximum temperature 2.534 10.73 446 0.02348 0.00114
May maximum temperature 2.564 0.1273 446| 0.0002852 | 0.721
Junemaximum temperature 2.554 3.707 446| 0.008244 | 0.0548
July maximum temperature 2.562 0.8369 446 0.001873 | 0.361
Augustmaximum temperature | 2.565 0.05264 446| 0.000118 | 0.819
Septembemaximum temperaturg 2.563 0.4317 446 0.0009671 | 0.511
Octobermaximum temperature | 2.549 5.552 446| 0.0123 0.0189
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Novembemaximum temperature 2.499 23.84 446 0.05073 1.46 x 10
Decembemaximum temperaturg 2.474 33.43 446| 0.06973 1.39 x 10°
Januaryd-excess 2.56 1.534 446 | 0.003429 | 0.216
Februaryd-excess 2.558 2.498 446| 0.005569 | 0.115
Marchd-excess 2.531 12.01 446| 0.02623 0.00058
April d-excess 2.502 22.74 446]0.04852 |2.51x 10
May d-excess 2.554 3.801 446 0.008451 | 0.0518
Juned-excess 2.564 0.08338 446| 0.0001869 | 0.773
July d-excess 2.562 0.8312 446 0.00186 0.362
Augustd-excess 2.552 4.501 446 0.009992 | 0.0344
Septembed-excess 2.565 2.324 x 10 | 446 5.211 x 10’ | 0.999
Octoberd-excess 2.547 6.306 446| 0.01394 0.0124
Novemberd-excess 2.565 0.03591 | 446(8.051x10 | 0.85
Decembed-excess 2.533 11.23 446| 0.02456 0.000873
Mean annuadl-excess 2.564 0.169 446 0.0003787 | 0.681

Table A2.2 Results of simple linear regressions exploring-wag relationships between feather

CORT ofEurasian tregparrows sampled fromabunties in Illinoisfrom 19631990and
monthly weather and drought variables from themoailt (April-June) and moult (July

October) periods. Significantpal ues (U=0.05) are bol ded.
X variable Resid. | F-stat | df R? p-value
SE
number of days i1 271 25.95 | 431 | 0.05679 | 5.24 x10
inch precipitation
number of days in thelayw i t h 2.788 | 0.6116| 431 | 0.001417 0.435
inch precipitation
number of days in théunewi t h 2.768 | 6.945 | 431 | 0.01586 0.00871
inch precipitation
number of days in théulywi t h ( 2.79 | 0.2486| 431 | 0.0005764 0.618
inch precipitation
number of days in theugustwi t h 2.748 | 13.56 | 431 0.0305 0.000261
inch precipitation
number of days in thBeptembewith 2776 | 4543 | 431 | 0.01043 0.0336
O00.1 inch pr eq
number of days in th®ctoberwi t h | 2.582 | 72.23 | 431 | 0.1435 | 3.16 x10'°
inch precipitation
number of days 5 1 2604 | 641 | 431 | 0.1295 | 1.11x10"
inch precipitation
number of days in thelaywi t /5 ( 2.638 | 51.19 | 431 | 0.1062 | 3.63 x10"
inch precipitation
number of days in théunew i t b 2771 | 5.937 | 431 | 0.01359 0.0152
inch precipitation
number of days inthdulywi t t6 ( 2.73 | 19.35 | 431 | 0.04297 | 1.37 x1CQ°
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inch precipitation

number of days in theugustwi t tb | 2.772 | 5.621 | 431 | 0.01287 0.0182
inch precipitation
number of days in thBeptembewith 2.789 | 0.3469| 431 | 0.0008042 0.556
O (& inch precipitation
number of days in th®ctoberw i t b | 2.756 | 10.82 | 431 | 0.02449 0.00109
inch precipitation
number ofdaysih h e Ap rliOl | 2.689 33.2 | 431 | 0.07152 | 1.58 x10°
inch precipitation
number of days in thelaywi t10 ({ 2.633 | 53.03 | 431 | 0.1096 | 1.57 x10™
inch precipitation
number of days in théunew i t 10 2.782 | 2523 | 431 | 0.00582 0.113
inch precipitation
number of days in thaulywi t10 (¢ 2.785 | 1.654 | 431 | 0.003823 0.199
inch precipitation
number of days in thewgustwi t10 | 2.641 | 50.1 | 431 | 0.1041 | 5.97 x10™
inch precipitation
number of days in thBeptembewith 2.757 | 10.63 | 431 | 0.02407 0.0012
AL.0inch precipitation
number of days in th®ctoberw i t10 | 2.769 | 6.747 | 431 | 0.01541 0.00971
inch precipitation
April departure from normal monthly| 2.718 | 23.37 | 431 | 0.05143 | 1.86 x10°
precipitation
May departure from normal monthly | 2.703 | 28.36 | 431 | 0.06174 | 1.62 x10
precipitation
Junedeparture from normal monthly | 2.787 | 1.099 | 431 | 0.002544 0.295
precipitation
Julydeparture from normal monthly | 2.749 | 12.98 | 431 | 0.02924 | 0.000351
precipitation
Augustdeparture from normal monthly 2.648 | 47.5 | 431 | 0.09926 | 1.97 x10"
precipitation
Septembedeparture from normal 2.79 | 0.0618 | 431 | 0.0001434| 0.804
monthly precipitation 3
Octoberdeparture from normal monthl{ 2.712 | 25.36 | 431 | 0.05557 | 7.01 x10’
precipitation
April departure from normal monthly| 2.611 | 61.21 | 431 | 0.1243 | 4.01 x10"
temperature
May departure from normal monthly | 2.675 | 38.13 | 431 | 0.08128 | 1.53 x10°
temperature
Junedeparture from normal monthly | 2.713 | 24.86 | 431 | 0.05453 | 8.97 x10’
temperature
Julydeparture from normal monthly | 2.765 | 8.088 | 431 | 0.01842 0.00467
temperature
Augustdeparture from normal monthly 2.587 | 70.3 | 431 | 0.1402 | 7.3x10™
temperature
Septembedeparture from normal 2.746 | 14.19 | 431 | 0.03187 | 0.000188
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monthly temperature

Octoberdeparture from normal monthly 2.728 | 19.91 | 431 | 0.04416 | 1.04 x10°
temperature
number of days idprilwi t h s n 2754 | 1155 | 431 | 0.02609 | 0.000742
inch
number of days i\pril with minimum 2.79 | 0.0217| 431 | 5.04x10° 0.883
temperatureO3 2 UF 3
number of days iiMay with minimum 2.784 | 1.902 | 431 | 0.004395 0.169
temperature C
number of days iSeptembewith 2.635 | 52.52 | 431 | 0.1086 | 1.98 x10%
mi ni mum temper a
number of days i@ctobemwith 2.701 | 28.88 | 431 | 0.06279 | 1.27 x10’
mi ni mum temper a
number of days i\pril with maximum | 2.777 | 4.271 | 431 | 0.009813 0.0394
temperatur®© 9 0 UF
number of days iMay with maximum | 2.665 | 41.66 | 431 | 0.08813 | 2.93 x10™°
temperature C
number of days idunewith maximum | 2.787 | 1.151 | 431 | 0.002662 0.284
temperature C
number of days idulywith maximum | 2.784 | 1.935 | 431 | 0.004469 0.165
temperature C
number of days in Agustwith 2.678 36.9 | 431 | 0.07885 | 2.74 x10°
maxi mum temper a
number of days iseptembewith 2.787 | 1.125 | 431 | 0.002603 0.289
maxi mum temper a
number of days i®ctoberwith 2.753 | 11.96 | 431 0.027 0.000598
maxi mum temper a
April extreme minimum temperature| 2.779 | 3.454 | 431 | 0.007949 0.0638
May extreme minimum temperature | 2.75 12.87 | 431 0.029 0.000372
Juneextreme minimum temperature| 2.785 | 1.546 | 431 | 0.003574 0.214
July extreme minimum temperature | 2.74 15.88 | 431 | 0.03554 | 7.92 x10°
Augustextreme minimum temperaturq 2.741 | 15.81 | 431 | 0.03537 | 8.23 x10°
Septembeextreme minimum 2418 | 1429 | 431 | 0.249 <2 x10™®
temperature
Octoberextreme minimum temperatur{ 2.763 | 8.633 | 431 | 0.01964 0.00348
April extreme daily maximum 2.785 | 1.617 | 431 | 0.003737 0.204
precipitation
May extreme daily maximum 2.773 555 | 431 | 0.01271 0.0189
precipitation
Juneextreme daily maximum 2.758 | 10.32 | 431 | 0.02338 0.00142
precipitation
July extreme daily maximum 2.78 3.264 | 431 | 0.007517 0.0715
precipitation
Augustextreme daily maximum 2528 | 94.28 | 431 | 0.1795 | <2x10™

precipitation

120




Septembeextreme daily maximum 2.775 | 4.805 | 431 | 0.01103 0.0289
precipitation
Octoberextreme daily maximum 2.787 | 1.027 | 431 | 0.002376 0.312
precipitation
April extreme naximum temperature | 2.789 | 0.4909| 431 | 0.001138 0.4839
May extreme raximum temperature | 2.564 | 79.47 | 431 | 0.1557 | <2x10%®
Juneextreme maximum temperature | 2.725 | 20.79 | 431 | 0.04603 | 6.67 x10°
July extreme mximum temperature 2.78 3.12 | 431 | 0.007187 0.0781
Augustextreme raximum temperature| 2.701 | 29.11 | 431 | 0.06326 | 1.13 x10’
Septembeextreme raximum 2529 | 93.72 | 431 | 0.1786 | <2x10%
temperature
Octoberextreme naximum temperatwe | 2.784 | 2.144 | 431 | 0.00495 0.144
April heating degree days 2.567 | 78.45 | 431 | 0.154 <2 x10™°
May heating degree days 2.69 32.76 | 431 | 0.07064 | 1.95 x10°
Juneheating degree days 2.788 | 0.6168 | 431 | 0.001429 0.433
July heating degree days 2.779 | 3.584 | 431 | 0.008247 0.059
Augustheating degree days 2.72 2258 | 431 | 0.04978 | 2.75x10°
Septembeheating degree days 2446 | 129.9 | 431 | 0.2316 | <2x10™
Octoberheating degree days 2.736 | 17.17 | 431 | 0.03832 | 4.11x10°
April mean minimum temperature | 2.667 | 40.68 | 431 | 0.08624 | 4.64 x10"
May mean minimum temperature | 2.648 | 47.69 | 431 | 0.09963 | 1.8 x10"
Junemean minimum temperature 2.753 | 11.93 | 431 | 0.02694 | 0.000607
Julymean minimum temperature 2.707 | 26.96 | 431 | 0.05888 | 3.20 x10’
Augustmean minimum temperature | 2.753 | 11.87 | 431 0.0268 0.000627
Septembemean minimum temperatur¢ 2.669 | 39.97 | 431 | 0.08487 | 6.44 x10™
Octobemmean minimum temperature| 2.694 | 31.28 | 431 | 0.06767 | 3.97 x10°
April mean naximum temperature | 2.558 | 81.97 | 431 | 0.1598 | <2x10™
May mean naximum temperature 2.67 | 39.82 | 431 | 0.08458 | 6.91 x10"
Junemean naximum temperature 2.779 | 3.488 | 431 | 0.008028 0.0625
Julymean naximum temperature 2.755 | 11.16 | 431 | 0.02523 0.00091
Augustmean naximum temperature | 2.644 | 48.89 | 431 | 0.1019 | 1.04 x10"
Septembemean naximum temperature] 2.739 | 16.48 | 431 | 0.03682 | 5.85 x10°
Octobemean naximum temperature | 2.788 | 0.6626 | 431 | 0.001535 0.4161
April mean temperature 2579 | 73.75 | 431 | 0.1461 | <2x10%
May mean temperature 2.651 | 46.69 | 431 | 0.09774 | 2.85 x10"
Junemean temperature 2.765 7.92 | 431 | 0.01804 0.00511
Julymean temperature 2.724 | 21.36 | 431 | 0.04722 | 5.04 x10°
Augustmean temperature 2.688 | 33.64 | 431 | 0.0724 | 1.29 x1¢°
Septembemean temperature 2.678 | 37.08 | 431 | 0.07923 | 2.51 x10°
Octobemean temperature 2.765 | 8.031 | 431 | 0.01829 0.00481
April maximum snow depth 2.778 | 3.893 | 431 | 0.008952 0.0491
April total precipitation 2.692 | 31.96 | 431 | 0.06904 | 2.86 x10°
May total precipitation 2.693 | 31.72 | 431 | 0.06855 | 3.22 x1C°
Junetotal precipitation 2.79 | 0.2433| 431 | 0.0005642 0.622
Julytotal precipitation 2.771 6.08 | 431 | 0.01391 0.0141
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Augusttotal precipitation 2.69 32.93 | 431 | 0.07098 1.8 x10°
Septembetotal precipitation 2.787 | 0.9609 | 431 | 0.002224 0.328
Octobertotal precipitation 2.715 | 24.21 | 431 | 0.05318 | 1.23 x10°
April total snowfall 2.785 1.83 | 431 | 0.004228 0.177
April Palmer Drought Severity Index| 2.513 | 100.4 | 431 | 0.1889 | <2 x10%°
May Palmer Drought Severity Index | 2.494 | 1085 | 431 | 0.2011 | <2x10%™®
JunePalmer Drought Severityndex 2.789 | 0.5127| 431 | 0.001188 0.474
July Palmer Drought Severity Index | 2.779 | 3.426 | 431 | 0.007887 0.0649
AugustPalmer Drought Severity Indey 2.729 | 19.69 | 431 | 0.04369 | 1.16 x10°
SeptembePalmer Drought Severity | 2.79 5.32}(10 431 | 1.23x10° 0.998
Index
OctoberPalmer Drought Severity Indej 2.741 | 15.56 | 431 | 0.03485 | 9.32 x10°
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Appendix 3: Radioimmunoassay Data

Table A3.1:Radioimmunoassay parameters for the 10 assays used to measure CORT levels in
feathers of house sparrows from Mexico. Tot a
CP M. ED20, ED50, and ED8O0 are CORT | ewxel s in
20% bound, 50% bound, and 80% bound.

Assay #| TC | % Binding | % NSB | ED20 | ED50] ED80 | CV (%)

4625.5 28.06 4.12 |178.31] 45.69| 11.71| 6.28

4730.5] 26.45 5.63 | 156.56| 40.71| 8.11 7.33

4619.5| 27.47 4.99 |175.04| 43.57| 10.83| 4.50

4623 28.28 4.23 |155.25| 40.96| 10.89| 6.98

4548.5] 28.20 4.24 |159.94| 41.12| 9.89 8.15

4320 28.92 3.97 |173.04| 39.60| 8.82 5.41

4675 29.19 5.63 |144.72| 42.50| 10.45| 10.60

4631 28.58 4.33 |169.24| 41.46| 10.01] 5.01

4094 28.08 3.59 |159.90| 40.37| 10.18| 6.36

'SQOOO\ICDO'I-wa\JH

4804 28.13 412 |187.68| 41.52| 9.18 5.04

Table A3.2:Radiommunoassay parameters for thes8ays used to measure CORT levels in

feathers oEurasian tresparrows fronillinois. Total count (6TC6) val u
5000 CPM. EDZ20, ED50, and ED80 are CORT levefsmm/ 100 &L at 3 points
curve: 20% bound, 50% bound, and 80% bound.

Assay # TC | % Binding | % NSB | ED20 | ED50] ED80]| CV (%)
1 4078.5| 28.85 358 |183.37|47.70| 12.77| 5.90
2 4215.5| 27.49 511 |167.07|45.00| 11.38|5.82
3 4291.5| 26.86 3.70 | 179.08| 43.04|10.34| 6.68
4 4674 | 28.06 460 |165.97|42.23]10.64]5.99
5 4683.5| 29.01 3.83 | 170.30| 43.73]10.90 | 4.84
6 4676 |30.14 3.96 |146.90| 37.63|8.19 | 4.00
7 4747 | 27.63 3.22 | 202.66| 42.46|8.75 | 3.90
8 4625.5| 26.86 3.92 [163.09] 41.50]| 10.03 | 6.00
9 4804.5| 28.13 412 | 187.68/41.52]9.18 | 5.04
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