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Abstract
MATERNAL PERSONALITY MAY MITIGATE THE NEGATIVE IMPACTS OF ANTHROPOGENIC
NOISE ON A FREE-LIVING BIRD
Taylor Paige Fulk

Chairperson: Lynn Marie Siefferman, Ph.D.

Although the effects of anthropogenic noise pollution on wildlife populations are well

documented, little research has focused on the importance of animal personality in mitigating
these impacts. Bold individuals may be less likely to suffer than meek individuals from such

disturbance. In the present study, I tested whether the personality type of parents can mitigate
the negative effects of traffic noise on reproductive output, nestling growth and physiology

using a wild population of tree swallows (Tachycineta bicolor). I randomly assigned nests to

control versus an experimental traffic noise treatment of 65 dBA at a field site with an average

ambient noise of 49 dBA. I quantified personality along a bold to meek spectrum by presenting
breeding adults to a stimulated intrusion of a nestling predator, defining the parent as bold if

they came within 1m of the mock predator. I measured parental fitness as number of offspring
fledged, nestling mass, glucocorticoid signaling and oxidative stress. Nestlings reared under

experimental noise treatment were smaller only if reared by meek females. I found no effects of
male personality on nestling condition nor did I find that nestling glucocorticoid signaling and
oxidative stress were sensitive to treatment or parent personality. These results suggest that
personality type can mitigate the negative impacts of anthropogenic disturbance on
reproductive parameters in birds. If bolder parents achieve higher fitness in noisy

environments, human encroachment may be selecting for bolder phenotypes. Assessment of
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animal personality may improve our understanding of how animal populations will respond to
anthropogenic change.

Lay Summary: In this experimental study I manipulated noise, but these effects are also going to

become more prevalent in a natural setting as road networks continue to expand. Animal

population responses to noise pollution have been well documented in past research. To avoid
masking individual differences, this study addressed individualistic responses within

populations. Quantifying personality within populations may allow researchers to explain

important variation in how individuals respond to anthropogenic disturbance.

Key words: maternal personality, tree swallow, anthropogenic noise, conservation, noise
pollution.
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INTRODUCTION

Across the world, as human activities become more widespread, noise pollution is negatively

impacting wildlife populations (Shannon, McKenna, Angeloni, et al. 2016) and has implications

for conservation management plans (Barber, Crooks, Fristrup 2010; Francis and Barber 2013).
Anthropogenic noise reallocates an animal’s finite attention, effectively distracting it and

preventing it from responding to salient cues involved in detecting predators (Chan, GiraldoPerez, Smith, et al. 2010), finding food (Wale, Simpson, and Radford 2013; McClure, Ware,

Carlisle, et al. 2017), and communicating (Halfwerk, Bot, Buikx, et al. 2011). Avian parents may
perceive anthropogenic noise as increased threat of predation (Owens, Stec, and O’Hatnick

2012; Kern and Radford 2016; Potvin 2017). Parents must divide their attention (Dukas 2004)
or time (Lima and Bednekoff 1999) between necessary tasks (e.g. foraging, provisioning

offspring) and antipredator behavior (e.g. aggression). If noise exposure during the breeding

period alters parental behavior, nestlings could suffer from reduced provisioning during this
critical developmental stage. Further, given that nestlings cannot escape from noise-exposed

nests during development (Shors, Seib, Levine, et al. 1989; Starck 1993), it is also possible that

noise could directly affect their stress levels and body condition (Injaian et al. 2018a; Injaian,
Taff, Pearson, et al. 2018b; Injaian, Gonzalez-Gomez, Taff, et al. 2019).

Glucocorticoid or stress hormones, such as corticosterone (CORT) mediate how

individuals respond to environmental changes and can result in multiple physiological effects
on the body and behavior (Sellers et al. 1988; Rebuffé-Scrive et al. 1992; Romero 2002). At
baseline concentrations, CORT has metabolic functions including regulating energy intake,
storage, and mobilization (Sapolsky 2000; Landys et al. 2006). Nestlings exposed to noise
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exposure may show elevated baseline CORT (Crino et al. 2011; Injaian et al. 2018a, Injaian et al.

2018c) and increased oxidative stress (Injaian et al. 2018b). Oxidative stress occurs when there
are more pro-oxidants than anti-oxidants, leading to damage of biomolecules (Halliwell and

Gutteridge 2007; Costantini 2008). In birds, anti-oxidant concentrations an effective predictor

of an animal’s ability to resist oxidative stress under stressful stimuli (Cohen et al. 2007;

Wilcoxen et al. 2015). Nestlings reared in noise-exposed habitats may be susceptible to higher

levels of stress reducing immune response or survivorship (Padgett and Glaser 2003). Indeed,
house sparrow (Passer domesticus) nestlings exposed to noise show reduced fledging and
recruitment (Schroeder et al. 2012). Additionally, nestlings may grow more slowly when

subjected to traffic noise (Potvin and MacDougall-Shackleton 2015; Injaian et al. 2018a; 2018b;

2019). Reduced growth and body size in nestlings can increase their vulnerability to negative
life-long consequences (Richner et al. 1989).

Interestingly, within wildlife populations, some individuals seem better able to deal

with human disturbance and may thrive in highly-developed environments (Harding et al.

2019; Naguib et al. 2013). Thus, to consider only the mean response of populations or species to
anthropogenic disturbance could mask important within-population differences in how animals
cope (Harding et al. 2019). Animal personality refers to population level differences in behavior
accompanied by within-individual consistency in behavior (van Oers and Naguib 2013). In

behavioral ecology, traits such as aggression and exploration are common measures of

personality type. Individuals differ non-randomly in how they deal with stressors and novelties
and appear to vary along a behavioral continuum from meek to bold (Wilson et al. 1993; 1994;
Verbeek et al. 1994; Schwabl 1995). For example, bold individuals that possess aggressive and
exploratory phenotypes have reduced neophobia to objects and food and are more likely to
tolerate anthropogenic disturbances (Sih et al. 2004), move through human-modified

landscapes (Duckworth and Badyaev 2007), and colonize new areas (Sol et al. 2013). To date,

however, little research has addressed whether parental personality influences reproductive
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success in the face of anthropogenic noise (reviewed in Harding et al. 2019 and see responses to
it, Naguib et al. 2013).

Here, I investigate whether parent personality mitigates the expected negative impacts

of experimental noise on reproductive output, nestling growth and measures of nestling stress

physiology in tree swallows (Tachycineta bicolor). I predict that parents with bold personalities
may achieve greater fitness in the face of anthropogenic stressors. Bolder birds take more risks
and are less vigilant in urban environments (Ducatez et al. 2017), thus should perform better

and undergo less distraction when subjected to anthropogenic noise. Because behavior

mediates interactions between an individual and its environment, the ability of parents to

behave appropriately under these new conditions is crucial for determining their immediate
success or failure in these modified environments (Sih et al. 2011).

Study Species

MATERIALS AND METHODS
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I studied a natural population of tree swallows, a socially monogamous passerine, in Watauga
County, North Carolina (36o 12′ 41″N, 81o 40′7″W) between April and July in 2018. The study
site includes hayfields, pastures and occasional light residential and public parks. Tree

swallows readily accept nestboxes (Robertson et al. 1992) and are particularly appropriate for

behavioral research because their aggressive behavior is consistent and thus they exhibit

animal personality as measured by aggression towards same-sex conspecifics (Rosvall 2008)

and parental defense aggression (Betini and Norris 2012; Content 2018). Moreover, aggression
in females, but not males, predicts resource holding potential (Rosvall 2008) while highly

aggressive parents having higher reproductive success in response to sudden environmental
changes (Betini and Norris 2012). Experimental evidence demonstrates that noise can alter

parent-offspring interactions among tree swallows and interfere with parental responses to
begging calls (Leonard et al. 2015).
General Field Methods
I monitored nestboxes every 3 days to record laying date and clutch size. Upon clutch

completion, I predicted the expected hatch date and monitored nests daily to record hatch date
(nestling age day 1) and brood size. I considered nestlings to have successfully fledged if they

were no longer present in the nest box after day 18-post hatch. I captured adult females in their

nestboxes when nestlings were age 9 days and used evidence of brood patch or cloacal

protuberance to identify sex (Stutchbury and Robertson 1988). I gave females a unique

numbered USGS aluminum band and color band and, I painted 1 cm of the 3rd primary feather

with non-toxic acrylic paint (see Bentz et al. 2019) to facilitate identification during behavioral
observations.
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Noise Broadcast
Upon hatching, I randomly assigned nests to control (n=15) or noise (n=10) treatment. By

broadcasting noise only during the rearing stage, I avoided exposure effects on adult settlement
patterns and female incubation behavior, which has been shown to alter tree swallow nestling
growth post-hatch (Ardia et al. 2010). Given that tree swallow broods hatch asynchronously

(Zach 1982), I began the treatment 1 day after the last nestling hatched to avoid variance in
noise impacts on early versus late-hatching nestlings. For nests under noise treatment, I

broadcasted a 6-hour traffic noise playback using outdoor speakers (Mini H20, Altec Lansing,

New York, NY, USA) connected to an MP3 player (Clip Sport Plus; SanDisk Co., Milpitas, CA, USA)
between the hours of 0700-1300 every other day from nestling age day 2 to day 14 (a similar

noise regime as previous work; Meillère et al. 2015). Both the speakers and MP3 players were
powered by lithium polymer batteries that were recharged every day to ensure full battery

capacity for the next playback. I placed speakers 1m in front of the nestbox and broadcast noise
at 65 dBA SPL (Leonard et al. 2015), which is equivalent to noise 90-100 m from a four-lane

highway (Dooling and Popper 2007). Due to limited amount of noise equipment and other

logistical constraints, noise playbacks could not be run daily. However, our noise playback
regime is still biologically relevant given that traffic patterns often vary day by day (i.e.

weekend versus weekday). To avoid inadvertently broadcasting noise to nearby nests, I only
used nests that were > 30m buffer from experimental or control nests. This separation also
prevented aggression associated with territory overlap in this species (Winkler 1994). At

control nests, I placed similar audio playback equipment 1m in front of the nestbox but did not
broadcast noise (Blickley et al. 2012).

Parent Personality
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When nestlings were age 10 days, I conducted a behavioral assay of parental boldness in

response to a simulated nest predator (modified from Winkler 1992; Winkler 1994) a decoy
American crow (Corvus brachyrhynchos), an avian nest predator that is widespread in North

America. I suspended the decoy 0.3 m above the nest using a wire and pole, such that it moved
in a semi-natural flight position. I began trials by first visually identifying the male and female,

deploying the decoy, and then leaving the immediate vicinity of the nest. I took behavioral

observations from ~50 m that consisted of recording the identity of each parent and whether it
dove at the mock predator (swooped within 1 m) during the 5-min trial (Betini and Norris

2012). If a parent dove within 1 m of the mock crow, it was classified as having ‘attacked’ and
the bird considered to be ‘bold’. Parents that did not dive with 1 m of the mock crow were

considered ‘meek’. Although I only measured parent personality one time, past research with
this population demonstrates that parental boldness is highly repeatable and does not very
with environmental conditions (Content 2018).
Nestling Measurements
At age 12 days, I measured nestling (n=131) mass (+/0.01g). I chose day 12 because some

nestling older than day 12 lose mass in preparation for fledging (Zach and Mayoh 1982). At age
14 days, I removed two nestlings chosen at random to sample blood for baseline CORT and

antioxidant defense. Within 3 min of handling, I collected 100 μl of blood from each nestling via
brachial venipuncture using heparinized microhematocrit capillary tubes. I stored blood on ice

and centrifuged (speed of 800 RPM for 10 minutes) within 5 hrs of collection. I stored plasma at
-80ºC until further analysis. To account for fledging success, I considered nestlings to have

successfully fledged if they were no longer present in the nest box after day 18-post hatch. All

failures to fledge (i.e. predation or nestlings perishing inside of box) were recorded.
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Ambient Noise
Once all nestlings had fledged (June 25-June 29), I measured natural variation in background

noise at each nestbox by using a sound level datalogger (Model 407760, Extech, Waltham, MA,
USA). I waited until after nestlings had successfully fledged the nest to prevent any sound

interference from the birds’ song (i.e. alarm calls due to human presence) that might bias the

representation of accurate dBA levels. Between 0700-0900, I recorded a 5-min reading at each

box using the slow time, dBA weighting. A-weighting was chosen as this is the sound pressure

level scale best weighted towards avian hearing (Dooling and Popper 2007). Noise levels for my
field site are considered normal for wooded and lightly used residential areas (Leq average of
49.93 dBA; California Public Utilities 2013).
Corticosterone Levels
To determine nestling baseline CORT levels, I quantified plasma CORT using enzyme

immunoassay kits (Model 501320, Cayman Chemical, Ann Arbor, MI, USA; assay sensitivity 30

pg/mL). This assay is based on the competition between CORT and a CORT-acetylcholinesterase

(AcHE) for a limited amount of CORT antiserum. It has been used to measure plasma

corticosterone in multiple songbird species with comparable CORT levels (see Lutyk et al. 2017;
Virgin and Rosvall 2018; Weber et al. 2018). I followed the kit instructions with only minor

adjustments (e.g. Rosvall et al. 2012). Each plate contained up to 36 reconstituted samples in
duplicate, in addition to an 8-point standard curve, blank, maximum binding, non-specific

binding, and total activity controls. I read absorbance at 412 nm using a SpectraMax M3 Multi-

Mode Microplate Reader (v2.1.35, Molecular Devices, San Jose, CA, USA). Intra-plate variability

ranged from 8.4-12.2% (mean: 10.8%).

Total Antioxidant Capacity
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To evaluate nestling antioxidant defense, I used the OxiSelect™ Total Antioxidant Capacity
(TAC) Assay Kit (STA-360, Cell Bio Labs, San Diego, CA, USA). I compared the samples to a

known concentration of uric acid standard within a 96-well microtiter plate format. I used 10 μl

of plasma as well as known concentrations of uric acid standards, both of which were pipetted

into separate wells on a 96-well microplate. I diluted the samples and the standards with 180 μl
of reaction buffer. I obtained an initial absorbance reading at 490nm using a SpectraMax M3

Multi-Mode Microplate Reader (v2.1.35, Molecular Devices, San Jose, CA, USA) and then added

50 μl of the copper ion to each well, followed by a 5-min incubation on an orbital shaker. I

stopped the reaction using 50 μl of stop solution and obtained a final reading. I determined
antioxidant capacity by comparison with the uric acid standards.
Statistical Analyses
I log transformed nestling CORT and TAC levels to achieve normality (Cohen et al. 2007).

Sample sizes vary because I was not able to sample blood from all nestlings within 3 min of

handling and I failed to identify some parents during behavioral trials. Additionally, I excluded
three nests with a brood size lower than three and seven nestlings with mass >3 SD from the
mean.

I analyzed the data in R (version 3.6.2). To identify the top models, I compared Akaike

Information Criterion values (AICc; a version of Akaike Information Criterion that has a

correction for small sample size) and summed Akaike weights. Model averaging based on AICc
has been shown to be effective for variables that have a real effect on the response (Burnham

and Anderson 2002; see also Anderson 2008 for detailed example). For the best-ranked model,
I extracted the β parameter estimates and the 95% confidence intervals (CI) to assess the

importance of effect sizes as ‘statistically significant’ if the 95% CI did not overlap zero. In

addition, I used summed Akaike weights as an additional criterion to identify important
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predictors (Burnham and Anderson 2002; Giam and Olden 2016). First, I determined that there
was no multicollinearity between predictors (female personality, noise) using the cor function
in R. To test the effect of parental personality and noise on reproductive success, I ran

generalized linear models (GLM) assuming a Poisson distribution. I included the following
predictors: noise treatment, female personality, male personality, same personality and

interactions including: female personality*noise treatment, male personality*noise treatment,

and same personality*noise treatment.

I used three separate linear mixed models (lme4 package: Bates et al. 2015) to measure

predictors on nestling mass, CORT levels, and TAC levels. For each dependent variable, my

predictors included the same as above and I also included a fixed effect of ‘brood size’ because

previous studies show that brood size alters the allocation of food per nestling in tree swallows
(Leffelaar and Robertson 1986). Further, I included ‘nestbox ID’ as a random effect to account
for multiple nestlings within nests.

Reproductive Success

RESULTS
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Brood reduction was rare; one nestling died in each of two nests, however, both these nests

were noise treatments reared by meek females. The best predictor of the number of offspring

fledged was the null model which received 43% of the total model weight, thus, fledging success
was not influenced by the noise treatment or parental personality (Table 1).
Nestling Body Mass
The top model predicting nestling mass, which received 82% of the total model weight,

included the parameter interactions of ‘female personality * noise treatment’ and ‘female

personality * brood size’ (Table 2). Nestlings reared by meek females under noise treatment
suffered reduced body mass, however, those reared by bold females were not negatively

affected by the noise treatment (Figure 1; Table 2). Further, nestlings reared by meek females
were smaller if reared in large broods (>4 nestlings; Figure 2). When reared by bold females,
however, nestlings in large broods did not suffer reduced mass (Figure 2).
Nestling Stress
I found no evidence that noise treatment, parent personality or their interaction influenced

nestling baseline CORT levels (Table 3). The top model for nestling baseline CORT was the null
model and held 93% of the total model weight (Table 3). Moreover, I found no indication that

noise treatment, parental personality or their interaction influenced nestling antioxidant levels
(Table 3). The top model for nestling TAC was the null model and held 98% of the total model
weight (Table 3).

DISCUSSION
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Nestlings reared by meek females suffered reduced body mass when exposed to the noise

treatment, however, offspring of bold mothers were not affected by the noise treatment. Thus,

these data suggest that the female’s personality mitigates the negative effects of anthropogenic
influences on nestling growth. Male personality, however, did not predict how nestlings would
fare. Further, despite reduced body mass at day 12, I found no evidence that noise impacted
physiological proxies of nestling stress including baseline CORT and antioxidant defense. I

found some weak and anecdotal evidence of impacts on nestling survival. In general, nestling

survival to fledging was high; yet the only nests that experienced brood reduction were noise

treatments reared by meek females. Finally, in general, meek females appear less able to keep

up with the demands of nestling provisioning in large broods; as brood size increased, offspring
size decreased.

Nestlings reared by bold mothers did not suffer reduced growth like those reared by

meek mothers suggesting that bold females are less negatively affected by anthropogenic noise.
To date, little research has investigated whether personality can mitigate the negative impacts

of anthropogenic disturbance- only one other study has investigated interactions between noise
treatment and parental personality. A study of great tits (Parus major), used a short-term noise

manipulation, quantified parental personality and measured provisioning to offspring. In

females, bolder individuals, but in males meeker individuals, reduced total visits during noise;
these personality scores were quantified as exploratory behavioral scale during in the non-

breeding season in a controlled setting (Naguib et al. 2013). In great tits, birds that are bolder
defend resources more aggressively (Amy et al. 2010), and are more likely to win dominance
interactions (Verbeek et al. 1996). Based on the assumption that parents that show more

exploratory behavior would also defend offspring more boldly, my data would be consistent

with that of the male great tits. Future studies should assess multiple measures of personality in

tree swallows to verify that parental defense behavior, territorial aggression and exploratory
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behavior covary like in great tits. My findings of an interaction between noise treatment and

maternal personality on nestling growth suggests that nestling provisioning was affected by the

treatment and could be explained by multiple mechanisms including: parent-offspring

communication, vigilance-foraging tradeoffs, or habitat quality. Unfortunately, I did not
measure feeding rates or vigilance behavior.

The level of background noise and the signal‐to‐noise ratio plays an important role in

the detection and recognition of signals (Klump 1996; Wiley 2006). In the presence of extra

stimulation, the difference between noise and signals meant for parents narrows and becomes

more difficult to decipher (Pohl et al. 2009). If meek females spend less time near the nest, they
may experience greater disruption of foraging or provisioning and communication between
themselves and their young as suggested by past research focusing on tree swallows.

Experimental noise leads to interference with parental responses to nestling begging calls

(Leonard et al. 2015), changes in nestling call structure (Leonard and Horn 2008) and reduced
nestling begging responses to parental cues (Leonard and Horn 2012). However, Injaian, Taff,

and Patricelli (2018a) found that noise did not reduce parental feeding rates. It’s also possible
that noise could lead to reduced nestling growth without a direct effect on parent-offspring

communication. Leonard et al. (2015) found that noise treatment caused nestlings to beg more
and argued that this extra effort could be energetically physiologically costly and lead to

reduced growth. It is also possible that meek females are more vigilant and thus are more likely
to tradeoff foraging for vigilance behavior under noise treatment. For example, Quinn et al.

(2006) broadcast noise and found that chaffinches (Fringilla coelebs) increased their vigilance

behavior and decreased foraging. Feeding efficiency is directly related to vigilance; time spent
in vigilance cannot be spent foraging (Burger and Gochfeld 1991).

It is also possible that bold females mitigate the negative effects of noise because they
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win early season contests for high-quality nesting habitat. Indeed, Rosvall (2008) showed that

female conspecific aggression is repeatable and predicts the outcome of competition for nesting
sites. High-quality habitat could allow parents to provisioning offspring adequately even in the

face of noise disturbance. Past research on tree swallows suggests equivocal effects of

experimental noise treatment on nestling growth: Leonard and Horn (2008) found no affect

while Injaian et al. (2018a, 2018b, 2019) showed reduced growth. This discrepancy could be

attributed to variation in environmental conditions or population-level differences in behavior

and growth. My results, however, also suggest that measuring the mean response of

populations to anthropogenic disturbance could mask important within-population differences
in how animals cope with disturbance. Quantifying parental personality may allow researchers
to explain important variation in how individuals respond to anthropogenic disturbance.

I found no evidence that the baseline or stress-induced measure of sera CORT varied with

treatment, mother personality, or their interaction. My data differ from those of Injaian et al.’s

(2018a; 2018b; 2019); in California population, nestlings exposed to a similar noise treatment
as mine showed increased baseline CORT, oxidative stress and telomere attrition. This

discrepancy could be explained by differences in population-based variation in food resources
(Isaksson et al. 2017) or selection pressures that vary with geography. For example, stress
profiles and boldness of adult tree swallows vary with geography (Albers 2016). Finally, it

maybe that there is little selection pressure for nestlings to develop fully functioning

glucocorticoid responses because most of the acute challenges that nestlings face are ones for
which successful coping is unlikely to be aided by elevated glucocorticoids (Vitousek et al.
2019).

In addition to my finding that meek females reared smaller young in noisy

environments, a second line of evidence suggests that meek females suffer more from
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environmental stress. I found that meek females with broods larger than four nestlings reared
small nestlings while large broods reared by bold females did not suffer reduced growth. The
reduced condition of nestlings in larger broods suggests that meek females may be unable to

keep up with the food demands of a large brood. Studies across multiple contexts have shown

reduced growth of nestlings reared in larger brood (Dijkstra et al. 1990; Musgrove et al. 2017;

Ruhs et al. 2020).

Unlike the effect of maternal personality on growth, paternal personality did not

mitigate the negative effects of anthropogenic noise on nestling mass. Because males and

females differ in behavioral and life history strategies and experience differential selection

pressures, personality-dependent sex differences may be adaptive. Male tree swallows tend to

feed young less often than do females (Whittingham et al. 2003) thus their personality type may

not be as good a predictor of total parental effort in the face of noise. This is expected in species,

like tree swallows, with 50-90% of broods containing extra-pair young (Lifjeld et al. 1993; Dunn

et al. 1994; Kempenaers et al. 2001). Males likely benefit from spending time and energy
seeking extra-pair mates at the cost of reduced parental care toward their mate’s brood

(Trivers 1972). It is also possible that bolder females are better equipped to pick up the slack
for poor performing mates. Additionally, it could be that bold males are not as likely as bold
females to secure high-quality territories (Rosvall 2008). The opposite sex-dependent

interactions between personality and fitness found between my study and that of the great tits

(Naguib et al. 2013) could be explained by differing roles that females have in territory defense.

Male great tits defend the territory, like most socially monogamous birds, whereas tree

swallows show some sex-role reversal such that female take on a larger role than males in

territorial defense (Rosvall 2008).

Although meek females under noise treatment produced smaller chicks, we found little

evidence that our overall measure of reproductive success- number of offspring fledged- was

impacted by noise treatment or parental personality. However, in this population, nestling
mortality was rare and, importantly, it only occurred in nests that were reared by meek

15

mothers under noise treatment. It is possible that a lack of variation in fledgling success could
account for failing to find an effect of treatment.

CONCLUSION

16

In the face of noise treatment, bold females produced larger young, and because faster growing
nestlings are expected to have better likelihood of survival to adulthood (Leniowski and

Wergrzyn 2018), it is possible that anthropogenic noise may select for bolder phenotypes. My
research suggests that a consideration of animal personality traits may allow researchers to
better develop conservation plans to mitigate human impacts on animal populations.

REFERENCES

17

Albers A. 2016. Potential effects of aggression, site, and proximate determinants that facilitate
tree swallow range expansion. (Unpublished Masters dissertation). Appalachian State
University, Boone, N.C.
Amy M, Sprau P, de Goede P, Naguib M. 2010. Effects of personality on territory defence in
communication networks: a playback experiment with radiotagged great tits. Proc Roy
Soc B Biol Sci. 277:3685—3692.
Anderson DR. 2008. Multimodel inference. In: Anderson DR, editor. Model Based Inference in
the Life Sciences: A Primer on Evidence. p. 105—124.
Ardia DR, Pérez JH, Clotfelter ED. 2010. Experimental cooling during incubation leads to
reduced innate immunity and body condition in nestling tree swallows. Proc Roy Soc B
Biol Sci. 277:1881—1888.
Barber JR, Crooks KR, Fristrup KM. 2010. The costs of chronic noise exposure for terrestrial
organisms. TREE. 25:180—189.
Bates D, Maechler M, Bolker B, Walker S. 2015. Fitting linear mixed-effects models using lme4. J
Stat Softw 67:1—48.
Bentz AB, Philippi KJ, Rosvall KA. 2019. Evaluating seasonal patterns of female aggression: Case
study in a cavity‐nesting bird with intense female–female competition. Ethol. 125:555—
564.
Betini GS, Norris DR. 2012. The relationship between personality and plasticity in tree swallow
aggression and the consequences for reproductive success. Anim Behav. 83:137—143.
Blickley JL, Word KR, Krakauer AH, Phillips JL, Sells SN, Taff CC, Wingfield JC, Patricelli GL. 2012.
Experimental chronic noise is related to elevated fecal corticosteroid metabolites in
lekking male greater sage-grouse (Centrocercus urophasianus). Plos One. 7(11).
Burger J, Gochfeld M. 1991. Vigilance and feeding behaviour in large feeding flocks of laughing
gulls, Larus atricilla, on Delaware Bay. Estuar Coast Shelf Sci. . 32: 207—212.
Burnham K, Anderson D. 2002. Model Selection and Multi-model Inference. 2nd ed. Springer:
New York. p. 488.
Chan AAYH, Giraldo-Perez P, Smith S, Blumstein DT. 2010. Anthropogenic noise affects risk
assessment and attention: the distracted prey hypothesis. Biol Lett. 6: 458-461.
Cohen A, Klasing K, Ricklefs R. 2007. Measuring circulating antioxidants in wild birds. Comp
Biochem Phys B. 147: 110—121.
Content K. 2018. Individual variation in stress hormones and behavioral profiles represented
by personality and plasticity in tree swallows. Masters dissertation. Boone, NC:
Appalachian State University.
Costantini D. 2008. Oxidative stress in ecology and evolution: Lessons from avian studies. Ecol
Lett. 11:1238—1251.
Crino OL, Van Oorschot BK, Johnson EE, Malisch JL, Breuner CW. 2011. Proximity to a high
traffic road: Glucocorticoid and life history consequences for nestling white-crowned
sparrows. Gen Comp Endocrin. 173:323—332.
Dijkstra C, Bult A, Bijlsma S, Daan S, Meijer T, Zijlstra M. 1990. Brood size manipulations in the
kestrel (Falco tinnunculus): effects on offspring and parent survival. J. Anim Ecol.
59:269—285.
Dooling RJ, Popper AN. 2007. The effects of highway noise on birds. Sacramento, CA: The
California Department of Transportation Division of Environmental Analysis.
Ducatez S, Audet JN, Rodriguez JR, Kayello L, Lefebvre L. 2017. Innovativeness and the effects of
urbanization on risk-taking behaviors in wild Barbados birds. Anim Cogn. 20:33—42.
Duckworth RA, Badyaev AV. 2007. Coupling of dispersal and aggression facilitates the rapid
range expansion of a passerine bird. Proc Nat Acad Sci. 38:15017—15022.

18

Dukas R. 2004. Causes and consequences of limited attention. Brain Behav Evol. 63:197—210.
Dunn PO, Whittingham LA, Lifjeld JT, Robertson RJ, Boag PT. 1994. Effects of breeding density,
synchrony and experience on extra-pair paternity in tree swallows. Behav Ecol Sociobio.
5:123—129.
Francis CD, Barber JR. 2013. A framework for understanding noise impacts on wildlife: an
urgent conservation priority. Front Ecol Envir. 11:305—313.
Giam X, Olden JD. 2016. Quantifying variable importance in a multimodel inference framework.
Methods Ecol Evol. 7: 388—397.
Halfwerk W, Bot S, Buikx J, van der Velde M, Komdeur J, ten Cate C, Slabbekoorn, H. 2011. Lowfrequency songs lose their potency in noisy urban conditions. Proc Natl Acad Sci USA.
108:14549—14554.
Halliwell B, Gutteridge J. 2007. Free Radicals in Biology and Medicine. 4th ed. Oxford:
Biosciences.
Harding HR, Gordon TA, Eastcott E, Simpson SD, Radford AN. 2019. Causes and consequences of
intraspecific variation in animal responses to anthropogenic noise. Behav Ecol.
30:1501—1511.
Injaian AS, Taff CC, Patricelli GL. 2018a. Experimental anthropogenic noise impacts avian
parental behaviour, nestling growth and nestling oxidative stress. Anim Behav.
136:31—39.
Injaian AS, Taff CC, Pearson KL, Gin MM, Patricelli GL, Vitousek MN. 2018b. Effects of
experimental chronic traffic noise exposure on adult and nestling corticosterone levels,
and nestling body condition in a free-living bird. Horm Behav. 106:19—27.
Injaian AS, Poon LY, Patricelli GL. 2018c. Effects of experimental anthropogenic noise on avian
settlement patterns and reproductive success. Behav Ecol. 29:1181—1189.
Injaian AS, Gonzalez-Gomez PL, Taff CC, Bird AK, Ziur AD, Patricelli GL, Haussmann MF,
Wingfield JC. 2019. Traffic noise exposure alters nestling physiology and telomere
attrition through direct, but not maternal, effects in a free-living bird. Gen Comp
Endocrin. 276:14—21.
Isaksson C, Andersson MN, Nord A, von Post M, Wang HL. 2017. Species-dependent effects of
the urban environment on fatty acid composition and oxidative stress in birds. Front
Ecol Evol. 5:44.
Kempenaers B, Everding S, Bishop C, Boag P, Robertson RJ. 2001. Extra-pair paternity and the
reproductive role of male floaters in the tree swallow (Tachycineta bicolor). Behav Ecol
Sociobio. 49:251—259.
Kern JM, Radford AN. 2016. Anthropogenic noise disrupts use of vocal information about
predation risk. Environ Pollut. 218:988—995.
Klump GM. 1996. Bird communication in the noisy world. In Kroodsma DE, Miller EH, editors.
Ecology and evolution of acoustic communication in birds. Ithaca: Cornell University
Press. p. 321-338.
Landys MM, Ramenofsky M, Wingfield JC. 2006. Actions of glucocorticoids at a seasonal baseline
as compared to stress-related levels in the regulation of periodic life processes. Gen
Comp Endocrin. 148: 132—149.
Leffelaar D, Robertson RJ. 1986. Equality of feeding roles and the maintenance of monogamy in
tree swallows. Behav Ecol Sociobio. 18:199—206.
Leonard ML, Horn AG. 2008. Does ambient noise affect growth and begging call structure in
nestling birds? Behav Ecol. 19:502—507.
Leonard ML, Horn AG. 2012. Ambient noise increases missed detections in nestling birds. Biol
Lett. 8:530—532.
Leonard ML, Horn AG, Oswald KN, McIntyre E. 2015. Effect of ambient noise on parent–
offspring interactions in tree swallows. Anim Behav, 109:1—7.

19

Leniowski K, Węgrzyn E. 2018. Equal division of parental care enhances nestling development
in the Blackcap. PloS One. 13(11):e0207757.
Lifjeld JT, Dunn PO, Robertson RJ, Boag PT. 1993. Extra-pair paternity in monogamous tree
swallows. Anim Behav. 45:213—229.
Lima SL, Bednekoff PA. 1999. Temporal variation in danger drives antipredator behavior: the
predation risk allocation hypothesis. Am Nat. 153:649—659.
Lutyk D, Tagirov M, Drobniak S, Rutkowska J. 2017. Higher growth rate and gene expression in
male zebra finch embryos are independent of manipulation of maternal steroids in the
eggs. Gen Comp Endocrin. 254: 1—7.
McClure CJW, Ware HE, Carlisle JD, Barber JR. 2017. Noise from a phantom road experiment
alters the age structure of a community of migrating birds. Anim Cons. 20:164—172.
Meillère A, Brischoux F, Parenteau C, Angelier F. 2015. Influence of urbanization on body size,
condition, and physiology in an urban exploiter: a multi-component approach. Plos One.
10.
Musgrove AB, Wiebe KL, Parker CE, Romero LM. 2017. Brood size manipulations reveal
relationships among physiological performance, body condition and plumage colour in
Northern Flicker Colaptes auratus nestlings. Ibis. 159:600—610.
Naguib M, van Oers K, Braakhuis A, Griffioen M, de Goede P, Waas JR. 2013. Noise annoys:
effects of noise on breeding great tits depend on personality but not on noise
characteristics. Anim Behav. 85:949—956.
Owens JL, Stec CL, O’Hatnick A. 2012. The effects of extended exposure to traffic noise on parid
social and risk-taking behavior. Behav Proc. 91:61—69.
Padgett DA, Glaser R. 2003. How stress influences the immune response. Trends Immunol.
24:444—448.
Pohl NU, Slabbekoorn H, Klump GM, Langemann U. 2009. Effects of signal features and
environmental noise on signal detection in the great tit, Parus major. Anim
Behav. 78:1293—1300.
Potvin DA. 2017. Coping with a changing soundscape: avoidance, adjustments and adaptations.
Anim Cogn. 20:9—18.
Potvin DA, MacDougall‐Shackleton SA. 2015. Traffic noise affects embryo mortality and nestling
growth rates in captive zebra finches. J Exp Zoo A. 323:722—730.
Quinn JL, Whittingham MJ, Butler SJ, Cresswell W. 2006. Noise, predation risk compensation
and vigilance in the chaffinch Fringilla coelebs. J Avian Biol. 37:601—608.
Rebuffé-Scrive M, Walsh UA, McEwen B, Rodin J. 1992. Effect of chronic stress and exogenous
glucocorticoids on regional fat distribution and metabolism. Phys Behav. 52:583—590.
Richner H, Schneiter P, Stirnimann H. 1989. Life-history consequences of growth rate
depression: an experimental study on carrion crows (Corvus corone corone L.). Funct
Ecol. 3:617—624.
Robertson RJ, Stutchbury BJ, Cohen RR. 1992. Tree swallow. In Poole A, Stettenheim P, Gill F,
editors. The Birds of North America No. 11. Washington DC: American Ornithologists’
Union. Washington DC and Philadelphia: Academy of Natural Sciences.
Romero LM. 2002. Seasonal changes in plasma glucocorticoid concentrations in free-living
vertebrates. Gen Comp Endocrin. 128:1—24.
Rosvall KA. 2008. Sexual selection on aggressiveness in females: Evidence from an experimental
test with tree swallows. Anim Behav. 75:1603—1610.
Rosvall KA, Reichard DG, Ferguson SM, Whittaker DJ, Ketterson ED. 2012. Robust behavioral
effects of song playback in the absence of testosterone or corticosterone release. Horm
Behav. 62:418—425.
Ruhs EC, Vézina F, Walker MA, Karasov WH. 2020. Who pays the bill? The effects of altered
brood size on parental and nestling physiology. J Ornith. 161:275—288.

20

Sapolsky RM, Romero LM, Munck AU. 2000. How do glucocorticoids influence stress responses?
Integrating permissive, suppressive, stimulatory, and preparative actions. Endocrine
Rev. 21:55—89.
Schroeder J, Nakagawa S, Cleasby IR, Burke T. 2012. Passerine birds breeding under chronic
noise experience reduced fitness. Plos One. 7.
Schwabl H. 1995. Individual variation of the acute adrenocortical response to stress in the
white-throated sparrow. Zool-Anal Complex Sy. 99:113—120.
Sellers TL, Jaussi AW, Yang HT, Heninger RW, Winder WW. 1988. Effect of the exercise-induced
increase in glucocorticoids on endurance in the rat. J App Phys. 65:173—178.
Shannon G, McKenna MF, Angeloni LM, Crooks KR, Fristrup KM, Brown E, Warner KA, Nelson
MD, White C, Briggs C, McFarland S. 2016. A synthesis of two decades of research
documenting the effects of noise on wildlife. Biol Rev. 91:982—1005.
Shors TJ, Seib TB, Levine S, Thompson RF. 1989. Inescapable versus escapable shock modulates
long-term potentiation in the rat hippocampus. Science. 244:224—226.
Sih A, Bell A, Johnson JC. 2004. Behavioral syndromes: an ecological and evolutionary overview.
TREE 19:372—378.
Sih A, Ferrari MC, Harris DJ. 2011. Evolution and behavioural responses to human‐induced
rapid environmental change. Evol Appl. 4:367—387.
Sol D, Lapiedra O, González-Lagos C. 2013. Behavioural adjustments for a life in the city. Anim
Behav. 85:1101—1112.
Starck JM. 1993. Evolution of avian ontogenies. In Power DW, editor. Current Ornithology.
Boston: Springer. p. 275-366.
Stutchbury BJ, Robertson RJ. 1988. Within-season and age-related patterns of reproductive
performance in female tree swallows (Tachycineta bicolor). Can J Zool. 66:827—834.
Trivers RL. 1972. Parental investment and sexual selection. In B. Campbell Campbell B, editor.
Sexual Selection and the Descent of Man. Chicago: Aldinc. p. 136-179.
van Oers K, Naguib M. 2013. Avian personality. In Carere C, Maestripieri D, editors. Animal
Personalities: Behavior, Physiology, and Evolution. Chicago: University of Chicago Press.
p. 66-95.
Verbeek MEM, Drent PJ, Wiepkema PR. 1994. Consistent individual differences in early
exploratory behaviour of male great tits. Anim Behav. 48:1113—1121.
Verbeek MEM, Boon A, Drent PJ. 1996. Exploration, aggressive behavior and dominance in pairwise confrontations of juvenile male great tits. Behaviour. 133:945—963.
Virgin EE, Rosvall KA. 2018. Endocrine-immune signaling as a predictor of survival: A
prospective study in developing songbird chicks. Gen Comp Endocrin. 267:193—201.
Vitousek MN, Taff CC, Ryan TA, Zimmer C. 2019. Stress resilience and the dynamic regulation of
glucocorticoids. Integr Comp Biol. 59:251—263.
Wale MA, Simpson SD, Radford AN. 2013. Noise negatively affects foraging and antipredator
behaviour in shore crabs. Anim Behav. 86:111—118.
Weber BM, Bowers EK, Terrell KA, Falcone JF, Thompson CF, Sakaluk SK. 2018. Pre‐and
postnatal effects of experimentally manipulated maternal corticosterone on growth,
stress reactivity and survival of nestling house wrens. Funct Ecol. 32:1995—2007.
Whittingham MJ, Wilson JD, Donald PF. 2003. Do habitat association models have any
generality? Predicting Skylark Alauda abundance arvensis in different regions of
southern England. Ecography. 26:521—532.
Wilcoxen TE, Horn DJ, Hogan BM, Hubble CN, Huber SJ, Flamm J, Knott M, Lundstrom L, Salik F,
Wassenhove SJ, Wrobel ER. 2015. Effects of bird-feeding activities on the health of wild
birds. Conserv Physiol. 3.

21

Wilson DS, Coleman K, Clark AB, Biederman L. 1993. Shy-bold continuum in pumpkinseed
sunfish (Lepomis gibbosus): An ecological study of a psychological trait. J Comp Psych.
107:250—260.
Wilson DS, Clark AB, Coleman K, Dearstyne T. 1994. Shyness and boldness in humans and other
animals. TREE 9:442—446.
Winkler DW. 1992. Causes and consequences of variation in parental defense behavior by Tree
Swallows. Condor. 94:502—520.
Winkler DW. 1994. Anti-predator defence by neighbours as a responsive amplifier of parental
defence in tree swallows. Anim Behav. 47:595—605.
Zach R. 1982. Hatching asynchrony, egg size, growth, and fledging in tree swallows. Auk.
99:695—700.
Zach R, Mayoh KR. 1982. Weight and feather growth of nestling Tree Swallows. Canadian J Zool.
60:1080—1090

22

APPENDIX

Table 1
Mixed-effect candidate models for number of offspring fledged as a response to noise
treatment and parental personality in tree swallows. Only top 5 models are shown.

Model

Ka ΔAICcb AICcWtc

Fledged ~ Female Personality

2

2.3

2

2.4

Null model: Fledged
Fledged ~ Noise

Fledged ~ Male Personality

Fledged ~ Same Personality

1
2
2

aNumber of parameters in the model.

0

0.43

2.3

0.14

2.4

0.14
0.13
0.13

bDifference in Akaike Information Criterion (AICc) values from the top ranking model.
cRelative weight (out of 1) based on AICc value.

Table 2
Mixed-effect candidate models for nestling mass(g) on day 12 post-hatch as a response to
noise exposure and parent personality in tree swallows. Only top 5 models are shown.

Model

Ka

ΔAICcb

Mass ~ Female Personality*Noise + Brood

8

5.6

0.05

Null model: Mass

3

8.4

0.02

Mass ~ Female Personality*Noise + Female
Personality*Brood
Mass ~ Noise + Brood
Mass ~ Same Personality*Noise + Brood

aNumber of parameters in the model.

8
7
5

0

7.0
7.3

AICcWtc
0.82
0.03
0.03

bDifference in Akaike Information Criterion (AICc) values from the top ranking model.
cRelative weight (out of 1) based on AICc value.
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Table 3
Mixed-effect candidate models for nestling corticosterone (CORT) as a response to noise
treatment and parent personality in nestling tree swallows. Only top 5 models are
shown.

Model
Null model: Time 0 CORT
Time 0 CORT ~ Male Personality + Brood

Time 0 CORT ~ Same Personality + Brood
Time 0 CORT ~ Female Personality + Brood
Time 0 CORT ~ Noise + Brood

aNumber of parameters in the model.

Ka
8
8
7
5
3

ΔAICcb
0
8.8
8.9
8.9
9.0

AICcWtc
0.95
0.01
0.01
0.01
0.01

bDifference in Akaike Information Criterion (AICc) values from the top ranking model.
cRelative weight (out of 1) based on AICc value.

Table 4
Mixed-effect candidate models for nestling antioxidant defense (TAC) as a response vto
noise treatment for and parent personality in nestling tree swallows nestlings. Only top 5
models are shown.

Model

Ka

ΔAICcb

AICcWtc

TAC ~ Female Personality + Brood
TAC ~ Noise + Brood

5
5

11.3
12.0

0.00
0.00

Null model: TAC
TAC ~ Same Personality + Brood
TAC ~ Male Personality

aNumber of parameters in the model.

3
5
5

0
10.0
12.1

0.98
0.01
0.00

bDifference in Akaike Information Criterion (AICc) values from the top ranking model.
cRelative weight (out of 1) based on AICc value.
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Figure 1
The interaction of female personality and treatment on tree swallow nestling mass at day 12.
Grey bars represent nestlings in control nests; black bars represent nestlings in noise exposed
nests.
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Figure 2
The interaction of female personality and brood size on tree swallow nestling mass at day 12.
White circles represent brood size of 4; triangles represent brood size of 5; black circles
represent brood size of 6.
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