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ABSTRACT

NO EVIDENCE OF TRADE-OFFS BETWEEN AGGRESSION AND PARENTAL
PROVISIONING IN MALE SONG SPARROWS (MELOSPIZA MELODIA)

Katherine Eufemia, M.S.
Western Carolina University (March 2025)

Director: Dr. Jeremy Hyman

Differences in behaviors such as aggression and boldness can significantly influence fitness in
many bird species by impacting factors such as territory quality, resource acquisition, and
parental provisioning rates. This study aims to investigate the influence of individual variation in
male aggressive behavior on reproductive success in a population of Song Sparrows (Melospiza
melodia). Song Sparrows show significant individual variation in territorial aggression, but the
implications of this variation are unclear. By measuring responses to conspecific playback
experiments simulating territorial intrusion, individual provisioning rates, and offspring growth
rates, we can investigate if there is a relationship between male aggression and reproductive
success. This study found no relationship between male aggression and offspring growth rate.
We also found no relationship between aggression and provisioning rate, and thus, no evidence
of a trade-off between male aggression and parental care. Provisioning rates of males and
females were found to be consistent across days, suggesting provisioning rate may be an
individually distinctive trait. Provisioning rates were also significantly similar within pairs,
suggesting that assortative mating or convergence of parental behaviors may be occurring. These

findings highlight the need for large-scale, multi-year studies to clarify the relationship between

Vi



aggression and reproductive success, and to understand the mechanisms and significance of pair

similarity in parental care in Song Sparrows.
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INTRODUCTION

Individual variation in behaviors such as aggression and boldness can have significant
impacts on fitness in many bird species including Great Tits (Dingemanse et al., 2004), House
Wrens (Krieg & Getty, 2020), and Song Sparrows (Higgins et al., 2022; Scales et al., 2013); as
well as other vertebrates such as rodents and felids (Smith & Blumstein, 2008). Male aggression,
particularly, has been shown to have influence on mate selection (Krieg & Getty, 2020), resource
acquisition (Dingemanse et al., 2004; Higgins et al., 2022; Scales et al., 2013), provisioning rates
(Krieg & Getty, 2020), offspring growth rates (Krieg & Getty, 2020; Krippel et al., 2017), and
overall reproductive success (Smith & Blumstein, 2008). In this study, we aim to investigate the
influence of individual variation in male aggressive behavior on reproductive success within an
urban population of Song Sparrows (Melospiza melodia). Song Sparrows are an ideal species for
examining consequences of individual variation in aggression because they show consistent
individual variation in aggression, based on their response to playback experiments simulating
territorial intrusion, both within and between breeding seasons (Hyman et al., 2004; Nowicki et
al., 2002).

Territoriality is an important factor in determining Song Sparrow reproductive success
(Arcese & Smith, 1988) and studies have shown that, in cases with new territorial males, more
aggressive male behavior was positively correlated with obtaining higher quality territories that
had previously produced nests with larger clutches (Scales et al., 2013). Aggression has also
been shown to be correlated with growth rate of chicks in a male’s territory (Krippel et al. 2017).
Possible explanations for this observation could be that more aggressive males provision their

offspring at higher rates than less aggressive males (Class and Moore 2010) or that aggressive
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males outcompete less aggressive males for territories with more food resources (Foltz et al.,
2015). This demonstrates a reproductive benefit to higher levels of male aggression, which may
be attributed to higher parental investment in offspring during egg laying, as well as after
hatching.

Research has also found a strong association between dominance hierarchy (the ranking
of individuals in a population from most dominant to least dominant) and foraging methods that
influences foraging success (Liker & Barta, 2002). Less aggressive males have been observed to
mainly engage in producing behaviors (i.e. where individuals will discover and feed from a new
food patch). Alternatively, more aggressive males engage in scrounging more frequently (i.e.
where individuals wait for producers to discover a food patch and feed from that). In turn,
subdominant individuals had lower foraging success as the frequency of dominant individuals
increased, leading to more aggressive, dominant individuals outcompeting subordinates for
resources (Liker & Barta, 2002) and demonstrating a possible relationship between aggression
and food acquisition. As a result, more aggressive males could have higher offspring growth
rates due to outcompeting subordinates for food and having the ability to allocate less time
towards foraging and more time towards parental care.

An alternative explanation for more aggressive males raising faster growing offspring
could be more directly associated with female mate choice. Many studies on birds have noted a
positive relationship between male quality and female parental investment (Diniz et al., 2015;
Grunst et al., 2016; Petrie & Williams, 1993; Uller et al., 2005). Male Song Sparrows that exhibit
higher aggression may have mates that invest more in eggs or in parental care, establishing an

indirect positive relationship between male aggression and offspring growth rate.



The relationship between aggressive behavior and foraging behavior, higher territory
quality, larger clutch size, and higher chick growth rates suggests a potential link between
aggressive male behavior and higher fitness. If more aggressive males obtain higher quality
territories and have greater foraging efficiency, we would expect more aggressive males to have
more, better quality nest visits than less aggressive males — resulting in faster growing offspring
(Class & Moore, 2010; Krippel et al., 2017). In this study, we measured territorial aggression,
clutch size, chick growth rates, and both male and female provisioning rates in a population of
Song Sparrows. If individual variation in aggressive behavior has significant functional
implications, then we hypothesize that more aggressive males will have larger clutch sizes, faster
growing offspring, and higher provisioning rates, resulting in higher reproductive success and

overall fitness than less aggressive males.



METHODS

Study Population and Field Site

The study was conducted on a population of Song Sparrows on the campus of Western
Carolina University, Cullowhee, NC (35°18°N, 83°11’W, elevation 640m) during the 2024
breeding season (late March to early August). The study site consists of buildings, roadways, and
walkways surrounded by patches of lawn, shrubbery, and trees. The campus is bordered by high
traffic roads and more densely forested habitat. A population of Song Sparrows with over 50
territories has been consistently observed within this site for over 15 years (Cook, 2023; Evans et
al., 2010; Krippel et al., 2017; Myers & Hyman, 2016). Using a combination of baited Potter
traps and mist-nets, we caught a total of 52 adults. We banded each individual with one uniquely
numbered USFWS metal band and three plastic, colored bands to allow for consistent

identification of the individual.

Nest Searches and Monitoring

We conducted nest searches every day by observing adult behavior for nest location cues,
such as frequent visits to a particular spot or nest-building behavior, and systematic searches of
possible nest sites. Once located, we monitored nests daily to accurately determine hatch date
(hereinafter referred to as day 0).

Upon hatching, we used cameras (Lawmate PVV-500NP-BUNDLE) to record parental
activity on the nest. The cameras were fixed above the nest using a rebar stake anchored in the
ground with a metal wire wrapped around the top of the rebar. The lens of the camera was

secured to the metal wire such that we had a clear view of the nest cup from a distance of ~ 200-



250mm. Camera monitors were placed inside plastic Tupperware for protection and hidden
among vegetation. Cameras were set up on day 0 to allow adults to acclimate to the novel object
before recording behaviors. Recording took place approximately between 07:00-14:00h on days
1, 3 and 5 after hatch to document instances of food provisioning. We measured provisioning
rates by calculating the average number of visits with successful food transfer from adult to
chick per hour per nestling for each day. The hours used in the analysis (9:00-13:00) provided
complete data from all nests. Data from earlier and later hours were excluded due to issues

affecting camera performance (such as foggy lenses, battery issues, etc.).

Nestling Growth

To measure nestling growth rate, we visited nests on days 1, 3, and 5 after hatch to record
the brood weight in grams. Nests that were parasitized by Brown-headed Cowbirds (Molothrus
ater) were weighed twice per visit: with the cowbird and without. Weights with cowbird

nestlings were excluded from the growth rate analysis.

Aggression Assays

We measured aggression with playback experiments using the same methods as Krippel
et al. (2017). We broadcasted conspecific songs to simulate territorial intrusion and measured the
distance of the territory owner to the playback speaker. Each experiment lasted 9 min; song was
broadcasted for a total of 6 min, with 3 min of silence afterward. We recorded the focal male’s
distance from the speaker every 5 sec for the entire 9 min. Distance was binned into 0-2 m, 2-4
m, 4-8 m, and 8-12 m, which were marked with flagging to allow for consistent measurement.
We then calculated average distance to the speaker to act as an aggression score for each male.
Previous research has found that, in Song Sparrows, average distance to the speaker is a

significant predictor of attack and can be used as a valid measure of aggression (Searcy et al.,
5



2006). Males with low average distance to the speaker were considered aggressive. We
performed assays during the hours of peak territorial defense (06:00-10:00h). In order to avoid
possible seasonal variation in aggression, we conducted assays between mid-May through June,

during the females’ fertile stage (Moser-Purdy et al., 2017).



STATISTICAL ANALYSES

All statistical analyses were conducted using R Statistical Software (version 4.3.2; R
Core Team 2023). We log transformed data when necessary to meet the assumptions required for

statistical analyses.

Aggression and Growth Rate

To calculate nestling growth rates, we divided the total brood weight by the number of
nestlings to obtain an average weight per nestling for each day. We then measure growth rates by
calculating the slope of a regression line of mass on age.

To investigate the relationship between male aggression and nestling growth rate, we
fitted a linear mixed-effects model, accounting for random effects due to hatch date (Julian date).
We used a Welch’s two sample t-test to measure the relationship between aggression and nest
success to day 5. To assess the relationship between male aggression and clutch size, we used

Pearson’s correlation.

Aggression and Provisioning

We examined the relationship between male aggression and average provisioning rate
using a linear mixed-effects model. Additionally, to determine if pairs with higher total day 1
provisioning rates had faster growing offspring, we used a linear regression analysis.
To explore the relationship between provisioning similarity within pairs and offspring growth
rate, we first calculated the Euclidean distance (a measure of dissimilarity) between male and

female provisioning rates and then performed a linear regression analysis. Similarly, we assessed



the relationship between provisioning similarity and clutch size using Euclidean distance and a
linear regression model.
Provisioning Repeatability

We calculated repeatability of provisioning rates across days 1, 3, and 5 using the

Lessells and Boag repeatability ANOVA.
Provisioning Similarity

To test if high provisioning males tended to pair with high provisioning females, we used

Pearson’s correlation.
Ethical Note

All protocols were approved by the Institutional Animal Care and Use Committee of
Western Carolina University (IACUC Protocol # 2024-01-29-04). All bird banding and trapping
was conducted under a US Department of the Interior Federal Bird Banding Permit (Permit #

23626).



RESULTS

Aggression and Nestling Growth

Aggression did not show a significant linear relationship with nestling growth rate
(Linear Mixed-Effects Model, p = 0.9694, 8 = - 0.0008, SE = 0.0214, ti1.96 = - 0.039, Fig. 1,
Table 1). Additionally, there was no detectable relationship between male aggression and nest
success (t-test, 5.41 + 0.4493 vs 7.10 + 0.5346, x difference = 1.69, 95% Cls: - 0.99t0 0.52, t = -

0.8420, df = 4.4228, p = 0.4429, Fig. 2).

Aggression and Clutch Size

There was no relationship between male aggression and the number of eggs laid; hatched
and unhatched (Pearson’s Correlation, Pearson’s r = - 0.0236, p = 0.9261, t = - 0.0943, Fig. 3,

Table 2).

Aggression and Provisioning Rate

Aggression did not show a significant linear relationship with male average provisioning
rate (Linear Mixed-Effects Model, p = 0.9967, B = 0.0079, SE = 0.0185, to.001 = 0.431, Fig. 4,
Table 3). Male aggression also did not show a significant linear relationship with female
provisioning rate (Linear Mixed-Effects Model, p = 0.6042, 3 = 0.0240, SE = 0.0457, to1 =

0.526).

Provisioning Repeatability

The repeatability measure indicated significant repeatability for male provisioning

between days 1, 3, and 5 (Lessells and Boag Repeatability ANOVA, R =0.5930, Fs18 =5.37, p <



0.01, Fig. 5, Table 4) and female provisioning between days 1, 3, and 5 (Lessells and Boag

Repeatability ANOVA, R =0.5353, F7,16 = 4.46, p < 0.01, Fig. 6, Table 4).

Pair Total Provisioning and Nestling Growth

Pearson’s Correlation revealed a strong correlation of day 1 provisioning rates within
pairs (Pearson’s Correlation, Pearson’s r = 0.5907, p < 0.05, t=2.7392, Fig. 7, Table 5).
However, total day 1 provisioning rates of pairs had no significant linear relationship with
offspring growth rate (Linear Regression, p = 0.2218, 3 = 0.0752, SE = 0.0581, t11 = 1.295, Fig.

8, Table 6).

Pair Provisioning Similarity and Reproductive Success

There was no significant relationship between similarity scores of male and female provisioning
proportions (calculated as Euclidean distance) and nestling growth rate (Linear Regression, p =
0.6264, B = - 0.1525, SE = 0.3045, t11.96 = - 0.501, Fig. 9, Table 7). Furthermore, there was no
significant relationship between similarity scores of male and female provisioning proportions
and clutch size (Linear Regression, p = 0.8969, B = - 0.0501, SE = 0.3774, t11.96 = - 0.133, Fig.

10, Table 8).

Table 1. Mixed-effects model for nestling growth and aggression.

Term Estimate Std_Error df t_value p_value
(Intercept) 1.836 0.144 11.697 12.720 0.000
aggression -0.001 0.021 11.963 -0.039 0.969
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Figure 1. Nestling growth rate shows no significant relationship with aggression (Linear Mixed-
Effects Model, p = 0.9694, 3 = - 0.0008, SE = 0.0214, t11.96 = - 0.039).
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Figure 2. There was no significant relationship between male aggression and nest success (T-
Test, 5.41 +0.4493 vs 7.10 + 0.5346, x difference = 1.69, 95% Cls: - 0.99 to 0.52, t = - 0.8420,
df = 4.4228, p = 0.4429).

Table 2. Pearson’s correlation for clutch size and aggression.

Pearson_Correlation t_statistic p_value

Clutch Size & -0.024 -0.094  0.926
Aggression
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Figure 3. There was no significant correlation between male aggression and the number of eggs
laid (Pearson’s Correlation, Pearson’s r = - 0.0236, p = 0.9261, t = - 0.0943).

Table 3. Linear mixed effects model for male average provisioning rate and aggression.
Term Estimate Std_Error df t_value p_value

(Intercept) 0.255 0.086 0.001 2.984 0.995
aggression 0.008 0.019 0.001 0.431 0.997
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Figure 4. Male average provisioning rate shows no significant relationship with aggression
(Linear Mixed-Effects Model, p = 0.9967, B = 0.0079, SE = 0.0185, to.001 = 0.431).

Table 4. Lessells and Boag repeatability ANOVA for male and female provisioning rate
repeatability.
Repeatability F_statistic p_value

Male 0.5930 .37 0.0015
Female 0.5353 4.46 0.0063
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Male Provisioning Rates Across Days
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Figure 5. Male provisioning rates show strong repeatability across days (Lessells and Boag
Repeatability ANOVA, R =0.5930, Fs18 =5.37, p < 0.01).
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Female Provisioning Rates Across Days
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Figure 6. Female provisioning rates show strong repeatability across days (Lessells and Boag
Repeatability ANOVA, R =0.5353, F7,16 = 4.46, p < 0.01).

Table 5. Pearson’s correlation for male and female day 1 provisioning rates.

Pearson_Correlation i_statistic p_value

Male & Female Day 1 0.591 2.739 0.016
Provisioning Rates

16



w
(=}
L

—
o
1

Female Day 1 Provisioning Rate
(feeds/nestling/hour)

e

w
L
®

0 1 2 3 4
Male Day 1 Provisioning Rate
(feeds/nestling/hour)

Figure 7. Day 1 provisioning rates show strong consistency between males and females within a
pair (Pearson’s Correlation, Pearson’s r = 0.5907, p < 0.05, t =2.7392).

Table 6. Linear regression for pair day 1 provisioning rate and offspring growth rate.

Term Estimate Std_Error t_value p_value
(Intercept) 0.971 0.058 16.692 0.000
Day 1 Total Provisioning Rate 0.075 0.058 1.295 0.222
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Figure 8. Pair total day 1 provisioning rate shows no significant linear relationship with offspring
growth rate (Linear Regression, p = 0.2218, $ = 0.0752, SE = 0.0581, t11 = 1.295).

Table 7. Linear regression for pair provisioning similarity (Euclidean distance) and growth rate.
Estimate Std_Error t_value p_value

Term
1.884 0.107 17.647 0.000

(Intercept)

Euclidean Distance -0.152 0.304 -0.501 0.626
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Figure 9. There was no significant relationship between pair provisioning proportional similarity
and offspring growth rates (Linear Regression, p = 0.6264, 3 = - 0.1525, SE = 0.3045, t11.96 = -

0.501).

Table 8. Linear regression for pair provisioning similarity (Euclidean distance) and clutch size.
Estimate Std_Error t_value p_value

1.389 0.132 10.495 0.000

Term
(Intercept)

Euclidean Distance -0.050 0.377 -0.133 0.897
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Figure 10. There was no significant relationship between pair provisioning proportional
similarity and clutch size (Linear Regression, p = 0.8969, 3 = - 0.0501, SE = 0.3774, ti1.96 = -

0.133).

20



DISCUSSION

Aggression and Offspring Growth Rate

We found no relationship between male aggression and offspring growth rate. However,
previous studies on the same population found that male aggression had a significant positive
impact on nestling growth (Krippel et al., 2017). Possible explanations for the difference in
results could be small sample sizes, variation in the particular males studied, and/or
environmental differences from year to year.

Although both studies had small sample sizes, they were similar in size (n = 18, current
study; n = 22, Krippel 2017), making small sample size an unlikely explanation for the
discrepancy. Another possibility is that environmental conditions may have impacted results
year-to-year. For example, precipitation during the 2024 breeding season was the second lowest
recorded in the past 10 years (Menne et al., 2012). Additionally, anthropogenic habitat
disturbance, such as removal of bushes or heavy construction, may have led to differences
between years in resource availability or nesting habitat availability and quality, which
potentially masked or impacted the relationships between aggression, nestling growth, and
provisioning rates (Stojanovic et al., 2021; Tremblay et al., 2005). Territorial aggression exhibits
a degree of plasticity and aggression is adjusted in response to environmental conditions such as
food availability (Foltz et al. 2015). Territorial intrusion pressure may also differ for individuals
and from year to year, which could result in variation in territorial aggression (Arcese 1987).
These studies demonstrate possible environmental impacts on aggressive behaviors that were not
accounted for in this study. However, it is worth noting that aggression is consistent from year to
year in our population (Krippel et al. 2017). If aggression remains consistent from year to year

21



for individuals, but food supply availability for nestlings change, then the relationship between
aggression and offspring growth could change from year to year. Larger-scale studies are
required to verify a relationship between male aggression and offspring growth rate in Song

Sparrows.

Aggression and Provisioning

Previous studies found a relationship between territorial aggression and chick growth
rate, and we anticipated that differences in growth rate might have resulted from differences in
provisioning behaviors. We expected males with higher aggression to have higher provisioning
rates, resulting in faster growing offspring (Krieg & Getty, 2020; Krippel et al., 2017). We found
no relationship between male aggression and provisioning rate.

Though we found no benefit to higher territorial aggression, we also found no fitness cost
to aggression. Many studies report costs to aggression which can result in reduced parental
investment (Duckworth, 2006), reduced offspring quality (Rosvall, 2011), and other costs
(reviewed in Ord 2021). The consequences of variation in territorial aggression in our population
of Song Sparrows remains unclear. Our findings are similar to those from Szasz et al. (2019) on
Collared Flycatchers (Ficedula albicollis) which also found no relationship between aggression
level and provisioning rates in males. Previous studies have hypothesized a trade-off between
territorial defense and parental care in males, where more aggressive males provide less parental
care in competitive environments (Pryke & Griffith, 2009; Saino & Mgller, 1995). While the
presence of behavioral polymorphism suggests a trade-off to aggressive behaviors, we found no
evidence of such trade-off. Many studies have suggested the trade-off between male aggression
and parental investment is offset by extra-pair copulations (Stoehr & Hill, 2000; Tuttle, 2003).

However, other studies, including work on this population of Song Sparrows, has found no

22



relationship between male aggression and extra-pair paternity (Duckworth, 2006; Krippel et al.,
2017).

Reduced predation risk in urban habitats, such as our study site, may have an influence
on individual provisioning rates. In our study we did not assess predation risk, however many
studies show evidence that nest predation decreases in urban habitats (E6tvos et al., 2018;
Fischer et al., 2012; Lane et al., 2023). When nest predation risk is low, less aggressive males
may experience more security and have fewer risks associated with visiting the nest; risks that
more aggressive males can afford to neglect, such as attracting a predator. Evidence of increased
nest predation negatively impacting provisioning rates has been found in a number of studies
(Ghalambor, 2002; Mouton et al., 2020; Mutzel et al., 2019; Sahin Arslan & Martin, 2024;
Skutch., 1949). This increased sense of safety could allow the less aggressive males in our urban
study site to visit the nest more often than in environments with higher predation risk, leading to
no significant relationships between provisioning and aggression.

The relationship between aggression and provisioning behavior may be more nuanced
than previously anticipated. Variations of provisioning rates in Collared Flycatchers were
associated with other factors such as age and prey availability (Cauchard et al., 2021).
Provisioning rates increasing with age may be attributed to older males trying to maximize their
last reproductive output by contributing greater parental effort in the later years of their lifespan
(Froy et al., 2013). Additionally, young birds with limited provisioning experience may also
contribute to this trend, as their initial inexperience in parental care may result in lower offspring
investment, which could potentially increase as proficiency is gained over time. Research has
found that inexperienced females tend to rear smaller offspring compared to more experienced

females. This could be a result of foraging inexperience and, therefore, inefficiency. In
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experimentally manipulated conditions of Collared Flycatchers, lower weights and shorter tarsi
of chicks were prominent in nests of inexperienced females, suggesting that younger, novice
females may exhibit reduced foraging efficiency (Cichofi, 2003).

Environmental conditions may have a significant influence on foraging success, and
therefore provisioning rates and offspring quality, as well. This has been shown in Collared
Flycatchers, where nestlings raised under poor feeding conditions developed smaller tarsi than
their full siblings raised under optimal feeding conditions, indicating a reflection of nutritional
conditions during growth rather than heritability (Merild, 1997). Variation of environmental
conditions between years may also impact an individual’s ability to locate preferred prey, and
therefore, lead to lower provisioning rates. Research has shown that, across bird species, habitat
characteristics — such as the types and density of vegetation — are important selective forces in
determining foraging behavior and resource exploitation (Robinson & Holmes, 1982). In a
heavily modified habitat, like our study site, frequent changes in vegetation may result in
reduced foraging success or efficiency. White-throated Sparrows (Zonotrichia albicollis) have
been found to focus their efforts on foraging sites where prey are most detectable rather than
where they are most abundant (Getty & Pulliam, 1993). Recurrent landscaping at our study site
may cause foraging areas with high prey densities to shift frequently, requiring new information
to be acquired before foraging proficiency can be regained in the altered environment.

Others studies have found males with higher aggression have lower provisioning rates
(Barnett et al. 2012; Mutzel et al. 2013) suggesting that aggressive males have access to better
territories, differences in foraging techniques, or energy allocation. If more aggressive males
invest more time exhibiting nest defense behaviors, they may compensate through alternative

foraging methods, such as scrounging. If more aggressive males have better foraging success
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based on these different foraging tactics, they may obtain higher quality food during each
foraging session, reducing the need for frequent visits to the nest without forfeiting offspring
quality (Liker & Barta, 2002). Evidently, the relationship between aggressive behaviors and

provisioning effort is highly complex, emphasizing the need for more nuanced investigation.

Provisioning Repeatability

We found that both male and female provisioning rates are significantly repeatable
between days 1 and 3 after hatch. A similar pattern was revealed for days 1 and 5, though it was
not statistically significant. A previous study measuring provisioning repeatability within the
same brood across multiple days found significant repeatability for both males and females of
Eastern Bluebirds (Sialia sialis) (Burdick, 2018). Research on House Sparrows (Passer
domesticus) reported significant repeatability of male provisioning behaviors across broods
(Schwagmeyer & Mock, 2003). In a 10-year study on Blue Tits (Cyanistes caeruleus),
provisioning rates were found to exhibit small-to-moderate repeatability across years (Santema et
al., 2024). In contrast, a study on Manx Shearwaters (Puffinus puffinus) found no repeatability of
provisioning across multiple years (Gray et al., 2005). When adjusting for factors such as
seasonality — which typically results in a reduction of individual provisioning rates due to
declining resource availability — 37.5% of provisioning variation was due to persistent
differences in males rather than environmental conditions (Schwagmeyer & Mock, 2003).
Additional studies have found significant heritability of provisioning rates, indicating they are
influenced by genetic factors and a stable aspect of individual behavior (Krist et al., 2024). The
consistency seen in provisioning rates in many studies, across days, broods and years further

suggests that provisioning rate can be an individually distinctive trait in birds.
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Provisioning Similarity

Within-pair similarity analyses show significant similarity of provisioning rates between
males and females. Males contributed slightly greater proportions of parental care than females
for the majority of nests, consistent with the findings of other studies on songbirds (Cauchard et
al., 2021; Johnson & Best, 1982; Nordlund & Barber, 2005; Reed et al., 2007). Sexual conflict
theory suggests that males are more inclined to prioritize alternative behaviors over parental care
when such activities allow a fitness advantage, leading to increased female parental investment
as they compensate for the reduced male contribution (Mutzel et al., 2013; Paredes et al., 2005).
We did not find any evidence of compensatory parental care, which would’ve presented itself as
females contributing a significantly greater proportion of parental care than males.

Provisioning rate similarities could be a response to nestling begging effort or possibly
evidence of assortative mating. Many studies have demonstrated similar feeding rates between
mated pairs in a variety of species (Alatalo et al., 1988; Breitwisch et al., 1986; Burdick, 2018;
Leffelaar & Robertson, 1986). Research has found strong associations between nestling begging
intensity and parental provisioning rates (Mondloch, 1995; Price, 1998). Further investigation of
parental response to manipulated nestling begging behaviors in Song Sparrows could supplement
these findings and provide explanation for pair provisioning similarities.

However, parental effort is not always influenced by offspring begging behaviors (Clark
& Lee, 1998; Santema et al., 2017). A study on Great Tits (Parus major) found that
experimentally increasing the provisioning rate of one parent results in an increased provisioning
rate of the corresponding parent, regardless of chick begging behavior (Hinde, 2006). This
suggests that parental provisioning effort may be more strongly influenced by the corresponding

mate’s behaviors rather than offspring-driven cues.
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Our study found no evidence of within-pair provisioning similarities influencing
reproductive success, which was measured using two factors: growth rate and clutch size. Pair
provisioning rate similarity could be behavioral convergence (adjustment of an individual’s
behavior relative to their mate’s behavior) or an incidental outcome of assortative mating driven
by a characteristic other than provisioning behavior, thus leading to high similarity but no direct
relationship to reproductive success. Alternatively, females may select for males that exhibit
traits indicating more similar parental investment to ensure reduced sexual conflict, while males
may flaunt those indicators of parental investment to attract mates. If courtship displays provide
information about parental care in male Song Sparrows, females may recognize these cues and
select for males with similar traits to their own, consistent with the assortative mating hypothesis.
Many have proposed that females may vary in their preference for specific behavioral types of
mates (characterizations of an individual’s consistent behavior) based on their own (reviewed in
Schuett et al. 2010; Munson et al. 2020). This would account for the persistent variation in male
Song Sparrow behaviors.

Additionally, pair provisioning synchrony (pairs arriving at the nest to feed within 2 min
of each other) and coordination (pairs alternating visits) have been shown to reduce sexual
conflict and have positive effects on reproductive success in birds (Bebbington & Hatchwell,
2016; Mariette & Griffith, 2015). It is worth noting, throughout this study, personal observation
of Song Sparrow vocalizations on the nest were frequent and seemingly associated with
provisioning coordination, which has been observed in song birds (Ferree et al., 2021; Mcdonald
& Wright, 2008). Future studies could investigate the function of these vocalizations at the nest

in Song Sparrows, in terms of reproductive success.
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Other studies examining similarities in personality within pairs of birds show an
influence on reproductive success through nesting defense. A study on Eastern Bluebirds found
that pairs with more similar responses to simulated territorial intrusions fledged heavier
offspring. This pattern may be explained by a trade-off in energy investment where a coordinated
aggressive response by pairs allows for less time spent defending, resulting in more time to
provision (Harris & Siefferman, 2014). Furthermore, when measuring nest defense behaviors, a
similar study on Eastern Bluebirds found that mates with similar defense strategies produced
more fledglings (Burtka & Grindstaff, 2015). Moreover, a previous study on our population of
Song Sparrows found high similarity in nest defense boldness in the presence of fledglings for
males and females within pairs, providing further evidence that Song Sparrows exhibit
behavioral convergence or assortative mating (Cook, 2023). These studies suggest that
behavioral convergence or assortative mating might help synchronize both reproductive efforts
and broader behavioral patterns, contributing to more effective cooperation and less conflict
between mates. Additional studies monitoring the number of nestlings that successfully fledge
would be beneficial to further examine the intricacies of within-pair similarities and reproductive
success.

Behavioral similarity between mates in activities seemingly unrelated to reproduction
may play an important role in reducing conflict and improving reproductive success. A study on
Chestnut Thrushes (Tardus rubrocanus) found evidence that pairs with more similar activity
traits (hopping, walking, flying) had lower levels of sexual conflict over provisioning and higher
total provisioning rates (Lou et al., 2021). These findings highlight how behavioral similarity in

activities that are not directly related to reproduction can influence reproductive success.
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Conclusion

Our study investigated the reproductive consequences of aggression in male Song
Sparrows, specifically regarding parental investment. While we found no relationship between
male aggression and offspring growth rate or provisioning rate, we acknowledge that single-year
studies may not fully reflect the complex interactions between these variables. Previous research
has reported a positive link between aggression and nestling growth, suggesting environmental
fluctuations may account for differences in the relationships between aggression, provisioning,
and growth rate year to year (Krippel et al., 2017). We found no evidence of a trade-off between
male aggression and parental care, nor evidence of compensatory care from females.
Additionally, individual provisioning rates were consistent across days and mates exhibited
similar provisioning behaviors, suggesting provisioning rate may be an individually distinctive
trait and that assortative mating or convergence of behaviors may be occurring, perhaps to ensure
reduced sexual conflict. These results highlight the need for larger scale, multi-year studies to
better understand the relationship between aggression and reproductive success, and the

mechanisms and significance of pair similarity in parental care in Song Sparrows.

29



REFERENCES

Adler, J., & Ritchison, G. (2011). Provisioning Behavior of Male and Female Grasshopper
Sparrows. The Wilson Journal of Ornithology, 123(3), 515-520.

Alatalo, R. V., Gottlander, K., & Lundberg, A. (1988). Conflict or Cooperation between Parents
in Feeding Nestlings in the Pied Flycatcher Ficedula hypoleuca. Ornis Scandinavica,
19(1), 31. https://doi.org/10.2307/3676524

Arcese, P., & Smith, J. N. M. (1988). Effects of Population Density and Supplemental Food on
Reproduction in Song Sparrows. Journal of Animal Ecology, 57(1), 119-136.
https://doi.org/10.2307/4768

Barnett, C. A., Thompson, C. F., & Sakaluk, S. K. (2012). Aggressiveness, Boldness and
Parental Food Provisioning in Male House Wrens (Roglodytes aedon). Ethology,
118(10), 984-993. https://doi.org/10.1111/j.1439-0310.2012.02092.x

Bebbington, K., & Hatchwell, B. J. (2016). Coordinated parental provisioning is related to
feeding rate and reproductive success in a songbird. Behavioral Ecology, 27(2), 652—-659.
https://doi.org/10.1093/beheco/arv198

Breitwisch, R., Merritt, P. G., & Whitesides, G. H. (1986). Parental Investment by the Northern
Mockingbird: Male and Female Roles in Feeding Nestlings. The Auk, 103(1), 152-159.

Burdick, C. (2018). PERSONALITIES OF MATED PAIRS AND PARENTAL PROVISIONING
COORDINATION IN EASTERN BLUEBIRDS. M.S. thesis. Appalachian State
University. Available from:

https://libres.uncg.edu/ir/asu/f/Burdick_Chloe_2018 Thesis.pdf

30



Burtka, J. L., & Grindstaff, J. L. (2015). Similar nest defence strategies within pairs increase
reproductive success in the eastern bluebird, Sialia sialis. Animal Behaviour, 100, 174—
182. https://doi.org/10.1016/j.anbehav.2014.12.004

Cauchard, L., Macqueen, E. I., Lilley, R., Bize, P., & Doligez, B. (2021). Inter-individual
variation in provisioning rate, prey size and number, and links to total prey biomass
delivered to nestlings in the Collared Flycatcher (Ficedula albicollis). Avian Research,
12(1), 15. https://doi.org/10.1186/s40657-021-00247-8

Cichoii, M. (2003). Does prior breeding experience improve reproductive success in collared
flycatcher females? Oecologia, 134(1), 78-81. https://doi.org/10.1007/s00442-002-1099-
X

Clark, A. B., & Lee, W.-H. (1998). Red-winged blackbird females fail to increase feeding in
response to begging call playbacks. Animal Behaviour, 56(3), 563-570.
https://doi.org/10.1006/anbe.1998.0831

Class, A. M., & Moore, I. T. (2010). Is there a trade-off between caring for offspring and
territorial aggression in tropical male rufous-collared sparrows (Zonotrichia capensis)?
Behaviour, 147(13/14), 1819-18309.

Cook, N. A. (2023). Patterns of Pair Boldness and Mate Recognition in Song Sparrows
(Melospiza melodia). M.S. Thesis. Western Carolina University. Available from:
https://libres.uncg.edu/ir/wcu/f/Cook2023.pdf

Dingemanse, N. J., Both, C., Drent, P. J., & Tinbergen, J. M. (2004). Fitness consequences of
avian personalities in a fluctuating environment. Proceedings of the Royal Society B:

Biological Sciences, 271(1541), 847-852.

31



Diniz, P., Ramos, D. M., & Macedo, R. H. (2015). Attractive males are less than adequate dads
in a multimodal signalling passerine. Animal Behaviour, 102, 109-117.
https://doi.org/10.1016/j.anbehav.2015.01.006

Duckworth, R. A. (2006). Behavioral correlations across breeding contexts provide a mechanism
for a cost of aggression. Behavioral Ecology, 17(6), 1011-1019.
https://doi.org/10.1093/beheco/arl035

Duncan Rastogi, A., Zanette, L., & Clinchy, M. (2006). Food availability affects diurnal nest
predation and adult antipredator behaviour in song sparrows, Melospiza melodia. Animal
Behaviour, 72(4), 933-940. https://doi.org/10.1016/j.anbehav.2006.03.006

E6tvos, C. B., Magura, T., & Lovei, G. L. (2018). A meta-analysis indicates reduced predation
pressure with increasing urbanization. Landscape and Urban Planning, 180, 54-59.
https://doi.org/10.1016/j.landurbplan.2018.08.010

Evans, J., Boudreau, K., & Hyman, J. (2010). Behavioural Syndromes in Urban and Rural
Populations of Song Sparrows. Ethology, 116(7), 588-595.
https://doi.org/10.1111/j.1439-0310.2010.01771.x

Ferree, E., Sadhu, R., Holland, K., & Wu, O. (2021). Vocal coordination of provisioning in
Black Phoebes (Sayornis nigricans). The Wilson Journal of Ornithology, 133(2), 318—
325. https://doi.org/10.1676/20-00085

Fischer, J. D., Cleeton, S. H., Lyons, T. P., & Miller, J. R. (2012). Urbanization and the
Predation Paradox: The Role of Trophic Dynamics in Structuring Vertebrate

Communities. BioScience, 62(9), 809-818. https://doi.org/10.1525/bi0.2012.62.9.6

32



Foltz, S. L., Ross, A. E., Laing, B. T., Rock, R. P., Battle, K. E., & Moore, I. T. (2015). Get off
my lawn: Increased aggression in urban song sparrows is related to resource availability.
Behavioral Ecology, 26(6), 1548-1557. https://doi.org/10.1093/beheco/arv11l

Froy, H., Phillips, R. A., Wood, A. G., Nussey, D. H., & Lewis, S. (2013). Age-related variation
in reproductive traits in the wandering albatross: Evidence for terminal improvement
following senescence. Ecology Letters, 16(5), 642—649. https://doi.org/10.1111/ele.12092

Getty, T., & Pulliam, H. R. (1993). Search and Prey Detection by Foraging Sparrows. Ecology,
74(3), 734-742. https://doi.org/10.2307/1940801

Ghalambor, C. K. (2002). Comparative manipulation of predation risk in incubating birds reveals
variability in the plasticity of responses. Behavioral Ecology, 13(1), 101-108.
https://doi.org/10.1093/beheco/13.1.101

Gray, C. M., Brooke, M. de L., & Hamer, K. C. (2005). Repeatability of chick growth and food
provisioning in Manx shearwaters Puffinus puffinus. Journal of Avian Biology, 36(5),
374-379. https://doi.org/10.1111/j.0908-8857.2005.03597.x

Grunst, M. L., Rotenberry, J. T., & Grunst, A. S. (2016). Elevating perceived predation risk
modifies the relationship between parental effort and song complexity in the song
sparrow Melospiza melodia. Journal of Avian Biology, 47(1), 57-68.
https://doi.org/10.1111/jav.00758

Harris, M. R., & Siefferman, L. (2014). Interspecific Competition Influences Fitness Benefits of
Assortative Mating for Territorial Aggression in Eastern Bluebirds (Sialia sialis). PL0S

ONE, 9(2), e88668. https://doi.org/10.1371/journal.pone.0088668

33



Higgins, T. A., Wilcox, R. C., Germain, R. R., & Tarwater, C. E. (2022). Behavioral traits vary
with intrinsic factors and impact local survival in Song Sparrows (Melospiza melodia).
The Wilson Journal of Ornithology, 134(2), 278-290. https://doi.org/10.1676/21-00085

Hinde, C. A. (2006). Negotiation over offspring care?—A positive response to partner-
provisioning rate in great tits. Behavioral Ecology, 17(1), 6-12.
https://doi.org/10.1093/beheco/ari092

Hyman, J., Hughes, M., Searcy, W. A., & Nowicki, S. (2004). Individual Variation in the
Strength of Territory Defense in Male Song Sparrows: Correlates of Age, Territory
Tenure, and Neighbor Aggressiveness. Behaviour, 141(1), 15-27.

Johnson, E. J., & Best, L. B. (1982). Factors Affecting Feeding and Brooding of Gray Catbird
Nestlings. The Auk, 99(1), 148-156. https://doi.org/10.2307/4086031

Krieg, C. A., & Getty, T. (2020). Fitness benefits to intrasexual aggression in female house
wrens, Troglodytes aedon. Animal Behaviour, 160, 79-90.
https://doi.org/10.1016/j.anbehav.2019.12.001

Krippel, J., Ballentine, B., & Hyman, J. (2017). Reproductive Consequences of Aggression in a
Territorial Songbird. Ethology, 123(4), 261-269. https://doi.org/10.1111/eth.12588

Krist, M., Edme, A., Héchsmannova, A., Jan¢a, M., Lisicka-Lachnitov4, L., Ringlova, H., &
Stritesky, J. (2024). Parental provisioning is weakly age-dependent and heritable in a
small passerine. Ibis, 166(3), 857-870. https://doi.org/10.1111/ibi.13307

Lane, S. J., VanDiest, I. J., Brewer, V. N,, Linkous, C. R., Fossett, T. E., Goodchild, C. G., &
Sewall, K. B. (2023). Indirect effects of urbanization: Consequences of increased
aggression in an urban male songbird for mates and offspring. Frontiers in Ecology and

Evolution, 11. https://www.frontiersin.org/articles/10.3389/fevo.2023.1234562

34



Leffelaar, D., & Robertson, R. J. (1986). Equality of Feeding Roles and the Maintenance of
Monogamy in Tree Swallows. Behavioral Ecology and Sociobiology, 18(3), 199-206.

Liker, A., & Barta, Z. (2002). The Effects of Dominance on Social Foraging Tactic Use in House
Sparrows. Behaviour, 139(8), 1061-1076.

Lou, Y.-Q., Chen, L.-J., Hu, Y.-B., Komdeur, J., Sun, Y.-H., & Lyu, N. (2021). Animal
personality can modulate sexual conflict over offspring provisioning. Animal Behaviour,
177, 91-97. https://doi.org/10.1016/j.anbehav.2021.04.023

Mariette, M. M., & Griffith, S. C. (2015). The Adaptive Significance of Provisioning and
Foraging Coordination between Breeding Partners. The American Naturalist, 185(2),
270-280. https://doi.org/10.1086/679441

Mcdonald, P. G., & Wright, J. (2008). PROVISIONING VOCALIZATIONS IN
COOPERATIVE BELL MINERS (MANORINA MELANOPHRYS): MORE THAN A
SIMPLE STIMULUS FOR NESTLING BEGGING? The Auk, 125(3), 670-678.
https://doi.org/10.1525/auk.2008.07127

Menne, M. J., Durre, 1., Korzeniewski, B., McNeal, S., Thomas, K., Yin, X., Anthony, S., Ray,
R., Vose, R. S., Gleason, B. E., & Houston, T. G. (2012). Global Historical Climatology
Network—Daily (GHCN-Daily), Version 3 (Version 3) [Dataset; Online]. NOAA
National Centers for Environmental Information. https://doi.org/10.7289/V5D21VHZ

Merild, J. (1997). EXPRESSION OF GENETIC VARIATION IN BODY SIZE OF THE
COLLARED FLYCATCHER UNDER DIFFERENT ENVIRONMENTAL
CONDITIONS. Evolution, 51(2), 526-536. https://doi.org/10.1111/j.1558-

5646.1997.tb02440.x

35



Mondloch, C. J. (1995). Chick hunger and begging affect parental allocation of feedings in
pigeons. Animal Behaviour, 49(3), 601-613. https://doi.org/10.1016/0003-
3472(95)80193-6

Moser-Purdy, C., MacDougall-Shackleton, E. A., & Mennill, D. J. (2017). Enemies are not
always dear: Male song sparrows adjust dear enemy effect expression in response to
female fertility. Animal Behaviour, 126, 17-22.
https://doi.org/10.1016/j.anbehav.2017.01.009

Mouton, J. C., Tobalske, B. W., Wright, N. A., & Martin, T. E. (2020). Risk of predation on
offspring reduces parental provisioning, but not flight performance or survival across
early life stages. Functional Ecology, 34(10), 2147-2157. https://doi.org/10.1111/1365-
2435.13650

Munson, A. A., Jones, C., Schraft, H., & Sih, A. (2020). You’re Just My Type: Mate Choice and
Behavioral Types. Trends in Ecology & Evolution, 35(9), 823-833.
https://doi.org/10.1016/j.tree.2020.04.010

Mutzel, A., Dingemanse, N. J., Araya-Ajoy, Y. G., & Kempenaers, B. (2013). Parental
provisioning behaviour plays a key role in linking personality with reproductive success.
Proceedings of the Royal Society B: Biological Sciences, 280(1764), 201310109.
https://doi.org/10.1098/rspb.2013.1019

Mutzel, A., Olsen, A.-L., Mathot, K. J., Araya-Ajoy, Y. G., Nicolaus, M., Wijmenga, J. J.,
Wright, J., Kempenaers, B., & Dingemanse, N. J. (2019). Effects of manipulated levels of
predation threat on parental provisioning and nestling begging. Behavioral Ecology,

30(4), 1123-1135. https://doi.org/10.1093/beheco/arz060

36



Myers, R. E., & Hyman, J. (2016). Differences in measures of boldness even when underlying
behavioral syndromes are present in two populations of the song sparrow (Melospiza
melodia). Journal of Ethology, 34(3), 197-206. https://doi.org/10.1007/s10164-016-
0465-9

Nordlund, C. A., & Barber, C. A. (2005). Parental Provisioning in Melospiza melodia (Song
Sparrows). Northeastern Naturalist, 12(4), 425-432.

Nowicki, S., Searcy, W. A., Krueger, T., & Hughes, M. (2002). Individual variation in response
to simulated territorial challenge among territory-holding song sparrows. Journal of
Avian Biology, 33(3), 253-259. https://doi.org/10.1034/j.1600-048X.2002.330307.x

Ord, T. J. (2021). Costs of territoriality: A review of hypotheses, meta-analysis, and field study.
Oecologia, 197(3), 615-631. https://doi.org/10.1007/s00442-021-05068-6

Paredes, R., Jones, I. L., & Boness, D. J. (2005). Reduced parental care, compensatory behaviour
and reproductive costs of thick-billed murres equipped with data loggers. Animal
Behaviour, 69(1), 197-208. https://doi.org/10.1016/j.anbehav.2003.12.029

Petrie, M., & Williams, A. (1993). Peahens Lay More Eggs for Peacocks with Larger Trains.
Proceedings: Biological Sciences, 251(1331), 127-131.

Price, K. (1998). Benefits of begging for yellow-headed blackbird nestlings. Animal Behaviour,
56(3), 571-577. https://doi.org/10.1006/anbe.1998.0832

Pryke, S. R., & Griffith, S. C. (2009). Socially Mediated Trade-Offs between Aggression and
Parental Effort in Competing Color Morphs. The American Naturalist, 174(4), 455-464.
https://doi.org/10.1086/605376

R Core Team. (2023). R: A Language and Environment for Statistical Computing (Version 4.3.2)

[R; macOS].

37



Reed, L. P., Vallender, R., & Robertson, R. J. (2007). Provisioning Rates by Golden-Winged
Warblers. The Wilson Journal of Ornithology, 119(3), 350-355.

Robinson, S. K., & Holmes, R. T. (1982). Foraging Behavior of Forest Birds: The Relationships
Among Search Tactics, Diet, and Habitat Structure. Ecology, 63(6), 1918-1931.
https://doi.org/10.2307/1940130

Rosvall, K. A. (2011). Cost of Female Intrasexual Aggression in Terms of Offspring Quality: A
Cross-Fostering Study. Ethology, 117(4), 332-344. https://doi.org/10.1111/j.1439-
0310.2011.01881.x

Sahin Arslan, N., & Martin, T. E. (2024). Visual predators and diurnal nest predation provide
support for the Skutch Hypothesis and explain evolved incubation behaviors in a montane
tropical bird community. Ornithology, 141(1), ukad047.
https://doi.org/10.1093/ornithology/ukad047

Saino, N., & Mgller, A. P. (1995). Testosterone-Induced Depression of Male Parental Behavior
in the Barn Swallow: Female Compensation and Effects on Seasonal Fitness. Behavioral
Ecology and Sociobiology, 36(3), 151-157.

Santema, P., Forstmeier, W., & Kempenaers, B. (2024). Variance partitioning of nest
provisioning rates in blue tits: Individual repeatability, heritability, and partner
interactions. Evolution, 78(11), 1751-1760. https://doi.org/10.1093/evolut/qpael31

Santema, P., Schlicht, E., Schlicht, L., & Kempenaers, B. (2017). Blue tits do not return faster to
the nest in response to either short- or long-term begging playbacks. Animal Behaviour,

123, 117-127. https://doi.org/10.1016/j.anbehav.2016.10.016

38



Scales, J., Hyman, J., & Hughes, M. (2013). Fortune favours the aggressive: Territory quality
and behavioural syndromes in song sparrows, Melospiza melodia. Animal Behaviour,
85(2), 441-451. https://doi.org/10.1016/j.anbehav.2012.12.004

Schuett, W., Tregenza, T., & Dall, S. R. X. (2010). Sexual selection and animal personality.
Biological Reviews, 85(2), 217-246. https://doi.org/10.1111/j.1469-185X.2009.00101.x

Schwagmeyer, P. L., & Mock, D. W. (2003). How Consistently are Good Parents Good Parents?
Repeatability of Parental Care in the House Sparrow, Passer domesticus. Ethology,
109(4), 303-313. https://doi.org/10.1046/j.1439-0310.2003.00868.x

Searcy, W. A., Anderson, R. C., & Nowicki, S. (2006). Bird song as a signal of aggressive intent.
Behavioral Ecology and Sociobiology, 60(2), 234-241. https://doi.org/10.1007/s00265-
006-0161-9

Skutch., A. F. (1949). DO TROPICAL BIRDS REAR AS MANY YOUNG AS THEY CAN
NOURISH ? Ibis, 91(3), 430-455. https://doi.org/10.1111/j.1474-919X.1949.th02293.x

Smith, B. R., & Blumstein, D. T. (2008). Fitness consequences of personality: A meta-analysis.
Behavioral Ecology, 19(2), 448-455. https://doi.org/10.1093/beheco/arm144

Stoehr, A. M., & Hill, G. E. (2000). Testosterone and the allocation of reproductive effort in
male house finches (Carpodacus mexicanus). Behavioral Ecology and Sociobiology,
48(5), 407-411. https://doi.org/10.1007/s002650000247

Stojanovic, D., McEvoy, J., Alves, F., Rayner, L., Heinsohn, R., Saunders, D., & Webb, M.
(2021). Parental Care does not Compensate for the Effects of Bad Years on Reproductive
Success of a Vagile Bird. Journal of Zoology, 314(4), 256-265.

Tremblay, I., Thomas, D., Blondel, J., Perret, P., & Lambrechts, M. M. (2005). The Effect of

Habitat Quality on Foraging Patterns, Provisioning Rate, and Nestling Growth in

39



Corsican Blue Tits Parus caeruleus. Ibis, 147(1), 17-24. https://doi.org/10.1111/].1474-
919x.2004.00312.x

Tuttle, E. M. (2003). Alternative reproductive strategies in the white-throated sparrow:
Behavioral and genetic evidence. Behavioral Ecology, 14(3), 425-432.
https://doi.org/10.1093/beheco/14.3.425

Uller, T., EKOITf, J., & Andersson, S. (2005). Female egg investment in relation to male sexual
traits and the potential for transgenerational effects in sexual selection. Behavioral

Ecology and Sociobiology, 57(6), 584-590. https://doi.org/10.1007/s00265-004-0886-2

40



	LIST OF TABLES
	LIST OF FIGURES
	ABSTRACT
	INTRODUCTION
	METHODS
	Study Population and Field Site
	Nest Searches and Monitoring
	Nestling Growth
	Aggression Assays

	STATISTICAL ANALYSES
	Aggression and Growth Rate
	Aggression and Provisioning
	Provisioning Repeatability
	Provisioning Similarity
	Ethical Note

	RESULTS
	Aggression and Nestling Growth
	Aggression and Clutch Size
	Aggression and Provisioning Rate
	Provisioning Repeatability
	Pair Total Provisioning and Nestling Growth
	Pair Provisioning Similarity and Reproductive Success

	DISCUSSION
	Aggression and Offspring Growth Rate
	Aggression and Provisioning
	Provisioning Repeatability
	Provisioning Similarity
	Conclusion

	REFERENCES

