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Abstract

Various species across the animal kingdom utilize a biparental strategy to rear offspring
to adulthood and to maximize fitness. Various studies have been conducted to date that
demonstrate the effects of single parenthood on offspring. However, much less is known about
the physiological, neural, and longer-term effects of single parenthood on the parents. For this
dissertation, | set out to increase our understanding on this subject using the biparental avian
species Columba livia (pigeon, rock dove). Both females and males of this species are capable of
rearing offspring to adulthood after the loss of a mate, and both sexes are capable of pseudo-
lactation to feed the offspring during the early stages post-hatching. For these reasons, pigeons
present us with a powerful opportunity to examine sex-specific behavioral, neural, and
physiological changes of single parenting in a biparental species. This present dissertation sets
out to elucidate: 1) The general behavioral and physiological short term effects of single
parenthood, 2) The differences in crop milk quality and provisioning between single and paired
parents, as well as the similarities and differences between single mother and single father crop
milk quality and provisioning, and 3) The neural and physiological differences between single
and paired parents and the similarities and differences between single mothers and fathers over
the course of rearing offspring to independence.

In chapter 1, I report my findings from a short-term study | conducted on the behavioral,
neural, and physiological effects of single parenting on single parents at day 5 post their chicks
hatching. My team and | found that single parents maintained similar provisioning levels to
paired parents but spent less time brooding their offspring. The chicks of single parents were
smaller than paired-parented chicks at 3 days post-hatching. Mothers exhibited higher

glucocorticoid receptor (GR) gene expression than fathers in general. Single parents exhibited



lower prolactin (PRL) gene expression in the pituitary gland compared to paired parents. These
findings collectively provided a robust foundation for understanding the dynamics at play within
avian parenting after a major parental disturbance, offering a steppingstone for further
exploration into the molecular and physiological underpinnings that shape the parenting
landscape in avian species.

In chapter 2, we assessed variations in crop milk quality and offspring development
among single-mothered, single-fathered, and paired-parented nests. Single fathered chicks
exhibited reduced size compared to those from paired-parented and single-mothered nests, with
second-hatched chicks of single parents being particularly affected. Single-fathered chicks also
received less crop milk with a lower dry weight percentage compared to paired-parented and
single-mothered chicks. The crop tissue of fathers was heavier than mothers and fathers retain
crop milk with a higher dry weight percentage than mothers. Fathers also expressed more crop
tissue mesotocin receptors (OxtR) than mothers. Paired fathers demonstrated higher prolactin
receptor (PRLR) gene expression when compared to paired mothers, single mothers, and single
fathers, and single parents once again expressed less pituitary PRL than paired parents. Single
mothers expressed higher paraventricular nucleus (PVN) GR expression compared to paired
mothers. Two-chick brood single parents exhibited higher baseline corticosterone (CORT)
concentrations than their paired counterparts. Our comprehensive data demonstrate that single
parents, regardless of sex, undergo physiological and neurobiological changes to sustain crop
milk production and offspring care. However, these changes do not fully compensate for the
absence of a partner. Our findings will open avenues for further investigation of potential trade-

offs and sex-specific disparities in avian pseudo-lactation.



In chapter 3, we manipulated presence of parental partners and measured offspring
growth and gene expression associated with glucocorticoids, prolactin, mesotocin, and
gonadotropins at different stages of parenting from the early (day 5 post-hatching), middle (day
15 post-hatching), and late stages of parenting (day 3 post-fledging) in the pituitary and PVN.
Additionally, we measured baseline circulating plasma concentrations of CORT. Single-fathered
chicks were the smallest chicks overall at day 5 post-hatching, while single-mothered chicks
were the smallest overall at day 15 post-hatching. Single mothers had more PVN GR gene
expression than paired mothers, and single parents had higher baseline circulating CORT
compared to paired parents in general at day 5 post-hatching. Single parents at day 15 post-
hatching had lower baseline circulating CORT than paired parents. Mothers expressed more
PVN mineralocorticoid receptors (MR) than fathers at day 15 post-hatching, and paired mothers
expressed more PVN MR than paired fathers, single mothers, and single fathers at day 3 post-
fledging. Paired fathers expressed more pituitary PRLR than paired mothers, single mothers, and
single fathers. Single parents experienced lower PRL gene expression in the pituitary as
compared to paired parents at day 5 post-hatching. Fathers at day 15 post-hatching and day 3
post-fledging had higher PVN PRLR than mothers. Mothers expressed less PVN OxtR than
fathers at day 5 post-hatching, Single parents at day 15 post-hatching expressed less pituitary
GnRHR than paired parents. Single mothers at day 15 post-hatching also expressed less PVN
GnlH than paired fathers. This investigation, conducted from the initial stages of parental care
through to the point of offspring achieving independence, reveals the myriad of neurological and
physiological changes that male and female parents undergo in the face of a major disturbance in

their parenting strategy.



As a whole, the comprehensive data I present for my dissertation work demonstrates that
single parents, regardless of sex, undergo profound physiological and neurobiological changes in
their journey to rear offspring. However, these changes, while remarkable, do not completely
compensate for the absence of a partner. My findings open up exciting new avenues for future
research of potential trade-offs and sex-specific disparities in parenting behaviors following a
major disturbance in parent-offspring dynamics. This work holds the promise of furthering our
understanding of the complex world of avian parenting and promises to shed light on broader

aspects of reproductive biology.
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Chapter 1 Sex-Specific Behavioral And Physiological
Changes During Single Parenting In A Biparental Species,

Columba Livia
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Abstract

Many species exhibit biparental care to maximize fitness. When a partner is lost, the
surviving partner may alter their behavior to compensate offspring. Whether both sexes use the
same physiological mechanisms to manifest their change in behavior remains elusive. We
investigated behaviors and mechanisms associated with the alteration of parental care post
partner removal in a biparental avian species, the rock dove (Columba livia). We hypothesized
that rock dove single parents experience sex-biased changes in neural genomic transcription and
reproductive behaviors, and these changes are related to chick development. We manipulated
parental partner presence and measured parental attendance, offspring growth, gene expression
of glucocorticoid receptors (GR) and mineralocorticoid receptors (MR) in the pituitary, and GR,
MR, and estrogen receptor beta (ER-p) in the hypothalamus. We also measured circulating
plasma concentrations of the stress-associated hormone corticosterone and the parental care-
associated hormone prolactin. We also quantified prolactin gene (PRL) expression changes in the
pituitary, as well as prolactin receptor (PRLR) expression in the hypothalamus and pituitary. We
found that single mothers and fathers maintained similar provisioning levels as paired parents,
but spent less cumulative time brooding chicks. Chicks of single parents were smaller than
paired-parented chicks after three days post-hatch. Mothers in both treatment groups experienced
higher expression of hypothalamic GR as compared to fathers. Single parents experienced lower
PRL gene expression in the pituitary as compared to paired parents. No significant differences
were found for the circulating hormones or other genes listed.

Keywords: parental care, hypothalamus, pituitary, hypothalamus-pituitary-adrenal axis, prolactin



Introduction

Biparental care is a common reproductive strategy in birds, and it likely reflects the high
energetic demands of rearing rapidly-growing offspring (Burley and Johnson, 2002). In species
exhibiting biparental care, loss of one parent can be detrimental to both the remaining parent and
offspring (Banerjee et al., 2012; Chary et al., 2015; Helmeke et al., 2009; Rogers and Bales,
2019). While this topic has become a popular area of investigation, there is a dearth of
knowledge regarding how single mothers and single fathers alter their behavior following the
loss of their opposite-sex partner. Similarly, very little is known about the physiological response
of these single parents following the loss of their mate. A general phenomenon reported across
multiple species, including burying beetles, fish, mammals, and birds, is that single parents can
behaviorally compensate for the loss of a partner, (e.g. Parker et al., 2015; Pilakouta et al., 2018;
Silverin and Wingfield, 1998; Wang and Novak, 1992; Zhao et al., 2019). An illuminating study
conducted with insects revealed transcriptome-wide, sex-specific gene expression differences in
the brains of male and female single parent burying beetles (Nicrophorus vespilloides) as
compared to their paired counterparts (Parker et al., 2015). However, little is understood
regarding how and why these changes manifest in biparental vertebrate species.

We experimentally examined whether sex-biased behavioral and physiological effects
occur in both single fathers and single mothers in a biparental avian species in which both sexes
pseudo-lactate to feed their young. Mammalian studies have historically dominated the neural
landscape of vertebrate parental behavior investigations (e.g. Dulac et al., 2014; Saltzman et al.,
2017; Zhao et al., 2019). However, the physiological events involved in gestation and lactation
are highly sex-biased in that only females can gestate and, later, provision offspring via lactation.

In order to control for the physiological complexities that surround gestation and lactation, we



conducted our investigations using the biparental species of the rock dove (Columba
livia)(pigeon). All avian species lay eggs, with embryo development occurring external to the
body. Rock doves exhibit a biparental strategy in that both mother and father incubate their eggs
until hatch. Rock doves also exhibit a lactation-based parental care strategy in that they, like
mammals, ‘lactate’ to feed their young (Chadwick, 1983; Gillespie et al., 2011; Gillespie et al.,
2012; Horseman and Buntin, 1995). However, unlike mammals, both sexes lactate. This pseudo-
lactation, more precisely termed crop milk production, consists of the production of cells that
proliferate and detach from the inner lining of the crop sac of both sexes, creating a fat- and
protein-rich milk-like substance on which they rear their chicks. Many functional similarities
between rock dove and mammalian lactation exist, including the mediation of this event by the
hormone prolactin (Austin et al., 2021b; Buntin, 1996; Dumont, 1965; Farrar et al., 2022a; Leash
etal., 1971), and the delivering of essential immunoglobulins and nutritional benefits to young
(Gillespie et al., 2012). Upon the death of a partner, the surviving male or female parent will
continue to care for chicks alone, and without re-pairing until chicks have fledged (Booth et al.,
2018; Burley, 1980). For all of these reasons, the rock dove presents us with a rare and powerful
opportunity to examine sex-specific behavioral and physiological changes of single parenting in
a biparental species.

We hypothesized that rock dove single parents experience sex-biased changes in neural
genomic transcription and reproductive behaviors, and these changes are related to chick
development. To investigate the physiological and behavioral similarities and differences of
conspecific male and female parents upon their transition to a single parenthood state, we
experimentally removed either the male or female parent permanently from a nest. To determine

the behavioral responses to mate loss and single parenthood, we measured key parental care



behaviors that included brooding, feeding, and parental recesses from the nest and compared
them between single and paired birds. In altricial birds like rock doves, brooding behavior is
required during early development because young chicks cannot thermoregulate (Hetmanski and
Wolk, 2005). However, brooding parents cannot forage while they are warming nestlings, which
requires parents, particularly single parents, to make trade-offs. The number of feeding bouts and
nest recesses (time away from the nest) also help to provide information about how much parents
invest in their offspring. Additionally, we measured offspring condition and size.

On day 5 post-hatch, we collected tissues from the single-parent experimental group and
paired-parent control group. We measured the hypothalamic and pituitary gene expression of
single parents and compared it to that of single parents of the opposite sex, as well as that of their
same-sex paired counterparts. The genes we pinpointed for investigation are well known
mediators of the stress response, reproduction, and their associated behaviors, are expressed in
tissues vital for regulating these behaviors, and appear to be highly conserved in vertebrates
(Buntin, 1996; Calisi et al., 2018; Calisi et al., 2008): mineralocorticoid receptor (MR),
glucocorticoid receptor (GR), estrogen receptor beta (ER-£), prolactin (PRL) and prolactin
receptor (PRLR). Circulating corticosterone (CORT) in the plasma binds to its nuclear receptors,
including MR and GR, in the hypothalamus as part of an endocrine cascade that influences
subsequent behavior and physiology (De Kloet et al., 1998). CORT naturally increases during
breeding, and in response to a stressor, it collaborates with other stress-associated components of
the '"HPA'" axis, involving the hypothalamus, pituitary, and adrenal glands. This collaboration
triggers the emergency life history stage, prioritizing individual survival over reproduction
(Wingfield and Sapolsky, 2003). Additionally, an increase in ER-f expression in the

paraventricular nucleus (PVN) within the hypothalamus can result in the depression of the stress



response (Handa et al., 2012; Lund et al., 2006). Prolactin, an important hormone in mediating
parental care behaviors (Austin et al., 2021b; Chastel et al., 2005; Farrar et al., 2022b; Smiley,
2019), is secreted by the pituitary. PRL receptors (PRLR) in the pituitary and hypothalamus play
a pivotal role in facilitating parental behaviors and maintaining crop milk production in
Columbid species (Farrar et al., 2022a; Smiley and Adkins-Regan, 2016). Our findings reveal
sex-biased physiological and behavioral phenotype plasticity as a result of single parenthood
within a biparental avian species.
Material and Methods
Animal Care

Birds were housed at the University of California, Davis in large and covered outdoor
aviaries (5°x4°x7’), protected from inclement weather (e.g. major storms, harsh winds, sleet, hail,
extreme heat, etc). All birds were captive-bred. As rock doves are a naturally social species, an
average of 8 reproductively experienced pairs were housed in each aviary. The pairs were
allowed to form naturally on their own after introduction into a given aviary. All birds were
sexually mature, determined by the occurrence of at least one prior nesting event, and 1 to 2
years old. Along with natural light exposure, the aviaries also had artificial lights set to 12L.:12D
to help control for any daylight fluctuations. 16 nest boxes (13.5’’x15°’x13.25"”) were offered in
each aviary to birds in which to choose their nest. Birds were maintained on an ad libitum diet of
whole corn (Farmers), commercial poultry food (Farmers Best Turkey/Game Bird Starter
Crumbles), grit (Winner’s Cup Pigeon Grit), and water. All husbandry procedures and
experimental protocols were approved by the UC Davis Institutional Animal Care and Use

Committee (IACUC) (Protocol #18895) and have been successfully used in our lab to measure



rock dove reproduction (Calisi et al., 2018; MacManes et al., 2017; Austin et al., 2021a, Austin
et al., 2021b).
Experimental Design

On the day of hatching in the morning (0800-1100) (considered day 1 post-hatching), one
parenting partner was removed from our treatment group to create a single-mothered or single-
fathered nest (Figure 1-1A). Paired control nests were left with the parenting pair intact. The
parents in each treatment group were then left to care for their offspring for 4 days before tissue
collection on day 5 post-hatching. Rock doves normally have broods of 1 to 2 chicks.
Chick Morphometrics

The mass, gram, (using an electronic scale) and tarsus length, mm, (using analog
calipers) of the chicks were measured over the course of the study to determine differences in
nestling growth as a proxy of parental provisioning. These measurements were collected in the
morning (0800-1100) in an adjoining room. The measurements from the chicks were collected in
less than 5 minutes to decrease handling stress to the chicks and stress to the parents (e.g.
Wingfield, Vleck, and Moore, 1992; Wingfield, O'Reilly, and Astheimer, 1995). Chicks were
measured on days 1, 3 and 4-post hatching. Sample sizes of chicks per treatment group were as
follows: single-mothered nests (n= 10 chicks, from 7 nests), single-fathered nests (n=17 chicks,
from 10 nests), and paired-parented control (n=13 chicks, from 9 nests). There were 4 single-
mother nests, 3 single-father nests, 5 paired-parent nests with one chick nests and 3 single-
mother nests, 7 single-father nests, 4 paired-parent nests with two chicks nests.
Behavioral Scoring

Six-hour videos of single and paired parents were recorded on day 4 post-hatching (the

day before tissue sample collection). Handheld video cameras (Sony HDR-CX440 and Canon



VIXIA HF R800) on tripods were used to record the behavior of the parents on the nest from the
late morning to late afternoon. The video cameras were set up between 1030 and 1100. Time
spent brooding, feeding, and away from the nest were scored using the program BORIS (Friard
and Gamba, 2016). Scorers were blind to whether or not a single-parented nest was a single-
mothered nest or a single-fathered nest. To identify the single parent or the parents in our paired-
parent treatment group in each nest, the parents were identified via unique colored leg-band
combinations and/or unique colored sharpie markings on their head and/or wings. Brooding was
defined as the time that parents were actively sitting on the offspring. Feeding was defined as the
time when the parent would regurgitate crop milk to their offspring. Off, or “away from the
nest”, was defined as the time the parent was off the nest and away from the chicks, including
perching at the edge of the nest-box. In instances involving nests with paired parents,
simultaneous execution of parenting behaviors, such as concurrent chick brooding, did not occur.
The total duration of each behavior was calculated in minutes across a six-hour period.
Additionally, the cumulative time spent by paired mothers and fathers in both brooding and
feeding activities was combined for comparison against single-mothered and single-fathered
nests. Moreover, the cumulative time spent on all the scored behaviors was separately compiled
for paired mothers and fathers, aiming to identify potential shifts in behavior among single
mothers and/or single fathers. For comprehensive information, refer to the statistical methods
section.
Tissue Collection

Our experiment occurred over 24 consecutive months, from 2016-2018, which was the
length of time needed to acquire the following sample sizes: 8 single mothers, 9 single fathers, 9

paired mothers, and 8 paired fathers. One paired father was removed from the study because it



was not collected at the same time as its paired mother counterpart; thus, exposure to a stressor
(human disturbance within the cage and capture of its mate) could have influenced results.
Tissue collections always occurred between 0800-1200, and birds were humanely euthanized
within three minutes of entering the aviary using an overdose of isoflurane anesthesia prior to
decapitation (MacManes et al., 2017). Trunk blood was immediately collected and placed on ice
for 2 hours or less until being transferred to our nearby lab and centrifuged at 4°C for 10 minutes
to extract plasma for hormone assay. Plasma was then stored at -80°C until assayed. Brains and
pituitaries were also collected and immediately flash frozen on dry ice, then transported to the
lab within 2 hours and stored at -80°C until further processing was performed. Following
methods from Calisi et al (2021a; 2018; 2017), hypothalami were punch-biopsied coronally in a -
20°C cryostat (Leica CM 1860) at 100uM and stored in RNAlater at -80°C. In brief, a stereotaxic
atlas of the pigeon brain was used to confirm the identity and location of the hypothalamus,
using the bifurcation of the septopallio-mesencephalic tract and the cerebellum or
supramamillary nucleus as landmarks (Karten and Hodos, 1967; Kuenzel and van Tienhoven,
1982) (Figure 1-1B). Lateral septum tissue attached to the hypothalamus was also collected.
Quantitative PCR

Before beginning RNA extraction, an average of 35 mg (z 8.7) of hypothalamus tissue or
8 mg (z 2.6) pituitary in RNALater was washed with 1X phosphate buffered saline (PBS) three
times. After the washing procedure, the RNA was then extracted from the tissue using a Direct-
zol RNA MiniPrep kit (Zymao research, California) using a modified protocol for lipid-rich
tissues (Farrar and Calisi, 2022b), similar to previous work in our research group (Farrar et al.,
2022a; Farrar, Morales Gallardo and Calisi, 2022c). We measured RNA purity and concentration

using a NanoDrop 2000c (Thermo Scientific, Massachusetts). We did not use samples with a



260/280 reading of 1.67 or below and a 260/230 reading of 0.79 or below. Extracted RNA was
then treated with DNase (Perfecta DNase, Quanta Biotech, Massachusetts) to remove any
genomic DNA contamination. DNase-treated RNA was converted into cDNA using the gScript
cDNA synthesis script (Quanta Biotech) and samples were diluted 1:5 for gPCR.

cDNA samples were run in triplicate using species-specific primers (see Table 1-1).
Reactions (10 pL total) included 1 pL cDNA template (diluted 1:5), 5 uL. 2X SSOAdvanced
SYBR Green PCR mix (BioRad, California), and 10 pM of each primer. Reactions were run on a
BioRad CFX384 qPCR machine under the following cycling conditions: 50°C for 2 min, 95°C
for 10 min, and then 40 cycles of 95°C for 15 sec and 60°C for 30 sec. Reference genes, rpl4 and
ACTB were used for hypothalamic tissue and HPRT1 and rpL4 were used for pituitary tissue
(Zinzow-Kramer et al., 2014). Because we did not find significant differences in mean reference
gene expression between the treatment groups for the hypothalamus or pituitary (see Results for
details), we were able to quantify the relative expression of each gene of interest relative to the
geometric mean of the reference genes using the ddCt method (Livak and Schmittgen, 2001;
Mayer et al., 2019). Normalized expression (dCt) was calculated as the average Ct value between
technical replicates of each gene minus the geometric mean of the reference genes for each
sample. We calculated relative expression (ddCt) as the normalized value (dCt) minus the dCt of
a randomly chosen paired female control. Fold change (Rq) was then determined (2-99t), We
then obtained a normalized Rq value by dividing Rq by the average Rq value of the paired

female treatment group.
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Hormone Assays

Corticosterone Assay

Circulating concentration of CORT was quantified (ng/mL) using radioimmunoassay as
described by Wingfield et al. (1992). The method specifically for measuring corticosterone in
rock doves is described in detail by Austin et al (2021a, 2021b). Final hormone values were
corrected using the individual recovery and volume correction for each sample. Mean recoveries
were 80.69% (sd = 4.36) and 84.32% (sd = 4.43). Intra-assay variations ranged from 3.31-3.77
and inter-assay variations were 2.94 (sd = 2.94). The mean for the detection limits of the assays
was 8.90 and 8.52 pg per tube.

Prolactin Assay

The circulating concentration of prolactin was determined using a competitive enzyme-linked
immunosorbent assay (ELISA) designed by Dr. Zhiyong Wang (ADS Biosystems) (Wang,
Farrar, and Calisi, 2022; Farrar, 2022c). In brief, goat anti-rabbit antibody from Jackson
ImmunoResearch (Cat#111-005-003 stock at 2.3mg/ml) was diluted 1:2000 in 1xPBS (prepared
with 10xPBS solution, Affymetrix 75889). 0.1 mL was added into each well of an ELISA plate
(Nunc MaxiSorp) and incubated at 4°C for 24 hours. The plate was then washed with 1xPBS
with 0.05% Tween20 (Sigma-Aldrich) four times, and then blocked with 0.4% Casein and
0.4xPBS (diluted from Casein and 1xPBS buffer from Biorad, #161-0783) at room temperature
for 2 hours. The plate was washed again with 1xPBS with 0.05% Tween20 for 4 times each. Bird
plasma was diluted 1:5 in assay buffer (0.4%Casein+0.4xPBS+0.05% Tween20) and then added
to the designated wells along with the standards. Biotinylated PRL tracer (20ng/ml, diluted with
assay buffer) was then added, and then rabbit anti-chicken PRL antibody (1:20000, diluted with

assay buffer, stock was 0.05 mg/mL) provided by A.F. Parlow and the National Hormone and
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Peptide Program (NHPP, Torrance, CA). The plate was then incubated at 4°C overnight. The
next day the plate was washed with 1xPBS with 0.05% Tween 20 four times, and then
streptavidin horseradish peroxidase was added (1:5000 diluted with assay buffer, stock was
1mg/mL) (Jackson ImmunoResearch, #016-030-084) and incubated at room temperature for two
hours. The plate was then washed with 1xPBS with 0.05% Tween20 four times. TMB
(BioLegend, #421501) substrate was added to each well and incubated in the dark for 15
minutes. H2SO4 at 0.18M was then added to stop the reaction, and the plate was read with a
BioRad iMark microplate reader at 450 nm, with 580 nm as the background. All samples were

tested on the same plate. The intra-assay CV was 4.6% (sd = 3.4).

Statistical Analysis

The R statistical language (version 3.6.0) was used for all statistical testing (Wickham
and Grolemund, 2017). We used the packages ‘tidyverse’, ‘car’, ‘cowplot’, ‘effsize’, ‘effectsize’,
‘Ime4’, ‘emmeans’ and ‘extrafont’ for data analysis and plotting. All data in terms of the
covariables described below were checked for homogeneity of variance (Levene’s test for
homogeneity of variance). If the variance was significantly different in terms of a given
covariable, then the response variable data was rank-transformed. We included brood size (one-
chick nest, two-chick nest) in our models as a covariable to account for any variation that could
be attributed to variation in broods. Unless otherwise noted in the results section, there were no
significant differences related to brood size for the response variables measured. Our alpha level
was 0.05 and all tests were one-tailed. All findings (Figures 2-6) are presented in the form of

standard boxplots.
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Chick Analysis:

To assess the relationship between chick size and covariables, two distinct analyses of
variance (ANOVA) tests were employed, utilizing the effect size measure Eta Squared. These
analyses sought to examine the impact of treatment groups (comprising paired-parented nests,
single-mothered nests, and single-fathered nests), nest types (encompassing paired-parent nests
and single-parented nests), and brood size on chick size. One ANOVA test included the
covariables treatment and brood size, and the other included nest-type and brood size. This had
to be done because nest-type was an aliased coefficient with treatment groups. Tukey multiple
comparisons of means was used for post-hoc analysis (effect size test: Cohen’s d test). Since
pigeon chicks hatch asynchronously, a two-sample t-test (effect size test: Cohen’s d test) was
used to compare size of the first hatched chicks to the second hatched chick of two chick nests.
An ANOVA test was also used to determine if there was an interaction between chick-hatching
order and nest-type. A two-sample t-test was also used to compare the size of paired-parented
and single-parented one-chick nests. These last three analyses were only performed in terms of
nest-type due to sample size constraints.

Adult Analysis:

In the domain of adult examination, our analytical models were designed to juxtapose
response variables against several factors: treatment groups, specifically paired mothers, paired
fathers, single mothers, and single fathers; nest types, including paired-parent and single-parent
configurations; individual sex; and brood size. A linear mixed-effects model was used to
compare response variables to treatment group and brood size, using Type 1l Wald F tests with

Kenward-Roger degrees of freedom (effect size test: Eta Squared). Given the inherent
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interdependence of paired mothers and fathers, we introduced PairlD as a random effect within
the linear mixed-effects model. Computed estimated marginal means (least-squares means) with
a Tukey adjustment was used as a post-hoc analysis (effect size test : Cohen’s d test). An
ANOVA test was used to compare response variables with nest-type, sex, and brood size.
Similar to the situation with the chick analysis, these two types of analyses had to be conducted
because nest-type and sex were aliased coefficients with treatment groups. In addition, nest-type
and sex were analyzed as separate covariables because there was a significant interaction
between nest-type and sex in terms of the behaviors scored in the parents (brooding ((rank-
transformed) F1,10 = 12.6, p < 0.05, ?= 0.40), feeding (F1,10 = 5.7, p < 0.05, 2= 0.23), and time
spent off the nest ((rank-transformed) F110 = 20.0, p < 0.05, #?=0.51).

The analysis described in the prior paragraph were the methods used in general, but in the
case of the parental brooding and feeding behavior, three models were used. One mixed-effects
model described in the last paragraph was used to ascertain if there were any differences between
how much paired mothers, paired fathers, single mothers and single fathers exhibited brooding
and feeding behaviors (this analysis kept cumulative time for paired mothers and fathers
separate). Two ANOVA models were used to assess how much parental attendance the chicks
were receiving for each treatment group (paired-parented nest (cumulative time of paired
mothers and fathers added together), single-mothered nest, single-fathered nest), nest-type
(paired-parented nest, single-parented nest.) and brood size. These analyses were similar to the
ones described in the “Analysis 