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Elevated yolk progesterone has been shown to impair prenatal, but facilitate 

postnatal auditory learning in bobwhite quail chicks. Elevated yolk testosterone has 

facilitated prenatal learning, but its effects on postnatal auditory learning in quail are 

unknown. Either testosterone or an oil vehicle was injected into bobwhite quail eggs prior 

to incubation. Control eggs were unmanipulated. Following hatching, chicks were 

exposed to a conspecific maternal call (A or B) for 240 min. At 48 hr, chicks were tested 

for their preference for the familiarized vs. novel call. All groups demonstrated a 

preference for the familiar call (p < .05), but minimal between group difference were 

found. Contrary to previous research, elevated yolk testosterone neither facilitated nor 

impaired postnatal auditory learning in bobwhite quail chicks. Further research will 

examine underlying mechanisms responsible for differential effects and explore if similar 

systems are involved in other species-typical processes such as social motivation.
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INTRODUCTION 

Fetal Programming 

Early development is critical in an individual’s life as the embryo experiences 

rapid morphological, physiological, and behavioral changes that help determine offspring 

phenotype (Lickliter, 2007). Gilbert Gottlieb designed a series of experiments that altered 

the type, timing, and amount of sensory stimuli that ducklings have prior to hatching in 

order to examine the impact of prenatal experiences on species typical behaviors. Duck 

chicks that were deprived of their own and broodmates’ vocalizations, did not 

demonstrate a preference for a species-specific maternal call (Gottlieb, 1978,1987; 

Lickliter, 2007). This suggests that species-specific behaviors are actually developed 

during individual ontogeny rather than resulting from a predetermined genetic template 

(Lickliter, 2004, 2007), and these developmental processes can be modified by external 

factors. While the accelerated developmental changes that the fetus undergoes is vital for 

normal development, these changes can also leave the organism vulnerable. Abnormal 

experiences that disrupt species-typical development can either exert short-term, 

immediate effects or long-lasting impacts that persist across the life-span. Some have 

used the term fetal programming (Davis & Sandman, 2010; Glover, 2011) or the 

Developmental Origins of Health and Disease (Nathanielsz, 2006; Wadhwa, Buss, 

Entringer, & Swanson, 2009) to describe a phenomenon in which an adverse event during 

prenatal development can imbue these long-term effects. The embryo’s development is 
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tightly linked to maternal environmental factors due to the symbiotic nature facilitated by 

the placenta (Costa, 2016; Nguyen, Conley, Soboleva, & Lee, 2012). These influences 

are often responsible for regulating whether the growing fetus develops normally and 

stays in good physical health.  

Many studies have demonstrated that maternal psychological and physiological 

stressors during gestation can put their young at an increased risk for developing 

psychopathologies later in life (Glover, 2011).  In humans, prenatal undernutrition due to 

poor maternal diet has been linked to both low birthweight in infants and metabolic 

disorders such as heart disease in adults (Wadhwa et al., 2009). Edlow (2017) has 

suggested that there is a strong association between maternal obesity and a heightened 

risk in offspring for a range of neurodevelopmental disorders including: cognitive 

impairments, autism spectrum disorder, cerebral palsy, and eating disorders. Higher 

levels of maternal anxiety during early pregnancy has been implicated in negative infant 

temperament, poor emotion regulation in children (Thomas, Letourneau, Campbell, 

Tomfohr-Madsen, Giesbrecht, & APrON Study Team, 2017), and impaired executive 

function during preadolescence (Buss, Davis, Hobel, & Sandman, 2011). Maternal 

reports of antenatal negative psychological state and high stress have been shown to 

impact children’s cognitive performance and impede language development (Laplante et 

al., 2004). Additionally, researchers have found that maternal depression during gestation 

may influence fetal cortico-limbic neurodevelopment (Qiu, et al., 2017), predict immune 

dysfunction in offspring during adulthood (Plant, Pawlby, Sharp, Zunszain, & Pariante, 

2016), and negatively impact fetal growth rates, while increasing the risk of preterm 

delivery (Diego, et al., 2009; Field & Diego, 2008). 
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Animal Research 

Animal research has also supported the significant role that maternal influences 

appear to play on the development of offspring phenotype. Furthermore, the use of 

animal models has provided us with a better understanding of the underlying mechanism 

responsible for fetal programming (Nathanielsz, 2006) and can be used to elucidate 

relevant concerns in clinical populations (Lickliter, 2004). Animal models of maternal 

diet-induced obesity have demonstrated that their young display spatial memory deficits, 

increased hyperactivity and anxiety, and neuroanatomical differences (Edlow, 2017). She 

suggests that some potential mechanisms that underlie these neurodevelopmental 

morbidities include: dysregulation of dopaminergic and serotoninergic neural pathways, 

perturbations in long term potentiation and synaptic plasticity, oxidative stress, and 

chronic inflammatory responses. Animal studies have also provided evidence to suggest 

that nutrient restriction in utero can lead to a multitude of negative developmental 

outcomes seen later in life including heightened blood pressure, diabetes, obesity, and 

altered stress responses (Nathanielsz, 2006). Similarly, research has demonstrated that 

alterations in timing of normally occurring sensory stimulation during prenatal 

development can interfere with auditory learning in quail (Foushée & Lickliter, 2002; 

Honeycutt & Lickliter, 2003). 

Maternally-Derived Hormones 

While there are a multitude of adverse events that can occur perinatally which 

exert long-term influences, this study will specifically focus on the impact of maternally-

derived hormones. Exposure to elevated steroidal hormone levels during gestation has 

been shown to have long-term effects on offspring development. In mammals, the 
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placenta plays an important role in synthesizing maternal hormones for the developing 

embryo to utilize during gestation (Costa, 2016; Nguyen et al., 2012). Additionally, 

several maternal hormones, including cortisol, can easily cross the placenta, exerting 

direct influences on fetal development (Field & Diego, 2008). This function is essential 

for normal development, so perturbations in this process can leave the fetus vulnerable. 

Most research has focused on the role that glucocorticoids, stress hormones, play in fetal 

programming as they are vital for typical development and tightly connected to the stress 

response system (Davis & Sandman, 2010). It is possible that exposure to elevated 

cortisol during gestation may be responsible for mediating the relationship seen between 

maternal psychological distress and poor infant developmental outcomes (Diego et al., 

2009; Field & Diego, 2008).  

Drake, Tang, and Nyirenda (2009) suggested that embryonic exposure to maternal 

stress appears to mimic the same developmental pathways that have been attributed to 

undernutrition in the fetal programming hypothesis. This is evidenced by metabolic, 

cardiovascular, and behavioral disorders seen in adulthood, resulting from heightened 

prenatal glucocorticoids in animal models. For example, elevated embryological cortisol 

levels in zebrafish has been shown to produce cardiovascular defects after hatching, due 

to the suppression of genes necessary for cardiac morphogenesis (Nesan & Vijayan, 

2012). In humans, researchers have found elevated prenatal cortisol to be negatively 

associated with fetal weight and the only predictor of weight, when controlling for other 

factors such as maternal stress, anxiety, and depression (Diego, et al., 2006). 

Additionally, previous literature has demonstrated that elevated maternal cortisol during 

pregnancy can influence neural system development (Davis, Head, Buss, & Sandman, 
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2017) and have long-term impacts on cognitive function in both humans (Davis & 

Sandman, 2010; Glynn & Sandman, 2011) and animals (Zeng, Brydges, Wood, Drake, & 

Hall, 2015). These findings suggest that exposure to elevated maternal glucocorticoids in 

utero of either endogenous or exogenous origin are capable of shaping physiological and 

behavioral phenotypes in offspring.   

Several researchers have investigated how elevated maternal stress hormones 

during gestation can exert fetal programming effects (Davis & Sandman, 2010; Drake et 

al., 2009; Zeng et al., 2015); however, fewer have focused on the influence of other 

elevated maternal hormones on species-typical behavior. Elevated antenatal progesterone 

has been shown to impact sexual orientation in humans (Reinisch, Mortensen, & Sanders, 

2017) and affect auditory learning in quail (Herrington, Rodriguez, & Lickliter, 2016; 

Herrington, Vallin, & Lickliter, 2015). In mice, heightened maternal estradiol was linked 

to thyroid dysfunction in offspring due to the upregulation and abnormal DNA 

methylation of Pax8, which resulted in irregular thyroid hormonal secretion (Lv et al., 

216). Elevated maternally derived testosterone in utero has been associated with the 

determination of gender-related development (Hines, Constantinescu, & Spence, 2015), 

anxiety-like behaviors (Hu et al., 2015), and hypertension related to intra-uterine growth 

restriction (Sathishkumar, Elkins, Yallampalli, Balakrishnan, & Yallampalli, 2011) in 

adult offspring. Additionally, Bertin et al. (2015) found that elevated yolk testosterone, 

progesterone, and estradiol resulted in less emotional reactivity and object neophobia in 

chickens. These findings suggest that enhanced hormone levels during embryological 

development might be related to a reduced fear response and better coping strategies in 

novel environments.  
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Neuroprotective Qualities 

Not all maternal experiences exert negative effects on their young. In fact, some 

exhibit neuroprotective qualities that aid them later in life. Adult offspring of dams that 

had folic acid supplementation during gestation, displayed a more resilient inflammatory 

response in a ketamine induced rat model of schizophrenia (Canever et al., 2017). 

Another study proposed that exposure to elevated testosterone in utero might protect 

post-pubescent males from developing eating disorders (Culbert, Burt, Sisk, Nigg, & 

Klump, 2014). This has been suggested as a potential reason for why men are less likely 

than women to develop eating disorders. Developmental timing is also an important 

factor to consider. Researchers have found that elevated maternal cortisol early in 

gestation is associated with impaired cognitive performance; however, the same effect 

later in gestation can facilitate cognitive abilities in children (Davis & Sandman, 2010). It 

is possible that enhanced maternal hormones may result in a trade-off between 

physiological and behavioral characteristics (Parolini et al., 2017) rather than exerting a 

strictly beneficial or negative effect. Some have suggested that the experiences in utero 

that alter development may be positive or negative depending on the postnatal 

environment (Glover, 2011; Nathanielsz, 2006). The predicted adaptive response (PAR) 

posits that it is an imbalance between what the prenatal environment prepared for and 

what the offspring actually experiences that leads to maladaptive developmental 

outcomes. Taken together, previous research has demonstrated that prenatal development 

is vital time period that is sensitive to maternal experiences and hormone levels, which 

can either aid or hinder their expression of species-typical behaviors.  
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Avian Model 

In mammals, maternal hormone levels have a direct influence on the developing 

fetus (Field & Diego, 2008; Nguyen et al., 2012). In birds, yolk steroid hormones are also 

derived from maternal origin during egg formation, but there is some debate as to how 

much control hens exert over this process and what the underlying mechanisms are 

(Groothuis & Schwabl, 2008; Moore & Johnston, 2016). Hormones are produced in 

different cell layers surrounding the oocyte (Groothuis & Schwabl, 2008), and the yolk is 

deposited in three layers with each layer possibly corresponding to differential maternal 

hormone concentrations at that time (Moore & Johnston, 2016). This suggests that 

maternal experiences prior to deposition of the egg may result in systematic hormonal 

influences throughout embryonic development. Schwabl (1993) used radioimmunoassay 

methodologies to determine that not only are yolk hormones of maternal origin, but their 

concentration varies between species, clutches, and laying order within a clutch. Research 

has found that maternal environmental factors during egg formation such as stress, social 

instability, and availability of resources can modify yolk steroid concentrations in 

Japanese quail (Bertin et al., 2015). This was also found to be true when white leghorn 

chickens were exposed to a moderate stressor, heat (Bertin et al., 2013). The elevated 

temperature had no impact on laying rate or maternal corticosterone levels, but it did lead 

to lighter eggs with higher yolk steroidal concentrations. Once the hen lays her eggs, the 

embryo is no longer reliant on maternal metabolic contributions. This natural biological 

process allows for experimental manipulations of hormone concentrations in a controlled 

manner and the ability to directly measure their influence on offspring phenotype.  
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 Birds, in particular, have proven to be a good model for studying embryonic 

development due to the accessibility of the egg to a multitude of experimental 

manipulations (Kulesa, McKinney, & McLennan, 2013; Smith, Flentke, & Garic, 2012). 

Advances in cell fluorescence labeling and in vivo imaging techniques have allowed 

researchers to learn the dynamic role that molecular mechanisms in cell formation and 

migration interact to form functional embryonic structures (Kulsea et al., 2013). The 

visualization of these processes has provided many insights into how both typical and 

abnormal development evolves over gestation. This ability also highlights the potential 

clinical relevance of the avian model. Smith et al. (2012) has suggested that the avian 

model has several advantages for use in developmental toxicological studies. The 

uniformity in size and self-containment capability provided by the egg shell, enables 

dosage control without disrupting the typical delivery of yolk nutrients during embryonic 

development. This permits researchers to modify hormones while bypassing the maternal 

metabolic contributions via placental transport, giving them the ability to only examine 

the direct effect of the manipulation on species-typical development (Smith et al., 2012). 

This study intends to expand on these findings by investigating how elevated yolk 

androgens impact the species-typical maternal call preference in a precocial avian model 

using Northern bobwhite quail (Colinus virginianus) chicks.  

Elevated Testosterone. Specifically, this study will focus on the impact of 

elevated testosterone that is still within the normally occurring range to mimic a 

naturalistic maternal influence. Previous research has found elevated yolk testosterone to 

be related to sexually dimorphic behaviors (Hines et al., 2015). However, Schweitzer, 

Goldstein, Place, and Adkins-Regan (2013) propose that maternal hormones might 
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influence socio-sexual behavior, but they are not responsible for primary sexual 

differentiation characteristics. Instead, higher levels of testosterone might lead to male 

demasculinazation (Schweitzer et al., 2013), while estrogen in females is responsible for 

sexual differentiation (Possenti et al., 2016). Others demonstrated that Japanese quail 

chicks treated with elevated yolk testosterone displayed a more proactive phenotype 

rather than a reactive one, exhibited by controls (Daisley, Bromundt, Möstl, & Kotrschal, 

2005). This was evidenced by chicks displaying less anxiety-like behaviors, neophobia, 

and social dependency as well as a dampened stress response. 

Researchers have also shown that higher concentrations of yolk testosterone may 

result in some physiological differences such as body mass. Some have found that 

testosterone treated birds have a larger body mass than controls (Bertin, Richard-Yris, 

Möstl, & Lickliter, 2009); others found this to be true only in females not males 

(Schweitzer et al., 2013). Another study demonstrated that testosterone only differentially 

impacted weight based on laying order (Possenti et al., 2016), while no differences in 

chick mass between groups has also been reported (Bertin et al., 2015). Investigators 

have seen that some physiological differences are evident as early as prenatal 

development in yellow-legged gulls (Parolini et al., 2017). They found that testosterone 

treated embryos were heavier, but had smaller brains in comparison than controls. 

Additionally, this trend was differentially affected based on laying order. These findings 

suggest that elevated yolk testosterone can exert a variety of effects on both bird behavior 

and physiology, which are mediated by prenatal developmental mechanisms that prepare 

the embryo for later environmental challenges.  
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Auditory Learning in Quail. While others have examined the impact of elevated 

hormones on longer-term offspring phenotypes, few studies have investigated their role 

in species-typical behaviors that are expressed shortly after hatching. It has already been 

established that alterations in sensory stimulation during embryonic development can 

change chicks’ bias towards a conspecific maternal call (Gottlieb, 1978, 1987; Heaton, 

Miller, & Goodwin, 1978). Therefore, it is of relevance to understand if maternally 

derived hormones also play a role in this system and can interfere with species-typical 

auditory learning and memory in birds. To my knowledge, there have only been a few 

studies that have examined this relationship. Herrington et al. (2016) found that elevated 

yolk progesterone resulted in a stronger preference for a familiar maternal call heard 

postnatally in bobwhite quail hatchlings. However, progesterone appeared to hinder their 

prenatal auditory learning abilities (Herrington et al., 2015). These findings suggest that 

elevated progesterone might have differential impacts on auditory learning and memory 

depending on the time of the stimulus. Only one other study has used an avian model to 

investigate how elevated yolk testosterone affects perceptual learning in bobwhite quails. 

Results showed that testosterone promoted prenatal learning, with testosterone-treated 

chicks displaying a heightened preference for a familiar maternal call (Bertin et al., 

2009). This study aims to expand on the Bertin et al. (2009) study using Northern 

bobwhite quail to investigate if testosterone also facilitates perceptual learning 

postnatally or if it acts similarly to progesterone and exerts a differential effect. 

Objective and Hypotheses 

Taken together, previous research has demonstrated that the prenatal environment 

plays an important role in determining offspring phenotype in both humans and animals. 
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However, development is susceptible to both exogenous and endogenous influences 

mediated through the mother. Perturbations during this time can imbue effects on the 

developing embryo that can either be beneficial or maladaptive later in life depending on 

the circumstances. Elevated maternal hormones during gestation have been associated 

with impacting neurological, cognitive, and behavioral development, and the use of an 

avian model has allowed investigators to explore the underlying mechanisms in a 

controlled manner. Specifically, this study hopes to add to this existing body of research 

be examining how elevated yolk testosterone, within a naturalistic range, influences 

species-typical behavior on an auditory recognition task. In conjunction with previous 

studies (Bertin et al., 2009; Parolini et al., 2017), Even though there have been mixed 

results in the literature, I hypothesize that elevated testosterone will induce physiological 

differences in bobwhite quail. Specifically, I hypothesize that testosterone treated birds 

will have an increased body mass either on the day of hatching and/or 48 hours later 

compared to controls. I do not anticipate there to be any differences in performance or 

body mass between the control groups. In light of the three previous studies, it is unclear 

if testosterone will promote auditory learning regardless of stimulus timing or if the 

underlying mechanisms are similar to progesterone and differential effects will be seen. 

As a result, the focus of this study will be more exploratory rather than confirmatory. 

Regardless of results, this study will help us better understand how different maternally-

derived hormones influence perceptual learning and memory in quail neonates.  
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METHOD 

Subjects 

 This study used a sample of Northern bobwhite quail (Colinus virginianus) chicks 

that were divided into three different conditions: elevated testosterone (T), a sham 

vehicle-only control (V), and an unmanipulated control (C). Fertilized eggs were received 

weekly from a commercial supplier (Strickland, Pooler, GA), and were incubated in a 

GQF 1202E Sportsman incubator (Savannah, GA). Eggs were maintained at a 

temperature of 37.5 ± 0.5 °C with a relative humidity of 50-70%. After incubating for 21 

days, they were transferred to a temperature and humidity controlled GQF 1500 

Professional hatcher (Savannah, GA) where they were grouped together in corrals on 

hatching trays to differentiate exposure groups. Only chicks that hatched on day 23 were 

used. Hatchlings were weighed and then housed together in a clear, plastic rearing bin. 

Chicks from all three exposure groups were reared together to minimize any confounding 

social environmental variables. After hatching, they were fitted with small, colored bands 

(blue, orange, or green) to differentiate between the three conditions. The colored band 

associated with each group changed weekly. Chicks had access to food and water ad 

libitum and were housed in a rearing room with a maintained temperature of 

approximately 30 °C on a 12:12 light dark cycle. All study procedures were approved by 

the Florida International University’s Institutional Animal Care and Use Committee.  
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Egg Injections 

 The average endogenous yolk testosterone concentration in Northern bobwhite 

quails has already been determined to be 4.25 ± 2.04 ng/g of yolk (Bertin et al., 2009). 

The goal was to increase the yolk testosterone levels by two standard deviations allowing 

for a targeted concentration within a naturalistic range of variation. A sample of 30 egg 

yolks were weighed to confirm that their mass was similar to what was previously found 

by Bertin et al. (2009). Since, the average yolk mass (M = 3.65, SD = 0.37) did not differ 

between studies, we used the same concentration of 15.6 ng of testosterone suspended in 

20 µl of corn oil (vehicle) for each testosterone injection. 

 A sample of 268 eggs from two different batches were weighed to determine an 

average egg mass (M = 10.24, SD = 0.75). Only eggs that weighed between 9.49 and 

10.99 g were selected for the study. To minimize potential inter-batch variability, a total 

of 30 eggs that met the weight criteria were selected each week and were randomly 

assigned to each condition (T = 10, V = 10, and C = 10). Prior to injections, all eggs were 

cleaned, disinfected with 70% ethanol, and marked with their group assignment. Then a 

hole was bored at the top of the egg using a sterile 25-G needle. A solution of either 20 µl 

of corn oil (V) or testosterone in 20 µl of corn oil (T) was injected into the yolk using a 

50 µl Hamilton syringe mounted with a 25-G needle. In line with previous studies, the 

hole was sealed by gluing a small piece of disinfected eggshell over it (Bertin et al., 

2009). All eggs were left undisturbed for 30 min prior to placing them on the same tray 

and setting them in the incubator.  
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Postnatal Auditory Exposure 

 After hatching, chicks from all three conditions were placed together in a rearing 

bin and transferred to a sound attenuated stimulation room for 24 hr, where an individual 

conspecific maternal assembly call played from a small speaker placed beside their bin. 

They were exposed to one of two variants of maternal calls recorded in the field (Call A 

or Call B; Heaton et al., 1978), which were cleaned of background noise by the Borror 

Laboratory of Bioacoustics (Columbus, OH). The auditory stimulus played (Call A or 

Call B) was counterbalanced by week. The maternal calls differ in minor peaks of 

frequency and pitch but are similar in phrasing, frequency modulation, and repetition rate 

(Harshaw & Lickliter, 2007; Heaton et al., 1978), and the sound level was maintained at a 

maximum peak of 65 dB using a Sinometer digital sound level meter (Union City, CA). 

Either Call A or Call B was played on a repetitive loop for 10 min every hour for 24 hr, 

resulting in 240 min of total exposure time. Previous research has demonstrated that 

exposure to either Call A or Call B for 240 min is enough time to develop an auditory 

preference in bobwhite quail neonates (Herrington et al., 2015; Lickliter & Hellewell, 

1992). Importantly, chicks do not show a naive preference for either call variant 

(Honeycutt & Lickliter, 2001, 2002). After the 24 hr of intermittent postnatal auditory 

exposure, the rearing bins were transferred to a temperature and humidity controlled 

rearing room for an additional 24 hr. At 48 hr of age, chicks were tested for their 

preference of either the familiar or novel maternal call.  

Auditory Preference Task 

 Forty-eight hours after hatching, 197 chicks (T = 62, V = 66, C = 69) were tested 

on a simultaneous choice auditory preference task. Each hatchling was placed 
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individually in the middle of a circular arena (130 x 60 cm) within a room with a 

maintained temperature of 80 °F. Both the arena and the curtains surrounding the arena 

were white with no distinguishable characteristics. There was a fluorescent light above 

the arena and their behavior was recorded via a digital video camera mounted above the 

arena. There were small, concealed speakers at opposite ends of the arena that 

simultaneously played both the familiar maternal call (the postnatal auditory stimulus) 

and a novel maternal call (Call A or Call B). The sides that the calls were played from 

switched half way through testing. Both maternal calls were playing prior to the chick 

being placed in the arena and were calibrated to a maximum peak of 65 dB. In front of 

each speaker, there was a demarcated semi-circular approach area that was 5% of the 

total arena area. Each bird was placed individually into a small mesh box in the middle of 

the arena equidistant from both speakers. They were allowed to acclimate for 30 s prior to 

the box being lifted, and their behaviors were tracked for 5 min using Noldus Ethovision 

XT 8.5 software (Wageningen, The Netherlands). Each bird had one auditory choice 

preference trial. After testing, chicks were weighed again and returned to their bin with 

their broodmates.  

Data Analysis 

 To assess weight, a two-way independent ANOVA (2 x 3 design) was used to 

compare mean weights between the three conditions (T, V, and C) at two time points 

(hatch day and 48 hr). An independent design was used rather than a repeated measures 

design since the weights for the same subject were not tracked at both time points 

because the primary focus was on weight differences between groups rather than subject 

growth trajectories within groups.  
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In the maternal call preference task, latency to familiar approach area (in 

seconds), frequency of entries into each approach zone, and duration of time (in seconds) 

spent in each approach area were analyzed. Additionally, total distance moved (cm) while 

in the arena was analyzed to determine any gross differences in activity between groups. 

The durations of time spent in each approach zone were not independent measures; 

therefore, a proportion of total duration time (PTDT) score was calculated. The PTDT 

was calculated for each subject by taking the time spent in the familiar approach area 

divided by the total time spent in both zones. A PTDT above 0.5 indicated a preference 

for the familiar call, while a preference below 0.5 indicated a preference for the novel 

one. Zone entry frequencies were analyzed using a Chi-square analysis of contingency 

table test and subsequent goodness-of-fit tests. The assumptions for parametric statistics 

were not met for data on total distance moved, latencies, and PTDT. Therefore, Kruskal-

Wallis tests were used to examine between-group differences and Wilcoxon matched-

pairs signed-rank tests were used for within-group comparisons. For all analyses, 

subsequent post-hoc tests were used to determine group differences when applicable. 

Five subjects (T = 1, V = 2, and C = 2) were removed from the analyses due to being 

non-responsive during the auditory preference task. A subject was classified as non-

responsive if they did not enter either zone and did not move for more than three mins at 

the beginning of the task. Call preference analyses were performed on a total of 192 

chicks (T = 61, V = 64, C = 67).   
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RESULTS 

Physiological Differences 

 There was no evidence of a treatment effect on the number of eggs lost during 

incubation (development confirmed via candling), χ2(2) = 1.155, (p = .561). Similarly, 

after 21 days of incubation, there was no treatment effect on the number of birds that 

failed to hatch χ2(2) = 0.091, (p = .956). Hatching success rates for T, V and C groups 

respectively were 66.67%, 65.15%, and 68.18%. 

A two-way independent ANOVA (2 x 3 design) was performed to assess mass 

differences at hatching (N = 257) and 48 hr (N = 248) between T (N = 164), V (N = 160), 

and C (N = 181) groups.  Analyses revealed no significant main effect of treatment on 

mass F(2, 499) = 1.097 (p = .335) nor a significant interaction between group and time 

point F(2, 499) = 0.159 (p = .853). However, a main effect of time point approached 

significance F(1, 499) = 3.765 (p = .053) indicating that chicks were heavier on hatching 

day (M = 7.16, SD = 0.034) than 48 hr later (M = 7.07, SD = 0.035) regardless of group.  

Auditory Preferences 

 Wilcoxon within group comparisons revealed that T-treated (Z = 349, p < .001), 

V (Z = 668, p = .031), and C (Z = 486, p < .001) chicks spent significantly more time (in 

seconds) by the familiar call compared to the novel one (see Appendix A).  No significant 
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within-group differences were found in the latency to approach (in seconds) the familiar 

zone compared to the novel zone for any of the groups (p > .05 for all comparisons).  

 Kruskal-Wallis between group comparisons did not reveal any significant 

differences in total distance (cm) moved H(2) = 1.037, (p = .595), latency to familiar 

approach (s) zone H(2) = 0.324, (p = .851), and PTDT H(2) = 1.737, (p = .420, see 

Appendix B). A significant association between the number of zone entries and condition 

was found using Chi-square analysis of contingency tables χ2(2) = 23.092, (p < .001). 

Analysis of the contingency table revealed that T-treated chicks entered the familiar zone 

more (62.0%) than V (55.4%) and C (58.3%) groups and entered the novel zone less 

(38.0%) than V (44.6%) and C (41.7%) groups (see Appendix C). Goodness of fit chi-

square analyses did not find differences in familiar zone entries between groups χ2(2) = 

1.422, (p = .491), but did reveal significant differences in novel zone entries χ2(2) = 

31.443, (p < .001). Physical inspection of the data suggests that only T-treated chicks 

entered the novel zone less frequently than expected.  
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DISCUSSION 

This study investigated how elevated yolk testosterone, within a naturalistic 

range, can influence postnatal auditory learning of a maternal call in Northern bobwhite 

quail (Colinus virginianus) chicks. Results indicated that chicks in the testosterone (T), 

vehicle-only sham control (V), and unmanipulated control (C) groups all demonstrated a 

significant preference for a familiar maternal call. This was evidenced by chicks spending 

a greater duration of time (s) next to a familiarized maternal call compared to a novel 

variant in a simultaneous choice preference task. However, no differences in latency to 

familiar approach zone and proportion of total duration time (PTDT) scores were seen 

between groups. This suggests that learning occurred; however, elevated yolk 

testosterone neither facilitated nor impaired postnatal learning. In contrast, previous 

research found elevated yolk testosterone promoted prenatal learning of a maternal call 

(Bertin et al., 2009). This prenatal vs. postnatal learning relationship also differs from 

other studies in the lab, which reported that heightened yolk progesterone impaired 

prenatal learning (Herrington et al., 2015) and facilitated postnatal learning of a familiar 

call (Herrington et al., 2016). Taken together, these findings suggest that there may be 

some specificity in how different hormones affect perceptual learning and memory in 

bobwhite quail neonates, and developmental timing is an important factor to consider. 

More research is needed to uncover the underlying mechanisms responsible for these 

differential effects.  
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This study is not the first to discover the important role that developmental timing 

plays in learning and memory. In bobwhite quail, Lickliter and Hellewell (1992) found 

that 240 min of postnatal exposure time to a maternal call could elicit a preference at 48 

hr of age when chicks were raised in isolation, but not when they were raised in groups. 

They also found that chicks could demonstrate a preference for the call at 24 hr but not 

48 hr when they were exposed to the call prenatally for 240 min. Similarly, Herrington et 

al. (2015) found that half the time (120 min) prenatally was enough to elicit a preference 

for the call at 24 hr in control chicks; however, this preference was only seen in 

testosterone-treated chicks and not controls in Bertin et al.’s (2009) study. Lastly, a 

preference was seen at 48 hr after 240 min of postnatal exposure time in progesterone-

treated and vehicle only groups (Herrington et al., 2016). As discussed earlier, the present 

study found this preference evident in all groups. This suggests that auditory learning and 

memory in quail may be a complex process that is sensitive to slight variations in factors 

such as stimulus timing, attentional distractions, and hormone levels. As a result, it is 

possible that a learning ceiling effect was responsible for the limited between group 

differences found in this study. Only chi-square analyses suggested a treatment effect 

evidenced by T-treated chicks entering the familiar zone more and the novel zone less 

than expected compared to both C and V groups.  In the future, increasing task difficulty 

by reducing postnatal exposure time to the maternal call may elicit more learning 

differences between groups.  

These findings also fit in well with previous research suggesting that prenatal 

experiences exert long-term influences on offspring development. Most of these 

experiences are necessary for the exhibition of species-typical behaviors. While these 
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accelerated developmental changes are necessary for normal fetal development, they can 

also leave the organism vulnerable to perturbations in this process. A phenomenon 

known as fetal programming occurs when abnormal prenatal experiences disrupt species-

typical development, which can have long-lasting impacts that persist across the 

offspring’s life-span (Davis & Sandman, 2010; Glover, 2011). An elevated concentration 

of maternally-derived steroidal hormones may possess fetal programming capabilities. 

Exposure to elevated levels of the stress hormone cortisol during gestation has been 

related to a multitude of health concerns such as decreased fetal weight (Diego et al., 

2006), altered neural system development in childhood (Davis et al., 2017), and 

metabolic disorders in adulthood (Drake et al., 2009).  

Previous research in birds have also reported elevated yolk hormones inducing 

physiological differences in chick mass. For instance, Bertin et al. (2009) found that 

testosterone treated birds had a larger body mass than controls. Our findings did not 

support this evidence as no differences in hatching rates or body mass between groups 

were found. However, there may be other variables accounting for these differences that 

we did not account for. Some have suggested that sex differences (Schweitzer et al., 

2013) or even laying order (Possenti et al., 2016) might mediate this physiological 

interaction with elevated testosterone. Unfortunately, we obtained our eggs from a vendor 

so determining laying order was impossible. Additionally, we can only keep our chicks 

for a week, which is not enough time to determine sexual differentiation in bobwhite 

quail. More work will be needed to determine if sex differences influence this hormone 

learning relationship.  
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 Unlike mammals, birds are only exposed to maternally-derived hormones at one 

time point, when the egg is being formed (Groothuis & Schwabl, 2008). Enough 

hormones are deposited into the egg to sustain the embryo throughout typical 

development. This process allows experimenters to easily manipulate hormone levels 

prior to incubation and enables more precise measures of subsequent behavioral 

outcomes without maternal interference. For these reasons, the avian species is a good 

model for investigating prenatal hormonal influences on species-typical postnatal 

behaviors. There is a growing body of research to suggest that maternal environmental 

factors such as social instability, resource availability, and stress can influence yolk 

hormone concentrations (Bertin et al., 2015). Schwabl (1993) also determined that there 

is a lot of natural variability in yolk hormone concentrations both between and within 

clutches. Therefore, it is of relevance to understand how maternally-derived hormones 

within a naturalistic range can impact offspring phenotype. This study intended to answer 

some of these questions by determining how increased levels of prenatal testosterone 

impacted postnatal learning and recognition of a familiar maternal call. This study also 

served to complete a previous series of experiments investigating the differential 

influences of two hormones (progesterone and testosterone) on learning at two time 

points (prenatal and postnatal) in bobwhite quail. Once there is a general understanding 

of how maternally-derived hormones influence perceptual learning and memory in 

bobwhite quail, attention can be shifted to examine how these prenatal hormonal changes 

may impact the development other species-typical behaviors such as social motivation 

and recognition.  
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Broader Implications 

There is evidence to suggest that newborns display social preferences for face 

stimuli (Rosa Salva, Farroni, Regolin, Vallortigara, & Johnson, 2011) and their mother’s 

voice shortly after birth (DeCasper & Fifer, 1980). Some have even latched onto the idea 

that infants are capable of imitating adults and these abilities are seemingly present at 

birth, but there is much debate over whether these behaviors are “innate”, learned 

prenatally, or actually exist (Jones, 2017). Regardless, there appear to be functional social 

recognition and motivation processes at birth, and relatively little is known about how 

prenatal experiences shape early social development. Social preferences likely begin to 

develop during gestation, and some researchers suggest that fetuses are already 

responsive to specific maternal vocalizations by 25 weeks (Ferrari et al., 2016). In 

addition, chicks also display attentional biases towards social stimuli shortly after 

hatching (Rosa Salva et al., 2011), which might be mediated by hormonal influences (Di 

Giorgio et al., 2017). Results from this study add to existing knowledge and help us better 

understand the role that elevated prenatal hormones play in the development of 

perceptual species-typical behaviors, which are likely linked to social motivation and 

recognition capabilities in neonates. Since there is previous research suggesting that 

chicks show naïve social preferences, the results from this study can later be extended to 

shed light on the contributions of maternally-mediated hormones on early social 

development in Northern bobwhite quail.   
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APPENDICES 

Appendix A. Mean Duration of Time Spent in Zones (Figure 1) 

Appendix B. Mean Total Proportion of Time Spent in Familiar Zone (Figure 2) 

Appendix C. Zone Entry Frequencies for Groups (Table 1) 
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Appendix A 

          

Figure 1. Mean duration of time (s) spent in zones. C, V, and T chicks all spent 

significantly more time near the familiar maternal call than the novel variant (*p < .05, 

**p < .001). Error bars represent SEM. 
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Appendix B 

 

Figure 2. Mean total proportion of time (PTDT) spent in familiar zone. No between 

group preferences for familiar zone (p > .05). Error bars represent SEM.   
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Appendix C 

Table 1 

Zone Entry Frequencies for Groups 

Zone  Familiar    Novel  

 Control Vehicle Testosterone  Control Vehicle Testosterone 

Observed 1626 1488 1467  1165 1200 898 

Expected 1630 1570 1381  1161 1118 984 

Note. Chi-square analysis of contingency tables with observed and expected zone entry 

frequencies between groups. A significant association was found between group and zone 

entries (p < .001). T-treated chicks entered the familiar zone more than expected and the 

novel zone less than expected.  
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