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Neural Specificity in the Androgenic Modulation of Song
Motivation and Song Performance in Songbirds

Gregory F. Ball 1

1. University of Maryland, College Park, MD, USA.

Male birdsong functions as a courtship or territorial signal often in a reproductive context. Testosterone (T)

increases during the reproductive phase of the annual cycle and can enhance song production. The neural con-

trol of birdsong is modular, with distinct regions regulating different aspects of song learning and production.

The widespread distribution of nuclear androgen receptors in the song system as well as the occurrence of es-

trogen receptors in one key forebrain nucleus and the presence of both receptor types in the diencephalon and

midbrain raises questions as to where and how T and its metabolites are exerting their myriad effects on song.

By selectively implanting T or androgen antagonists into specific brain regions or in the periphery of castrated

male canaries, or via inactivation of brain regions via muscimol infusion, we have identified a modular orga-

nization of the androgenic activation of birdsong. T acting in the preoptic area (POM) induces singing at high

rates, but song quality is impaired. These effects are mediated in part via projections to periaequeductal gray

(PAG). Placing T in the song nucleus HVC and the POM rescues some of these effects. Blocking T action selec-

tively in forebrain song nuclei canmodulate independently effects on acoustic stereotypy of individual syllables

and trills as opposed to effects on syllable-type usage or syllable-type sequence variability. Measures of song

performance preferred by females can be modulated by blocking T action in the syrinx. The lateral part of the

magnocellular nucleus of the anterior nidopallium (LMAN) provides input that is a source of song variability.

LMAN also prominently expresses AR, and blocking AR here increases song variability. Rising T in the spring

induces song crystallization and a key site for this effect thus appears to be LMAN. Androgens acting at multiple

brain sites regulate song in a non-redundant fashion.
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HPA flexibility: a novel alternative to describe and
understand animal coping capacity.

Cédric Zimmer 1, Lynn Martin 2

1. Laboratoire d’Ethologie Expérimentale et Comparée, Université Sorbonne Paris Nord, Villetaneuse, France., 2. Global Health

and Infectious Disease Research Center, University of South Florida, Tampa, FL, USA.

Responding appropriately to dynamic and unpredictable challenges is crucial to health and fitness. Such re-

sponses usually require the ability of an organism to adjust its phenotype to match prevailing conditions. One

system important for such adjustments is the hypothalamic-pituitary-adrenal (HPA) axis that regulates the se-

cretion of glucocorticoids. Because these hormones are easy to measure, most studies in stress endocrinology

have focused on glucocorticoid concentrations to describe stress and/or its phenotypic consequences. Although

many empirical studies seek to understand stress by relating glucocorticoid concentrations to fitness, but these

relationships are often inconsistent. We expect that part of the problem lies in the disparity between what we

can measure and what we want to measure. We argue that the semiotic information content of hormones – the

hormone concentration differences that make a difference – is what we want to measure. We thus advocate

for the development of a theory of stress using an information-based framework. Empirically, one trait that

might capture the semiotic information content of glucocorticoids is HPA flexibility, the ability of an individ-

ual to mount appropriate phenotypic responses to different stressors. We found in house sparrows that one

form of HPA flexibility differed quite extensively among individuals. More importantly, blood and brain RNA

expression levels of FKBP5, a cochaperone in the glucocorticoid receptor complex, were found to be reliable

proxies of HPA flexibility. Sparrows expressing little FKBP5 were better able to mount and resolve several, se-

quential glucocorticoid responses to restraint stressors than sparrows expressing abundant FKBP5. We argue

that this relationship exists because FKBP5 (in the brain) acts as a band-pass filter, parsing the semiotic from

the syntactic information content of circulating glucocorticoids. Wewill discuss how the brainmight instantiate

stressor-relevant information in glucocorticoids, and the generality of the above correlations.
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Surfing through challenge? Glucocorticoid regulation is
determined by early life and facilitates metabolic rate within

individuals and across species

Blanca Jimeno 1

1. Institute for Game and Wildlife Research, University of Castilla La Mancha, Ciudad Real, Spain.

Glucocorticoid hormones are widely used as indicators of ‘stress’ and animal welfare, and the large variation

that they show within individuals and across species has been a prevalent research topic in ecology. Although

understanding the factors underlying this variation becomes a critical step towards interpreting glucocorticoid

measurements, the nature of these factors andwhether they prevail across environmental contexts remains un-

der debate. Most recent studies on HPA flexibility emphasize the importance of understanding this variation,

as they seek to measure the fraction that results in phenotypic change, in order to improve trait measurements

accordingly. I will present results from experimental and observational studies that illustrate twomain sources

of variation in avian GC levels, and potentially in HPA flexibility, at different time and spatial scales: metabolic

rate, and early life environment. Differences in energy acquisition and management are a fundamental driver

of GC variation, because GCs allow for synthesis and mobilization of fuel substrates, shifting energy balance to-

wards processes needed to overcome perceived or anticipated challenges. I will show examples on how natural

and experimental changes in energy expenditure lead to simultaneous changes in glucocorticoids, and how the

magnitude of these changes is correlated within-individuals and across species. This variation in response to

changing energetic needs, however, takes place along with HPA regulation processes that may be irreversibly

determined by early life experiences. Previous research has shown how prevailing early life adversity shapes

HPA regulation and coping capacity for life, and I will present results showing how a short-term, reverted ma-

nipulation of early life conditions may also impact HPA regulation. Finally, I will discuss current limitations

and remaining questions when studying potential mechanisms underlying GC variation, and give an overview

of exciting research avenues to encourage the scientific discussion and upcoming research on HPA flexibility.

6
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Regulation of the hypothalamic-pituitary-adrenal axis in
migrant and resident white-crowned sparrows.

John Wingfield 1, Jesse Krause 2, Angus Reid 3, Jonathan Pérez 4, Valerie Bishop 3, Marilyn Ramenofsky
1, Simone Meddle 3

1. Dept. of Neurobiology Physiology and Behavior, University of California, Davis, CA, USA., 2. Dept. of Biology, University of

Nevada Reno, Reno, NV, USA., 3. The Roslin Institute, The University of Edinburgh, UK., 4. Dept. of Biology, University of South

Alabama, Mobile, AL, USA.

In seasonally breeding animals, circulating glucocorticoid titers are generally higher during breeding compared

to non-breeding periods of the annual cycle of. In addition, glucocorticoids tend to be positively correlated with

breeding latitude. Glucocorticoids can regulate energymobilization and coping behaviors during periods of en-

vironmental challenges especially at higher latitudes. The hypothalamic-pituitary-adrenal (HPA) axis controls

seasonal changes in circulating levels of corticosterone, the avian glucocorticoid, either through modulation of

hormonal cascades responsible for the production of corticosterone, or by changes in negative feedback sen-

sitivity. We sampled plasma corticosterone in free-living male and female migratory white-crowned sparrows

(Zonotrichia leucophrys gambelli) and resident white crowned sparrows (Z. l. nuttalli) across their annual cy-

cles and collected tissues during pre-breeding, breeding, pre-basic molt, and winter stages to quantify gene

expression in the hippocampus, hypothalamus, pituitary, and adrenal gland. Utilizing two subspecies of white-

crowned sparrows that differ in their life history strategy and environment is useful for understanding HPA

axis function associated with environmental challenges. Here we describe unique patterns of gene expres-

sion related to the activation of the HPA axis and genes associated with negative feedback control. In migrants

compared to residents, we observed greater number of genes associated turning on the axis change across the

stages of the annual cycle at the level of the hypothalamus and pituitary. Interestingly, residents had several

adrenal genes involved in steroidogenesis change across stages of the annual cycle while migrants had none.

As for negative feedback, both subspecies showed seasonal changes in genes associated with negative feedback

at all levels of the HPA axis. Through discriminate function analysis we found that migrant and resident, white-

crowned sparrows had both parallel and unique patterns of gene expression related to HPA axis function in

relation to environmental extremes.

This research was supported by NSF (IOS 1558049) and BBSRC (BB/P013759/1)
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What can we learn by quantifying individual endocrine
reaction norms?

Michaela Hau 1

1. Max Planck Institute for Ornithology, University of Konstanz, Germany.

Hormones are signals that help organisms adjust their phenotype to fluctuations in environmental and internal

conditions. We have learnedmuch about the causes and consequences of variation in circulating hormone con-

centrations in the past. However, this knowledge often comes from population-level studies, which assume that

all individuals respond in the sameway to environmental changes. Here, we advocate thatwe can vastly expand

our understanding of the ecology and evolution of hormonal traits once we quantify differences in hormonal

plasticity at the individual level. We use glucocorticoid hormones as examples of highly plastic endocrine traits

that interact intimately with energy metabolism and other physiological and behavioral traits. First, we high-

light the insights gained by repeatedly assessing an individual’s glucocorticoid concentrations along a gradient

of environmental conditions using a ‘reaction norm approach’. We illustrate this using data from free-living

great tits (Parus major), in which we repeatedly sampled adults for circulating glucocorticoid concentrations

across five years during a standardized reproductive phase. Indeed, we found unique evidence that individ-

uals differ significantly in plastic responses to variation in environmental temperature in both baseline and

stress-induced glucocorticoid concentrations, with some individuals displaying greater plasticity than others.

Average concentrations and degree of plasticity covaried for baseline glucocorticoids, indicating that these two

reaction norm components are linked. Second, we suggest rewarding avenues for future work on hormonal re-

action norms, for example on the costs and trade-offs of glucocorticoid plasticity. Further, we should quantify

whether hormonal plasticity is linked with plasticity in behavior and physiology and how multiple environ-

mental gradients that individuals often experience in the wild shape endocrine reaction norms. Quantifying

individual variation in hormonal plasticity to key environmental factors in wild populations is crucial to assess

the potential of vertebrates to cope with the challenges of climate change.
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Insulin-like growth factor-1 and telomere dynamics: an
important link between growth and longevity?

Britt Heidinger 1

1. Dept. of Biological Sciences, North Dakota State University, Fargo, ND, USA.

In many organisms, investment in growth comes at a cost to longevity, but the mechanisms underlying this link

are not well understood. Hormonal mechanisms often influence suites of life-history traits and are expected

to be important in mediating life-history trade-offs across the lifespan. Insulin-like growth factor 1 (IGF-1) is a

highly conserved hormone that is often positively related to growth and negatively related to longevity. How-

ever, much of this research comes from laboratory studies of model organisms and whether this is also true in

free-living organisms is less well understood. Further, the mechanisms that link increased IGF-1 exposure to

reduced longevity are not well known. One mechanism that may be important in this context are telomeres,

highly conserved sections of non-coding DNA at chromosome ends that are often positively related to lifespan

but shorten in response to rapid growth. I will discuss the potential role of IGF-1 and telomeres in mediating

the trade-off between growth and longevity using studies from free-living birds and highlight important areas

for future research.
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Glucocorticoid-nutrients interaction in determining the
length of telomeres in a fast-developing passerine. First steps

in testing the Metabolic Telomere Attrition hypothesis

Stefania Casagrande 1

1. Evolutionary Physiology Research Group, Max Planck Institute for Biological Intelligence, Seewiesen, 82319, Germany.

Telomeres are chromosome protections that can shorten at each cell replication and in stressful conditions.

Developing individuals are particularly exposed to telomere erosion when growth rate is fast and resources

are limited. This is crucial because the rate of telomere attrition in early life is linked to health condition and

life span. Telomeres can respond - and be part - of metabolic adjustments triggered by biochemical signals.

Among these signals are glucocorticoids, hormones secreted in energetically stressful conditions. They promote

catabolic processes that often run at the expense of telomeremaintenance. A contrasting signaling function can

be played by specific nutrients that are known to promote anabolic states. How telomere dynamics is regulated

in the presence of two contrasting signals, one promoting telomeremaintenance and the other attrition, has not

been specifically addressed, while it could clarify the context-dependent effect of glucocorticoids on telomere

attrition. During the talk I will present what found in nestlings of a rapidly developing free-living passerine

that received glucocorticoids or a mixture of glucocorticoids and specific nutrients. By measuring mitochon-

drial aerobic metabolism, gene expression of telomere-related pathways and of redox system, I will discuss the

physiological processes that could explain why nestlings treated only with glucocorticoids showed telomere at-

trition, while when treated also with nutrients, did not, highlighting determinants of telomere maintenance in

stressful conditions.
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Pre- and post-natal noise affects telomere dynamics,
physiology and long-term fitness in a songbird

Alizee Meillere 1, Justin Eastwood 2, Kate Buchanan 1, Mylene Mariette 1

1. School of Life and Environmental Sciences, Deakin University, Geelong Waurn Ponds, Australia., 2. School of Biological

Sciences, Monash University, Victoria, Australia.

Early-life experience is a major determinant of telomere dynamics, with carry-over effects on individual fitness

and life-history strategy. In particular, early-life stress is well-known for impacting both the HPA axis activ-

ity and telomere shortening processes. Yet, beyond the well-demonstrated effect of maternal glucocorticoids,

the direct impact of environmental stressors on developing young remains unclear. Anthropogenic noise is

emerging has a significant threat for developing young, in both humans and animals. Surprisingly however,

whether noise itself (rather than parental disturbance) can directly alter development and physiology, and the

fitness consequences of this impact, are unknown in any vertebrate species. Here, in the zebra finch, we tested

the direct effects of both prenatal and postnatal exposure to traffic noise, on individual telomere dynamics, as

well as growth, corticosterone levels and reproductive success. Individuals were reared in artificial incubators

prenatally and by undisturbed parents postnatally, and at both life stages, exposed overnight to either traffic

noise or conspecific songs, in a cross-factor experiment. We found that prenatal exposure to noise reduced

embryonic survival. Furthermore, both prenatal and postnatal noise exposure compromised nestling growth,

hematocrit levels and telomere length, in a cumulative way. Pre- and post-natal noise exposure also had large

carry-over effects on telomere length at the juvenile stage, as well as on reproductive success at adulthood.

Our study therefore demonstrates that, in addition to documented effects on parental disruption, moderate

exposure to prenatal and postnatal traffic noise has a direct, cumulative and long-lasting effect on individual

physiology and fitness, in an altricial bird model. This suggests that the impact of anthropogenic noise has been

overwhelmingly underestimated. Furthermore, our findings demonstrate that early-life coping mechanisms

in response to environmental stressors have long-term fitness consequences, possibly mediated by changes to

telomere dynamics.

12



International Symposium for Avian Endocrinology 2022

Regulation of early-life telomere length and dynamics by
prenatal thyroid hormones: insight from experiments in wild

passerine birds

Antoine Stier 1, Bin-Yan Hsu 1, Coline Marciau 2, Nina Cossinservrin 3, Blandine Doligez 3, Lars
Gustafsson 4, Pierre Bize 5, Suvi Ruuskanen 6

1. Dept. of Biology, University of Turku, Turku, Finland., 2. Institute for Marine and Antarctic Studies, University of Tasmania,

Hobart, Australia., 3. Dept. of Biometry and Evolutionary Biology, CNRS, Université de Lyon, Lyon, France., 4. Dept. of Ecology

and Genetics / Animal Ecology, University of Uppsala, Sweden., 5. School of Biological Sciences, University of Aberdeen, UK., 6.

University of Jyväskylä, Finland.

Early-life environment is known to affect later-life health and disease, which could be mediated by the early-

life programming of telomere length, a key hallmark of ageing. According to the fetal programming of telom-

ere biology hypothesis, variation in prenatal exposure to hormones is likely to influence telomere length. This

has been shown for glucocorticoids and androgens, but the contribution of key metabolic hormones, i.e. thy-

roid hormones (THs), has been largely ignored. Thyroid hormones are important regulators of embryogenesis

transferred from the mother to the embryo, and could accelerate telomere shortening through their effect on

metabolism, cellular division and oxidative stress. To test the effects of prenatal exposure to contrasted levels

of THs, we experimentally manipulated egg THs levels in wild collared (Ficedula albicollis) and pied flycatchers

(Ficedula hypoleuca), as well as in great tits (Parus major).

We first showed that in contrast to predictions, exposure to elevated prenatal THs increased postnatal telomere

length at hatching in wild collared flycatchers, but did not influence subsequent telomere shortening rate. In

contrast, we did not detect any significant effect of increased prenatal TH levels in pied flycatchers being only

measured close to fledging. Using the opportunity to also recapture great tits a few months after fledging, we

showed that while prenatal THs did not influence telomere length at the early nestling stage, it accelerated

subsequent telomere shortening, both before and after fledging.

The results of our experiments over the last 5 years are thus highlymixed, andprobably highlight the complexity

and potential context-dependence of the effects of prenatal THs exposure on telomere biology. I will discuss

several alternative hypotheses thatmay explain our contrasting findings and that could pave theway for further

research on this topic.
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Telomerase activation for the treatment of telomere loss
disorders

Maria Blasco 1

1. ScienCNIO - Spanish National Cancer Research Centre, Madrid, Spain.

Telomeres are nucleoprotein complexeswhich protect the ends of linear chromosomes andwhich play a pivotal

role in cellular and organismal ageing. Over the past two decades short telomeres have been associated with a

large disease spectrum including degenerative diseases and cancer. In addition, a number of diseases known

as telomeropathies or telomere syndromes, including some cases of aplastic anemia and pulmonary fibrosis,

are linked to mutations in telomere maintenance genes. Our laboratory has made significant contributions to

dissect the role of estrogen-regulated telomerase and telomere length as one of the key molecular pathways

underlying cancer and aging. We previously demonstrated that telomerase activation bymeans of transgenesis

as well as vector-based gene therapy delays a variety of age-related pathologies and increases survival in wild-

type mice. Here, I will discuss our more recent work validating the effectivity of telomerase gene therapy for

the treatment of diseases related to the presence of short telomeres includingmodels for myocardial infarction,

aplastic anemia and pulmonary fibrosis.
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Unique aspects surrounding hormonal regulation of calcium
and phosphorus metabolism in birds

Laura Ellestad 1, Micaela Sinclair-Black 1, Lyssa Blair 1, Alejandra Garcia 1, Grace Boothby 1, Jason
Payne 1, Manuel Arango 1

1. Department of Poultry Science, University of Georgia, Athens, GA, USA.

Regulation of calciumand phosphorus homeostasis by hormonally active vitaminD3 [1,25(OH)2D3] and parathy-

roid hormone (PTH) is necessary for maintaining skeletal integrity and eggshell strength. Despite this, data sur-

rounding 1,25(OH)2D3 synthesis and hormonal regulation of calcium and phosphorus metabolism is lacking in

avian species. Recent studies in poultry have highlighted differences in these systems between birds and other

vertebrates and identified processes driving mineral flux during egg production and periods of rapid growth.

Though genes encoding 25-hydroxylase (CYP2R1) and 24-hydroxylase (CYP24A1) that activate or breakdown

1,25(OH)2D3, respectively, have been identified, 1α-hydroxylase (CYP27B1) necessary for full hormonal activa-

tion of 1,25(OH)2D3 has not been found in any avian genome. AsCYP27B1 is conserved amongstmost vertebrates

and the other hydroxylases are found in birds, it seems unlikely that avians use an alternative enzyme. Vitamin

D3 25-hydroxylation is thought to occur primarily in the liver, while both 1α- and 24-hydroxylation occur in the

kidney. We have found that CYP24A1 expression is restricted to kidney, but CYP2R1 appears to be more highly

expressed in kidney or expressed equivalently in kidney and liver depending on physiological state, suggest-

ing that 25-hydroxylation occurs in both tissues or a different hepatic enzyme produces circulating 25(OH)D3

in birds. Expression patterns of 1,25(OH)2D3 and PTH receptors and calcium and phosphorus transporters as-

sociated with onset of lay, eggshell mineralization, and periods of rapid growth suggest changes in hormonal

sensitivity and reduced vitamin D3 24-hydroxylation are critical factors driving mineral homeostasis. Specific

genes regulating shell gland calcium uptake, kidney mineral retention or excretion, and intestinal absorption

have been identified and someappear to play unique roleswhen compared to other vertebrates. These advances

demonstrate that several facets of physiological systems regulating calciumand phosphorusmetabolism appear

distinct in avian species and highlight the need for continued studies aimed at understanding their homeostasis.

16



International Symposium for Avian Endocrinology 2022

Chicken adipokines expression and role in energy metabolism
and reproductive functions: a focus on chemerin

Joëlle Dupont 1, Christelle Rame 1, Anthony Estienne 1, Namya Mellouk 1, Alix Barbe 1, Ophelie Bernardi
1, Pascal Froment 1

1. INRAE, France.

As compared to mammals, birds exhibit several unique physiological features on endocrine control of

metabolism and adiposity and reproductive functions, which make them an interesting model for compara-

tive studies. Some adipokines, such as leptin and visfatin may have different roles in avian species as com-

pared to mammals. However, other adipokines including chemerin have not been clearly explored in chicken.

In mammals, chemerin is an adipokine and hepatokine involved in metabolic processes. It binds on three

G protein-coupled receptors: CMKLR1, GPR1, and CCRL2. By developing specific avian tools (chemerin and

chemerin receptor antibodies, recombinant chicken chemerin and chicken chemerin elisa assay), we charac-

terized and investigated the role of chemerin in metabolism and reproductive function in avian species. In

contrast to mammals, we have observed that plasma chemerin is associated with leanness and not with fat-

tening in turkeys and chicken. In addition, intraperitoneal chicken chemerin injection decreased food intake

in broiler. Plasma chemerin is positively associated with the index of oxidative stress as we reported after a

dietary grape seed extract supplementation, rich in antioxidant, in hens. Chemerin and its receptors genes are

also expressed within the avian male and female reproductive tract. Chemerin and CMKLR1, are present in

testicular cells, sperm of roosters and also in ovarian cells and different parts of the hen’s oviduct. In male,

chemerin concentration is lower in seminal plasma than in blood plasma and chemerin seminal plasma con-

centration is negatively correlated in vivo with sperm concentration and motility. Furthermore, recombinant

chicken chemerin, through CMKLR1, reduced in vitromotility of spermatozoa. In female, chemerin, produced

by the hen oviduct, accumulates in albumen and could be involved in early embryonic development by promot-

ing normal metabolism of the embryo. In conclusion, chemerin is a novel adipokine involved in the regulation

of energy metabolism but also reproductive functions in chicken.
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Peripheral avian orexin: roles in muscle energy metabolism
and hepatic lipogenesis

Sami Dridi 1

1. Center of Excellence for Poultry Science, University of Arkansas, Fayetteville, AR, USA.

Orexins or hypocretins were originally characterized as orexigenic hypothalamic neuropeptides in mammals.

In avian (non-mammalian) species, however, orexin was found to not affect feeding behavior and its physiolog-

ical roles are poorly understood. Here, we describe novel peripheral functions for orexins in hepatic de novo

fatty acid synthesis and muscle energy metabolism in chickens. Orexin and its related receptors are expressed

in both chicken liver and muscle. Double immunofluorescence staining showed that orexin was localized in

the ER, Golgi, and the lysosome. In vitro pretreatment with brefeldin A reduced orexin levels in the culture

media, but increased it in the cell lysates, indicating that orexin is secreted from hepatocyte and muscle cells.

Administration of recombinant orexin increased the expression of lipogenic factors (fatty acid synthase, ATP

citrate lyase, acetyl-CoA carboxylase α, malic enzyme) at both mRNA and protein levels, indicating that orexin

induced hepatic lipogenesis in chickens. This effect seemed to be mediated via extracellular signal�regulated

protein kinase (ERK1/2) as orexin treatment induced the phosphorylated levels of ERK1/2Thr202/Tyr204, but not that

of p38Thr180/Tyr182 or JNK1/2 Thr183/Tyr185 and blockade of ERK1/2 activation using PD98059 reversed these effects.

Overexpression of ERK1/2 increased the expression of lipogenic genes. In muscle, orexin treatment affected

the expression of mitochondrial dynamic (fission and fusion)-associated genes (dynamin 1, mitochondrial fis-

sion process 1, mitochondrial fission regulator 1, optic atrophy 1, and metalloendopeptidase OMA1), function

(uncoupling protein, adenine nucleotide translocase, nuclear respiratory factor 1), and biogenesis (peroxisome

proliferator-activated receptor-γ coactivator-1α and 1β). Extracellular flux analysis using Seahorse showed that

orexin treatment affected muscle cell bioenergetics. In conclusion, our data provided the first evidence that

avian orexin has peripheral physiological functions, including regulation of muscle energy metabolism and

hepatic lipogenesis.
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Mechanisms regulating induction of pituitary growth
hormone production during chicken embryonic development

Tom Porter 1

1. Dept. Animal and Avian Sciences, University of Maryland, College Park, MD, USA.

One of the hormones regulating growth in chickens is growth hormone (GH), as evidenced by multiple reports

that natural mutations in the GH receptor result in dwarf chickens. Pituitary GH cell differentiation occurs

around embryonic day (e) 14 in the chicken. GH cell differentiation can be induced in vitro by treatment with

e14 serum, and the hormone responsible for this effect is the adrenal glucocorticoid corticosterone (CORT).

Plasma CORT levels naturally increase between e12 and e14. CORT induction of GH in embryonic pituitary

cells occurs through a transcriptional mechanism. CORT induction of the GH promoter is mediated by a GC-

responsive region (GCRR) located between -1045 and -954 of the GH gene. The GCRR contains an Ets-1 site and a

degenerate glucocorticoid response element (dGRE). Mutation of the Ets-1 and dGRE sites in the GCRR abolished

CORT responsiveness. CORT regulates binding of Ets-1 and glucocorticoid receptor (GR) to the GCRR and binding

of GR and Pit-1 to the Pit-1 sites of the endogenous GH gene. Recently, we have identified another region from

-952 to -890 in the GH gene critical to the response to CORT. This region contains two putative binding sites for

known transcription factors. One is for Ets-like protein 1 (Elk1), and the other is a putative non-canonical GR-

binding site. Mutation of the Elk1 site but not the putative GR-binding site abolished the GH-reporter response

to CORT. Pharmacological evidence indicates that CORT induction of GH requires activation of the cell signaling

kinase ERK1/2, and CORT increases ERK1/2 activity in embryonic pituitary cells. Ets-1 is a direct target of ERK1/2

in embryonic pituitary cells, and CORT and ERK1/2 activation phosphorylate Ets-1. Taken together, our findings

indicate that induction of pituitaryGHduring chicken embryonic development involves both canonical genomic

mechanisms and non-canonical GR activation of cell signaling cascades by CORT.
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Long-term Effects of Early-life Stressors on the HPA Axis in a
Short- and Long-lived Bird

Jacquelyn Grace 1, David Anderson 2, Frédéric Angelier 3

1. Dept. of Wildlife and Fisheries Sciences, Texas A&M University, College Station, TX, USA., 2. Dept. of Biology, Wake Forest

University, Winston-Salem, NC, USA., 3. Centre d’Etudes Biologiques de Chizé, CNRS-La Rochelle Université, France.

Acute, short-term effects of early-life stressor experience and associated glucocorticoid upregulation on physiol-

ogy and survival are widely documented across vertebrates. However, long-term effects of early-life glucocorti-

coid upregulation are less well understood, especially for wild species through adulthood. However, these long-

term “programming effects” can have important consequences for responses to anthropogenic and other envi-

ronmental stressors. We present results from two experiments evaluating long-term effects of early-life stress

on baseline and stress-induced corticosterone in two wild birds: free-living Nazca boobies (Sula granti) and

captive house sparrows (Passer domesticus). Nazca booby adults that experienced maltreatment as nestlings,

a wholly natural stressor, exhibited depressed baseline corticosterone in females, and elevated stress-induced

corticosterone in males. House sparrow adults that experienced an experimental increase in circulating corti-

costerone as nestlings also displayed depressed baseline corticosterone, and in contrast to Nazca boobies, de-

pressed stress-induced corticosterone. These results highlight the sex- and species-specific nature of long-term

effects of early-life stressor experience. We discuss these results within the context of life history, stressor con-

text, and fitness consequences of altered HPA axis activity in response to early-life stressor exposure.

Keywords: corticosterone, programming effects, early-life stress, passerine, seabird
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Impact of anthropogenic activities on stress physiology in an
Antarctic seabird species, the Adélie penguin

Frédéric Angelier 1, Coline Marciau 2, Olivia Hicks 3, Akiko Kato 3, Timothée Poupart 3, Yan
Ropert-Coudert 3, Thierry Raclot 4

1. Centre d’Etudes Biologiques de Chizé - CNRS, France., 2. Institute for Marine and Antarctic Studies, University of Tasmania,

Hobart, Australia., 3. Centre d’Etudes Biologiques de Chizé, CNRS-La Rochelle Université, France., 4. IPHC, CNRS-Université de

Strasbourg, France.

Recently, there has been an increasing concern about the potential effect of anthropogenic activities on Antarc-

tic wildlife because tourism, and more generally human presence, are developing to an unprecedent rate in

Antarctica. Although there is an urgent need to propose management policies, we currently lack basic and

fundamental data to reliably assess the impact of anthropogenic activities on Antarctic wildlife. Because these

species have not coevolved with humans, they are often ‘tame’ and assessing their level of stress can be chal-

lenging. This difficulty militates for the use of alternative and additional tools, such as physiological variables,

which sometimes reflect better individual level of stress than behavioral components. In that context, there has

been a growing interest in the use of glucocorticoids because a rapid and important release of these hormones

in the bloodstream occurs in response to a stressor. This hormonal stress response mediates important physio-

logical and behavioural changes, which aim to restore homeostasis. Therefore, measuring circulating levels of

glucocorticoids could help us assessing the impact of anthropogenic activities on Antarctic wildlife. Here, we

evaluated the impact of anthropogenic activities on an Antarctic bird species, the Adélie penguin, by comparing

corticosterone levels of adults and chicks among penguin colonies that are located in protected areas or in the

close vicinity of a research station. In addition to a strong effect of body condition on corticosterone levels,

we also found that corticosterone levels significantly differed between colonies. However, these effects were

dependent on the location, the status and the sex of individuals, emphasizing a complex link between anthro-

pogenic activities and corticosterone levels in Adélie penguins. Our study confirms that corticosterone levels

are connected to humandisturbance but it also highlights the need to usemultiple complementary physiological

markers of stress to reliably assess the impact of human activities on Antarctic vertebrates.
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Heterophil:Lymphocyte ratios, Glucocorticoids, and Stress in
Birds

Terri Maness 1, Michael Hirchak 1, Jacquelyn Grace 2, David Anderson 3

1. School of Biological Sciences, Louisiana Tech University, Ruston, LA, USA., 2. Dept. of Wildlife and Fisheries Sciences, Texas

A&M University, College Station, TX, USA., 3. Dept. of Biology, Wake Forest University, Winston-Salem, NC, USA.

Assessing stress in birds is important inmany ecological and conservation contexts. Typically, researchers have

measured circulating levels of glucocorticoids (CORT) at baseline and/or in response to an acute stressor, but

increasingly avian ecologists have turned to leucocyte profiles, specifically heterophil:lymphocyte ratios (H:L),

as a measure of stress in wild birds. Recent studies have shown that both CORT and H:L change after acute

stress, but these indices may not be interchangeable as they are not always correlated at baseline. Here, we

discuss the evidence that may explain this discrepancy and present a case study in a long-lived seabird, the

Nazca Booby (Sula granti).
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One Health and Exposome Frameworks to Combat the Effects
of Environmental Stressors on Birds

Mary Ann Ottinger 1, Cullen Geiselman 2

1. Dept. of Biology and Biochemistry, University of Houston, Houston, TX, USA., 2. The Cullen Trust for Health Care, Houston,

TX, USA.

Avian populations have steeply declined over the past century, associated with anthropogenic factors origi-

nating from industry, urbanization, changing land use, habitat loss, pollution, emerging diseases, and climate

change. All combine to exert increasing stress and impair health with diminished metabolic, immune, and

reproductive function, deteriorating overall health, and reduced longevity. The health of avian populations,

ecosystem health, and human health are inexorably linked, and wildlife conservation is fundamental to sus-

taining healthy ecosystems. This interrelationship is captured in the One Health concept. This broad concep-

tual framework brings together these dynamic factors, including exposure to environmental contaminants. The

health of an individual reflects lifetime exposures to environmental chemicals, habitat, and other key ingredi-

ents for health. For humans, this is termed their Exposome. However, no such conceptual framework has been

developed forwildlife and birds. Accordingly, is there an exposomic approach that incorporates reliablemetrics

of health and sustainability for avian populations? If so, perhaps this framework could also provide information

on the health metrics of individuals and populations for managers of protected lands. Further, exposomic data

may be useful in the early prediction of health and disease in avian populations. We focus on these conceptual

frameworks from the perspective of the human-wildlife-ecosystem health nexus and for developing proactive

approaches to conserve avian populations.
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Tribute to the Achievement of Professor Kazuyoshi Tsutsui

Takayoshi Ubuka 1

1. International Cancer Laboratory Co., Ltd., Japan.

Professor Kazuyoshi Tsutsui passed away on September 16, 2021, aged 68 years. Prof. Tsutsui won the Farner

Medal from the International Society for Avian Endocrinology (ISAE) in 2008 and was President of the ISAE

from 2013 to 2016. He also won the Bargmann-Scharrer Award from the International Federation of Compara-

tive Endocrinological Societies (IFCES) in 2013 and was Vice-President from 2013 to 2016, and President of the

IFCES from 2017. He was also Editor-in-Chief of Neuroendocrinology from 2020. This lecture is dedicated to his

admirable achievements not only in Avian Endocrinology, but also in Comparative Endocrinology andNeuroen-

docrinology in general. I will explain how his initial discoveries of neurosteroids and gonadotropin-inhibitory

hormone in birds triggered basic studies to answer fundamental questions in biology.
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GnIH, a possible switch between growth and reproduction.

Grégoy Bédécarrats 1, Charlene Hanlon 1, Mohammad Bahry 1

1. University of Guelph, Guelph, ON, Canada.

In 2000, for the first time, the existence of an inhibitory hypothalamic peptide able to downregulate the re-

productive axis was reported by Tsutsui et al. and named Gonadotropin-Inhibitory Hormone (GnIH). Although

initially identified in quail, this RFamide neuropeptide is conserved across vertebrate species, and in poultry,

early focus was put on its role as a possible mediator of photoperiod, hence seasonality. We and others showed

that during sexual maturation, a decline in hypothalamic GnIH is associated with a decline in pituitary sensitiv-

ity resulting in a switch from inhibitory to stimulatory output. Furthermore, since GnIH expression is in part

controlled by melatonin, a link to photoperiod was established. Concomitantly, GnIH was also shown to stim-

ulate feed intake in chicks, highlighting its association with metabolic status via appetite control. We recently

reported that in layer and broiler breeder hens, activation of the HPG can be achieved via metabolic triggers

regardless of photoperiod, suggesting a convergence in the integration of environmental and internal cues.

When comparing 3 strains of Leghorn derivatives with different levels of genetic selection for egg production,

advanced sexual maturation in high producing lines was associated with amore rapid growth trajectory and an

earlier and stronger shift in pituitary sensitivity from inhibitory (GnIH receptor) to stimulatory (Gonadotropin-

releasing Hormone receptor; GnRH-RIII). Additionally, correlation analyses showed that hypothalamic GnIH

mRNA levels were highly correlated to mRNA levels from genes of the melanocortin system and adiponectin

in high-producing commercial strains only. Furthermore, in the pituitary, levels of GnIH-R mRNA were highly

negatively correlated to body weight in all strains. Thus, we propose that GnIH, in conjunction with GnRH and

their respective receptors, may represent a gatekeeper system integrating metabolic and photoperiodic signals

to coordinate the activation of the reproductive axis when body condition and environment cues are synchro-

nized.
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Noradrenaline induces hormonal and behavioral response to
female quail
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Science, Azabu University, Japan.

The presence of a member of the opposite sex often triggers changes in animals’ behaviors. These behavioral

changes likely result from changes in the production or secretion of reproductive hormones; however, the

molecular pathways linking social encounters to hormonal changes are poorly defined. Male quail exhibit a de-

cline in circulating testosterone levels when viewing an adult female conspecific. In addition, when male quail

are in the presence of a female, they stop crowing. We exploited these findings to identify such pathways in

sexually active male Japanese quail. In male quail, viewing a female increased noradrenaline release in the hy-

pothalamus, which contains Gonadotropin-inhibitory hormone (GnIH) neurons. Hypothalamic GnIH neurons

express the α2A-adrenergic receptor subtype mRNA and receive noradrenergic innervation. noradrenaline

increased GnIH release from the diencephalic tissue in a dose-dependent manner, and a central injection of

noradrenaline reduced plasma luteinizing hormone (LH) concentrations in the male quail.

Themidbrain intercollicular nucleus (ICo) is a crucial site for crowing inmale quail. In the adult quail ICo, there

is a high abundance of α2A-noradrenergic receptors as well as noradrenergic innervation. Central injection of

clonidine, an α2-adrenergic receptor-specific immediately suppressed male crowing. At the same time as crow

suppression by clonidine there was a loss of immediate early gene, zenk mRNA, in the ICo.

Taken together, I speculate that viewing a female conspecific provokes an increase in noradrenaline release in

the brain, which directly stimulates the release of GnIH, resulting in the suppression of LH secretion from the

pituitary gland in the male quail. And, at the same time, noradrenaline release in the brain evoked by viewing

a female may act on the ICo via the α2A-adrenergic receptors to inhibit ICo neuronal activity and suppress

crowing.
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Regulation of GnIH expression in response to stress
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A hypothalamic neuropeptide, gonadotropin-inhibitory hormone (GnIH) is a key negative regulator of repro-

duction that governs the hypothalamic-pituitary-gonadal (HPG) axis. GnIHwas discovered in the Japanese quail

brain (Coturnix japonica) in 2000 by Tsutsui’s group, since then it has been demonstrated that not only the pres-

ence of GnIH peptide, but its inhibitory effect on gonadotropin secretion is conserved in mammals. GnIH has

been also implicated to play a pivotal role in mediating reproductive dysfunction caused by a biological system

disorder, especially activation of the stress system. Converging lines of evidence have suggested that different

stress types and their duration, such as physical or psychological, and acute or chronic, can modulate the GnIH

system, including changes in the expression level of GnIH and its receptor (GnIH-R), GnIH neuronal activity

and the effect of GnIH-R antagonist. To understand the reactivity and sensitivity of the GnIH system to different

types of stressors, in this presentation, we summarized and compared the effect of stress on the GnIH system

in birds and mammals. Although both of the stress and reproductive axes exhibit striking sex differences and

theremay be controversy based on species and stressors, most experimental stress protocols activated the GnIH

system in the hypothalamus and/or gonad with showing negatively related gonadotropin or sex hormone lev-

els in birds and mammals. Furthermore, direct administration of corticosterone, the major glucocorticoid (GC)

stress hormone in many species, led to the activation of GnIH expression/activity. Importantly, the localization

of GC receptor (GR) on GnIH neurons and the presence of multiple GC-response elements (GRE) in the GnIH

promoter region are the common features in birds and mammals, supporting the direct regulatory mechanism

for the stress-induced GnIH activation.
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GnIH suppresses socio-sexual behaviour by increasing
neuroestrogen synthesis

Takayoshi Ubuka 1
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Gonadotropin-inhibitory hormone (GnIH) is a hypothalamic neuropeptide that inhibits gonadotropin secretion.

GnIH also has suppressive effects on socio-sexual behaviours, such as aggressive and sexual behaviours, al-

though its mechanism of action was not understood. Japanese quail is a commonly used species for studies

of socio-sexual behaviours and its neurophysiological and neuroendocrine bases. Sexually mature male quail

frequently fight with intense aggressiveness, displaying a series of stereotyped actions. Aggressive behaviour of

male quail is considered to be androgen dependent because it is reduced by castration and restored by andro-

gen. However, there is generally no correlation between the order of aggressiveness andperipheral testosterone

concentration. It is considered that full expression of testosterone action in the brain requires its aromatiza-

tion to 17β-oestradiol (E2) because aggression of inactive males is only activated by aromatizable androgen

(testosterone and androstenedione) or E2, but not by non-aromatizable androgen (dihydrotestosterone), and

testosterone-induced aggression is blocked by co-administration of aromatase inhibitors. I show that GnIH di-

rectly activates aromatase and increases E2 (neuroestrogen) synthesis in the preoptic area (POA) and inhibits

socio-sexual behaviours of male quail. Aromatase activity and neuroestrogen concentration in the POA are low

in the morning when the birds are active, but neuroestrogen synthesis gradually increases until the evening

when the birds become inactive. Centrally administered GnIH in the morning increases neuroestrogen synthe-

sis in the POA and decreases socio-sexual behaviours. Centrally administered E2 at higher doses also inhibits

socio-sexual behaviours in the morning. These results suggest that GnIH inhibits male socio-sexual behaviours

by increasing neuroestrogen synthesis beyond its optimum concentration for the expression of socio-sexual

behaviours. This is the first demonstration of any hypothalamic neuropeptide that directly regulates neuroe-

strogen synthesis.
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IGF-1 and the regulation of moulting and the development of
feather ornaments - new perspectives

Adam Lendvai 1
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Insulin-like growth factor 1 (IGF-1) is a pleiotropic hormone that regulates several life-history traits and has

been suggested as a key physiological mechanism regulating ageing, somatic growth and reproduction. Moult-

ing is a crucial, yet often overlooked somatic growth period in birds, when they renew their feathers. This is a

crucial life history stage because feathers play a crucial role in flight, insulation and communication. The role

of IGF-1 in feather growth and development of feather ornaments remains largely unknown. We captured juve-

nile free-living bearded reedlings (Panurus biarmicus) that had started their first complete moult and brought

them into captivity. Then we manipulated their circulating IGF-1 levels using polymer-based microparticles

that provide a sustained release of IGF-1. The treatment increased IGF-1 levels but did not affect the feather

growth rate. However, two weeks after the treatment, birds in the increased IGF-1 group were moulting more

feathers simultaneously than the controls and were at a more advanced stage of moult. Birds with experimen-

tally increased IGF-1 levels had better quality feathers (measured by a lower number of fault bars) than the

controls. Also, birds with experimentally elevated IGF-1 levels developed sexually selected ornaments sooner

and with more intense colouration. On the other hand, IGF-1 treatment also affected oxidative stress in a sex-

specific manner. Oxidative damage significantly increased the day after the manipulation in treated males,

while showed no clear treatment effect is females. These results suggest that IGF-1 plays a role in moult and

ornament development, and males may be more susceptible to the costs of IGF-1-induced oxidative stress than

females. IGF-1 levels evolve under opposing selection forces and natural variation in this hormones’ level there-

fore may reflect the outcome of individual optimization.
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Intergenerational effects of early-life corticosterone exposure
on physiology and song learning in zebra finches
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Conditions experienced during early development can have effects that last throughout an animal’s life, and

sometimes even across generations. There are several potential mechanisms for such intergenerational ef-

fects, including physiological and behavioural changes. It is likely that intergenerational effects are caused by

multiple mechanisms acting simultaneously to influence how conditions experienced by one generation affect

subsequent generations. Songbirds provide an interesting system to study intergenerational effects because

offspring can be affects by both prenatal and postnatal parental effects, through variation in the resources de-

posited in the egg yolk and the parental care provided by both mothers and fathers. Also, songbirds pass down

their songs from parent to offspring through social learning, and this cognitive process is affected by develop-

mental conditions. In this project, we investigated the intergenerational effects of a corticosterone treatment in

a small songbird (the zebra finch, Taeniopygia guttata). We exposed one generation to elevated corticosterone

during development and quantified the effects on their offspring by measuring the corticosterone levels, mor-

phology, and several aspects of their song. We measured body size and body composition during both nestling

and adult life stages. Once the birds reached adulthood, we also measured baseline and peak corticosterone

levels. We recorded the songs of all fathers and male offspring to test for effects on song copying accuracy from

father to son. Finally, we also measured brain gene expression following song playback, as an assay of brain

activity in response to song. We found that the treatment had intergenerational effects on corticosterone levels,

song copying accuracy, and brain gene expression during song playback. The results also showed that parental

treatments had both separate and interacting effects on offspring phenotype, highlighting the complex nature

of intergenerational effects in this system.
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Effects of nest temperature and yolk thyroid hormones on
offspring phenotype: factorial experiments in wild passerines
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Both prenatal and postnatal factors can induce profound influence on offspring phenotype, with a potential

to last long to later life stages. Such phenotypic plasticity may be induced by maternal hormones deposited in

egg yolks of birds. Because of the pleiotropic effects of hormones, it is often expected that the final outcome of

hormone-mediated phenotypic changesmight dependent on cost-benefit balance according to the environmen-

tal context. Nevertheless, empirical evidence for such environment-dependent effects of early-life hormonal

exposure remains limited. During the past years, our experiments in wild and captive birds have revealed

various effects of yolk thyroid hormones (THs) on offspring phenotype. Because THs are crucial in regulating

metabolic rates and thermoregulation, we hypothesized that yolk THs may have temperature-dependent ef-

fects. To test our hypothesis, we conducted several factorial experiments in wild passerines – pied flycatchers

(Ficedula hypoleuca) and great tits (Parus major) – combining manipulations of yolk THs and nest-box temper-

ature. Counter to our expectations, our results did not reveal any evidences of temperature-dependent effects

of experimentally elevated yolk THs. Instead, yolk THs enhanced nestling growth during the second half of

the pre-fledging period and accentuated telomere shortening. On the other side, nestling achieved the highest

bodymass under intermediate nest-box temperature, and the heating treatment that elevated nest-box temper-

ature by approximately 2 °C accentuated telomere shortening. Among all possible explanations to the lack of

temperature-dependent effects of THs, we stress that a better understanding from mechanistic angles should

help target the true environmental factors that may modulate the effects of prenatal hormone exposure. Also,

the effects of nest-box temperature alone suggest that global warmingmay induce phenotypic alteration, whose

adaptiveness remains to be determined.
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In vivo longitudinal MRI to disentangle the effects of
photoperiod and testosterone on neuroplasticity and song

behavior in seasonal starlings
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Every bird sings its own song. Interestingly, European starlings also change their song seasonally and sing

a more elaborate song when testosterone levels are high during the photostimulated phase in spring. With

this seasonally changing song behavior, several song control system (SCS) nuclei increase in size. Previous

studies haveused invasive techniques tomonitor this structural neuroplasticity and its complex interactionwith

hormones and song. However, these studies are limited as they cannot monitor the same bird repeatedly over

time. By using non-invasive techniques, like magnetic resonance imaging (MRI), we can monitor longitudinally

the song performance and the structural neuroplasticitywithin the same animals under different photoperiodic

and hormonal conditions.

A first studymonitoredmale and female starlings under natural circumstances and demonstrated how the pho-

tosensitive phase represents a sensitive window for multisensory and SCS neuroplasticity. During this phase,

testosterone concentrations slowly start to rise, which correlated positively within-subjects with the gradually

increasing song bout length (SBL) in male starlings, but not with the associated structural SCS neuroplasticity.

In a second study, photosensitive female starlings received a testosterone implant to monitor fast (days) and

slower (weeks) effects of testosterone. The artificial increase in testosterone stimulated their song rate. Rather

than testosterone itself, the testosterone-induced rise in SBL correlated with the SCSmicrostructural changes. A

final study showed that hypothyroidism in male starlings prevented the photostimulation-induced increase in

testosterone. This also affected their SBL, which kept on increasing during the photostimulated phase instead of

stabilizing. Interestingly, neuroplasticity was not affected by hypothyroidism and had a negative within-subject

correlation to circulating thyroid hormones.

To summarize, these studies add to our understanding of testosterone’s stimulating and stabilizing effects on

song behavior, demonstrate how testosterone-induced song, not testosterone itself, correlates with SCS neuro-

plasticity and open up new avenues for thyroid hormone involvement in neuroplasticity.
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Thyroid hormones in avian development and beyond: what
we (don’t) know.
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Thyroid hormones (THs) have many actions, reaching from the start of embryonic development up to the latest

stages of adult life. Their role in development is probably the most intensively studied one, mainly using the

precocial chicken embryomodel. Early embryos rely exclusively onmaternal THs while the embryonic thyroid

gland gradually takes over as it matures. The rising TH levels in circulation reach a peak which seems nec-

essary for normal hatching. Throughout embryogenesis THs stimulate development of most, if not all tissues.

They are particularly important for central nervous system development, coordinating the exact timing of cell

proliferation, migration and differentiation and hence the correct formation of neuronal networks.

It is presently clear that all these actions are strictly regulated at a local level by cell-specific expression of

transmembrane transporters, intracellular deiodinases and nuclear receptors. We also know that THs act per-

missively/synergistically with other hormones such as corticosterone and growth hormone in the regulation of

tissue development and maturation. Advances in gene technology presently facilitate research into the molec-

ular pathways underlying all these processes. While the cell-specific actions of THs are probably identical in

precocial and altricial species, their developmental timing is different and altricial embryos rely more heavily

on the maternal TH deposit. Comparison of both developmental strategies will help to fine-tune our under-

standing of TH actions in early development.

In the first weeks post-hatch, THs are essential for thermoregulation, further tissue maturation and body

growth. They are also implicated in learning processes, possibly involving unidentified nongenomic actions.

THs cooperate with other hormones in the regulation of intermediary metabolism and thermogenesis through-

out adult life. Their implication in photoperiodicity and seasonal reproduction is well documented although

not fully understood. In summary: THs have not revealed all their secrets yet.
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Social cues, the HPA and phenotypic flexibility in facultative
migrants

Jamie Cornelius 1
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Birds have many different physiological and behavioral tools at their disposal for coping with changing envi-

ronmental conditions or energy demands. Migrant birds, for example, can show extreme phenotypic flexibility

in foraging intake rates, fuel deposition and gut dynamics to prepare for long migratory flights. Facultative mi-

grations that occur in response to declining food resources may present a bigger challenge to birds if they are

simultaneously faced with energy-intensive flight and lower energy intake. Predictive cues or cues that impart

more accurate environmental assessments could improve survival in these scenarios. Food restriction of the ir-

ruptivemigrant red crossbill (Loxia curvirostra) in past captive studies has resulted in increased Hypothalamic-

Pituitary-Adrenal activity that is also sensitive to social information from neighboring birds: birds with food-

restricted neighbors had more circulating plasma corticosterone and reduced glucocorticoid and mineralocor-

ticoid receptor expression in HPA control regions of the brain. Such changes were hypothesized to prime the

birds to adaptmore quickly to declining resources. Here I present data suggesting that predictive social informa-

tion about declining food can improve tolerance of food restriction. Birds with predictive information showed

more rapid behavioral adaptation to time-limited feeding, bettermaintainedmusclemass and protected intesti-

nal mass – each of which may serve to improve assimilation capacity and better preserve migratory condition

during times of food stress. Modulation of theHPAby social cuesmay thus be important in the flexible responses

of birds to food stress andmay serve as an additional benefit to group living when resources are unpredictable.
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Gastric peptide ghrelin as a signal during bird migration
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In birds,migration requires drastic physiological andbehavioural changes. Endogenous energy is the indispens-

able fuel for flying and a critical factor for regulating the timing of migration. Fat stores, as the main source

of endogenous energy, greatly fluctuate in response to the alternation between prolonged fasting and exercise

during migratory flights and refueling during stopovers. Peripheral signals, such as hormones, convey infor-

mation on energy status to the brain and lead to central control of behavior and energy balance. In vertebrates,

the gastric peptide ghrelin is an important factor in the regulation of food intake, lipid metabolism and energy

balance, all of these being key processes during bird migration. Our group recently showed that ghrelin modu-

lates migratory disposition and food intake in captivemigratory birds. Here, we present our latest experiments,

where we investigated the role of ghrelin on decision-making and energy regulation during bird migration. In

a field study, we experimentally manipulated blood concentrations of ghrelin in wild yellow-rumped warblers

(Setophaga coronata) during spring stopover at Lake Erie (Ontario, Canada), and automatically radio-tracked

their migratory behavior following release. Ghrelin injection rapidly induced departure from the stopover site,

suggesting that ghrelin takes part in the control of stopover departure decisions in a wild migratory passerine.

In a captive study, we flew blackpoll warblers (Setophaga striata) in a wind tunnel for up to 6 hours to simulate

migratory flights and studied ghrelin changes in response to high-intensity exercise and fasting. We found that

ghrelin response to energy expenditure differs depending on the extent of fat stores, suggesting that ghrelin

signaling reflects different energetic conditions during migration. Altogether, these studies depict ghrelin as an

important messenger in the dialogue between peripheral energy and the brain in relation to decision-making

and energy balance.
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Is testosterone necessary for the development of the
migratory phenotype?

Zoltan Nemeth 1, Marilyn Ramenofsky 2

1. University of Debrecen, Debrecen, Hungary., 2. Department of Neurobiology Physiology & Behavior, University of California,

Davis, CA, USA.

Although the role testosterone plays in initiating and organizing spring migratory behavior and physiology in

birds has been studied in captivity, it is still unknown whether the presence of this hormone is required for

migration to occur in spring or autumn. Moreover, although gonads are regressed and plasma levels of andro-

gen are low at the outset of autumnmigration, nongonadal sources of testosterone may direct the physiological

processes that facilitate the development of autumn migratory behavior. Our objective was to test whether

testosterone is necessary for the timely development of spring and autumnmigratory behavior and physiology.

In the autumn, we used captive, gonadectomized adult male White-crowned Sparrows (Zonotrichia leucophrys

gambelii) and implanted them with Fadrozole (aromatase inhibitor) and Flutamide (androgen receptor antag-

onist) (N=7) or blank implants (N=7). A third group served as sham-operated controls (N=6). We monitored

the development of molt, premigratory fattening and flight muscle hypertrophy as well as levels of plasma

androgen (T and DHT) and estradiol (E2), migratory restlessness (Zugunruhe) and daytime activity for seven

weeks. In spring, 12 adult and 11 juvenile free-living male sparrows received either Flutamide and ATD (1,4,6-

Androstatrien-3,17-dione, aromatase inhibitor) implants (N=12) or blank implants (N=11) and fitted with radio

transmitters. Birds were released at the site of capture and were radio-tracked until migratory departure. We

found that testosterone does not appear to be required for either the expression of the autumn migratory be-

havior or the timing of spring departure. Moreover, the reduction or clearance of testosteronemay be required

to allowmigratory restlessness to develop fully in autumn. Finally, testosterone inhibition did not influence the

speed or intensity of flight feather molt nor the development of fattening and muscle hypertrophy during the

autumn stage. We suggest that testosterone is not necessary for the expression of the migratory phenotype.
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Impacts of the hypothalamic-pituitary-adrenal axis on
seasonal migration
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The hypothalamic-pituitary-adrenal (HPA) axis has long been considered to play an important role in avian sea-

sonal migration. Corticosterone, the final product of HPA-axis activation, has permissive or stimulatory actions

central to several migratory processes including hyperphagia, lipogenesis, locomotor activity, and energy mo-

bilization. I will first discuss roles of corticosterone in migratory dark-eyed juncos (Junco hyemalis), and how

this work sparked an interest in reviewing the literature to better understand the different actions of corticos-

terone in avian migration. Briefly, our published literature review (Bauer, C.M. & Watts, H.E. 2021. Hormones

and Behavior, 135:105033) examined three hypotheses: 1) corticosterone facilitates fattening and flight muscle

hypertrophy during themigratory preparation phase, 2) corticosterone stimulates departure fromorigin and/or

stopover sites, and 3) corticosterone supports metabolic needs during long-distance flight bouts. Weak support

was found for corticosterone’s role in physiological preparation, as corticosterone was generally not positively

related with rates of food intake and body mass gain, nor did corticosterone tend to be elevated during the

pre-migratory stage. Stronger support, however, was found for corticosterone’s role in stimulating departure,

as corticosterone did tend to increase over the days and hours prior to departure, and was also higher during

periods of migratory restlessness. Strong support was also found for corticosterone’s role in sustaining long-

distance flight, as corticosterone levels generally were higher during periods of flight compared to periods of no

flight. However, few studies have adequately tested the departure stimulation and flight support hypotheses. I

will conclude with suggestions of future avenues of research to better determine the roles of corticosterone in

seasonal avian migration.
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Transgenerational endocrine disruption - a potential
mechanism for legacy effects of anthropogenic disturbance
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Anthropogenic changes in the environment are ubiquitos and affect organisms in many ways. Flexibility of the

endocrine system may help organisms to response to those changes. Yet, even if parental generation would be

able to cope with the changes, parents can e.g. face trade-offs in allocating resources to offspring, or directly

transfer chemicals to offspring, altering offspring performance. Importantly, changes in female endocrine func-

tion may lead to altered transfer of hormones in eggs, ie. transgenerational endocrine disruption, which can

have long-lasting effects on offspring, therefore slowing down any adaptation. Maternally derived thyroid hor-

mones (THs) in eggs are essential for development, but poorly studied, especially inwild birds. Here, we provide

three case examples of studies on transgenerational TH disruption. First, we studied how parental exposure to

metal pollution, using repeated sampling of polluted and control areas across Europe, influenced egg TH levels

in a passerine bird, the great tit. Second, we studied how long-term experimental parental herbicide exposure

influenced egg THs and offspring traits in Japanese quails. Third, we studied experimetally how limitation of

iodine, a key element of the THmolecule, influenced parental and egg THs in rock pigeons. We found no overall

effect of parental metal exposure on egg THs, but the effect was dependent on calcium availability. Parental

herbicide exposure did not influence egg THs, but affected hatchability and embryo traits. Parental iodine avail-

ability did not influence parental or egg TH levels, but decreased egg laying rate. Results of these case examples

suggest that transgenerational endocrine disruption is a complex phenomena and should be further studied.

Such legacy effects can delay adapting to environmental changes, and should be considered in management.
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Measures of Stress Physiology to Inform Conservation
Decisions
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Conservation biology has relied upon changes in population size as the gold standard for identifying human

activities that put species at risk of extinction. Change in population size, however, is a post-hoc measure that

often fails to capture early signals of at-risk populations. As a result, researchers have attempted to use vari-

ous proxies to predict how populations might react prior to the onset of human-induced changes. Physiology in

general—and stress in particular—is one such proxy. Measurements of corticosterone are proving useful to pre-

dict individual, and by extension population, resilience and vulnerability to human activities. Corticosterone

concentrations can predict susceptibility to pollution, habitat disturbance, ecotourism, and translocation. But

stress also occurs at a number of different biological scales. Recent work has shown that DNA damage can po-

tentially act as a measure of stressor exposure down-stream from corticosterone concentrations. Because birds

have nucleated red blood cells, longitudinal studies of DNA damage are possible. In conclusion, assessments of

stress and its physiological effects can play an important role in making conservation decisions.
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Endocrine response to temperature is shaped by prenatal
acoustic information in a desert-adapted bird
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As climate change intensifies and global temperatures increase, understanding species physiological adapta-

tions to elevated air temperatures is becoming increasingly urgent. Yet, little is known about the drivers of

inter-individual differences in susceptibility to temperature, and the role of early-life experience in this pro-

cess. Early-life experience can shape individual phenotypes to prevailing conditions, but such developmental

programingmay be detrimentalwhen early conditions do notmatch those encountered later in life. In the zebra

finch, parents emit a special vocalization at high air temperature during late incubation, which adaptively al-

ters subsequent nestling growth in response to nest temperature. Embryos exposed to parental “heat-calls” also

have higher heat tolerance in adulthood and prefer hotter breeding nests. Here, we used individual endocrine

response to thermal fluctuations to investigate whether developmental programming by prenatal heat-calls al-

ters nestling susceptibility to post-natal temperatures. We exposed embryos either to heat calls or to control

calls, in artificial incubators at constant temperature. Nestlings were then raised by foster parents in nest with

different thermal profiles in outdoor aviaries. Towards the end of the nestling period (day 11 post-hatch), we

measured nestling baseline plasma corticosterone (CORT), under contrasting sampling temperatures. We found

that prenatal acoustic experience altered nestling endocrine profile, in relation to the temperature they were

experiencing in the nest. Individuals exposed to heat-calls prenatally had higher baseline CORT levels than con-

trols, especially at low nest temperatures. This suggests that while heat-calls may program individuals for heat

on the long-term, it may also increase their susceptibility to cooler conditions during development. Overall, our

study highlights the importance of considering physiological responses to thermal challenges in order to better

predict the impact of climate change on biodiversity loss.
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Migratory physiology of the nomadic, irruptive Pine Siskin in
captivity and the field
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Facultative migrations are observed across taxa, include irruptive and nomadic movements, and occur in re-

sponse to ephemeral and unpredictably variable resources. While the physiology underlying seasonal, obligate

migrations is well studied, much less is known about the physiological mechanisms of facultative movements.

We tested two hypotheses in both captive and free-living pine siskins (Spinus pinus), a nomadic migrant. The

Prepare Hypothesis predicts that, like obligate migrants, siskins increase fuel stores to prepare for migratory

movements and elevations of baseline corticosterone (CORT) support departure. The Escape Hypothesis pre-

dicts that siskins do not prepare for departure, body condition declines as food availability declines, and stress-

related levels of CORT induce escape from resource-poor areas. Under controlled lab conditions food restriction

induces declines in body condition and increases in CORT and locomotor activity, supporting the EscapeHypoth-

esis. Field studies do not support either the Prepare or Escape Hypotheses, but rather an intermediate pattern:

birds in poor condition with low food availability are further from departure, increasing condition predicts

sooner departure up to a point, after which there is no relationship. CORT did not predict any movement pat-

terns across the study. As new technologies increase our ability to track facultative and obligate migrants we

will have more power to explore how internal and external cues combine to determine migratory decisions.
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Ontogeny of the hypothalamo-pituitary-adrenal (HPA) axis
and stress responses in the chicken

Tom Porter 1

1. Dept. Animal and Avian Sciences, University of Maryland, College Park, MD, USA.

The adrenal glucocorticoid corticosterone (CORT) is commonly used as an indicator of stress in domesticated and

wild birds. Production of corticosterone is under the control of hypothalamic corticotropin releasing hormone

(CRH) and arginine vasotocin (AVT) and pituitary adrenocorticorticotropic hormone (ACTH). CORT actions are

mediated by glucocorticoid receptors (GR) and mineralocorticoid receptors (MR). A number of studies have

been conducted in the domestic chicken characterizing functional development of the hypothalamo-pituitary-

adrenal (HPA) axis. Early studies, reported nearly five decades ago, demonstrated that experimentally induced

stress on embryonic day (e) 14 but not e12 increases plasma CORT levels, indicating that functional maturation

ofHPA axis responses to stress occurs on e14 in the chicken. Plasma levels of CORT increase between e10 and e14

in the chicken. Similarly, hypothalamic levels of mRNA for CRH and anterior pituitary levels of mRNA for CRH-

receptor I and II and pro-opiomelanocortin (POMC) also increase between e10 and e14, supporting maturation

of the hypothalamo-pituitary-adrenal axis by e14. Immunoreactive CRH-containing neurons are present on e14,

while immunoreactive POMC in the pituitary is clearly present by e10. Plasma ACTH is detectable by e11 and

increases between e15 and e17. However, intravenous administration of ACTH on e10 increases plasma CORT

levels within one hour, indicating that adrenal responsiveness to ACTH precedes an increase in hypothalamic

and pituitary elements of theHPA axis. Pituitary levels ofmRNA for GR increase between e12 and e17, and CORT

can suppress basal and CRH-induced ACTH release from e20 pituitary cells, indicating that negative feedback

within the HPA axis is also established during embryonic development. Taken together, these findings support

the model that all components necessary for stress-induced activation of the HPA axis are established by the

beginning of the final third of embryonic development and that adrenal CORT secretion prior to e14 occurs

autonomously.
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Sex differences in stress responsivity to physiological and
psychological stressors in chickens and songbirds.

Farrah Madison 1

1. Biology Dept., Hope College, Holland, MI, USA.

While much is known about the mechanisms underlying the physiological and psychological effects of stress

on neurobiology, sex-specific factors mediating stress responsivity are less clear. Previous research in chickens

(Gallus gallus) investigated the physiological effects of intracerebroventricular injections of corticotropin releas-

ing hormone (CRH) and arginine vasotocin (AVT) on corticosterone (CORT) release. It was demonstrated that

CRH was most efficacious in stimulating corticosterone (CORT) release and that males were more responsive

to stress peptides compared to females. These data suggest possible neuroanatomical differences in neuropep-

tidesmediating the stress response in the avian brain. In the songbird,mate separation, a psychological stressor,

stimulated an increase in circulating CORT concentrations in male and female zebra finch, however, in the hip-

pocampus, females exhibited a significant up regulation in hippocampal mineralocorticoid receptor (MR), but

not glucocorticoid receptor (GR) mRNA. Males exhibited a significant down regulation of both hippocampal MR

and GRmRNA in response to mate pair separation. This sex dependent response to mate loss suggests that male

and female zebra finches may perceive the stressful effects of mate pair separation in different ways and MRs

may influence behavioral flexibility in females (in avian species, females are more likely to leave a pair than

males). Moreover, there was no effect of treatment observed in the hypothalamus which suggests a potential

sex difference in the hippocampal-hypothalamic circuitry modulating stress responsivity. Given these findings,

we are currently investigating afferent and efferent connectivity of the hippocampal formation in the zebra

finch as these experiments could potentially shed light on the neurobiological mechanisms that mediate the

observed sex differences in how birds perceive and respond to stressful stimuli.
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Effects of different chronic stressors on a wild bird: the value
of receptor-based approaches

Christine Lattin 1
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Although understanding the effects of stressors on wild birds has been a major goal of avian endocrinology for

decades, most research has focused onmeasuring corticosterone in blood samples. I describe here two projects

using radioligand binding assays to examine the effects of different chronic stressors on corticosterone recep-

tor concentrations in wild-caught house sparrows (Passer domesticus). The first project used a chronic mild

stress paradigm with sparrows in the lab, and found increases in both mineralocorticoid and glucocorticoid

receptors in pectoralis (but not gastrocnemius) muscle in chronically stressed birds. These results suggest that

stressed birds may preferentially use the pectoralis as a protein reserve, though increased muscle sensitivity

to corticosterone may also be part of the underlying mechanism for the muscle wasting seen with chronically

elevated glucocorticoids. The second project used dietary exposure to a small amount of weathered crude oil as

a stressor, and found that oil exposure caused decreased glucocorticoid receptor density in liver and increased

glucocorticoid receptor density in fat. Together with data showing that oil reduced acute corticosterone concen-

trations, these results suggest that oil-exposed birds may showmetabolic changes that could make it difficult to

respond when glucose mobilization is needed, for example in response to additional acute stressors. Together,

these projects show the value of a receptor-based approach in shedding light on physiological changes induced

by stress exposure, which cannot be fully understood from hormone concentrations alone.
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Importance of the septal brain region and concurrent
activation of the hypothalamo-pituitary-adrenal (HPA) and

-thyroid (HPT) axes in the avian regulation of stress

Wayne Kuenzel 1, Hakeem Kadhim 2

1. Poultry Science Center, University of Arkansas, Fayetteville, AR, USA., 2. Veterinary Medicine College, University of Thi-Oar,

Iraq.

In the septal region of the brain, the nucleus of the hippocampal commissure (NHpC) has neurons containing

corticotropin releasing hormone (CRH) that respond quickly to stress, suggesting the NHpC is a part of the HPA

axis in birds. Additionally, the NHpC plays a role in activating the HPT axis as well. A study was designed to

provide evidence whether or not components the HPT axis are activated within the same time frame when the

neuroendocrine HPA axis responds to a stressor. Chicks, Gallus gallus, 5 weeks of age were subjected to im-

mobilization (IM) stress. Blood samples, brains and anterior pituitaries were sampled prior to stress (Controls)

and 15, 30, 60, 90 and 120 minutes (m) following IM. Brains were cryosectioned and the NHpC, paraventricular

nu. (PVN) and anterior pituitary (APit) were dissected, total RNA extracted and samples processed for RT-PCR.

Thyrotropin-releasing hormone (TRH) and its receptors in the HPT axis, other peptides, urocortin 3 (UCN3), and

a second type of CRH, CRH2 andAPit hormones [proopiomelanocortin (POMC) and thyroid stimulating hormone

(TSH)] were analyzed for gene expression and compared to the timed response of the HPA axis following IM.

Results of NHpC samples showed that CRH, UCN3 and TRH-R1were peptides and receptors that responded early

to the stressor. Those responding late in the NHpC included TRH, TRH-R3, and CRH2while UCN3 also responded

late. In the PVN, peptides and receptors responding late included TRH and CRH2. In the APit, the peak response

of POMC preceded the peak response of TSH while TRH-R1, TRH-R3 and CRH-R2 significantly increased from

15m through 120m of the study. Results provided data supporting both the HPA and components of the HPT axis

contributing to the release of the stress hormone CORT thereby regulating the neuroendocrine stress response

for maintaining homeostasis within the bird’s body.
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Hormones, genes, and cooperative behavior in a lek-breeding
tropical bird

Ignacio Moore 1
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The neural and hormonal mediators of cooperation are much less studied than those of other social behaviors

such as aggressive or paternal behaviors. But for some species cooperation is crucial for reproductive success.

The male neotropical wire-tailed manakin (Pipra filicauda) displays cooperative social behavior and partner-

ships that form the basis of long-term coalitions and scale up to social networks. Further, these cooperative

social interactions are predictive or reproductive fitness. To investigate the hormonal basis of their coopera-

tive behavior, we deployed an automated telemetry system to quantify cooperative interactions among males

and examined how circulating testosterone related to behavior. In an observational study we found that non-

territorial males with high circulating testosterone displayed increased cooperative behaviors. In contrast, in

territory-holdingmales, both observational and experimental data demonstrated that high testosterone is nega-

tively associated with cooperative behaviors. Collectively, our findings demonstrate that the influence of testos-

terone on a male’s cooperative display behavior is dependent on his social status. We subsequently looked at

neural gene expression patterns in ten brain nuclei within the social behavior network from individuals with

known behavioral and hormonal phenotypes and found that different brain regions had distinct signatures

of constitutive gene expression in relation to social status, testosterone phenotype, and cooperative behavior.

Tissue-specific expression profiles included genes involved in both steroid and neuropeptide signaling path-

ways. Our findings are elucidating how hormones and genes mediate a complex social behavior, cooperation,

in a free-living bird.
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Gene expression profiles associated with behavioral
responses to urbanization in song sparrows
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While some species are in decline because of human impacts on the environment, others have traits that allow

them to copewith novel conditions. For example, wild songbirds living in urban habitats are reliably bolder and

more aggressive than their rural counterparts. Increased boldness has been associated with altered glucocorti-

coid signaling while increased aggression is linked with sex steroid signaling. However, previous comparisons

of urban and rural birds have failed to find consistent differences in circulating levels of glucocorticoids or sex

steroids. An aspect of glucocorticoid signaling that could be beneficial in urban habitats is more efficient termi-

nation of the stress response, which is mediated by binding of glucocorticoids to receptors in the hippocampus

and hypothalamus. Similarly, the impacts of sex steroids on aggression can be mediated through aromatization

of testosterone and bindingwith sex steroid receptors in the hypothalamus. To resolve the contribution of these

neuro-molecular mechanisms to behavioral variation associated with urbanization, we compared expression

of mRNA for receptors and enzymes that regulate glucocorticoid (MR, GR, 11-beta-HSD2) and sex steroid (AR,

ER-alpha, and aromatase) signaling in the brains of male song sparrows (Melospiza melodia) from replicate

urban and rural sites using qPCR (n=14 per habitat). We found that urban birds, which are bolder and more

aggressive, had lower glucocorticoid receptor and 11-beta-HSD2 expression in the hippocampus. Lower levels

of GR expression can result from stressful early life experiences and thus could result from developing in urban

habitats, which are argued to be more stressful. Additionally, we found higher aromatase mRNA expression in

the hypothalamus of urban males, which could increase aggression independently of peripheral levels of sex

steroid hormones. These results highlight the importance of examining the contributions of receptor and en-

zyme expression to hormonal regulation of behavior and the power of gene expression studies in wild systems.
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The role of hormone receptors in the seasonal regulation of
avian behavior

Heather Watts 1

1. School of Biological Sciences, Washington State University, Pullman, WA, USA.

The differential expression of animals’ behavior across the annual cycle is a widespread phenomenon, and it

is particularly prevalent among birds. Indeed, birds have served as an important model for studies aimed at

understanding the endocrine regulation of seasonal changes in behavior. Traditionally, such studies focused

heavily on the roles of changes in circulating hormone levels. More recent work has expanded in focus to in-

vestigate the roles of other elements in endocrine signaling pathways. Studies of gene expression have been

central to this endeavor. In this talk, I will provide an overview of our current understanding of the role of

changes in the expression of hormone receptors in seasonal patterns of behavior in birds. I will focus particu-

larly on steroid hormones because these have been most widely studied. Overall, studies reveal considerable

diversity in seasonal patterns of steroid receptor expression and suggest varied functional roles. For instance,

studies across a range of species have found upregulation of sex steroid receptors in key brain regions during

the breeding season, which could serve to enhance responsiveness to circulating sex steroids when circulat-

ing levels are often also elevated. However, this pattern of breeding-season upregulation is not ubiquitous. As

another example, avian systems also have been used to ask whether elevated expression of relevant receptors

might support the expression of behaviors – such as singing or territorial behavior – at times of the year when

circulating levels of key hormones are low. Although there is evidence for this in a few systems, this does not

appear to be a widespread mechanism. I will conclude this talk by highlighting promising areas for future

research to advance our understanding of the hormonal basis of seasonal patterns of behavior.
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Does early life stress influence later life migratory strategies?

Valeria Marasco 1, Bin-Yan Hsu 2, Steve Smith 1, Tim Boswell 3, Leonida Fusani 4

1. Konrad Lorenz Institute of Ethology, University of Veterinary Medicine, Vienna, Austria., 2. Dept. of Biology, University of

Turku, Turku, Finland., 3. School of Natural and Environmental Sciences, Newcastle University, Newcastle, UK., 4. Konrad

Lorenz Institute of Ethology, University of Veterinary Medicine, Vienna, Austria; Dept. of Behavioural and Cognitive Biology,

University of Vienna, Austria.

Challenging experiences during early development lead to substantial long-lasting effects on neurophysiology

and behaviour. However, the extent to which such organisational effects maximise fitness outcomes remains

largely untested. The effects of early life stress might be contingent on adult environmental circumstances.

Here, we tested this hypothesis in the migratory Galliform – the Common quail (Coturnix coturnix). To this end,

we exposed captive quails to a naturalistic stressor -i.e. brief exposure to unpredictable food withdrawals -

during early post-natal growth and/or in early adulthood, and examined the long-term effects of the environ-

mental manipulation on the emergence of migratory behaviour. Using a repeated-measures study design, we

combined key measures signalling the activation of migratory behaviour (subcutaneous fat scores and noctur-

nal locomotor activity)with relevantmetabolic and hormonalmeasurements (plasma fatty acids composition of

phospholipids, corticosterone and thyroid hormones). At the peak of migratory fattening, brains were collected

to assess the long-termeffects of the environmental stressor exposure on key hypothalamic neurohormones reg-

ulating satiety and hunger signalling pathways. We found that the birds exposed to the environmental stressor

during both life stages substantially anticipated migratory fattening relative to the other treatment groups. Re-

gardless of the environmental conditions, birds showedmarked physiological changes over the activation of the

migratory phenotype with an overall increase in unsaturated fatty acids (i.e. oleic acid [18:1] and arachidonic

acid [20:4(n-6)]) and decrease in saturated fatty acids (i.e. palmitic acid [16:0] and stearic acid [18:0]) as birds

got fatter. While plasma corticosterone and plasma thyroxine (T4) hormone concentrations tended to remain

stable over the migratory fattening stages, triiodothyronine (T3) hormone declined over time. In conclusion,

our results suggest that early life circumstances are likely to be an important predictor of phenotypic flexibility

associated with migratory life history strategies pointing to fundamental links between early development and

fitness outcomes.
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RNA-seq analyses reveal stress response genes in an Arctic
breeding songbird

Zhou Wu 1, Matthew Hindle 1, Valerie Bishop 1, Angus Reid 1, Jonathan Pérez 2, Jesse Krause 3, John
Wingfield 4, Simone Meddle 1, Jacqueline Smith 1

1. The Roslin Institute, The University of Edinburgh, UK., 2. Dept. of Biology, University of South Alabama, Mobile, AL, USA., 3.

Dept. of Biology, University of Nevada Reno, Reno, NV, USA., 4. Dept. of Neurobiology Physiology and Behavior, University of

California, Davis, CA, USA.

Extreme global weather events are becoming more frequent because of climate change. Understanding how

organisms respond to environmental perturbations is essential for coping with environmental challenges. We

collected samples from wild free-living male Lapland longspurs (Calcarius lapponicus) during their arrival on

the breeding grounds and during incubation on the Arctic tundra of Alaska, USA. Samples were collected dur-

ing an extreme weather arrival period in 2013, a typical weather arrival period in 2016 and incubation without

and during a severe inclement weather in 2016. Plasma levels of corticosterone were elevated in response to

stress handling during the extreme weather arrival period in 2013 and during snowstorms in 2016. We per-

formed RNA-seq analysis on the liver, hypothalamus, heart, and gonad to understand how extreme weather

influences the biological systems. We present a high quality genome assembly and gene annotation of Lapland

longspurs, withwhichwe identified inclement weather-associated differentially expressed genes. In particular,

when comparing the differentially expressed genes in hypothalamus, the gene encoding FKBP5was significantly

up-regulated, suggesting that FKBP5 is functionally important for the response to inclement weather. FKBP5 is

a regulator of the Hypothalamic-Pituitary-Adrenal (HPA) axis stress-response, and it acts to modulate gluco-

corticoid receptor sensitivity in response to stress. FKBP5 acts as a co-chaperone, negatively regulating the

glucocorticoid signalling pathway and provides a mechanism by which an individual can adjust its HPA axis

function rapidly and reversibly in response to unpredictable environmental perturbations. Such findings will

build on our understanding of endocrine mediated stress and resilience in freely living animals in a changing

world. All work was performed under local ethical review. Research supported by BBSRC and NSF.
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Social status modulates testosterone response to fluctuating
social context during trans-Saharan stopover
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The relationship between testosterone (T) and behavior have been examined across taxa and applied to various

social contexts. However, these interactions have yet to be examined during avian migratory stopover. Spring

stopover represents a period before breeding, where social context such as intraspecific challenger density

and social stability fluctuate much more often and haphazardly than they do at breeding sites. This yields a

novel and field-based platform to examine several predictions linking T and behavior. We color-ringed and

sampled T of male Subalpine Warblers (Curruca iberiae) during a trans-Saharan stopover where they engaged

in aggressive territory defense. We analyzed T concentrations related to daily challenger density, territorial

status and by simulated territory intrusions of birds in the field. Our results suggests that territorymaintenance

(short disputes and vocal broadcasts) at stopover may be achieved with little to no T elevation, while territory

acquisition may require levels above baseline. However, prolonged territorial disputes (simulated territory

intrusions of 15 minutes) may result in maximal T levels similar to breeding levels. Baseline T levels peaked at

periods of social instability, when few individuals were vying for space, and decreased when territories were

established. We conclude that T modulation to male-male social contexts occurs during migratory stopover in

a similar way as it does during breeding. This supports that hormonal preparation for the breeding life history

stage occurs prior to arrival at breeding sites.
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Natural photoperiodic and endocrine regulation of
hippocampal neurogenesis in wild black-capped chickadees

(Poecile atricapillus)
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In black-capped chickadees (Poecile atricapillus), food-storing behaviour fluctuates seasonally: chickadees store

more food during fall andwintermonthswhen food sources are scarce, and store less food during the spring and

summerwhen food is abundant. Supporting this seasonal behaviour is change in the hippocampus (Hp), a brain

region critical for spatial behaviour andmemory. While seasonal change inHp (including volume, neuron num-

ber, and neurogenesis) is well-documented, we cannot easily compare findings due to variation in capture dates

and periods of captivity across studies; captivity is known to alter Hp plasticity, particularly neurogenesis. The

evidence for seasonal change in Hp in food-storing birds to date has also been conducted with relatively small

samples; some have therefore suggested these findings might be an artifact of type I error or other sampling bi-

ases. Another factor to consider when studying this brain-behaviour interaction is the natural seasonal change

in the songbird hormonal profile associated with breeding, driven primarily by photoperiod (day length). Here,

we captured a large sample of wild black-capped chickadees (N=48) at three times of the year corresponding to

three distinct photoperiodic conditions: photostimulated (March-April), photorefractory (August-September),

and photosensitive (December-January); all birds were sacrificed shortly after capture. We confirmed breeding

state by quantifying plasma testosterone and luteinizing hormone; we also assayed plasma corticosterone. We

quantified gross Hp plasticity by staining neural tissue with cresyl violet (measuring absolute and relative Hp

volume and neuron number) and quantified Hp neurogenesis using doublecortin immunohistochemistry. Our

findings are among the first to examine seasonal Hp plasticity using a large sample of wild chickadees not in-

troduced into any sort of captivity and provides key evidence in assessing whether food-storing behaviour and

its impact on Hp occur independently of photoperiod-driven endocrine regulation of breeding in food-storing

birds.
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Hypothalamic-pituitary-adrenal axis programming via mild
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Chronic exposure to stressors during development can result in persisting anddetrimental effects on phenotype.

However, developmental stressors may also result in adjustments in physiology that are adaptive, increasing

fitness later in life in otherwise harmful environments. Environmental conditions during development can

permanently alter responsiveness of the hypothalamic-pituitary-adrenal (HPA) axis. Thus, developmental pro-

gramming of the HPA-axis may act as predictive adaptive response allowing organisms to avoid negative out-

comes in future environmental conditions. We tested the hypothesis that zebra finches (Taeniopygia guttata)

exposed to a prolonged mild stressor early in life will have persistently lower baseline corticosterone (CORT)

levels as well as attenuated CORT secretion and lower DNA damage compared to the controls in response to a

thermal stressor in adulthood. To test this, we exposed juvenile male and female zebra finches to a prolonged

mild heat stress (38 °C) or control (22 °C) temperature every other day for 28 days. As adults, these finches were

then subject to either a high heat stressor (42 °C) or control (22 °C) temperature for 3 consecutive days. At ~380

days post-hatch, female fincheswere also subjected to a standardized capture/restraint stressor protocol. Whole

blood was collected at each time point and commercial ELISA kits were used to quantify CORT in the plasma

and the Repair Assisted Damage Detection (RADD) assay was used to quantify DNA damage in erythrocytes. We

saw no differences in baseline CORT levels between treatment groups at any sampling point. However, birds

exposed to the prolonged mild heat treatment as juveniles had attenuated plasma CORT levels compared to the

juvenile control birds in response to both the high heat stressor and the capture-restraint stressor. These results

demonstrate the potential for adaptive HPA-axis programming andwill be discussed in relation to DNA damage

levels.

64



International Symposium for Avian Endocrinology 2022

High-lighting chicken welfare: The effects of hybrid and light
during incubation on physiological stress and fear behaviour

in young laying hens
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A promising intervention to improve chicken welfare is the presence of light during incubation. More specifi-

cally, a cycle alternating green light and darkness decreased fearfulness in broilers. The impact on laying hens,

however, is unknown. We investigated effects of lighted incubation on stress sensitivity in two common layer

hybrids: ISA Brown and more fearful Dekalb White.

Half of the eggs from each hybrid were incubated in standard dark conditions, the other half under a green

light:dark cycle of 12:12, resulting in a 2*2 design. To measure long-term HPA-axis activity, corticosterone lev-

els in feathers at hatching and at 17 weeks old were determined. Fearfulness was measured in a voluntary

approach test.

We expected the light-incubated layers to show lower corticosterone levels and reduced fearfulness compared

to dark-incubated layers. In addition, we expected brown layers to show reduced fearfulness compared towhite

layers. Finally, stronger effects of the incubation treatment were expected in white layers, given their higher

stress sensitivity and a better light transmission through white eggshells compared to brown.

Corticosterone in feathers did not statistically differ between treatments (N=20, GLMM, p>0.05). A descriptive

analysis, however, showed lighted incubation may have had opposite effects on adult brown and white layers,

respectively increasing and decreasing corticosterone levels as compared to the dark incubation.

Brown layers ate the reward faster thanwhite layers in the voluntary approach test (N=385, Coxmodel, p<0.001),

in line with our expectation of lower fearfulness. However, the dark-incubated layers tended to eat the reward

faster than light-incubated layers, appearing less fearful (p=0.06), contrary to our hypothesis.

Our research shows a clear hybrid-related difference in laying hen behaviour, but not in their long-term HPA-

axis activity. Upcoming further endocrine analyses will give a wider overview of the effects of light during

incubation on the two laying hen hybrids.
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Chicken GHR antisense transcript regulates its sense
transcript in hepatocytes
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Growth hormone (GH) acts through growth hormone receptor (GHR) to stimulate IGF1 production. The GH-

GHR-IGF1 pathway is involved in growth and reproduction in poultry. Our previous studies have identified a

chicken GHR antisense transcript (GHR-AS) which regulated GHR sense transcript (GHR-S) in LMH cells. How-

ever, the exact molecular mechanism is still unclear. We also know that the gga-let-7bmicroRNA can bind the

3’ untranslated region (UTR) of GHR to inhibit chicken growth. In the present study, roles of GHR-AS and its reg-

ulatory mechanism were analyzed in chicken hepatocytes. The expression of liver GHR-S, GHR-AS and Let-7b

increased with chicken development. The hepatocytes proliferation was promoted and more cells entered into

DNA synthesis (S) phase when GHR-AS was overexpressed while the cell proliferation was slowed and fewer

cells were in S phasewhenGHR-AS expressionwas reduced. GHR-S increasedwhenGHR-ASwas overexpressed

while it reduced when GHR-ASwas inhibited. The S1 Nuclease protection assay indicated that GHR-S and GHR-

AS formed RNAduplex viaGHR-S 3’UTR. In hepatocytes or LMH cells, the decay ofGHR-S transcriptswas slowed

when GHR-AS or GHR-AS 5’UTR was overexpressed. Furthermore, the level of GHR-S was decreased by Let-7b

mimics whereas it was partially rescued when co-transfected pGHR-AS or pGHR-AS 5’UTR with Let-7bmimics.

Based on our findings, GHR-AS could affect hepatocytes proliferation and enhance the stability of GHR-S pos-

sibly by forming a RNA duplex. Also, GHR-AS and Let-7b competitively regulate GHR-S by forming a complex

network.
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Developmental Corticosterone & Associative Learning: effects
of developmental timing, reward cue, and testing stage
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Glucocorticoid exposure during sensitive developmental periods can shape many phenotypic traits in later life

including performance on cognitive tests. Previous work has foundmixed results but variation in experimental

design between studies makes direct comparisons difficult. Most studies often cross key developmental bound-

aries and/or focus on the earliest stages of development. Whilst it has been assumed that sensitivity to glucocor-

ticoids diminishes with age, it is less easy to test this without direct and controlled comparison. Furthermore,

learning tests can be conceptually split into initial motor- and latter rule-learning phases, each posing distinct

challenges to the animal, but this is rarely distinguished. To address this, we used the Zebra finches (Taeniopy-

gia guttata) to test how glucocorticoid exposure at two distinct developmental stages affected performance on

associative learning within the same cohort of animals.

Birds were fed corticosterone (the primary avian glucocorticoid), mimicking the physiological effects of stress,

for 10 days during either the nestling or adolescent stage of development. Birds were then tested in adulthood

on their rate of learning the motor and rule-focused portions of spatial and colour learning paradigms and

additionally reversal learning of colour rules. Elevated corticosterone during the nestling stage enhancedmotor

learning of females during the colour test but conversely diminished rule learning in both sexes. There were

no effects during reversal learning nor the entire spatial test. Elevated corticosterone during the adolescence

stage diminished motor learning during the spatial test alone. Additionally, rule learning was diminished in all

animals when using colour cues but females alone when using spatial cues. There were also no effects during

reversal learning.

Overall, our data demonstrate that the timing of glucocorticoid exposure during development can alter perfor-

mance in associative learning tests variably depending upon the cue used and the stage of the test considered.
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Acute malaria infection alters cytokine-glucocorticoid
relationships in house sparrows

Allison Cannon 1, Tosha Kelly 1, Christine Lattin 1

1. Department of Biological Sciences, Louisiana State University, Baton Rouge, LA, USA.

Climate change will intensify and expand the geographic range of avian malaria, threatening naïve hosts and

biodiversity. Intervention of this threat requires an understanding of the physiological traits that confer re-

sistance and tolerance to infection but these traits are poorly understood in wildlife because encounters with

animals during the early acute stage of infection are scarce. We hypothesized that the hypothalamic-pituitary-

adrenal (HPA) axis is a key mediator of resistance and tolerance to disease because the HPA hormone corticos-

terone (Cort) can shift immune profiles from pro-inflammatory to anti-inflammatory via cytokine signalling.

To test this hypothesis, we inoculated 14 house sparrows (Passer domesticus; plus 6 sham-inoculated; total

n=20) with Plasmodium relictum, evaluated cytokine expression in the liver at peak parasitemia, and com-

pared cytokine expression to circulating Cort concentrations and infection status. Pro- (TGF-β & IFN-γ) and anti-

inflammatory (TNF-α) cytokine expression in sham-inoculated (n=6) and resistant (n=5) sparrowswas positively

correlated with baseline circulating Cort concentrations; IL-10 expression (anti-inflammatory) was positively

correlated with restraint-induced Cort. These correlations did not exist in infected sparrows (n=9), suggesting

that malaria infection may disrupt the regulation of cytokine expression by the HPA axis. Infected sparrows

had significantly higher IL-10 expression than sham controls and there was a trend in this direction for TGF-β

(p=0.08; both anti-inflammatory), suggesting that reducing inflammation is important to tolerate acute malaria

infection in sparrows. However, parasite load of infected sparrows was positively correlated with TNF-α (pro-

inflammatory).

In conclusion, we found mixed support for our hypothesis and these results are not entirely consistent with

cytokine expression observed inmurine/human studies ofmalaria. These results suggest thatmalaria pathology

can differ between domesticated and wild animals and highlights the importance of studying disease pathology

in wild animals.
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The effect of dietary energy level and feed restriction on egg
production in laying hens to 30 weeks of age

Jo Ann Chew 1, Thiago Noetzold 1, Martin Zuidhof 1

1. Dept. Agricultural, Food and Nutritional Science, University of Alberta, Edmonton, AB, Canada.

This study examined the effect of dietary energy level during rearing (DIET) and feed restriction (FR) on body

composition and egg production. Two simultaneous trials were conducted using a conventional feeding system

(CON) and a precision feeding system (PF). The CON trial had a 2 × 3 factorial arrangement of treatments with

2 FR levels (non-restricted (NR) and restricted (R)), and 3 DIET treatments (Low, Standard, or High dietary me-

tabolizable energy (ME): 2,600, 2,800, or 3,000 kcal/kg). The PF experiment had the same design, with one added

DIET treatment (choice), where birds could choose from the three diets. R birds were feed restricted to achieve

the lower range of the breeder-recommended target BW trajectory. Lohmann Brown-Lite pullets were ran-

domly assigned to floor pens from 0 to 30 wk. PF birds (n=184) were fed with multi-feeder feeding stations that

allocated feed individually. CONbirds (n=312)were fed as a group and feed allocations for R birdswere adjusted

weekly. All birds were photostimulated at 18 wk. Data collection included age at first egg (AFE), body weight at

first egg (BWFE), body fat at photostimulation, and egg production to 30 wk. Differences were reported where P

< 0.05. There was no effect of DIET on BWFE or AFE. NR birds had a higher BWFE than R birds (1,736 vs 1,605 g).

FR did not affect AFE. Body fat was higher in birds fed the High ME diet than Low and Standard (10.2% vs 8.2%

and 8.1%), and in NR birds than R (9.4% vs 8.2%). NR birds on Standard and High ME diets had higher total egg

production to 30 wk than birds on any other treatments. Future research is warranted to identify metabolic or

body composition related signaling molecules that may stimulate the hypothalamic-pituitary-gonadal axis.
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Effect of nutritional stress on corticosterone and blood
glucose in zebra finches during breeding

Victoria Coutts 1, Haruka Wada 1

1. Dept. of Biological Sciences, Auburn University, Auburn, AL, USA.

When birds are exposed to stressors, they stimulate the sympathetic nervous system and hypothalamic-

pituitary-adrenal (HPA) axis and can consequently increase glucose in the blood. Glucose comes from diet, but

few studies have analyzed the impact of caloric restriction on the HPA axis and downstream glucose response.

Some evidence suggests birds canmaintain high blood glucose levels despite food deprivation or being subjected

to a low carbohydrate diet. However, less is known about the effect of food restriction during a time of high

energetic demand such as breeding. To investigate how caloric restriction affects adrenocortical and glucose

responses while breeding, zebra finches (Taeniopygia guttata) are exposed to a restricted or control diet and

baseline and restraint-induced level of corticosterone and glucose are measured at 3 timepoints during breed-

ing: before pairing, when their offspring fledged, and when their offspring reached nutritional independence.

We are currently completing baseline and 30-min restraint stress-induced blood collection to elucidate the re-

lationship between plasma corticosterone and glucose levels as well as body condition under caloric restric-

tion. We predict that nutritionally stressed parents will have lower baseline corticosterone and body condition,

but a higher response to restraint stress in corticosterone. However, preliminary data show that nutritionally

stressed parents have lowermass at offspring fledge and nutritional independence and higher glucose response

to restraint stress overall compared to their control counterparts. These preliminary data along with offspring

data showed that food restricted parents alter glucose responsewhile having little to no effect on offspringmass

gain, indicating that food restricted parents are prioritizing reproduction over self-maintenance. During repro-

duction, stressed zebra finches are priming themselves to prepare for future stressors while providing most

available resources towards their young.
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Overview of National Avian Research Facility, The University
of Edinburgh

Lindsay Henderson 1

1. The Roslin Institute, The University of Edinburgh, UK.

An overview of the capabilities and opportunites of The National Avian Research Facility (NAFT), The Roslin

Institute, The University of Edinburgh will be given.
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Applications of gene editing tools in birds

Sudeepta Panda 1

1. The Roslin Institute, The University of Edinburgh, UK.

Gene editing tools and their applications will be described.
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Avian transcriptomics

Tyler Stevenson 1

1. Institute of Biodiversity, Animal Health, and Comparative Medicine, The University of Glasgow, Glasgow, UK.

In this presentation avian transcriptomics will be described.
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Methods for quantitative steroid analysis

Natalie Homer 1

1. Centre for Cardiovascular Science Mass Spectrometry Core Facility, Centre for Cardiovascular Science, The University of

Edinburgh, Edinburgh, UK.

New methods for quantitative steroid analysis in birds will be described.
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Machine learning and automated methods for quantifying
behaviour

Pierce Mullen 1

1. The University of St Andrews, St Andrews, UK.

Machine learning and automated methods for quantifying behaviour will be described.
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Impact of growth trajectory and body composition on the
reproductive capacity of broiler breeders

Thiago Noetzold 1, Jo Ann Chew 1, Mohammad Afrouziyeh 1, Martin Zuidhof 1

1. Dept. Agricultural, Food and Nutritional Science, University of Alberta, Edmonton, AB, Canada.

Breeding programs for meat-type chickens have been intensively focused on growth and feed efficiency over

the past decades, leading to an increase of more than 400% in the growth rate of broilers – offspring of broiler

breeders. Because broiler breeder hens carry the genes for rapid growth, when fed ad libitum the breeders

become rapidly overweight. Thus, broiler breeders are typically feed restricted during rearing and to a lesser

extent during the lay period. The problem is that feed restriction became more severe with continued genetic

selection for broiler growth potential because broiler breeder body weight (BW) recommendations changed lit-

tle over this same time period, particularly during rearing. Severe feed restriction decreases fat storage in the

body. Over the last 40 years, breeder carcass fat has been reported to decrease around the time of sexual matu-

ration, from 15% in the early 90’s to 8% in recent studies. Adipose tissue is an important organ for animals since

its role is beyond only energy storage. Fat cells communicate with the body through adipokines. For example,

leptin is reported in humans andmice as a permissive hormone for reproduction success, playing an important

role in the endocrine reproductive system. In poultry, signals from fat tissue have been investigated but still

remain to be determined. Current broiler breeder BW recommendations might restrict pullets from entering to

lay and this challenge was amplified using a precision feeding system that portioned daily feed allotments over

a number of meals throughout the day, resulting in even leaner birds compared to conventionally fed breed-

ers. Recent studies have shown that relaxed feed restriction allowed birds to deposit more fat and perform

better. This indicates that body weight and composition might play an important role on the onset of lay and

the endocrine reproductive axis of broiler breeders.
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Impact of Growth and Body Weight on Sexual Maturation in
Layer Pullets

Charlene Hanlon 1, Mohammad Bahry 1, Kayo Takeshima 1, Grégoy Bédécarrats 1

1. University of Guelph, Guelph, ON, Canada.

An increase in day length has traditionally been considered the sole trigger for the activation of the

hypothalamic-pituitary-gonadal axis in layers. However, evidence suggests that spontaneous maturation can

occur prior to photostimulation, which depends on body weight (BW) or composition. When comparing three

strains of differentially selected laying hens representing over 60 years of genetic selection, we determined that

all hens laid their first eggwithin a 64-g BWwindow regardless of photostimulation, age, or strain. Interestingly,

the corresponding rise in estradiol associated with the age at first egg was triggered prior to photostimulation

in high-producing hens. Further analysis of mRNA levels from genes involved in appetite control revealed

that both orexigenic peptides Neuropeptide Y (NPY) and Agouti-Related Peptide (AgRP) were simultaneously in

high-producing strains upregulated during growth and maturation. A desynchronization between both pep-

tides was evident in low-producing hens, with NPY and AgRP mRNA levels elevated during early growth and

peak production, respectively. Interestingly, hypothalamic mRNA levels of adiponectin, a hormone responsible

for increasing energy expenditure, were highest at the time of sexual maturation only in high-producing hens,

suggesting intensive genetic selection for egg production indirectly altered the control of energy partitioning. A

subsequent study using Lohmann LSL-lite maintained under a constant 10h photoperiod confirmed that these

hens enter lay in the absence of photostimulation. However, inducing differential growth trajectories via feed

restriction (20% Restricted, Recommended, Ad libitum) showed that restricted hens laid their first egg with a

10-day delay, while no difference was observed between recommended and ad libitum fed birds. Furthermore,

restricted and recommended hens all laid their first egg within an 81-g BW window. Overall, these studies sug-

gest that a minimum metabolic threshold is sufficient to trigger sexual maturation, and although selection has

not altered this threshold, it has impacted the time required to reach it.
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Dietary metformin supplementation improves the
reproductive efficiency of broiler breeder hens

Evelyn Weaver 1, Ramesh Ramachandran 1

1. Dept. Animal Science, Pennsylvania State University, University Park, PA, USA.

Broiler breeder hens, the parent stock of commercial broiler chickens, have poor reproductive efficiency due

to the selection pressure for superior growth-related traits in broiler progeny. The aberrant recruitment of

ovarian follicles often leads to decreased egg production and sub-optimal fertility and hatchability. The ex-

act mechanisms underlying this ovarian dysfunction in broiler breeder hens remain as a critical gap in our

knowledge. Previous studies have suggested that this is related to obesity-induced metabolic dysfunction and

lipotoxicity. Metformin, a biguanide compound, is themost prescribed drug for the treatment of type 2 diabetes

and polycystic ovary syndrome, both which are associated with perturbed energy and lipid metabolism. The

objective of this study was to determine the effects of dietary metformin supplementation on ovarian function

in the broiler breeder hen. Broiler breeder hens were supplemented with metformin in their diet at 4 different

levels (0, 25, 50 or 75 mg/kg of body weight) from 25-65 weeks of age (n=45 hens/treatment group). At 65 weeks

of age, hens that received the highest dose of metformin had significantly lesser body and abdominal fat pad

weights (p < 0.05). Dietary metformin supplementation, even at the lowest dose, was found to normalize the

ovarian follicular hierarchy and increase the total number of eggs laid for the entire production period in each

treatment group when compared to the control, with no effect on fertility and hatchability of eggs. Further-

more, metformin supplementation improved the plasma endocrine profiles of reproductive hormones among

all treatment groups, altering plasma progesterone, estrogen and testosterone levels over time and significantly

decreased plasma triglyceride and non-esterified fatty acid levels (p < 0.05). In summary, dietary metformin

supplementation increased egg production, improved energy and lipid metabolism, altered the reproductive

hormone profile, and improved the overall reproductive efficiency of broiler breeder hens.
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Individual response to naturalistic stimulation of the
pituitary and ovary during the pre-breeding period may

predict seasonal clutch initiation.

Jess Loeffler 1, Adam Fudickar 2, Ellen Ketterson 2, Timothy Greives 1

1. Dept. of Biological Sciences, North Dakota State University, Fargo, ND, USA., 2. Dept. of Biology, Indiana University

Bloomington, IN, USA.

Reproductive decisions related to timing of clutch initiation determine the environment - temperature, food

availability - that offspring will experience during critical periods of rapid growth early in life. Females ulti-

mately dictate when clutches are initiated in relation to their own readiness, yet significant knowledge gaps re-

main in relation to the physiological processes associated with variation in clutch initiation within populations.

Some females breed early, some breed late. Here we ask if female response to ‘naturalistic’ stimulation of the

reproductive endocrine axis during the pre-breeding season is related to clutch initiation in a free-living song-

bird, the dark-eyed junco (Junco hyemalis). Stimulation of the reproductive endocrine axis begins with pulsatile

release of gonadotropin-releasing hormone (GnRH), which subsequently stimulates pituitary gonadotropin re-

lease and ultimately gonadal maturation and production of sex steroid hormones. We sought to mimic stim-

ulation of this axis via repeated ‘pulsatile’ injections of GnRH, followed by assessment of plasma levels of the

sex steroid hormone testosterone at baseline (T0), following a single ‘pulse’ of GnRH (T1) and following three

pulses of GnRH (T3). Preliminary data suggest that females that were closer to their actual clutch initiation date

continued to elevate testosterone between T1 and T3, while females whose clutch initiation date was later in the

season displayed a decline in plasma testosterone between T1 and T3. These data suggest that the response of

the pituitary and ovary to repeated naturalistic GnRH pulses is associated with ‘readiness’ to breed. Variation

in sex steroid negative feedback may be one mechanism giving rise to these responses to multiple ‘pulses’ of

GnRH.
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Differential neural and metabolic plasticities underlying
spring and autumn migrations in latitudinal migratory

songbirds

Aakansha Sharma 1, Vinod Kumar 1

1. IndoUS Center in Chronobiology, Dept. of Zoology, University of Delhi, Delhi, India.

This presentation will summarize a series of experiments investigating the neural and metabolic plasticity un-

derlying the annual journeys that latitudinal (Palearctic – Indian) migratory buntings (Emberiza sp.) undertake

to reproduce in spring and to overwinter in the autumn. Buntings were photoperiodically stimulated into win-

ter non-migratory/ springmigratory or summer non-migratory/ autumnmigratory seasonal states, as evidenced

by fat accumulation, body mass gain and nocturnal Zugunruhe during the migratory state. During the two mi-

gratory periods before and after the breeding season, birds exhibiting the migratory phenotype were fatter,

heavier and showed more intense Zugunruhe. Circulating corticosterone levels were higher during the spring

migration, whilst T3 levels were higher during the autumn migration. Differences in mRNA expression were

observed for a number of genes related to neural andmetabolic plasticities that take place inmigrants to accom-

plish these two similar annual journeys. In particular, therewere differences in the hypothalamic expression of

thyroid hormone-responsive (dio2, dio3), light-responsive (per2, cry1, adcyap1) genes, and tyrosine hydroxylase

(the limiting step in dopamine biosynthesis), and in the hepatic and/ or muscular expression of genes involved

in the regulation of fuel (glucose and fatty acids) utilization and tricarboxylic acid or Krebs cycle. These differ-

ences occured between the non-migratory andmigratory phenotypes aswell as between the spring and autumn

migratory phenotypes. There is therefore a differential activation of themetabolic pathways or alteration in the

efficiency of existing functionalmachinery underlying seasonal homeostasis associatedwith transition between

seasonal states. We also found an influence of the seasonal reproductive state in determining gene expression

during the spring and autumn migrations. These results demonstrate molecular differences between seasonal

states, and suggest differences in the regulatory strategy for spring and autumn migrations in songbirds.
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Sex steroids, brain plasticity and perineuronal nets in
songbirds

Jacques Balthazart 1, Gilles Cornez 1, Ednei Barros dos Santos 1, Charlotte A. Cornil 1, Gregory F. Ball 2

1. Universite de Liège, Liège, Belgium., 2. University of Maryland, College Park, MD, USA.

The morphology and function of the oscine song control system are regulated by changes in the hormonal and

social environment. This plasticity includes a modulation of neurogenesis in HVC, but also changes in cell size,

long distance connectivity and density of perineuronal nets (PNN). PNN are aggregations of extracellularmatrix

components surrounding the soma of specific neurons that limit synaptogenesis and mark the end of sensitive

periods. PNN are more densely expressed in the song control system of zebra finches that exhibit closed-ended

learning than in open-ended learning species such as starlings and canaries. In developing zebra finches, PNN

expression in HVC increases at the age when birds crystalize their song. This increase is delayed in birds de-

prived from a tutor. Similarly, in first year male canaries, PNN density in HVC reaches its maximum during the

fall and in early winter when birds are crystalizing their song. Testosterone administration also increases the

number of PNN in castratedmale and in female canaries and their density varies across seasons in song control

nuclei. We tested the causal significance of these multifaceted correlations by enzymatically degrading PNN

in HVC with an application of chondroitinase ABC. Three independent experiments identified limited effects of

the PNN degradation in HVC on the song structure of male canaries. Their presence in HVC is thus not required

to fully maintain general features of crystallized song but could possibly be implicated in the stability of song

repertoires. Furthermore in one experiment, song became more plastic (increased entropy) after PNN degra-

dation and this plasticity was positively correlated with the extent of PNN depletion (fewer remaining PNN =

more plasticity). Together these data link PNN density in HVC with some aspects of singing but more work is

still needed to firmly identify the causal relationships between these variables.
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Local Environment and Adult Neurogenesis in Songbirds:
Evidence from the Lab and Field

Leslie Phillmore 1

1. Department of Psychology and Neuroscience, Dalhousie University, Halifax, NS, Canada.

The use of songbirds to study adult neurogenesis has allowed researchers to ask diverse questions about how

different factors may promote, or inhibit the proliferation, differentiation, migration and integration of neu-

rons in post-developmental brains. These factors may be related to the bird itself, such as age, sex and species,

to the local environment around the bird, such as presence of conspecifics or housing conditions, or a combi-

nation, such as exposure to changing photoperiod and resulting breeding condition of the individual. In our

lab, we have conducted several studies examining how different manipulations in the local environment affect

neurogenesis. In zebra finches (Taeniopygia guttata) we asked how sex of cage mate affected proliferation of

new neurons (and vocal control system plasticity in males) and tested whether a challenging auditory discrim-

ination task might promote survival of neurons through cognitive enrichment. In male and female European

starlings (Sturnus vulgaris) and black-capped chickadees (Poecile atricapillus), we compared neurogenesis in

birds captured when in breeding and non-breeding condition and examined how this might be modulated by

breeding or stress hormones. Finally, we also consider how captivity, an inherent feature of many studies of

neural plasticity in songbirds, may unintentionally affect results, and what may be done to mitigate the effects

of captivity. Together, this set of studies shows how songbirds can contribute extensively to understanding of

how both the bird and its local environment affect the process of adult neurogenesis.
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Steroid receptors and regulatory systems in birds

Carolina Frankl-Vilches 1, Jolien Diddens 1, Albertine Leitao 1, Pepe Alcami 2, Antje Bakker 1, Stefan
Leitner 1, Manfred Gahr 1

1. Dept. of Behavioural Neurobiology, Max Planck Institute for Biological Intelligence, Seewiesen, Germany., 2. Division of

Neurobiology, Department Biology II, Ludwig-Maximilians-Universität München, Grosshaderner Strasse 2, D-82152 Planegg-

Martinsried, Germany.

The hormonal sensitivity of the vocal control areas seems to be species, nuclei, and neuron-specific (Frankl-

Vilches and Gahr, 2018; Frankl-Vilches et al., 2015; Gahr, 2014). Whereas among songbirds the expression of

AR (Androgen Receptor) is rather similar, the expression of ER (Estrogen Receptor) shows a different pattern in

an important song control nucleus known as the HVC (proper name). In canaries, this expression is dynamic

among seasons but remains stable in adult zebra finches, showing a species-specific hormonal regulation of

song (Frankl-Vilches and Gahr, 2018). To understand the effect of AR and ER as transcription factor binding

molecules we use comparative genomics for the study of regulatory networks in songbirds. The production of

high-quality genomes allowed us to identify species-specific hormone receptor binding element enrichment in

promoters of genes expressed in the song control areas or alternative species-specific promoters (Frankl-Vilches

and Gahr, 2018; Ko et al., 2021). Bulk transcriptomic analyses based on the new genome references have shown

that testosterone treatments differ among the song control nuclei indicating steroid selectiveness in the differ-

ent vocal control areas (Frankl-Vilches and Gahr, 2018; Ko et al., 2021). However, it remains unclear whether

the gene regulatory networks of the hormone responding cell populations are heterogeneous. Therefore, to

molecularly profile this specific group of neurons, we performed a single-cell transcriptomics analysis to iden-

tify the neuronal phenotypes of the song control nuclei. We believe that this information will shed light on the

specific cellular mechanism of hormonal regulation and its implication for the development of the song control

system.
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Androgens and their effect on elaborate dance displays in
birds.

Matthew Fuxjager 1

1. Brown University, Dept. of Ecology, Evolution, and Organismal Biology, Providence, RI, USA.

In many birds, courtship occurs through the performance of elaborate dance displays that incorporate a wide

range of spectacular body movements and gestures. The endocrine basis of such behaviour is largely unclear,

leaving a major gap in our understanding of how endocrine systems can regulate an important part of avian

sexual communication. My research addresses this issue by investigating the role that androgenic sex steroids

play in coordinating andmediating acrobatic dance behaviour in manakin birds. I conduct most of this work in

a species called the golden-collared manakin, where males solicit copulations from females by leaping among

saplings on the forest floor and rapidly hammering their wings together above their back. Mywork reveals that

androgens promote this behaviour by acting on the skeletal muscle system. For example, androgens turn cer-

tain wing muscles into “superfast” tissues that are capable of contracting and relaxing at speeds that are nearly

3x faster than most other birds. This effect occurs through a wide range of molecular changes to muscular

composition in response to androgenic stimulation. Moreover, my research shows that androgenic signalling

mechanisms have evolved in golden-collared manakins to augment the impact of androgens on muscle. This

evolution occurs in a temporally layer manner, whereby changes to the molecular machinery of androgen ac-

tion are peppered across the species’ phylogenetic history (as opposed to all evolving at once). Thus, my research

documents the importance of androgenic action to the production of avian dance behaviour in a spectacular

tropical bird. These results are undoubtedly important when thinking about the way movement programs are

evolutionarily incorporated into the sexual behaviour of birds and other animals.
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A comparison of central and peripheral clocks between
breeding and non-breeding states in Japanese Quail

Jonathan Pérez 1, Matthew Hindle 2, Simone Meddle 2

1. Dept. of Biology, University of South Alabama, Mobile, AL, USA., 2. The Roslin Institute, The University of Edinburgh, UK.

The discovery of the molecular mechanisms underpinning the cellular basis of circadian rhythms has revolu-

tionized the field of circadian biology. In mammalian species the traditional dogma has been that the master

clock in the suprachiasmatic nucleus entrains peripheral clocks. However, recent work in mice, using selective

knockout of core clock components, demonstrated independent circadian expression within the liver of knock

out animals. In contrast to mammals, no central clock mechanism has been identified in birds to date, rather

there instead appears to bemultiple clocks operating cooperatively in the avian central nervous system. As sea-

sonal changes in photoperiod is awell-established tissue specificmodulator of gene expression, we explored the

effect of photoperiod, and thus reproductive state, on core clock gene expression in the liver and pineal glands

of Japanese quail. Based on data frommammalian studies (e.g. Andersson et al., 2005) we tested the hypothesis

that peripheral hepatic clock genemRNA expression is altered by photoperiod, with the anti-phase relationship

of negative and positive arms of the clock system dampened under long photoperiod. We further hypothesized

that photoperiod induced changes in clock gene expression would not differ between tissues as synchronizing

signals, such as the daily melatonin rhythm, were still present. We found photoperiodic changes in core clock

gene expression in both the pineal gland and liver. Preliminary RNAseq analysis of circadian patterns of the

liver also identified seasonal changes in a number of genes outside of the circadian clock system.

Research supported by BBSRC and performed under ARRIVE guidelines and UK Home Office licence.
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Exploring relationships between sex steroid hormones, daily
activity, and timing of reproductive events in a free-living

songbird

Emily Elderbrock 1, Holland Galante 1, Jessica Graham 2, Michaela Hau 3, Timothy Greives 1

1. Dept. of Biological Sciences, North Dakota State University, Fargo, ND, USA., 2. Biology Dept., Black Hills State University,

Spearfish, SD, USA., 3. Max Planck Institute for Biological Intelligence, Seewiesen, Germany.

Nearly all organisms in the temperate zone display daily and seasonal changes in physiology and behavior.

Yet, substantial variation exists among individuals in both seasonal and daily timing of behaviors. For exam-

ple, some individuals naturally begin their daily activity early relative to sunrise while others begin their daily

activity later. Themechanisms giving rise to individual variation in important biological processes, such as sea-

sonal and daily timing of breeding behaviors, are still not fully understood. Reproductive steroid hormones are

excellent candidates for mediating timing of reproductive-related behaviors as these hormones are known to

influence daily locomotor rhythms in captivity, but little is known about their actions in free-living organisms.

Further, sex steroids display daily plasma rhythms with a peak during the inactive nighttime phase in most or-

ganisms investigated, however, little is known about whether this daily hormone peak is related with variation

in timing or the basic organization of the hypothalamic-pituitary-gonadal axis. Here, we present research from

our group on the timing of daily plasma sex steroid levels and their relationship with daily and seasonal onsets

of behavioral rhythms in diurnal passerines. First, we describe how baseline testosterone levels peak during

the nighttime inactive phase and how this relates to morning baseline and gonadotropin releasing hormone

induced testosterone levels. Next, we detail relationships between individual variation in peak sex steroid hor-

mone levels and daily onset of activity during the breeding season. Further, we discuss how an individual’s

daily behavioral rhythm influences seasonal changes in reproductive phenology and the potential implications

for reproductive success and selection.
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Hormonal and pharmacological manipulation of activity
rhythms reveals life-history costs in arctic-breeding songbirds

Noah Ashley 1, Keelee Pullum 2, Brett Hodinka 3, Wesley Payette 1, Melanie Richter 4

1. Dept. of Biology, Western Kentucky University, Bowling Green, KY, USA., 2. Dept. of Biology, University of Pennsylvania,

Philadelphia, PA, USA, 3. Dept. of Biological Sciences, Simon Fraser University, Burnaby, BC, Canada., 4. Dept. of Conservation

and Research, Memphis Zoo, Memphis, TN, USA.

Extreme photoperiodicity at high latitudes creates seasons of constant day or constant night. North of the Arctic

Circle in summer, breeding songbirds are exposed to continuous illumination, but activity profiles and mela-

tonin secretion exhibit diurnal variation. Activity occurs around-the-clock, except for a brief 4-h window of

quiescence, where sleep putatively occurs. We investigated the effect of manipulating activity rhythms/sleep

in two closely-related species of arctic-breeding songbirds, Lapland longspurs (Calcarius lapponicus) and snow

buntings (Plectrophenax nivalis), that differ in nest type and predation risk in Utqiagvik, Alaska (71°N). Lapland

longspurs nest in the tundra and have higher levels of nest predation than snow buntings (cavity nesters). Free-

living male birds were captured on their breeding territories and implanted with modafinil (a stimulant) or

melatonin (a chronobiotic) to increase and decrease activity, respectively. Parental feeding rates and nestling

success were correspondingly measured. Male longspurs responded to modafinil treatment by decreasing

parental feeding rate, which delayed time to fledging in nestlings; male longspurs were insensitive to mela-

tonin treatment. In contrast, there was no effect of modafinil treatment on parental effort or nestling success

of snow buntings, whereas melatonin decreased parental feeding rates and led to a trend for brood reduction.

These contrasting responses highlight the role of predation risk in mediating behavioral responses to altered

activity rhythms among arctic-breeding songbirds.

93



International Symposium for Avian Endocrinology 2022

Neural and molecular architecture of the Japanese quail
photoperiodic response

Tyler Stevenson 1

1. Institute of Biodiversity, Animal Health, and Comparative Medicine, University of Glasgow, Glasgow.

Changes in photoperiod through a year is the most reliable and predictable natural cue which organisms use to

time their seasonal physiology. Most laboratory-based photoperiodic studies use an abrupt change from long

photoperiods (16 hours of light) to short photoperiod (i.e., 8L) or vice versa representing a square-wave like

treatment regime. The aim of this study was to use a simulated seasonal photoperiodic manipulation to ex-

amine the gradual changes in molecular and neuroendocrine regulation of energy balance in Japanese quail.

We hypothesized that mimicking a natural seasonal photoperiodic cycle will uncover new adaptive molecular

signatures and pathways involved in the regulation of quail fat and body mass. Our transcriptomic analysis

of mediobasal hypothalamus revealed novel gene expression patterns and confirmed previously established

molecular switches in deiodinase type -3 (Dio3) and type-2 (Dio2) expression. Interestingly, seasonal change

in body and fat mass preceded the photoinduced increase in gonadal development. These findings suggest

that the regulation of metabolism is independent of mediobasal hypothalamic changes induced by triiodothy-

ronine hormone. One marker of tanycyte morphology, vimentin, was found to be expressed at higher levels

in short photoperiods in the median eminence. Vimentin immunoreactive expression was strongly correlated

with mediobasal hypothalamic expression of proopiomelanocortin (POMC) transcript levels suggesting a po-

tential link between tanycytes morphology and POMC-dependent changes in energy balance in semi-natural

photoperiodic exposure.
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The burden to be paired: Intra-pair conflicts

Virginie Canoine 1, Leonida Fusani 2

1. Dept. of Behavioural and Cognitive Biology, University of Vienna, Austria., 2. Konrad Lorenz Institute of Ethology, University

of Veterinary Medicine, Vienna, Austria; Dept. of Behavioural and Cognitive Biology, University of Vienna, Austria.

Most birds form, monogamous or polygamous, pair during the breeding season. Being paired offers a lot of

advantages in order to accomplish a successful breeding, such as joint territory defense, nest building, and

offspring feeding. Most research on breeding behaviour has focused on males because they are more conspic-

uous, and little is known about female participation to breeding activities except perhaps for nest building. In

this talk I want to present an endocrinological perspective of paired female stonechats (Saxicola torquata ru-

bicola). European stonechats are peculiar as they form heterosexual pairs twice a year, i.e. they form pairs

during the breeding season and after migration they form new pairs to defend a winter territory. The need of

forming a pair during the breeding season is pretty clear, but what are the benefits of pair formation during

the non-breeding season, when no reproduction occurs? Here I will discuss how Corticosterone response, a

biomarker for endogenous stress condition, vary in females depending on the behavior of their male partner

and the reproductive context.
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Fighting for fitness: integrating behavioral, hormonal, and
neurogenomic perspectives on the evolution of female

competition

Sara Lipshutz 1, Kimberly Rosvall 2

1. Dept. of Biology, Loyola University, Chicago, IL, USA., 2. Dept. of Biology, Indiana University Bloomington, IN, USA.

Female-female competition is widespread, but relative to male-male competition, we know less about its causes

and consequences. We evaluated the relationship between competitive traits, testosterone, and neural tran-

scriptomic profiles in females and males from two separate comparative analyses – socially polyandrous ja-

canas that compete for mates, and socially monogamous songbirds that compete for nesting cavities. In ja-

canas, females are more ornamented and have larger weapons than males, and we hypothesized that these

competitive traits may be promoted by testosterone. Females had testosterone levels on par with parenting

males, and lower than competing males, but female testosterone levels correlated with weapon size, suggest-

ing that testosterone may play some role in female competition. Neural transcriptomic sex differences were

region-specific and included steroidogenic genes as well as prostaglandin and prolactin receptors, reflecting

sex differences in competition and parental care. In songbirds, we hypothesized that the limited abundance of

nesting cavities would generate competition among females, who need a cavity to reproduce. As predicted, we

found that aggression was higher in obligate cavity-nesting females than in species with more flexible nesting

strategies. Like the jacanas, group-level differences in testosterone did not explain behavioral differences, but

again, individual differences in testosterone predicted variation in some competitive traits within a species.

This pattern suggests that microevolutionary processes shaping behavior and testosterone within a species do

not necessarily scale to the macroevolutionary processes acting across species. We nevertheless identified a

conserved genomic signature of cavity nesting, with neurogenomic profiles in females and males enriched for

energy metabolic processes, suggesting that selection for aggression may involve similar pathways across mul-

tiple avian families. Our focus on a context that is relevant to both sexes – competition over essential breeding

resources – provides a useful framework for co-consideration of proximate and ultimate drivers of reproductive

competition in females and males.
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Seasonal timing of reproduction: towards a better
understanding of female endocrine status

Samuel Caro 1, Thierry Charlier 2, Marcel Visser 3, Ségolène Delaitre 1

1. Dept. of Behavioural and Evolutionary Ecology, CEFE, University of Montpellier, CNRS, EPHE, IRD, Montpellier, France., 2.

Inserm, EHESP, IRSET (Institut de Recherche en Santé, Environnement et Travail), University of Rennes, Rennes, France., 3.

NIOO-KNAW, Wageningen, The Netherlands.

The literature on avian reproductive behaviour and physiology is still largely dominated by studies performed

on males. We however know that females play a decisive role in several important behavioural decisions like

mate choice, or timing of breeding. Besides the fact that female reproductive traits are often less conspicuous

than male sexual characters, the observed sexual bias might be due to our incomplete understanding of how

female reproductive physiology is regulated. Having adapted a sensitive assay for measuring 17b-estradiol in

female blue and great tits, which are among themost common passerinemodels in evolutionary and behavioral

ecology, we now possess a new tool for monitoring female peripheral reproductive physiology. We showed in

great tits that plasma 17b-estradiol can be related to several phenotypic traits like personality, gonadal develop-

ment and possibly age. We will also present new data on whether variation in environmental signals like tem-

perature and vegetation development influences estradiol levels and other reproductive traits in female great

tits. Given the implications of reproductive timing for understanding how species respond to environmental

perturbations, it is crucial to understand the physiological mechanisms behind reproduction in the “invisible

sex”, and improving hormone assays is a first step.
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Androgen-arm(our)ed amazons – social polyandry is
associated with testosterone in female coucals

Wolfgang Goymann 1

1. Max Planck Institute for Biological Intelligence, Seewiesen, Germany.

Steroid hormones such as testosterone are important proximate factors regulating mating decisions. Indeed,

comparative data suggest that seasonal patterns of circulating testosterone are related to mating strategies and

testosterone manipulations affect mating decisions in some species.

The black coucal (Centropus grillii) is the only altricial bird with social polyandry, where females compete for

territories and onlymales care for the offspring. Territorial aggression of females ismodulated by progesterone

and females have a higher sensitivity for testosterone in a part of their brain that regulates social behaviour.

Hence, sex steroids seem to play a role in the regulation of the ‘sex-role reversed’ behaviour of this species.

Here, I ask if the steroid profiles of female andmale black coucals differ from those of white-browed coucals (C.

superciliosus), a close relative with ‘conventional’ sex roles. In this species, females and males form pairs and

jointly defend a territory with both parents raising the offspring. Based on this difference in mating strategies,

I predicted female black coucals to express higher levels of testosterone and lower levels of progesterone than

female white-browed coucals. During the mating phase, male black coucals should express higher levels of

testosterone than male white-browed coucals, because there is intense competition for fertilizing females in

black, but not in white-browed coucals. During parenting, testosterone should be low in males of both species,

but particularly so in black coucals: testosterone has been shown to inhibit paternal care – and that would be

particularly fatal in a species with male-only care.

Female coucals followed the predicted pattern in testosterone and progesterone, but there was no difference in

testosterone concentrations of male coucals. In conclusion, gonadal steroids seem to play a role in regulating

differences in mating strategies of females coucals but they seem to play a minor role in male coucals.
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Extensive, transient and long-lasting gene regulations in a
song-controlling brain area during testosterone-induced song

development in adult female canaries

Manfred Gahr 1, Meng-Ching Ko 2, Carolina Frankl-Vilches 3

1. Department of Behavioural Neurobiology, Max Planck Institute for Biological Intelligence, 82319 Seewiesen, Germany, 2.

Max-Planck Institute for Biological Intelligence, 82319 Seewiesen, Germany., 3. Department of Behavioral Neurobiology, Max

Planck Institute for Biological Intelligence, 82319 Seewiesen, Germany.

The reproductive behaviour of adult birds, such as their song, occurs seasonally and can be triggered by go-

nadal hormones. Treatment of adult female canaries with testosterone leads to first songs after a few days and

a subsequent progressive development of song over several weeks towards typical canary song, a behaviour

that females otherwise rarely or never show. We compared gene regulatory networks in the song-controlling

brain area HVC after 1 hour (h), 3h, 8h, 3 days (d), 7d and 14d testosterone treatment with placebo-treated

control females, paralleling HVC and song development. Rapid onset (1h or less) of extensive transcriptional

changes (2,700 genes) preceded the onset of song by about 3 days. The highest level of differentially expressed

genes (DEG) occurred at 14 days, when song structure was most elaborate and song activity was highest. The

transcriptomes changed greatly several times during the two-week evolution of song. A total of 9,710 genes

were differentially expressed, corresponding to about 60% of the known protein-coding genes of the canary

genome. Most (99%) DEGs were regulated only at specific stages of HVC and song development. DEGs were

associated with many different biological functions, with cellular level functions occurring early and nervous

system level functions occurring primarily after prolonged testosterone treatment. This suggests that the de-

velopment of adult song requires restructuring of the entire HVC, including most HVC cell types, rather than

alteration of only some neuronal populations or cellular components. These changes seem driven by the par-

allel direct regulation of thousands of genes by androgen and estrogen receptors, as well as by other hub genes

such as the transcription factor SP8, which are themselves under steroidogenic control. The seasonal occur-

rence of behaviour thus appears to be due to massive transcriptional changes in specific behaviour-controlling

brain areas that lead to the gradual occurrence of behaviour.
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Epigenetic regulation of hypothalamic pathways of early life
stress on life-long and heritable responses

NoamMeiri 1
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Stressful events during the embryonic or early life periods might lead to stress resilience or vulnerability

throughout life and might be transmitted to the next generation.

Herewedemonstrate that heat stress during the critical developmental period of thermal-control establishment,

affects both body temperature and the expression of CRH in the hypothalamic paraventricular nucleus, later in

life. Both CRH and body temperature were increased during heat challenge in chicks that were trained to be

vulnerable to heat, whereas they decreased in chicks that were trained to be resilient. Accordingly, DNA CpG

methylation (5mC) and hydroxymethylation (5hmC) at the CRH intron, which we found to serve as a repressor

element, displayed low 5mc% alongside high 5hmc% in resilient chicks, and vice versa in vulnerable ones.

In a second effort, we addressed the question of whether behavioral traits are heritable. A major obstacle

in demonstrating transgenerational inheritance in mammals originates from the maternal environment’s ef-

fect on offspring phenotype. To overcome this challenge, we used in ovo embryonic heat conditioning of first-

generation chicks and assessed the effect on their untreated offspring. We demonstrate heredity of both heat

and immunological resilience, confirmed by a reduced fibril response in untreated offspring to either heat or

LPS challenge. Furthermore, we demonstrate association between epigenetic mechanisms and trait heritabil-

ity, by genome-wide DNA-methylation analysis in the anterior preoptic hypothalamus of untreated offspring.

Finally, we demonstrate a possible role for chromatin architecture in epigenetic heritability.

Conclusively, we suggest a multilevel epigenetic regulation for stress responses and trait heredity.
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Modular Perspective on Hormonal Control of Elaborate Avian
Behavior

Barney Schlinger 1, Matthew Fuxjager 2
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Elaborate courtship is a hallmark of numerous avian taxa. It includes the production of behaviors that are gen-

erated in a sex-specific pattern usually under reproductive hormonal control. Not surprisingly, performance

capability necessary for such courtship requires coordination of multiple organ systems that might best be

viewed from a systems level perspective. Manakins (Aves: Pipridae) are a family of neotropical Passeriform

birds expressing diverse anatomical/physiological and behavioral phenotypes shaped by forces of sexual selec-

tion. Here we consider and describe 6 primary display-associated modules: feeding behavior; plumage orna-

mentation; cognitive abilities; display behavior; energetics and homeostasis: and social dynamics each ofwhich

minimally involves the G.I. tract, integument, sensory (visual and auditory) systems, neural cognitive and mo-

tor systems, skeletal muscles and the cardiovascular system. Androgens have clear, often sexually dimorphic,

regulatory actions on several of these modules, and thus act as integrators that crucially facilitate performance

of athletic masculine courtship behavior. Multiple organ systems must therefore evolve adaptively and then

function coordinately employing androgen sensitivity and responsivity across evolutionary and ontogenetic

time-scales. In this way, androgens likely underlie a vast functionally interconnected physiological network

with emergent properties, including what we witness as remarkable courtship displays.
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Seasonal plasticity and energy efficiency in migratory
buntings is an assemblage of alterations in metabolic and gut

microbe adaptations

Neelu Jain Gupta 1, Ranjan Kumar Nanda 2

1. Chaudhary Charan Singh University, Meerut, Uttar Pradesh, India., 2. International Center for Genetic Engineering and

Biotechnology (ICGEB) New Delhi Component, Aruna Asaf Ali Marg, India.

Bloods supplies substrate to the muscles, to enable energy demands during migration. We studied energy

metabolite in blood to understand seasonal metabolic plasticity in night migratory songbirds. The experiment 1

was performed on redheaded buntings (Emberiza bruniceps), which exhibit diurnal non-migratory (nonM) life

history states (LHS), when held under short days (8h light: 16h dark) but upon transfer to long days (14L:8D),

these exhibit pre-migratory (preM), migratory (M) and post-migratory (posM), depending on exposure-length.

Also, faecal microbiota of buntings during nonM andM LHS, was compared. The study is first report on inter-

LHS and diurnal variations in serum metabolites of redheaded buntings. 38 serum metabolites exhibited sig-

nificant change. Of these, 11 metabolites, high during M, were implicated in energy pathways and enhanced

immunity. These included short chain fatty acids (SCFAs), lactate, pyruvate, ethylene and acetate oxime, pyri-

doxal phosphate (PLP), niacin, L-valine and carboximidic acids viz. phosphatidyl ethanolamine (PE) and diethyl

carbamate. While, upsurge of L-valine suggested energy contribution of glucogenic branched chain amino acids

(BCAAs) in migration, that of leucine metabolite, was related to higher temperature in posMbirds. Gut micro-

biota differed among nonM andM. Firmicutes identified inM faeces, suggested gut microbiota’s role in reactive

species scavenging, whereas Proteobacteria in nonM faeces, suggested antioxidant and food intake reduction

in buntings. Faecal microbes identified, alongside food/xenobiotic biomarkers detected, indicated differential

gut microbial efficacy between different LHS, an important area of investigation for future studies.
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Songbird Aromatase Neurons are Non-Monolithic

Luke Remage-Healey 1
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The estrogen-synthesis enzyme aromatase is expressed in the brain of a variety of species, and is enriched in

those that learn to sing. In zebra finches, brain aromatase is important formemory formation and neural circuit

functions. Despite this importance, we have little knowledge about how aromatase neurons fit into the larger

scheme of ‘cell types’ in any vertebrate species. Are aromatase neurons all one ‘type’ in the brain, or do they

occur in variable configurations depending on their circuit and behavioral roles? We have developed evidence

that aromatase in the songbird brain is not restricted to a specific neurochemical cell-type, sex, electrophysiolog-

ical signature, or modulatory role. First, aromatase neurons are similar in abundance in the auditory forebrain

of both males and females. Second, aromatase neurons share similar properties (electrophysiology signatures;

sensory responses)with their non-estrogenic nearbyneighbors. Third, aromatase neurons can co-expressmark-

ers for either excitatory or inhibitory neurotransmission. Fourth, estrogens rapidly regulate synaptic inhibition

as well as intrinsic membrane properties in a subset of auditory neurons, yet this subset is not identified by the

expression (or lack thereof) of aromatase. Therefore, this ongoing work indicates aromatase neurons are not

monolithic in the songbird forebrain. While estrogen synthesis plays a substantial role in songbird auditory

functions, there is exceptional flexibility in how aromatase neurons can influence circuit computations, mem-

ory formation, and sensory representations.
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A functional role of cholecystokinin in the chicken crop
revealed from the distribution of gastrin, cholecystokinin and

their receptors

Ian Dunn 1, Peter Wilson 1, Angus Reid 1, Yuping Jiao 2
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Agricultural Sciences, Henan, China.

Food intake is controlled by central and peripheral signals from the gut and organs involved in nutrient process-

ing. Amongst these is cholecystokinin (CCK) which is bound by CCK receptor A (CCKAR). The level of expression

of CCKAR defines body weight (Dunn et al. 2013). CCK/gastrin family and the distribution of their receptors ex-

pression was measured to understand better the peptides target organs and how changes in food intake affect

them. The functional consequences of high expression in a novel target organ, the crop, were elucidated.

Gene expression was measured in four 42-day-old broiler hens using basal hypothalamus, breast muscle, liver,

pancreas, crop, proventriculus, gizzard, antrum, antro-duodenal boundary, duodenum, proximal jejunum,mid-

jejunum, jejuno-ileal boundary,mid-ileum, distal ileum, caecumand rectum. Contraction of the crop in response

to CCK or depolarising K+ was measured using anorgan bath filled with Kreb’s solution.

CCK was abundantly in the hypothalamus followed by the jejunal and ileal regions. Gastrin was confined to

the antrum and was significantly higher when broiler breeders were released from feed restriction (P=0.007).

CCKBR was most abundant in the hypothalamus and the proventriculus and CCKAR in the pancreas and crop.

CCK expression in the pancreas increased after removal of food restriction (P=0.011). Crop contractions as a %

of a maximal K+ induced response was 58±11% in response to 1x10-6 M CCK and formed a dose response curve

down to 1x10-8 M.

The high level of CCKAR expression in the crop was unexpected but its role in mediating crop emptying in

response to CCK was supported by the in-vitro contraction of the crop. The elevation of gastrin expression with

feeding was in line with its trophic role in the proventriculus and the increase of CCK in the pancreas after with

feeding is consistent with the pancreas being a major source of satiety signals.
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Chronic heat stress decreases egg quality, increases cortisol
levels in egg albumen, and effects fertility in Pekin ducks.
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Heat stress (HS) has detrimental effects on poultry costing the industry millions each year. The goal of our

experiment was to test the hypothesis that cyclic HS would alter the welfare, egg quality, fertility rate, organ

morphometrics, and albumen cortisol levels of breeder ducks. Baseline data were collected for 7 days before

the ducks were subjected to cyclic heat stress of 35oC for 9h/day and 29.5oC for the remaining 15h/day for 3

weeks while the control roomwas modified to 220C. Eggs were collected daily and over the 3-week time-period,

and body weight, body condition scores, and egg production were determined. Eggs were collected on a weekly

basis for quality assessment and albumen glucocorticoid levels were assessed using mass spectrometry. Data

analyses were done by 2- or 3-way ANOVA as appropriate, and the duckwas considered the statistical unit. A p ≤

0.05was considered significant. Feather quality (p < 0.01), feather cleanliness (p < 0.001) and foot pad quality (p <

0.05) increased significantly in the HS group compared to controls. Hens in the HS group showed a significantly

decreased body weight (p < 0.001), relative spleen weights (p ≤ 0.05), and number of ovarian follicles (p < 0.05)

compared to controls. There is a time-dependent decrease in shell thickness at week 1 and 2 in the HS group

but no difference at week 3 compared to the baseline (p < 0.001). Yolk weight decreased significantly at week

3 (p < 0.01) compared to controls. Heat stress elicited a significant increase in albumen cortisol levels at week

1 (p < 0.05) and week 3 (p < 0.05). Our result suggest that HS affects breeder ducks in sex and time dependent

manner. HS elicits a effects on fertility parameters that may ultimately impact the offspring.
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Identification of a novel small secretory protein,
neurosecretory protein GL, in the chicken hypothalamus

Kazuyoshi Ukena 1, Masaki Kato 1, Megumi Furumitsu 1, Eiko Iwakoshi-Ukena 1
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To find novel neuropeptide and/or peptide hormone precursors in the avian brain, we performed a cDNA sub-

tractive screen of the chicken hypothalamic infundibulum, which contains the center of instinct behaviors in-

cluding feeding. After sequencing 596 clones, we identified a novel cDNA encoding a previously unknown pro-

tein. The deduced precursor protein consisted of 182 amino acid residues, including one putative small secre-

tory protein of 80 amino acid residues. This small protein was flanked at the N-terminus by a signal peptide and

at the C-terminus by a glycine amidation signal and a dibasic amino acid cleavage site. Because the predicted

C-terminal amino acids of the small protein were Gly-Leu-NH2, the small protein was named neurosecretory

protein GL (NPGL).

Quantitative RT-PCR analysis demonstrated specific expression of the NPGL precursor mRNA in the hypotha-

lamic infundibulum. Furthermore, the mRNA levels in the hypothalamic infundibulum increased during post-

hatching development. In situ hybridization and immunohistochemical analysis revealed that the cells contain-

ing NPGL were localized in the medial mammillary nucleus and infundibular nucleus within the hypothalamic

infundibulum. Subcutaneous infusion of NPGL in chicks increased body weight gain without affecting food

intake. On the other hand, the chronic intracerebroventricular infusion of NPGL stimulated food and water

intake, with a concomitant increase in body mass.

Our findings indicate that NPGL participates in energymetabolism including feeding behavior in chicks. On the

other hand, genome database analysis suggested that the NPGL gene has a paralogous gene in chickens, named

neurosecretory protein GM (NPGM). We will also show the recent data of NPGL and NPGM in chicks.
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Testing the developmental stress hypothesis in a wild parrot
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Valencia, Venezuela.

Birdsong has provided an importantmodel for understanding how early developmental stress shapes brain and

behavior. Chronic stress during early development can produce deleterious effects on song learning, providing

females with a window into developmental histories of potential mates. Parrots are closely related to songbirds

but differ in that vocal imitation is used in a variety of non-reproductive contexts by both sexes. Whereas male

songbirds pass through a plastic stage in vocal development at puberty that is strongly influenced by seasonal

fluctuations in sex steroids, parrots undergo a plastic stage in vocal development during the nestling period, a

life history stage that emphasizes survival rather reproduction. Regardless, it is unclear how the developmen-

tal stress hypothesis applies to vocal learning in non-songbirds. Here we report on the effects of corticosterone

(cort) supplements on nestling vocal babbling in a marked population of wild green-rumped parrotlets (Forpus

passerinus) in Venezuela. By rigging audio-video gear inside specially designed nest cavities we quantified the

plastic stage in nestling vocal development in cort-treated, sham-control and unmanipulated individuals. Ma-

chine learning was used to estimate repertoires based on spectrographic measurements. Nestlings increased

their repertoires during the treatment period. During the post treatment period control and unmanipulated

groups crystalized a smaller repertoire, while cort-treated group crystalized a larger repertoire. Results im-

plicate Hypothalamic-Pituitary-Adrenal axis in tailoring of repertoires to prevailing environmental conditions.

While more work is needed, this a good example of how endocrine functionality adaptive in one life history

stage but not in another, results in different behavioral strategies.
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To their rescue or their demise: the physiological stress
response of African penguins to tourism activities
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With thousands of tourists flocking to local beaches and zoos throughout southern Africa to observe the African

penguin, it’s safe the say the species is iconic within the wildlife tourism landscape. Despite this, and the con-

servation initiatives implemented to preserve the species in the face of this popularity, a population decline

of more than 70% has occurred over the last 40 years. Information exists on the possible drivers of decline in

the species, though this focuses on adult animals. As African penguin chicks are altricial and unable to move

away from anthropogenic stressors, it is important to evaluate the effect of tourist activities on the physiological

stress response of this age group. Chicks at three sites within two breeding colonies, each with varying levels

of exposure to tourism (low, moderate, high), were monitored. Urofaecal samples were collected to determine

urofaecal glucocorticoidmetabolite (ufGCM) concentrations as a proxy of physiological stress experienced. Pen-

guin chicks experiencing low, infrequent humanpresence had significantly higher ufGCM levels (1.34 ± 1.70 µg/g

DW standard deviation (SD)) compared to chicks experiencing both medium (0.50 ± 0.40 µg/g DW, p = 0.001) and

high levels (0.57 ± 0.47 µg/g DW; p = 0.003). These results suggest that exposure to frequent human activity

may induce habituation/desensitisation in chicks, while infrequent human presence was an important driver

of elevated ufGCM levels. As unhabituated chicks showed significantly elevated ufGCM levels to anthropogenic

presence, managers should minimise anthropogenic activity around important breeding colonies that are not

already exposed to regular tourism. Although the results of this study are crucial for developing conservation

and management protocols for the species, additional research on the long-term effect of anthropogenic activ-

ities on African penguin physiology is required.
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Stress and steroid trigger alterations in
hypothalamo-hypophyseal gonadal axis: Modulation by
estrogen and its receptor ERα in Gallus gallus domesticus
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Stressful events, including food or water deprivation are responsible for triggering multiple neuroendocrine

responses in birds under natural or experimental conditions. In this study, we investigated the variation in

the expression of a set of reproductive signals like ER alpha (ERα) in the chicken brain, pituitary and testis after

stress likewater and feed restriction; its response to estrogen administration in controlling reproductive perfor-

mance. Immature male chickens were divided into six groups. First group served as control (C), second water

restricted for 9h/ day for aweek (WR), third feed restricted for 9h/day for oneweek, fourth treatedwith estradiol

benzoate (EB), fifth treatedwith EB followed byWR in the last week (EB+WR) and sixth treatedwith EB followed

by FR in the last week of treatment (EB+FR). The dose of EB administered for 15 days was 0.5 mg/100g. Focusing

on the variations of ERα expression in HPG axis and its pivotal role played in sperm formation was analysed by

SEM. Results indicate that signals involved in sperm maturation were more expressed after EB administration

but decreased in immature chicks and stress. Immuno-fluorescent studies by confocal microscopy established

that WR/FR down-regulated ERα in brain POA area, pituitary and in the testicular cells while EB administration

alone or during WR/FR increased their expression and sperm formation in testis. Exposure to stress increases

oxidative stress and impairs testicular function that is accompanied by decreased sex hormone profile. Plasma

corticosterone decreased significantly in EB and EB+WR, EB+FR while increased in WR/FR. Stress and estrogen

reduce anti-oxidant enzymes but elevate lipid peroxidation, testicular regression in males paralleled with de-

creased ERα in HPG axis. It can be concluded that estrogen alone or along with stress boosts the expression of

its receptor ERα in brain, pituitary and testis thereby enhancing reproductive performance in chicken.
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Seasonal body mass cycles in High Arctic Svalbard ptarmigan
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Hazlerigg 1

1. Dept. of Arctic and Marine Biology, University of Tromsø, Tromsø, Norway.

The Arctic is the seasonal destination of numerous migratory birds, but one bird came to stay. The Svalbard

ptarmigan (Lagopus muta hyperborea) inhabits the High Arctic archipelago of Svalbard (74 – 81 °N) all year

round. One of its adaptations to survive the cold and nutritionally poor winter is its pronounced seasonal

body mass cycle, during which this Arctic resident undergoes almost 2-fold changes in body mass by the

accumulation and depletion of fat on a yearly rotation.

The autumnal deposition of fat depots provides emergency energy rations and increased insulation for the

winter, while vernal depletion of the fat depots allows unhindered reproductive activity in the summer. Past

fasting-and-refeeding experiments showed that the change in body mass is not merely a consequence of an

altered balance between energy intake and expenditure but reflects a sliding set-point determined by an inter-

nal calendar. The pronounced change in body mass is retained in captive Svalbard ptarmigan, making it an

excellent model organism to explore central and proximate control of this seasonal trait.

We study the bodymass cycle and fatmetabolism in Svalbard ptarmiganwith a focus on timingmechanisms, i.e.

how seasonal cues, such as photoperiod, are coupled to rheostatic control of fat depots. For this aim, we combine

photoperiodic experiments with behavioural monitoring, metabolic investigation by mass spectrometry and

gene expression analysis by qPCR, in situ hybridization and RNA-Seq.

Here, I present an overview of past and ongoing research. This includes results on how photoperiodic changes

in behaviour, lipid metabolism and expression of hypothalamic and hepatic key genes underline the seasonal

changes in body mass of Svalbard ptarmigan.
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A role for hypothalamic vasotocin in avian nest building

Sophie Edwards 1, Valerie Bishop 2, Youlee Son 3, Yasuko Tobari 4, Susan Healy 1, Simone Meddle 2

1. The University of St Andrews, St Andrews, UK., 2. The Roslin Institute, The University of Edinburgh, UK., 3. Division of Stem

Cell Biology, Institute for Genetic Medicine, Hokkaido University, Sapporo, Japan., 4. Dept. of Animal Science and Biotechnology,

School of Veterinary Medicine, Azabu University, Japan.

Nest building in zebra finches Taeniopygia guttata), is associated with increased activity of the social behaviour

neural network (Edwards et al., 2020). We previously demonstrated that mesotocinergic-vasotocinergic and

dopaminergic neuronal populations in the social behaviour network and dopaminergic reward system, respec-

tively, are active during nest building (Hall et al., 2015). Here we using quantitative real-time polymerase chain

reaction (qPCR) to compare GnRH-I, GnIH, VIP, mesotocin, and vasotocin mRNA expression and mesotocin and

vasotocin receptor mRNA expression in the hypothalamus of male zebra finches that were building a nest as

well as their female partners. 80 adult zebra finches (40 of each sex) were bred at the University of St Andrews,

UK andmaintained on a 14L:10D at 19-21°C and 50-65% humidity. All bird pairs had successfully built a nest to-

gether. Birds were left to build nests (with string) or not (no string; control) for 2 or 4 hours and their behaviour

was digitally recorded and analysed. Birds were terminally anesthetised (sodium pentobarbitone) and brains

were rapidly removed and the hypothalamus was immediately dissected and frozen on dry ice until qPCR was

performed. The number of pieces of string in the nest did not differ between pairs that built for 2 or 4 hours

(X2(1) = 0.03, p = 0.87). In males, mRNA gene expression did not differ by treatment for any of the genes, except

vasotocin (p < 0.05) where after 2 hours males had higher vasotocin mRNA expression compared to controls

(X2(3,29) = 9.46, p = 0.02). There were no differences observed in females. These findings support the view that

increased vasotocin mRNA expression in males is associated with nest construction. All work was performed

under UK Home Office licence, ARRIVE guidelines and local ethical review. Research supported by BBSRC.
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A seasonal description of gonadotropin inhibitory hormone
(GnIH) in European starling (Sturnus vulgaris) spinal cord.

Devon Comito 1, Sehar Masud 1, Ariana Kwon 1, Robin Hinks 1, George Bentley 1

1. Department of Integrative Biology, University of California, Berkeley, Berkeley, CA, USA.

Gonadotropin inhibitory hormone (GnIH) is a neuropeptide that acts in the hypothalamic-pituitary-gonadal

(HPG) axis to inhibit reproductive activity and sociosexual behaviors. GnIH is typically synthesized in the

brain and in the gonads, where it can act via its cognate receptor. We have evidence in songbirds of GnIH-

immunoreactive fibers in a novel location, the spinal cord. We investigated seasonal GnIH presence in the

hypothalamus and spinal cord of wild-caught European starlings (Sturnus vulgaris) at different times in the an-

nual photoperiodic cycle. Using immunohistochemistry, we determined that GnIH-immunoreactive fibers are

heavily concentrated in the anterior cervical region, with much of the peptide in the gray matter. Initial anal-

ysis indicates this is consistent across both sexes and throughout all seasons. These data raise questions about

the potential mechanisms of action and roles of GnIH in songbird spinal cord. Our results provide evidence for

potentially novel roles andmodes of action of GnIH that have implications for physiology and behavior. Current

research is exploring modulation of GnIH in the central nervous system in response to fasting and sickness.
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Adrenal medullary cells are an extra-pancreatic source of
insulin in chicken

Saibaba Ganesan 1, Shoval Miyara 2, Sara Yosefi 1, Dmitry Shinder 1, Eyal Seroussi 1, Miriam
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Molecular Cell Biology, Weizmann Institute of Science, Rehovot, Israel.

In chickens, an extra-pancreatic insulin production has been suggested but never characterised. We observed

relatively high insulin and somatostatin mRNA expression in the chicken adrenal gland (e.g. adrenal insulin

mRNA 2% of pancreas compared to 0.02% in human). Using a novel procedure of complete pancreatectomy,

we demonstrated that 24 h after surgery, mRNA expression of insulin and somatostatin was induced by ~10

and 40 folds, respectively, in the adrenal and not in liver and adipose tissue. RNA-seq analysis revealed that

pancreatectomy induced the two main canonical gene pathways characteristic of pancreatic β-cells: Insulin Se-

cretion Signalling and Unfolded Protein Response. Additionally, the top differentially expressed genes (UCN3,

AGR2 and CART), the characterised upstream regulatory genes (XBP1, CREB1/CREM and TGFβ) and other dif-

ferentially expressed genes (e.g., GDF15), also pointed to induction of pancreatic islet activity. These findings

suggest controlled insulin production in the chicken adrenal gland, which may relate to the evolution of birds’

migration and stress response, offering a new model system and target genes for induction of extra-pancreatic

insulin secretion.
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Application of chick imprinting behavior to evaluate
developmental neurotoxicity of chemicals: Effects of in ovo

valproic acid exposure

Fumihiko Maekawa 1, Hiroko Ohki-Hamazaki 2

1. National Institute for Environmental Studies, Japan., 2. Kitasato University, Tokyo, Japan.

Imprinting behavior of chicken chicks can be observed immediately after hatching, in which they memorize

and follow their mother’s appearance and voice. We have constructed a system in which chicks can imprint on

simple images projected on a computer screen, and have attempted to elucidate the visual pathways involved in

the formation of imprinted memories and the neural circuits involved in the formation and recall of memories.

In the present study, we examined whether this evaluation system of imprinting behavior could be applied to

the evaluation of developmental neurotoxicity, which has not been adequately conducted in avian toxicity tests.

Valproic acid, a known antiepileptic drug that has been associated with the developmental disorders by fetal

exposure, was used as the test substance. Fertilized eggs were incubated and obtained 1.5-day post-incubation

embryos, in which neural tube formation occurs. The neural tube was visualized by opening a window in

the eggshell, and doses of 0, 0.1, 1, and 10 micromol/egg were administered. The survival rate was checked

at 5.5-day post-incubation. The survival rate decreased in 1 micromol/egg group as compared with controls,

and most embryos in the 10 micro mol/egg group died. For the surviving individuals, imprinting behavior was

evaluated on the first day of hatching. The response of the 0.5- micro mol/egg group to the imprinted images

was significantly lower than that of the 0- and 0.1- micro mol/egg groups. This obvious effects on imprinting

behavior of VPA, a representative chemical with developmental neurotoxicity, in the concentration range not

affecting survival, indicated that the imprinting behavior of chicks to the images is a suitable model to evaluate

the developmental neurotoxicity of chemicals.
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Baseline and stress-induced corticosterone, but not negative
feedback efficiency, is sensitive to differing levels of long-term

chronic stress

Ursula Beattie 1, L. Michael Romero 1

1. Dept. of Biology, Tufts University, Medford, MA, USA.

Most studies on applied chronic stress use one or two bouts of stress as treatments. In the wild, animals can

experience more than one or two stressful periods in their lives. Similarly, not all stressful periods are of the

same magnitude in the wild. To more closely mimic what a wild animal experiences over the course of its

lifetime, we conducted a long term chronic stress experiment on four groups of house sparrows: (1) a control

groupwhose only stressorwas routine animal husbandry and blood sampling, (2) amediumgroup that received

a repeating 2 week stress/2 week break regimen for 6 months, (3) a group whose chronic stress bouts became

more intense (more stressors/day) and longer in duration throughout 6 months, and (4) a group whose chronic

stress bouts became less intense and shorter in duration throughout 6 months. Our goal with these four groups

was to investigatewhether 3 aspects of theHPAaxis existed on a spectrum in response to chronic stress: baseline

corticosterone, stress-induced corticosterone, and negative feedback efficiency. The medium and increasing

groups decrease both baseline and stress-induced corticosterone after 3 bouts of stress, but show no change

in negative feedback efficiency. The decreasing group maintained high levels of baseline and stress-induced

corticosterone and no change in negative feedback efficiency. These results suggest a specific shutdown of

some, but not all, of the endocrine responses to chronic stress.
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Breeding under pressure: baseline corticosterone levels
mediate parental investment in a long-lived seabird under

predation threat
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Finland., 3. Nature and Game Management Trust, Finland.

Endocrine mechanisms mediate life-history decisions. During reproduction, parents face a trade-off between

investing energy into offspring production or into self-maintenance. Corticosterone promotes the re-allocation

of resources into reproduction (the corticosterone-adaptation hypothesis), and in some species, higher baseline

corticosterone levels support increased parental investment. Therefore, assessing corticosterone levels could

be relevant to study the influence of environmental changes on parental effort. Here, we used long-term longi-

tudinal monitoring of baseline corticosterone levels in incubating female common eiders Somateria mollissima

(1514 females, 2009-2021), breeding on open and forested islands in SW Finland, to investigate variation in

parental investment under increasing predation threat. As life-history theory predicts reduced parental in-

vestment under increased predation risk, we expected baseline corticosterone levels to decrease under higher

predation threat. In accordance with the corticosterone-adaptation hypothesis, baseline corticosterone levels

were positively associated with clutch size, a proxy of initial energetic investment in reproduction, and with

female age. Following our prediction, the ongoing recovery of the white-tailed eagle Haliaeetus albicilla, the

main predator of eiders, was correlated with a temporal decrease in baseline corticosterone levels in the study

population, which suggests a decrease in parental investment as predation threat increases. Interestingly, at a

finer resolution, females nesting on islands with higher adult predation risk displayed lower baseline corticos-

terone levels, but this was only visible on open islands. On these open islands, nests are more conspicuous and

female survival is lower. Under such conditions, females may benefit from enhancing their own survivorship,

mediated by lower baseline corticosterone levels. Overall, our results demonstrate that increased predation

risk may affect corticosterone levels, which appear as a proxy of parental investment in this study system.

As lower parental investment may reduce breeding success, further studies should now investigate how such

predation-induced decrease in parental investment influence both individual and population performance.
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Chemerin in chicken white egg could be related in egg weight,
fertility and embryo development

Ophelie Bernardi 1, Christelle Rame 1, Yannick Baumard 1, Maxime Reverchon 2, Joëlle Dupont 1
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Amajor issue for breeding companies is an embryomortality rate, which can reach 40 % according to the avian

species. It is therefore necessary to identify biomarkers of embryo development that could be used in genetic

selection to improve reproductive performances. We previously showed that chemerin is produced by the hen

oviduct and accumulates in albumen. Here, we hypothesized that chemerin in albumen could be a potential

molecular marker of egg performance and embryo development in chicken. We studied seven breeds of each

ten hens (in total n=70 hens). Eggs from henswere collected during five days of laying. After weighing eggs, yolk

and albumen, an albumen sample from each egg was collected. Also, at the end of the week of laying, a sample

of blood was collected from hens. Chemerin concentrations in albumen and blood samples were measured by

a specific home made avian chemerin ELISA assay. Then, plasma and albumen chemerin concentration were

correlated with reproductive parameters such as fecundity, fertility, embryo mortality and hatchability rates

and laying performances. Our data showed that variability of chemerin concentration in albumen is two fold

higher in inter-hen compared to intra-hen for each breed. We observed significant different concentrations of

chemerin in the albumen between breeds. However, chemerin concentrations in albumen were not correlated

to plasma chemerin suggesting two distinct origins of chemerin production. We found negative correlations

between chemerin albumen concentrations and egg weight (p<0.001), albumenweight (p<0.01) and yolk weight

(p<0.05). Also, we showed negative correlations between chemerin albumen concentrations and fecundity and

fertility (p<0.05) whereas no significant correlation was observed with laying performances. Taken together,

these results suggest that chemerin in albumen could be involved in the eggweight and the embryodevelopment

and fertility in chicken.
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Chronic dietary exposure to a glyphosate-based herbicide
results in total or partial reversibility plasma oxidative

stress, caecal microbiota abundance and short-chain fatty
acids composition in broiler hens
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Christophe Staub 1, Eric Venturi 1, Julie Lemarchand 1, Elise Maximin 1, Olivier Zemb 1, Pascal Froment

1, Joëlle Dupont 1

1. INRAE, France.

Glyphosate-based herbicides (GBH) are massively used in agriculture. However, few studies investigated their

effects on avian species whereas they are largely exposed via their food. We investigated potential reversibility

of the effects of a chronic dietary exposure to a GBH in hen broiler. We exposed 32 weeks-old hens to GBH via

their food (47 mg/kg/day glyphosate equivalent, GBH, n=75) corresponding to half glyphosate’s No-Observed-

Adverse-Effect-Level in birds and respective controls (CT, n=75) for 42 days. Both groups (GBH and CT) were

then fed for 28 additional days without GBH exposure (Ex-GBH and Ex-CT). Plasma glyphosate and AMPA con-

centrations were significantly increased at the end of GBH exposure in GBH animals whereas this difference

was strongly reduced in Ex-GBH animals. Glyphosate and AMPA mainly accumulated in the liver compared to

leg muscle and abdominal adipose tissue in GBH animals, and were significantly reduced in Ex-GBH animals.

Body weight, fattening, food intake and feeding behavior but also plasma lipid and uric acid were similar in

GBH, Ex-GBH and respective control animals. However, we observed a significant increase in gizzards weight

and plasma oxidative stress using TBARS assay in GBHhens and these effectswere abolished in Ex-GBHanimals.

Caecal microbiome analysis showed significant variations of diversity and relative abundance of microorgan-

isms in response to GBH exposure. Thesemodificationswere associatedwith a significant diminution of acetate,

propionate, isobutyrate, isovalerate and valerate in GBH caecal contents, which were all restored 28 days after

GBH exposure except for only acetate and valerate. Taken together, our results show possible disturbances of

the caecal microbiota associated to plasma oxidative stress and accumulation of glyphosate inmetabolic tissues

in response to dietary GBH exposure in broiler hens. Furthermore, these effects were potentially reversible and

observedwithout any variation of growth performance. Other parameters including fertility parameters should

investigated.
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Chronic glucocorticoid administration induce sex differences
in heterophil-to-lymphocyte ratio and increases cortisol levels

in egg albumen in Pekin ducks
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Recent studies have indicated that cortisol may also have physiological roles and that there are sex differences

in the actions of both glucocorticoids (GC). Chronic stress has been shown to affect the heterophil to lympho-

cyte ratio (HLR). The purpose of our study was to test the hypothesis that chronic treatment with low levels of

either corticosterone or cortisol would alter HLR and organ morphometrics and increase in cortisol levels in

egg albumen. To test our hypotheses, we implanted silastic capsules that contained corticosterone, cortisol, or

empty and implanted on the back of the neck of adult ducks (N=5/sex/dose). Over the course of 2 weeks, blood

serum, blood smears, body weights, and egg quality data were collected. After 2 weeks, ducks were euthanized

and body weight, weights of spleens, livers, and the number of active follicles were recorded. Albumen glu-

cocorticoid levels were assessed using mass spectrometry. Data were measured using a 2- or 3-way ANOVA as

appropriate. No treatment elicited differences in egg quality measures or body weight compared to controls.

Corticosterone treatment did elicit a significant (p > 0.05) increase in serum corticosterone, but not cortisol, com-

pared to controls in both sexes. Both treatments significantly (p < 0.05) increased serum levels cortisol compared

to controls. Relative spleen weights were significantly (p < 0.05) reduced in hens following corticosterone but

not cortisol treatment. No other organs showed any significant differences among the treatment groups. Both

GCs elicited a significant (p < 0.001) increase in HLR in hens, but not drakes, at all time points over the 2 week

treatment period compared to controls. Chronic treatment with cortisol, but not corticosterone, elicited a signif-

icant (p < 0.01) increase in egg albumen cortisol levels. Our results suggest that glucocorticoids elicit differential

effects and that cortisol may provide critical role in the stress response.
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De novo melatonin synthesis in the hypothalamus and
cerebellum in European starling

Valentina Squicciarini 1, George Bentley 1
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Melatonin in vertebrates is produced in the pineal gland at night and is released into the blood and cerebrospinal

fluid, providing rhythmic information to the whole organism. The pineal gland is themain source of melatonin,

but other sources include the gut and the retina. Our aim was to study if the hypothalamus and cerebellum of

European starlings are also capable of producing melatonin de novo and to describe the presence and neu-

roanatomical location of the enzymes involved in melatonin synthesis. We employed ex vivo tissue incubation

of the hypothalamus, pineal gland and cerebellum of 6 European starlings for 48 hours, sampled the medium

every 12 hours and measured subsequent melatonin production via ELISA. We found that all these tissues pro-

duce melatonin. Furthermore, we found mRNA expression of two photoreceptors: opsin 3 and opsin 5 in the

hypothalamus and the cerebellum. Finally, using floating immunohistochemistry (IHC), we identified the pres-

ence of aralkylamine N-acetyltransferase (AANAT), the key enzyme that is involved in the day/night rhythmic

production of melatonin in the dorsomedial anterior nucleus (DMA), pons, deep cerebellar nuclei and Purkinje

cells. A similar distribution was found when we examined opsin 3 and opsin 5 also by IHC. These data sug-

gest that in addition to the pineal as a melatonin-synthesizing photoreceptive site, the avian hypothalamus and

cerebellum have the capabilities to regulate melatonin synthesis in response to changes in photic information

in seasonally- breeding songbirds.

124



International Symposium for Avian Endocrinology 2022

Dynamics and function of testosterone in ejaculate of jungle
fowl
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Even though in several animal taxa, including birds, male ejaculates contain substantial concentrations of

testosterone, surprisingly little is known about its regulation and function. Therefore, we performed a se-

ries of studies, using junglefowl (Gallus spadiceus), to unravel the relationship between ejaculate- and circu-

lating testosterone concentrations, male quality, sperm cell motility, and female reproductive investment. We

found that in dyads of large - and small combed males the former always won in agonistic encounters, and had

higher circulating but lower ejaculate testosterone concentrations. These findings fit their different reproduc-

tive strategies in which dominant males monopolize matings and subdominant males avoid fights and invest

in ejaculates for their rare copulation opportunities. Females forced to pair with small combed (loser) males

produced eggs with more androgens and heavier offspring when these contained sons and less testosterone

and lighter offspring when these contained daughters, whereas hens paired with winners showed the opposite

pattern. Moreover, artificial insemination with testosterone-enriched ejaculates of dominant males, simulating

testosterone levels of subdominant males, induced females to produce heavier eggs compared to insemination

with non-enriched dominant male ejaculates. This can be interpreted as a compensation strategy for being

fertilized by a low quality subdominant male. Finally, ejaculates of subdominant males contained sperm with

higher motility than that of dominant males, suggesting that testosterone in the ejaculate affects sperm quality

whichmay affect fertilization chances. Therefore, we are currently conducting two follow-up studies to test the

effect of testosterone-enrichment on (1) spermmotility and (2), by artificial insemination and DNA fingerprint-

ing, on fertilization success. The current results suggest an as yet unknown function of ejaculate testosterone

as well as a an interaction between a cryptic paternal trait and a maternal effect.
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The number, size and composition of eggs laid are key components of female reproductive investment in

oviparous species. Egg number limits the maximum number of fledglings that can be produced, whereas egg

size positively influences fledging success. Regarding egg composition, female allocation of certain hormones

(e.g. androgens) or antioxidants (eg. carotenoids, vitamins) to the yolk can strongly determine offspring pheno-

type and viability. However, the female capacity to maximize offspring fitness prospects via these components

of maternal investment may be constrained by external and internal factors. Here, we performed a handicap-

ping experiment by clipping some flight feathers of wild female spotless starlings (Sturnus unicolor) onemonth

before egg laying, thus lowering their flight performance and reducing their body condition. We measured the

effect of this treatment on the number, size and yolk composition (androgens and antioxidants) of their eggs. We

found that handicapped females laid the same number of eggs than controls, but thesewere smaller and lighter.

Also, their yolks were smaller than those of controls, both in absolute weight and relative to egg weight and vol-

ume. Yolk concentrations of androgens (androstenedione and testosterone) and carotenoids (lutein, zeaxanthin,

astaxanthin) overall wereminor in the handicapped group. Vitamin A concentrationwas significantly higher in

the eggs laid by handicapped females, whereas vitamin E concentrations were marginally lower. These results

suggest that females in poor condition adjust their investment in eggs by reducing the volume of their propag-

ules, although they may integrate the impact on offspring exposure to androgens and antioxidants in the yolk,

or even try to compensate by enhancing the allocation of vitamin A to the egg.
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Embryonic development and extra-retinal photoreception are jointly and independently areas of research im-

portance and interest. The ability of light tomodulate avian development has significant implications across the

life span and relates to welfare outcomes. Early developmental conditions such as stress, light and temperature

can affect the hatching window, and physiology and behaviour in adulthood. While a strong case has emerged

for the beneficial effects of light exposure during artificial incubation in avian species, little is known about the

mechanisms by which these effects occur. Effects of light occur during the first week of incubation but visual

photoreceptors in the avian eye are only functional around 2 weeks of incubation. Extra-retinal photorecep-

tors are a widespread and evolutionarily ancient form of light detection that relies on a photoreceptive opsin

(e.g. neuropsin, VA opsin, melanopsin, and pinopsin) proteins related to, but distinct from, those involved in

vision. Focusing on extra-retinal photoreceptors in the brain and pineal gland of White leghorn chickens (Gal-

lus gallus), we performed qRT-PCR and immunohistochemistry at day 3, 6, 14, 17 and 21 of development. Eggs

were incubated at 37.5oC under darkness and the pineal gland, hypothalamus, eyes and cerebellum were col-

lected (embryonic age permitting). Photosensitivity of the pineal gland appears to be mediated by extra-retinal

melanopsin and this is essential for the synthesis and regulation of melatonin, providing a key organism wide

signal of circadian rhythmicity by light. Hypothalamic VA opsin and melanopsin mRNA were detectable by the

first week of incubation and the highest levels were observed prior to hatch. Exploring the distribution and on-

togeny of photoreceptors in the avian brain will provide new information linking extra-retinal photoreceptors

and effects of light in early life. All work was performed under UK Home Office licence, ARRIVE guidelines and

local ethical review. Research supported by BBSRC (BB/V001647/1).
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Exposure to yolk (maternal) testosterone in the avian eggs affects a diversity of offspring post-hatching traits,

that may function to adjust offspring competitiveness in the sibling hierarchy. However, it has recently been

found that maternal androgens are heavily metabolised by the embryos at very early development stages to

other less lipophilic hormones that are often assumed to bemuch less biologically potent. The rapidmetabolism

could either keep most of the maternal testosterone from reaching the embryos, opening the possibility for a

mother-offspring conflict, or the hydrophilic metabolites may facilitate the uptake of the lipophilic androgens

from the yolk into the embryonic circulation after which they are either converted back to the free hormone or

functioning directly as metabolites. To test these possibilities, we injected D5 isotope-labeled testosterone into

the yolk of freshly laid Rock pigeon eggs (Columba livia) and determined the concentration and distribution

of this hormone and its labelled metabolites within the different compartments of the egg and embryo by LC-

MS/MS at day 2, 5 and 10 of incubation. Testosterone concentration in the yolk decreased within 2 days and was

metabolised into androstenedione, conjugated testosterone and etiocholanolone. We could show for the first

time that testosterone, but also androstenedione and conjugated testosterone, but not etiocholanolone, reached

the embryo including its brain, albeit in small concentrations. Their higher concentrations in the yolk and extra-

embryonic membranes suggest that conversion takes place at the latter. Finally, we found no sex differences in

the metabolism explaining why maternal hormones do not affect sexual differentiation. Our findings showed

that maternal androgens are quickly converted by the embryo, with several but not all metabolites reaching

the embryo providing evidence for both hypotheses.
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Fasting, but not early life stress, increases hypothalamic
neuropeptide Y mRNA expression in Japanese quail (Coturnix

japonica) chicks.
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Edinburgh, UK.

The prenatal period can shape adult phenotype. Appetite is governed by themelanocortin system and regulated

by neuroendocrinemechanisms that are vulnerable to stress. By investigating the neurobiological mechanisms

of early life stress programming on hypothalamic feeding circuits we aimed to determine appetite development

in birds and the impact of pre-natal stress. We investigated how changes in nutritional status, food availabil-

ity, and early life stress programming effect the hypothalamic appetite pathways in Japanese quail (Coturnix

japonica). Nine-day old female and male chicks (19L:5D), were randomly assigned to FED (control, ad libitum

feeding) or FASTED (food removed at lights off and 4h fast from lights on) and FED CORT (ad libitum feeding, in

ovo corticosterone injection at incubation day 5) groups. FASTED chicks had lower body and gut weights and

lower blood glucose compared to FED control or FED CORT; no sex differences were observed. Behavioural

analysis of video recordings showed that FED, FED CORT and FASTED chicks rested and rarely fed or drank

during darkness. Following lights on, all chicks exhibited food-seeking behaviour (increased visits to feeding

station during thefirst 2h of lights on), withmore food seeking behaviour in FASTED chicks compared to FEDand

FED CORT chicks. RT-qPCR showed increased hypothalamic neuropeptide-Y (NPY) mRNA expression in FASTED

compared to FED and FED CORT chicks. There were no differences in agouti-related peptide (AgRP), or proopi-

omelanocortin (POMC) and no differences in NPY, AgRP and POMC mRNA between FED control and FED CORT

groups. These findings suggest that there are some functional differences in the neuropeptide mechanisms reg-

ulating food intake in young birds compared to adults and that early life stress does not alter feeding related

neuropeptides in young quail. All work was performed under UK Home Office licence, ARRIVE guidelines and

local ethical review. Research supported by BBSRC (BB/5015760/1).
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A successful stress response requires mobilization of energy stores and regulation of metabolism. The com-

monmethod for measuring metabolic biomarkers in avian species is blood sampling from the wing vein which

requires invasive, repetitive interactions that could affect the targeted stress-related responses. Thread-based

biosensors offer a minimally invasive method for real-time monitoring of biomarkers that resolves the matter

of multiple interactions with the animal. Our approach was to modify avian implantation methods for use of

flexible electrochemical thread-based biosensors to allow for unrestricted flight movement throughout moni-

toring. Specifically, we fabricated amperometric glucose-sensing threads by immobilizing glucose oxidase onto

medical-grade sutures coated with flexible conductive material and measured their detection sensitivity to glu-

cose by performing sensor calibrations in synthetic tissue fluid (phosphate buffered saline). Furthermore, we

implanted the calibrated threads subcutaneously along the dorsal featherless tract in euthanized birds to test

their responsivity. We injected known concentrations of glucose subdermally and compared interstitial fluid

(ISF) measurements from a point-of-care device to the thread sensor read-outs from a benchtop potentiostat

electrode system. Our results indicate the threads are capable of detecting glucose concentrations that span the

normal range of glucose levels in house sparrows (11 – 620 mg/dL and 200 – 400 mg/dL, respectively) and are

responsive to changes in glucose concentrations while implanted subcutaneously. These preliminary results

show the promise of using flexible thread-based biosensors for glucose sensing in ISF. Future studies will aim

to validate measurements in live birds and miniaturize wearable electronics for an interaction-free method of

monitoring glucose in real-time during a stress response.
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GHR controls mitochondrial function by regulating
mitochondrial biogenesis via IGF1 signaling during myoblast

differentiation
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Background: The GH-GHR-IGFs axis has been recognized to play essential roles in muscle development. My-

oblast differentiation requires metabolic reprogramming driven by increased mitochondrial biogenesis and

oxidative phosphorylation. However, the underlyingmechanismofwhetherGHR regulatesmitochondrial func-

tion through mitochondrial biogenesis during myoblast differentiation remains unknown.

Methods: We manipulated the expression of GHR gene together with IGF1 gene in chicken primary myoblast

(CPM) to investigate their roles in mitochondrial biogenesis and function during myoblast differentiation.

Results: We reported that GHR is induced during myoblast differentiation. GHR and IGF1 promoted mitochon-

drial biogenesis during myoblast differentiation, as determined by the fluorescence intensity of Mito-Tracker

Green staining, the expression of mitochondrial biogenesis markers (PGC1A, PGC1B, PRC, NRF1, NRF2, TFAM)

and mtDNA encoded gene (ND1, CYTB, COX1, ATP6), as well as mtDNA content. Consistently, GHR and IGF1

enhanced mitochondrial function during myoblast differentiation, as determined by the mitochondrial mem-

brane potential, ATP level andROSproduction. Wenext revealed that the regulation ofmitochondrial biogenesis

and function byGHR depends on IGF1. In terms of the underlyingmechanism, we demonstrated that IGF1 regu-

latesmitochondrial biogenesis via PI3K/AKT/CREB signaling. Additionally, GHR knockdown repressedmyoblast

differentiation.

Conclusions: In conclusion, our data corroborate that GHR controls mitochondrial function by regulating mi-

tochondrial biogenesis via IGF1-PI3K/AKT/CREB signaling during myoblast differentiation.
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In birds and mammals, the neural mechanisms that control food consumption include hypothalamic neurons

that express the orexigenic peptides neuropeptide Y (NPY) and agouti-related protein (AgRP), and the anorexi-

genic peptides pro-opiomelanocortin (POMC), and cocaine- and amphetamine-regulated transcript (CART). Food

hoarding, where animals store food before later consumption, shares similar neural control in mammals.

Whether this is the case in birds has not been explored. Here we examined the hypothalamic expression pat-

tern of these neurotransmitters and investigated whether their expression was affected by food restriction in

two bird species, the food hoarding coal tit (Periparus ater) and the non-hoarding great tit (Parus major). In situ

hybridisation was used to map gene expression of NPY, AGRP, POMC and CART in the hypothalamus, and quan-

tify their expression between birds that were fasted or fed. We found that neuropeptide distribution patterns

were comparable in both species. AgRP mRNA expression was restricted to the medial arcuate nucleus (ARC)

and the median eminence. NPY mRNA was also evident in ARC but had a more extensive distribution in the

hypothalamus. POMCmRNAwas also expressed in the medial regions of the ARC. However, POMCmRNA had a

more lateral distribution compared with NPY. CART expression was evident in the ARC, but at much lower lev-

els than the other neurotransmitters. When mRNA expression was quantified, we found that great tits showed

elevated expression of NPY mRNA in response to food deprivation, but this was not evident in coal tits. In both

species, AgRP, CART and POMC expression did not differ between fed and food-restricted birds. These results

indicate that hypothalamic expression patterns of these key neuropeptides are neuroanatomically conserved

in these species. However, whether NPY, AGRP, POMC and CART regulate food hoarding as well as consumption

in Parids requires further investigation.
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Methylmercury exposure does not affect sparrows’
reproductive onset in spring.
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Organisms regularly adjust their physiology to respond to predictable seasonal variation, but environmental

contaminants may disrupt such adjustments. In seasonally-breeding songbirds, vernal increases in photope-

riod stimulate the hypothalamus-pituitary-gonad axis, inducing a transition from overwintering physiology to

reproductive competence. Methylmercury (MeHg) exposure during the breeding season has numerous effects,

including neurotoxicity, disruption of hormone regulation, and impaired reproduction. However, it is unknown

ifMeHg exposure onwintering grounds has carry-over negative effects on spring reproduction. To evaluate this

question, we exposed captive song sparrows (Melospiza melodia) to environmentally-relevant levels of dietary

MeHg (0.22 ppm MeHgCl w.w. mixed in food) for 3 months during winter. We then photostimulated birds with

a long-day photoperiod and observed them for a 21 days post-exposure period. Contrary to our predictions, we

found no carry-over effects of MeHg on spring reproductive physiology. We observed no treatment effects on

brain GnRH immunoreactivity, blood testosterone levels or testes mass. These null results are in contrast to

prior results from our laboratory where similar MeHg exposure affected summer to fall seasonal transitions

(e.g., moult duration, migratory behaviour) in this species. Although we observed no effects on breeding physi-

ology, MeHg exposed birds did have increased fecal corticosterone levels after photostimulation, while control

birds’ coricostereone levels remained constant. This suggests that birds may have compensated for prior ex-

posure to MeHg in order to maintain the onset of reproduction. Overall, songbirds may suffer acute negative

effects of MeHg exposure on breeding grounds, but appear capable of buffering the effects of prior winter ex-

posure so as to not delay reproductive onset in spring.
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Africanwildlife face challenges frommany stressors including current and emerging contaminants, habitat and

resource loss, poaching, intentional and unintentional poisoning, and climate-related environmental change.

The plight of African vultures exemplifies these challenges due to environmental contaminants and other stres-

sors acting on individuals and populations that are already threatened or endangered and experiencing con-

tinued declines. Many of these threats emanate from increasing human population size and settlement density,

habitat loss from changing land use for agriculture, residential areas, and industry, and climate-related changes

in resource availability. Environmental chemicals that are hazardous include legacy chemicals, emerging chem-

icals of concern, and high-volume-use chemicals that are employed as weed killers and in other agricultural

applications. Furthermore, there are differences in risk for species living in close proximity to humans or in

areas affected by habitat loss, climate, and industry. Monitoring programmes are essential to track the status

of nesting pairs, offspring survival, longevity, and lifetime productivity. This is important for long-lived birds,

such as vultures, that may be especially vulnerable to chronic exposure to chemicals as obligate scavengers.

Furthermore, their position in the food webmay increase risk due to biomagnification of chemicals. We review

the primary chemical hazards to OldWorld vultures and the interacting stressors affecting these birds. Habitat

is a major consideration for vultures, with tree-nesters and cliff-nesters potentially experiencing different risks

of exposure to environmental chemicals. We provide information from long-termmonitoring programmes and

discusses a range of these threats and their effects on vulture populations and suggest how monitoring pro-

grammes can be improved to identify emerging threats. Addressing these threats is essential to prevent the

further loss of these species that provide essential ecosystem services.
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Neuropeptide Y (NPY) regulates chicken muscle
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Neuropeptide Y (NPY) is a highly conserved hypothalamic feeding-related neurotransmitter. Its potent orexi-

genic effect has been reported in a variety of species, including avian. Recent research has shown that NPY and

its receptors can be expressed in peripheral tissues, but their roles were not fully defined. The present study

aimed to assess the expression of NPY and its receptors, and determine their regulation by environmental and

nutritional stressors, in the skeletal muscle of avian species using in vivo and in vitro approaches. NPY and NPY-

receptors are expressed in chicken breast and legmuscle as well as in QM7 cell line, suggesting autocrine and/or

paracrine roles. Intraperitoneal administration of recombinant NPY increased feed intake in 9-d old chicks and

upregulated the expression of NPY and NPY-receptors in breast and leg muscle. In breast muscle, a low dose

of NPY upregulated the expression of genes involved in ATP production (uncoupling protein, nuclear respira-

tory factor 2), and dynamics (mitofusin 1), while a high dose decreased markers of mitochondrial dynamics

(mitofusin 2, optic atrophy 1) and increased genes involved in mitochondrial biogenesis (D-loop, peroxisome

proliferator activated receptor gamma). In leg muscle, NPY decreased markers of mitochondrial biogenesis

and ATP synthesis (D-loop; peroxisome proliferator activated receptor α and β, and PPARγ- coactivator 1 β). In

QM7 cells, genes associated with mitochondrial biogenesis, dynamics, and ATP synthesis were all upregulated

(P < 0.05), even though basal respiration and ATP production were decreased (P < 0.05) with NPY treatment as

measured by XF Flux analysis. Taken together, our data showed that NPY system is expressed in avian muscle

and regulated muscle mitochondrial function and bioenergetics.

135



International Symposium for Avian Endocrinology 2022

Optimization of nuclei extraction from frozen zebra finch
brain sections for single nuclei sequencing

Jolien Diddens 1, Carolina Frankl-Vilches 1, Albertine Leitao 1, Antje Bakker 1, Manfred Gahr 1

1. Department of Behavioural Neurobiology, Max Planck Institute for Biological Intelligence (formerly MPI for Ornithology),

Seewiesen, Germany.

Singing behavior in songbirds, as well as the development of the underlying vocal control areas, is sex-steroid

dependent and sexually dimorphic. In adult zebra finches, most nuclei of the song control system express high

levels of androgen receptors (AR). Estrogen receptor, in contrast, is mostly absent in zebra finch song nuclei,

despite its effect on sexual differentiation of the song system (Kim et al., 2004; Gahr & Konishi, 1988; Jacobs et al,

1996). To this time, it is unclear which (neuronal) cell populations within the song nuclei express AR, and also

the gene regulatory networks induced by steroid hormones to affect singing are largely unknown. To address

these questions, we are using single-cell transcriptomic and epigenomic techniques. In our preliminary single-

cell sequencing experiments, we had problems detecting the expression of the androgen receptor gene, which

is of course critical for our study. We are therefore shifting to single nuclei instead of single-cell sequencing,

and optimized the method for use in song nuclei isolated from frozen brain sections. Using this optimized

method, we now hope to expand our understanding of the mechanisms of hormonal sensitivity of the song

control system.

Key words: single nuclei sequencing, zebra finch, androgen receptor, sex steroids, song control system
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Since providing care for offspring is costly, parents are assumed to be in an evolutionary conflict over the divi-

sion of parental care duties, with each parent aiming to invest as little care as possible while forcing the partner

to provide the majority of offspring care. However, the extent to which this assumption holds in real systems is

poorly understood, partly because the underlying motivation for parental care may not be reflected adequately

in behaviour. Therefore, measuring individual variation in the hormones underlying parental behaviours may

provide important new insights into this. In addition, in many biparental species, breeding partners remain

together for multiple breeding attempts and forcing a current partner to provide a super-optimal level of care

may reduce that partner’s investment and survival in subsequent years. We therefore expect that selection will

favour individuals who increase their relative contribution to parental care when mated with a partner who is

likely to contribute substantially to their reproductive success in the future. We tested this prediction in a cap-

tive population of black-headed gulls, Chroicocephalus ridibundus, where pair bond duration and behavioural

compatibility between partners are known to affect reproductive success and thus a current partner’s future re-

productive value. We used the hormone prolactin and its interactionwith corticosterone as an endocrinological

indicator of intrinsic motivation to provide parental care, and tested whether baseline and stress-induced lev-

els of plasma prolactin (reflecting the motivation of the bird to stay at the nest after exposure to a stressor) was

related to pair bond duration and behavioural compatibility as measured in mutual adjustment of behaviour

by the members of the pair. We argue that measuring individual variation in hormone secretion is a powerful

way to test long-standing evolutionary theories, and highlight the importance of considering social context in

understanding the evolution of reproductive investment.
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Image processing in amniotes is typically dominated by one of two visual pathways: the tectofugal pathway or

the thalamofugal pathway. In mammals, the thalamofugal pathway dominates with retinal afferents projecting

to the lateral geniculate nucleus which then projects to the forebrain. In birds, the tectofugal pathway domi-

nates with retinal afferents projecting to the optic tectum, which sends projections to the dorsal thalamus. A

thalamic structure sends projections to a forebrain structure called the entopallium, the terminal structure of

the tectofugal visual system. The tectofugal pathway in birds serves many functions such as motion and color

processing, orientation and attention, and identification and localization of stimuli. Many studies utilizing sev-

eral avian species were reviewed focusing on structures in the avian tectofugal pathway, their interaction and

possible function. Several different subdivisions in the thalamic/entopallia structures were found, depending

on species examined, age, and techniques utilized. Sections of two-week-old chick brains were cut in either

coronal, sagittal, or horizontal planes and stained with Nissl and either Giemsa or Luxol Fast Blue. The thala-

mic nucleus rotundus and entopalliumwere subdivided on the basis of cell and fiber density. We employed the

technique of diffusible iodine-based contrast-enhanced computed tomography (diceCT) on a 5-week-old chick,

including its eyeball, for our anatomical investigation. Using data from diceCT, our differentially stained brain

sections, and literature, we created a complete three-dimensional model of the avian tectofugal pathway using

software from MBF Biosciences Institute. Our results suggest the rotundus has 5 subdivisions and entopallium

has 3 subdivisions. The use of a 3D model enables a clearer understanding of the structural and spatial orga-

nization of the tectofugal system. The ability to pair histochemical sections with diceCT 3D modeling is critical

to better understand the anatomical and physiologic organization of complex pathways such as the tectofugal

visual system.
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Neural circuits are shaped by experience during critical periods of development. Prior work in songbirds

has shown the development of perineuronal nets (PNN), which localize around parvalbumin-positive (PV) in-

hibitory interneurons, correlateswith the closing of the sensorimotor phase of learning and song crystallization.

Factors that modulate the timing of PNN development in birds, however, are not well understood. Here, we in-

duced chronic stress in juvenile zebra finches during the critical period for song learning via repeated social

isolation from their families. We predicted that stress from isolation during the sensorimotor phase would alter

PNN expression levels in key areas of the motor pathway for song. Juveniles were removed from their home

cage and placed into a cage alone for 3 hours, and then reunited. This was repeated daily for 14 consecutive

days. Blood corticosterone (CORT) was measured on day 1 before (baseline) and after isolation (acute stress)

and on day 14 after isolation. PV and PNN co-expression were quantified in the song motor regions of juvenile

zebra finches via immunohistochemistry at the end of the social isolation protocol. All isolated birds exhibited

acute increases in CORT levels on day 1. However, after 14 days of daily isolation, juveniles exhibited CORT

levels similar to baseline levels. Brain tissues showed increased co-expression levels of PNN surrounding PV+

cells in the song motor nuclei of juveniles who were isolated compared to age-matched controls from families

that were not socially isolated. Additionally, the percentage of PV+ cells surrounded by PNN was nearly as high

as that in control adult males. These data suggest that although juvenile zebra finches may hormonally accli-

mate to social isolation, repeated social isolation may have long-lasting effects on the brain, driving premature

maturation of the motor circuit for song production.

139



International Symposium for Avian Endocrinology 2022

Role of testosterone-dependent androgen receptor signaling
in socio-sexual and vocal behaviours of domestic chicken

Mekhla Rudra 1, Kamila Lengyel 2, Antje Bakker 1, Monika Trappschuh 1, Lisa Trost 1, Carolina
Frankl-Vilches 1, Albertine Leitao 1, Benjamin Schusser 2, Manfred Gahr 1

1. Dept. of Behavioural Neurobiology, Max Planck Institute for Biological Intelligence, Seewiesen, Germany., 2. Dept. of

Reproductive Biotechnology, TUM School of Life Sciences, Technical University of Munich, Freising, Germany.

Sexual behaviours including vocalization, aggression and copulation are known to be induced by androgens,

notably testosterone. Testosterone is converted into a number ofmetabolites in the neural tissues of vertebrates,

most of which fall in the androgen family and act through the androgen receptor (AR). However, testosterone

is also metabolized to estradiol which then acts through the estrogen receptor (ER) to affect sex differentiation,

behaviour and morphology. Insights on testosterone-mediated behaviours have been gained in the past by us-

ing traditional hormone manipulation techniques like castration, administration of exogenous hormones and

blocking of hormone receptors, however they have limitations which might lead to inaccurate interpretation

of results. To this end, we use a transgenic line of androgen receptor knockout (ARKO) domestic chicken (Gal-

lus gallus domesticus) developed by us which is capable of providing insights on AR-dependent regulation of

behaviours.

I use telemetric audio and video recording technologies to compare behaviours between ARKO and control

birds, both in juvenile and adult males. As per our observations so far, testosterone is unable to elicit androgen-

linked behaviours in juvenile ARKOs, although occurrence of mild levels of some sex-specific behaviours have

been unexpectedly observed in adolescent and adult ARKO males.

By directly modifying testosterone binding to AR, this system is a powerful tool to understand which

testosterone-dependent phenotypes are mediated directly by the AR or indirectly via aromatization of testos-

terone to estradiol functioning through the ER.
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The pituitary gland is critical for timing seasonal and daily rhythms in physiology. Prolactin and follicle-

stimulating hormone (FSH) release from the pituitary gland regulates the neuroendocrine regulation of sea-

sonal reproductive physiology. We characterised Prolactin and FSHβ expression in the pituitary gland of adult

Japanese quail (Coturnix japonica) with a high resolution of seasonal sampling frequency over an entire daily

cycle. Circadian clock gene BMAL1 and PER3 expression was also measured, including in the mediobasal hy-

pothalamus (MBH). Quail (n=192) were exposed to two-week intervals of differing photoperiod lengths, simu-

lating annual photoperiodic change. Birds initially experienced long photoperiods (16L) before day length was

reduced every two weeks by 2 hours until 8L had been experienced, and day length likewise returned to 16L.

Daily rhythms were examined at the final 16L, both 12L points within the cycle (simulating the spring and au-

tumn ‘equinoxes’), and at 8L. For each photoperiod treatment, birds were collected every 3 hours over a 24h

period. In another study, eggs (n=24) were incubated until hatching and juveniles experienced 16L or 8L be-

fore collection of hypothalamus and pituitary tissue, for qPCR analyses, at postnatal day 10 (ZT2 and ZT14). In

adults, pituitary FSHβ expression is high during the “spring equinox” treatment and prolactin expression is high

in 16L. Both BMAL1 and PER3 displayed significant daily expression waveforms in the pituitary, however, only

BMAL1was rhythmic in the MBH. Juveniles showed a significant effect of photoperiod in LHβ expression only.

Juveniles displayed significant effects of ZT in pituitary BMAL1 and PER3 expression, but only BMAL1 showed

this effect in the hypothalamus. These results provide insight into the molecular architecture of avian photope-

riodism at a previously unrealised sampling resolution. Our juvenile study suggests a differential organisation

of the neuroendocrine response system compared to adults, despite similar patterns of circadian clock gene

expression.
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Poultry scientists have utilized both direct and indirect measures of stress hormones for monitoring the state of

avianwelfare. For decades, it has been assumed that themammalian and avian hypothalamic pituitary adrenal

(HPA) function similarly to one another. However, there are considerable differences between the two. Further,

it has been assumed that the predominate glucocorticoid (GC) in birds was corticosterone, but recent studies

have suggested that both corticosterone and cortisol are secreted. GC release is associated with an increase in

heterophil to lymphocyte ratios (HLR). The goal of this project was to determine the effect of each GC on HLR

over time. To achieve this, we intramuscularly injected 2.0 mg/kg of corticosterone or cortisol, a lower dose

cortisol treatment (0.5 mg/kg), or safflower oil as vehicle control. Blood was collected prior to intramuscular

(IM) injections and blood collected three more times at every hour. Blood smears were also collected to assess

HLR at the same four time points. HLR assays were completed by avian pathologists from an independent lab

who were unaware of the treatments. Data were analyzed by 3-way repeated measures ANOVA with a p < 0.05

considered significant. We found significant sex (p<0.001) x treatment (p<0.001) x time (p<0.001) effects with

significant interactions (p = 0.0055). In hens, both GC resulted in significant increase in HLR at 1 hour after

injection compared to controls. In drakes, however, both GC showed a significant increase in HLR but not until

2 hours after injection. The low dose cortisol had no significant effect on HLR in either sex. These data suggest

that sex differences need to be considered when assessing duck welfare, and that cortisol may play a role in the

HPA axis in ducks.
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It is becoming more common for avian endocrinologists to utilize direct and indirect measures of stress hor-

mones. However, it has been clear that our understanding of the avian hypothalamic-pituitary-adrenal axis

(HPA) is insufficient as evidenced by the many conflicting reports. It has long been assumed that the poultry

HPA functions similarly to that of mammals, but now we know that there are considerable differences in the

avian HPA compared to mammals. Synthesis and release of glucocorticoids (GC) are stimulated by adreno-

corticotropin hormone (ACTH); GC are synthesized from a common pathway that begins with cholesterol and

pregnenolone. The synthesis of one of the glucocorticoids does not depend upon the synthesis of the other. The

purpose of our studywas to test the hypothesis that ACTHwill stimulate both corticosterone and cortisol release

in ducks. To test this hypothesis, we injected ACTH (cosyntropin; 0.0625 mg/kg, 0.031 mg/kg, or 0.016 mg/kg or

saline as control) intramuscularly into adult drakes and hens (N = 10/sex/dose). Both glucocorticoids (GC) were

assayed in serum using previously verified ELISAs. Blood smears were also assessed for heterophil to lympho-

cyte ratios (HLR). Data were analyzed by repeated measures 3-way ANOVA with Fishers PLSD as an ad hoc test.

We observed that both GC were secreted in significantly (p = 0.0002) different patterns in a dose-dependent

manner compared to controls, and that there was a significant (p = 0.0001) sex difference in both GC compared

to saline controls. Further, we observed that all doses of ACTH elicited a significant (p = 0.004) sex difference in

the HLR response compared to controls, but no dose-dependent effects were noted. Our data suggest that ducks

may utilize more than just corticosterone to maintain physiological homeostasis. More detailed analyses of the

HPA are necessary in all avian species to better understand stress responses.
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In breeding birds, testosterone (T) and 17β-estradiol (E2) levels typically peak around courtship and early nest-

ing. However, little is known about what triggers the onset of nest building (NB). Data on the topic are reviewed

here, with a focus on zebra finches (T.guttata) and ring doves (S.Risoria), species in which males take an active

part to NB (finches>doves).

Sex steroids start influencing NB behaviour early on during development through an organisational effect:

Estradiol Benzoate (EB) administered post-hatch (hyper)masculinizes NB in zebra finches (Rochester et al.,

2008). Furthermore, activational effects of androgens and oestrogens are also observed during adulthood: treat-

ment with aromatizable androgens or non-aromatizable androgens+E2 increases, or restores, both courtship

(Harding et al., 1983) and NB (Hill et al., 2005; Walters & Harding, 1988) in male finches. Overall similar results

are reported in doves (Martinez-Vargas, 1974). The main source of E2 in males being the brain (Schlinger &

Arnold, 1991), this suggests that aromatisation of T is needed to induce NB, an idea further supported by data

showing that NB is restored in castrated doves by delivery of testosterone propionate directly to the hypotha-

lamic anterior/preoptic regions (Erickson & Hutchison, 1977) where aromatase is highly expressed, especially

after courtship (Dudley et al., 1984). Interestingly, combined administration of EB+progesterone - not EB alone

- reinstates NB behaviour (tucking) in ovariectomized female doves (Cheng & Silver, 1975).

Some open questions: (i) How do pairing, courtship, sex steroids and NB interact together? (ii) Is there a T/E2
threshold for NB to begin? (iii)How do circulating and brain T and E2 levels vary during NB in intact birds? (iv)
Can individual differences in T/E2 levels and/or aromatase activity explain inter-individual variations in NB?

(v) How do T/E2 interact with/affect the brain circuitry supporting NB? (vi)What happens in species in which

females only build?
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Towards a sustainable guinea fowl production in sub-Saharan
Africa: the neuroendocrine perspective

Karen Spencer 1, Valentina Aisha Sulleyman 2

1. The University of St Andrews, St Andrews, UK., 2. The University of St Andrews, St Andrews, UK. and University for

Development Studies, Ghana.

Guinea fowl are a fundamental mainstay of nutrition in many African countries, particularly Ghana. Impor-

tantly many fowl are reared under smallholder systems, mostly by low-income farmers, including women and

children. Families produce both eggs and meat within these systems and products are used for both feeding

the farm family and are sold to pay for items such as school fees, farm materials and food in the lean season.

However, there is amajor issue: embryonic survival is low during incubation, resulting in reduced productivity

on these farms. Work in other poultry species suggests that the environmental conditions experienced during

pre-natal life have a powerful influence on the development of the physiological systems that promote healthy

embryonic development and survival. Two systems that are tightly linked to the ability of avian embryos to

hatch successfully are the HPA and HPT axes. Levels of glucocorticoids and thyroid hormones increase during

the latter phases of incubation, peaking at hatching and so have significant roles in successful emergence form

the egg. In addition, environmental conditions are known to impact on the development of both axes in ovo.

To date there has been no systematic exploration of how developmental conditions impact guinea fowl embry-

onic development. This PhD project aims to rectify this by studying fowl development on farms in Ghana and

determining 1) the distribution of mortality over the incubation period to establish when embryos are most

vulnerable; 2) the factors (biotic and abiotic) that most influence embryo mortality, 3) the impact of these im-

portant factors in shaping neuroendocrine systems during development with the final aim of establishing the

mechanisms that underlie patterns of mortality. The overall final aim is to establish cost-effective interven-

tions that may reduce mortality and enhance the productivity and sustainability of this very important poultry

species in sub-Saharan Africa.
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Transportation stress increases fos immunoreactivity in the
Paraventricular Nucleus, but not in the Nucleus of the
Hippocampal Commissure in the Pekin duck, Anas

platyrhynchos domesticus

Sara Tonissen 1, Victoria Tetel 1, Greg Fraley 1

1. Dept. of Animal Sciences, Purdue University, West Lafayette, IN, USA.

Commercial poultry undergomultiple instances of transportation throughout their life, and the effects of trans-

portation can negatively impact poultry production and welfare. In order to maintain physiological homeosta-

sis, the hypothalamic-pituitary-adrenal axis (HPA) works to respond to stressors. The purpose of the study was

to determine the effects of transportation on stress through stimulation of the diencephalic nuclei that regu-

late the HPA in birds. To test this hypothesis, we collected blood and brain samples from developer drakes and

hens (N = 10 per sex/time point): 24 hrs prior to shipping, immediately after transportation, 24 hrs after trans-

portation, and 1 week after shipping. Glucocorticoid (GC) secretion levels and fos immunocytochemistry (ICC)

within the nucleus of the hippocampal commissure (NHpC) and paraventricular nucleus (PVN) weremeasured.

Data were analyzed using a 2-way ANOVA. Post hoc analysis was completed by a Fisher’s PLSD with a p < 0.05

considered significant. We observed a sex difference in GC secretion in Pekin ducks along with an increase in

fos-like immunoreactivity for 24 hrs in the PVN, but not the NHpC. Further studies are required to determine

the specific role that GC’s play in the avian stress response and that stressors, such as transportation, could have

long-term physiological effects in birds.
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Two Novel Hypothalamic Factors, Neurosecretory Protein GL
and Neurosecretory Protein GM, Cause Fat Accumulation in

Layer Chicks

Masaki Kato 1, Eiko Iwakoshi-Ukena 1, Megumi Furumitsu 1, Kazuyoshi Ukena 1

1. Hiroshima University, Hiroshima, Japan.

Wehave recently discovered two novel paralogous genes encoding the precursors of small secretory proteins in

the mediobasal hypothalamus of chickens and named neurosecretory protein GL (NPGL) and neurosecretory

protein GM (NPGM). NPGL and NPGM are localized in the infundibular nucleus and the medial mammillary

nucleus of the hypothalamus. Our previous study showed that subcutaneous infusion of NPGL and NPGM in-

creased body mass in chicks. This result suggested that two novel neuropeptides are related to energy home-

ostasis. However, the prolonged effects of NPGL and NPGM remain unknown. In this study, we developed the

method of chronic intracerebroventricular (i.c.v.) infusion using the osmotic pump in chicks and performed

infusion of NPGL and NPGM in eight-day-old layer chicks for 2 weeks.

In the results, chronic i.c.v. infusion of NPGL significantly increased body mass, food intake, water intake, and

the masses of the liver and the abdominal and gizzard fat. Morphological analyses revealed that fat deposition

occurred in the liver, and the size of the lipid droplets in the abdominal and gizzard fat increased. Furthermore,

we found the upregulation of lipogenesis and the downregulation of lipolysis in the abdominal fat but not in

the liver. Next, chronic i.c.v. infusion of NPGM significantly increased body mass, water intake, and the mass of

the abdominal and gizzard fat, whereas NPGM did not affect food intake and liver mass. Morphological anal-

yses revealed that fat accumulation occurred in the liver and gizzard fat. Furthermore, NPGM downregulated

lipolysis in the liver.

In summary, we developed the method of chronic i.c.v. infusion using the osmotic pump in chicks and found

that novel neuropeptides, NPGL and NPGM, caused fat storage. These results suggest that NPGL and NPGM are

novel factors and valuable for elucidating the mechanism of lipid metabolism in the chicken.
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What happens when the stressor ends? A study of prolactin
and corticosterone in birds

Frédéric Angelier 1

1. Centre d’Etudes Biologiques de Chizé - CNRS, France.

In the current context of increased anthropogenic activities and global disturbance, assessing the impact of

stressful events on wild vertebrates has been a major topic in conservation physiology. Ecologist have relied

on a wide range of behavioral and physiological measurements to measure individual sensitivity to stress, and

among them, the changes in the levels of glucocorticoids and prolactin in response to stress have often been

considered as two major determinants of the stress response in breeding birds. However, very little is known

about the duration of this stress response, and more specifically on the dynamics of circulating prolactin and

corticosterone levels when the stressor ends. Using a specific standardized stress protocol, we examined how

the levels of these two hormones change during a stressor but also after the stressor (i.e., when the stressor

ends). After the initial well-documented changes in prolactin (decrease) and corticosterone (increase) levels in

response to the stressor, we found that corticosterone levels decrease quickly at the end of the stressor while

prolactin remains at low levels. Importantly, we found an important inter-individual variability in these stress

responses and recoveries. Altogether, these results suggest that all individuals do not equally react to and re-

cover from a stressor. We believe that these results emphasize the importance of considering the overlooked

recovery period when focusing on the impact of stressors on breeding birds.
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