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DELEGATE

INFORMATION

BADGES

DELEGATE INFORMATION 02

|
PHOTOGRAPHY

Participantsarerequired towearname badges
atalltimes for proof of registration, security
purposes and cateringidentification.

CATERING

Lunch andrefreshments during the meeting are
includedinyourregistrationfee and will be served
inthe Syndicate Room 2.

CERTIFICATE OF ATTENDANCE

Delegatesrequiring a certificate of attendance
should visit the SEBregistration desk on
theirdeparture.

VENUE

Brighton Centre

Kings Road, Brighton,

BN12GR

Tel: +44(0)1273 292671

Web: www.brightoncentre.co.uk

The scientific sessions will be taking placein

Syndicate Room 1. Posters willbe displayedinthe
catering areain Syndicate Room 2.

LIABILITY

Neither the Society for Experimental Biology nor
the Brighton Centre will acceptresponsibility for
damage orinjury topersons or property during the
meeting. Participantsare advised toarrange their
ownpersonalhealthandtravelinsurance.

Nophotographs are tobe taken of the speakers and
theirslides during the symposium.

*Pleasenote: The SEBwill be taking photos during

the event for promotional purposes. If you have any
concerns, please visit the SEBregistration desk.

POSTERS

Posters willbe on displayinthe breakout area
(Syndicate Room 2) throughout the meeting from
08:20-17:00 on Sunday 3 July 2016. Poster
presenters areinvited to hangtheirposter on
theirarrival (Velcrowill be provided) and asked
toremove their postersby 17:00 on Sunday 3 July.
Any postersleftbehind will be disposed of.

REGISTRATION

Theregistration desk will be open during the hours
ofthe meeting and SEB staff members will be on
hand during therefreshment andlunch breaks
should yourequire any assistance.

TWITTER

We’relookingtoincrease the conversation atthe
meetingusing Twitter so please get tweeting!
Follow the conversation #SEBEGG2016

SEB - @SEBiology

INTERNET ACCESS

Thereis free Wi-Fiis available throughout the
Brighton Centre. Nologindetails arerequired.
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PROGRAMME

SUNDAY 3 JULY 2016

(® 08:20 REGISTRATION

CHAIR: DR STEVE PORTUGAL

©® 08:50

Introduction

DrStevePortugal

RoyalHolloway UniversityofLondon,
United Kingdom

ProfMarkHauber

Hunter College, United States

© 09:00

DrClaireNSpottiswoode

Universityof Cambridge, United Kingdom &
Universityof Cape Town, SouthAfrica
Eggsasbattlegrounds:coevolutionaryarmsraces
betweenbrood-parasiticbirdsandtheirhosts
AS16.1

©09:35

MrSeanAWilliamson

Monash, Australia
Embryonicdevelopmentisconstrainedbyinutero
oxygenavailabilitypriortooviposition.

AS16.2

PROGRAMME 03

|
®10:00

MsJasminaWiemann

UniversityofBonn, Germany
Openingawindowintime: Howdinosaureggshell
chemofossilsstorepalaeobiologicalinformation
AS16.3

®10:15

DrDavidTBooth

Universityof Queensland, Australia
Incubationtemperature: Acriticalfactor
determiningreptilehatchlingquality
AS16.4

(® 10:35 REFRESHMENT BREAK / POSTERS

CHAIR: DR DANIEL HANLEY

®11:05

DrDenisCharlesDeeming

UniversityofLincoln, United Kingdom
Lifesupportsystemsforavianembryos:interaction
betweentheincubationenvironmentandthe
physiologyoftheembryo

AS16.5

®11:30

MissMarinaRSartori
UniversityofSaoPaulo State, Brazil
Hydrostaticpressureinflexible-shelled
reptilianeggs

AS16.6
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|
®11:45

MrTzu-RueiYang

Steinmann-Institutfiir Geologie Mineralogie
Paliontologie Universitit Bonn, Germany
Newevidencesfromcompleteoviraptoridclutches
explainwhyoviraptoriddinosaurdidnotbrood
AS16.7

© 12:00

ProfDavid Taylor

Trinity College Dublin, Ireland
Howtoughiseggshell?

AS16.8

®12:15

DrMarianYHu

Instituteof Physiology University of Kiel, Germany
pHregulatorymechanismsenablecephalopod
embryostodevelopinanaturallyacidified
environment

PROGRAMME 04

|
®13:55

DrShellyDruyan

ARO, Israel
Physiologicaleffectsofhypoxicconditionsduring
theplateauperiodonthechickenembryo

AS16.11

®14:20

DrDanielHanley

Palacky University, CzechRepublic
Howhostsrecognizeparasiticeggs:
asymmetricaleggdiscriminationalong
aneggshellcolourgradient

AS16.12

®14:35

DrDavidLabonte

Universityof Cambridge, United Kingdom
Theroleofthecollagenousmembraneinthe
fractureresistanceofeggs

AS16.9 AS16.13
(® 12:30 LUNCH / POSTERS ®14:50
DrBranislavigic

CHAIR: MR SEAN WILLIAMSON

®13:30

DrWendyReed

NorthDakota University, United States
Hormonesinavianeggs: Perspectivesonpattern,
processandmechanism

AS16.10

Australian National University, Australia
Recentinsightsintothefunctionandevolution
ofavianeggshellstructureandcolouration
AS16.14

(®15:15 REFRESHMENT BREAK

CHAIR: MS JASMINA WIEMANN

©15:45

MarkEClark

NorthDakotaState University, United States
Within-seasonvariationintheshapeand
conductanceof Americanwhitepelicaneggs
AS16.15
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©® 16:00

DrSteveJPortugal

RoyalHolloway UniversityofLondon,
UnitedKingdom
Cuckooeggs:Isthemimicryjustskindeep?

AS16.16

®16:20

DrTonyDWilliams

SimonFraser University, Canada
Synergisticorantagonisticeffectsoftwo
maternally-derivedeggcomponents (antibodies
andtestosterone)onoffspringphenotype
AS16.17

©16:35

DrCarenCooper

NorthCarolinaMuseumof NaturalSciences,
United States
Crackingmysteriesatthemuseum:citizenscience
revivalofeggcollection

AS16.18

(® 17:00 CLOSE OF MEETING

PROGRAMME 05
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POSTER SESSION
SUNDAY 3 JULY 2016

|
Mr SyafigM Musa

University of Manchester, United Kingdom
Elasmobranch egg case developmentin

7key stages

AS16.19

Joris Wiethase

University of Glasgow, United Kingdom
Eggturningandincubationtemperaturein
parrots: Influences of breeding behaviour and
implications for artificialincubation

AS16.20
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AN INTEGRATIVE BIOLOGY OF THE
EGG: FROM THE SHELL’S STRUCTURE
TO THE PHYSIOLOGY WITHIN

AS16.1 EGGS AS BATTLEGROUNDS:
COEVOLUTIONARY ARMS RACES
BETWEEN BROOD-PARASITIC
BIRDS AND THEIR HOSTS

™ SUNDAY 3 JULY 2016 ® 09:00

& CLAIRE N SPOTTISWOODE (UNIVERSITY OF
CAMBRIDGE, UNITED KINGDOM & UNIVERSITY
OF CAPE TOWN, SOUTH AFRICA)

@ CNS26@CAM.AC.UK

Brood-parasiticbirdsare cheats thatlay theireggsin
thenestsofother species,and arerenowned for their
eggmimicryoftheirhosts. Thistalkwillaskhowsuch
coevolutionaryinteractions canescalateintoarms
racesbetween host signaturesand parasitic forgeries,
played out across the egg’s surface. [ will report on
research on several African brood-parasitic species
(mainlythe cuckoofinch, Anomalospizaimberbis) by
myselfand collaborators, using field experiments to
testreciprocalselection pressures on hostand parasitic
eggs,and geneticapproachestotesthowtheresulting
coevolutionary arms races may be shaped by the
geneticmechanismsthatunderpinthem.

AS16.2 EMBRYONIC DEVELOPMENT IS
CONSTRAINED BY IN UTERO OXYGEN
AVAILABILITY PRIOR TO OVIPOSITION

™ SUNDAY 3 JULY 2016 ® 09:35

@ SEAN AWILLIAMSON (MONASH, AUSTRALIA),
ROGER G EVANS (MONASH UNIVERSITY,
AUSTRALIA), ANTHONY R RAFFERTY (MONASH
UNIVERSITY, AUSTRALIA), RICHARD D REINA
(MONASH UNIVERSITY, AUSTRALIA)

@ SEAN.WILLIAMSON@MONASH.EDU

Oxygen availability has been shown to heavily
influence patterns of embryonic developmentand even
constraintheevolution ofreproductive modein several
taxa. Here we present current evidence that in utero
oxygenavailability ofegg-layingreptiles determines
thelevel of embryonic development possible prior to
oviposition. Wehaverecently shownthat turtleeggs
willenter embryonicarrestuntiltheymovefromthe
low oxygen environment of the oviduct to the normoxic
environment of thenest. Similarly, wehave shownthat
crocodilian eggsareunabletosuccessfully develop after
oviposition without sufficient oxygen availability.
Preliminary measurements and calculations of the
oxygenavailability foregg-laying squamates suggest
thatoxygensupplyinuteroisincreasedinspeciesthat
develop embryos to later stages within the mother.
Researchonbirdsalsosuggeststhatoxygenconstrains
the evolution ofreproductive mode within this taxon.
However, thereisacurrentlack ofinformationonthe
cellularand genetic processes that are controlled by
changesinoxygenavailability duringthe early stages
ofdevelopment. Significant changes tomorphology
andphysiology arerequiredin orderto supply sufficient
oxygeninuterotoenableprolonged eggretentionand
moreadvancedstages ofembryonicdevelopmentwithin
themother. Wethinkan excitingareaforinvestigation
istheinterfacebetweenevolutionaryandphysiological
ecologytobetterunderstand how oxygenavailability
constrainsevolutioninegglaying taxa. Thereislarge
potential for novel research on this evolutionary
question, particularlyinunderstudied oviparous taxon
thatexhibitarange ofreproductivemodes.
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AS16.3 OPENING A WINDOW

IN TIME: HOW DINOSAUR
EGGSHELL CHEMOFOSSILS STORE
PALAEOBIOLOGICAL INFORMATION

™ SUNDAY 3 JULY 2016 ®© 10:00

& JASMINA WIEMANN (UNIVERSITY OF BONN,
GERMANY), TZU-RUEI YANG (UNIVERSITY
OF BONN, GERMANY), P. MARTIN SANDER
(UNIVERSITY OF BONN, GERMANY)

@ JUASMINA.WIEMANN@HOTMAIL.COM

Althoughseveralrecent studies changed our view on
thelimits of biomolecular stability during fossilisation,
studies on organic compounds in fossil eggshell
material remain the exception. Here we present
thefirst holistic approach on endogenous eggshell
degradatomics in a behavioural and evolutionary
context. Therefore, we investigated all potentially
preserved organic compounds from fossil eggshell
samples of sauropod, oviraptorid, and troodontid
dinosaurs, as well as subfossil Psammornis material
in comparisonwith extant Struthio, Rhea, Dromaius,
and Galluseggshells. Using UV/Vis spectrophotometry;,
Raman spectroscopy, HPLC ESI MS, EMPA and
XRD, weidentified (1) preserved cuticle (lipids and
polypeptides, colour pigments), (2) proteinaceous
remnants of the spongy layer, and first hints for (3)
remains of amembrana testacea,and a chorioallantoic
membrane. Regarding endogenous molecular
preservation, we observedastrong taphonomicbias,
which seems tobe mainly affected by the type of the
embedding sediment, and the chemicalmilieubased
on pH, Eh, and character of the circulating fluids.
Fromapalaeobiological perspective, the composition
of preserved cuticle (1) providesinformation about
thenesting environment, incubation strategy, and
parentalinvestment. The chemical compositionand
spatial arrangement of the spongylayer (2) reflects
therigidity of theeggshelland mightalsoberelated to
incubationstrategies. Preservationofachorioallantoic
membrane (3) wouldrepresent a fertilisation proxy for
fossileggs. Thus, our study offersafirstassessment of
thepreservability of eggshell biomolecules and opens
upanew avenue ofinvestigation for the evolution of
avianreproductive traits.

ABSTRACTS 08

AS16.4 INCUBATION TEMPERATURE:
A CRITICAL FACTOR DETERMINING
REPTILE HATCHLING QUALITY

™ SUNDAY 3 JULY 2016 © 10:15

& DAVID T BOOTH (UNIVERSITY
OF QUEENSLAND, AUSTRALIA)

@ D.BOOTHeUQ.EDU.AU

Itisnowwellknown thatincubation temperature plays
acrucialroleindetermining hatchling phenotypein
mostoviparousreptiles. Studiesin thisfield ofresearch
arebecomingincreasinglyrelevanttoconservation
biologybecause ofthe welldocumented fact thatair
temperatures and consequently nest temperatures
areincreasingglobally. Thebestdescribed and studied
effectisthe phenomenon of temperature dependent
sex determination (TSD) found in all crocodilians
and many species of lizards and chelonians, but
incubationtemperature canalsoinfluence theamount
ofyolk convertedtotissueathatching, the size, shape
and colour patterns of hatchlings, and hatchling
locomotion performance and behaviour. With the
exception of severalrecent studies focusingon TSD,
studiestodate havebeenrestricted toadescription
of theeffects ofincubation temperature onhatchling
phenotype, and the possible consequences on
hatchlingfitnessthat these differencesin phenotype
mighthave. Thenextobviousnew direction of research
relatingtoincubationtemperatureinduced difference
inlocomotion performance of hatchlingsistodiscover,
themolecular, cellularand physiological mechanisms
that causethese differences. HereIdiscuss this exciting
newfield.
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AS16.5 LIFE SUPPORT SYSTEMS
FOR AVIAN EMBRYOS: INTERACTION
BETWEEN THE INCUBATION
ENVIRONMENT AND THE PHYSIOLOGY
OF THE EMBRYO

™ SUNDAY 3 JULY 2016 ® 11:05

& DENIS CHARLES DEEMING (UNIVERSITY
OF LINCOLN, UNITED KINGDOM)

@ CDEEMING@LINCOLN.AC.UK

The avian egg has been described the perfect
‘space capsule’ - with the exception of heat and
oxygen, it contains all that an embryo requires for
safe development through to hatching in a harsh
environment. Formanyyears the study of embryonic
physiology has focussed on the domestic fowl
incubatedin artificial systems but there have been
foraysintothe study of embryonic physiologyinthe
morenaturalenvironment of thenest. Wearerelatively
confident ofhow theincubationenvironmentimpacts
onembryonic development and physiologyin some
species but there is a need to better understand
incubation in the vast majority of species. This
presentation willdescribe theinteraction between
keyelements of embryonic physiology, suchaswater
balance and respiration, with the egg’s structure
and its incubation environment. Recent research
is highlighting the role of nest construction and
functionin theincubation process, particularly for
small passerine species. Whilst nests may seemed
to serve as receptacles for eggs during incubation,
thereisagrowing awarenessthatnest construction
may not simply reflect the result of evolutionary
processesaimed at minimisingthe thermal energetics
ofincubation. Ratherthebirdandnestinteractasan
incubator to ensure successful development.

ABSTRACTS 09

AS16.6 HYDROSTATIC PRESSURE
IN FLEXIBLE-SHELLED
REPTILIAN EGGS

™ SUNDAY 3 JULY 2016 © 11:30

@ MARINAR. SARTORI (UNIVERSITY OF SAO
PAULO STATE, BRAZIL), LAURA B.T. CARREIRA
(UNIVERSITY OF SAO PAULO STATE, BRAZIL),
EDWIN W. TAYLOR (UNIVERSITY OF BIRMINGHAM,
UNITED KINGDOM), AUGUSTO S. ABE
(UNIVERSITY OF SAO PAULO STATE, BRAZIL)

@ MARINCON@HOTMAIL.COM

Reptilian eggshells exhibit a wide variation in
structure, presentingrigid eggshellsin crocodilians,
similar to birds, and flexible eggshells, present in
mostofthe Squamata and some turtles. The degree of
mineralization of the eggshellinfluences the capacity
ofeggstoabsorbwater fromthe environment. Several
speciesoflizards and snakes can take uplarge volumes
of water during theincubation period, swellingand
increasing in mass, thus generating an increase
in pressure in the internal fluid system. Therefore,
the structure of the eggshell is of importance to
water balance and the course of development. We
investigatedhowinternal hydrostatic pressure and
compliance changes during embryonic incubation
intheflexible-shelledlizard Iguanaiguana. We glued
andsealedaportintheeggshellusing Playdough and
cyanoacrylic glue for the passage of a hypodermic
needle connectedtoapressure transducer. Werecorded
changes in baseline pressure after puncturing the
eggshelland after a series of 0.2 mlsalineinjections.
Fromthe time of oviposition to close tohatchingegg
massincreased 130% and calculated volume 113%due
towateruptake fromtheincubationmedia. Internal
hydrostatic pressures varied from-0.27 +0.09kPato
22.2+3.76kPa.Mean compliance after serialinjections
was 8.3x10-3 mlcmH, O both atinicial and final
incubation. Our results highlight the remarkable
capacity ofexpansion of the flexible eggshells of lizards
andraisesthe question ofhow developing embryos
cope with varying pressures during the incubation
periodand how this may affect development.
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AS16.7 NEW EVIDENCES FROM
COMPLETE OVIRAPTORID CLUTCHES
EXPLAIN WHY OVIRAPTORID
DINOSAUR DID NOT BROOD

™ SUNDAY 3 JULY 2016 © 11:45

& TZU-RUEI YANG (STEINMANN-INSTITUT FUR
GEOLOGIE MINERALOGIE PALAONTOLOGIE
UNIVERSITAT BONN, GERMANY), JASMINA
WIEMANN (STEINMANN-INSTITUT FUR GEOLOGIE
MINERALOGIE PALAONTOLOGIE UNIVERSITAT
BONN, GERMANY), YEN-NIEN CHENG (NATIONAL
MUSEUM OF NATURAL SCIENCES, TAIWAN),
XIAO-CHUN WU (CANADIAN MUSEUM OF
NATURE, CANADA)

@ LEREAGE@GMAIL.COM

Previous studies on the egg clutch specimen with
an associated oviraptorid dinosaur implied the
‘prehatching brooding’ behavior of oviraptorosaur
dinosaurs. Theinferencewasbased ontheremain of
anadultoviraptorsittingatopaclutchwithanavian-
likebrooding posture. However, the previously reported
‘brooding oviraptor’ specimens have clutch size of 6 and
22,whicharesignificantly smallerthan the complete
clutches (>30) weinvestigatedin this study. Besides,
noembryoremains havebeenreportedinthe clutch of
‘brooding’ specimens, whichindicates that the embryo
developmentdidnotinitiate since avian embryos start
developingastheadultstarts prehatchingbrooding
(incubation). Intact eggshell microstructure also
supports that the embryo development did not
initiateyet. Threetofourrings of eggs with sediments
interbedded and high inclining angle of eggs make
body-heat transfer insufficiently, and hence it is
unlikely for an adult to sit and incubate the eggs.
Hence, we propose anew alternate explainationthat
the ‘brooding’ oviraptors were actuallylaying eggs.
Wealsoreconstruct the oviraptorid nest structureas
apiled-upmound with paired eggslying ontheslope
withtheirbluntendspointinginward toa center devoid
ofeggs. Theeggs were partiallyburiedin sediments
accordingtoporosity estimation and pigmentation
detection of eggshells. The crypticfunction suggested
bythe pigmentation detection of oviraptorid eggshells
alsoimpliesthatthe eggshad camouflage otherthan
beingcovered by the adult (prehatchingbrooding).

ABSTRACTS 10

|
AS16.8 HOW TOUGH IS EGGSHELL?

M SUNDAY 3 JULY 2016 © 12:00

@ DAVID TAYLOR (TRINITY COLLEGE DUBLIN,
IRELAND), PETER O’REILLY (TRINITY COLLEGE
DUBLIN, IRELAND), MEGAN WALSH (TRINITY
COLLEGE DUBLIN, IRELAND), ALEX CULLEN
(TRINITY COLLEGE DUBLIN, IRELAND)

@ DTAYLOReTCD.IE

The shells of avian eggs are very brittle, but how
brittle? We carried out teststoobtain thefirstaccurate
measurements of the fracture toughness ofeggshell.
There have been some previous measurements of
this quantity, but they were so inaccurate as to be
misleading. We designed anew experiment, applying
axial compressive forces to eggs containingintroduced
defects (notchesandholes). By analysing the stresses
in the areas around the defects we calculated a
fracture toughness value of 0.3MPavm for the shells
of commercialhen’seggs. Thisis a verylowvalue, about
halfthetoughnessofglassand only one tenth that of
othernaturalmaterialsbased on calcium carbonate
(e.g.nacre, mussel shells). We showed by microscopic
analysisthat thisdifferenceis duetothe suppression
oftoughening modes. Unlike most natural materials,
lowtoughnessisessential fortheegg, toallow the chick
tobreakitwhen hatching. Eggshell has an unusual
combination oflow toughness (K ) with highstiffness
(Young’smodulus, E):infactithasthehighestratio of
E/K_ ofanybiological material.
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AS16.9 pH REGULATORY MECHANISMS
ENABLE CEPHALOPOD EMBRYOS

TO DEVELOP IN A NATURALLY
ACIDIFIED ENVIRONMENT

™ SUNDAY 3 JULY 2016 © 12:15

@ MARIANY HU (INSTITUTE OF PHYSIOLOGY
UNIVERSITY OF KIEL, GERMANY), YUNG-CHE
TSENG (DEPARTMENT OF LIFE SCIENCE NATIONAL
TAIWAN NORMAL UNIVERSITY, TAIWAN)

@ M.HU@PHYSIOLOGIE.UNI-KIEL.DE

Cephalopod embryos developinside a protective egg
capsulethat creates an extreme microenvironment
in terms of low pH and oxygen concentrations. I
order to tolerate these environmental stressors,
embryonic stages must possess physiological
mechanisms to cope with CO, induced acid-base
disturbances. This microenvironment of the
developing embryo is particularly interesting in
the context of CO, induced seawater acidification
asincreases in environmental pCO, (hypercapnia)
areadditivetothealready highpCO, inside theegg.

We used squid (Sepioteuthis lessoniana) and
cuttlefish (Sepia officinalis), which are known as
powerful acid-base regulators to investigate the
pH regulatory machinery with a special focus on
proton secretion pathways during environmental
hypercapnia. We cloned acid-base transporters
including a Rhesus protein (sIRhP), V-type H*
-ATPase (sIVHA) and the Na* /H* exchanger 3
(sINHE3), which are hypothesized to represent
key players in proton secretion pathways among
differentanimal taxa. Cephalopod specificantibodies
demonstrated the sub-cellularlocalization of these
transportersin epidermal (skin and yolk epithelium)
ionocytes of early life stages. Functional genomics
underline the role of SINHE3, sIVHA and sIRhP
duringacclimationto environmental hypercapnia.
H* selective microelectrode measurements were
used to detect increased proton gradients on
ion-regulatory epithelia in CO, treated embryos.

Our results demonstrate that in convergence
to teleosts, also cephalopod embryos have evolved
a unique acid-base regulatory machinery located
in epidermal ionocytes. These vertebrate like pH
regulatory systems canberegarded a key feature of
cephalopodearlylife stages tocope with hypercapnia
induced pH fluctuations during an oviparous
development.
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AS16.10 HORMONES IN AVIAN EGGS:
PERSPECTIVES ON PATTERN, PROCESS
AND MECHANISM

™ SUNDAY 3 JULY 2016 © 13:30

& WENDY REED (NORTH DAKOTA UNIVERSITY,
UNITED STATES), MARK E CLARK (NORTH DAKOTA
STATE UNIVERSITY, UNITED STATES), NICOLE
SNYDER (NORTH DAKOTA STATE UNIVERSITY,
UNITED STATES)

@ WENDY.REED@NDSU.EDU

Maternally derived hormones in eggs are bioactive
compounds that can influence embryonic growth
and development. Hormones in eggs of free-living
birds werefirstcharacterized nearly 20 yearsagoand
theresearch onpatterns, processesand mechanisms
of hormone deposition and action provide some
insightinto flexible phenotypes. One hypothesisis
thathormonesineggs canbeaconduit formaternal
adjustment of offspring phenotypes tomatch post-
hatchingenvironments. Inthis system offspring are
expected to perceive and respond to maternal egg
environments and adjust development, ina system of
maternalsignaland offspringresponse. We use this
contexttoexplore theinfluence of maternalmelatonin
ineggyolksandimpactongrowth and developmentin
avariety of species. Melatoninisahormonethatvaries
withdaylength and could signal seasonal timing of
breeding, whichis strongly associated with offspring
survivalandreproductive value across many species.
Wepropose thatembryos are using maternally derived
melatoninasasignal of whenduring the seasonthey
aredevelopingtoadjust growth and development to
matchtheirhatchdate.
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AS16.11 PHYSIOLOGICAL EFFECTS
OF HYPOXIC CONDITIONS DURING
THE PLATEAU PERIOD ON THE
CHICKEN EMBRYO

™ SUNDAY 3 JULY 2016 © 13:55
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AS16.12 HOW HOSTS RECOGNIZE
PARASITIC EGGS: ASYMMETRICAL
EGG DISCRIMINATION ALONG AN
EGGSHELL COLOUR GRADIENT

™ SUNDAY 3 JULY 2016 O 14:20

@ SHELLY DRUYAN (ARO, ISRAEL), AMIT HARON
(HEBREW UNIVERSITY, ISRAEL)

@ SHELLY.DRUYAN@MAIL.HUJI.AC.IL

Thechickembryoemploysseveral adaptiveresponses
to hypoxic challenges, affecting both metabolism
and oxygen transport. The present study assessed
the effects of hypoxic conditions (17% O, ) during
the plateau phase on embryonic metabolic rate,
cardiovascular parameters and development up
to hatching. The chicks were into 3 treatments: (1)
control;17%0,for12h/donE16-E18(12H),and 17%
0, continuously on E16 - E18, a total of 72h (72H).
Hypoxic embryos exhibited a significant increase
in heart rate and an upward trend in hematocrit
and hemoglobin levels. We observed a decrease in
metabolismin 12Hand 72H embryos during the plateau
period; their oxygen consumption as well as yolk
consumption were lower compared to controland they
hatched with asignificantlylowerbodytemperature,
indicatinglower heatproduction. Exposure to72h of
hypoxic conditions led to significant physiological
changesandhadadetrimentalinfluence on embryonic
development and growth. In contrast, exposure to
12h/d produced moderate hypoxic changes, which
helped the embryo to cope with the stress, without
significantinfluences onits growth and development.
Thedecreaseinmetabolismmayrepresentametabolic
adaptationthroughadecreaseinrestingmetabolic
rateandlowerheatproduction. Suchalterations may
affect post-hatch performance and energy allocation
betweenmaintenance and growth, especiallyunder
stresswhenthereisincreased oxygendemand.

& DANIEL HANLEY (PALACKY UNIVERSITY, CZECH
REPUBLIC), TOMAS GRIM (PALACKY UNIVERSITY,
CZECH REPUBLIC), MARK E. HAUBER (HUNTER
COLLEGE AND THE GRADUATE CENTER OF THE CITY
UNIVERSITY OF NEW YORK, UNITED STATES)

@ DANIELHANLEYOO@GMAIL.COM

Accurately recognizing and responding to cues is
crucial for the fitness and survival. However, these
taskscanbechallenginginanatural contextbecause
novel stimuli inevitably differ from previously
encountered stimuli. Despitebeing of great scientific
interest, the underlying sensory and cognitive
processes behind these decisions remain poorly
understood. Weused the avian host-brood parasite
systemtoexplore howhostsrespondtoforeigneggs
displayingarange of novel colours. These differently
coloured foreign eggsrepresented unfamiliar stimuli
(unnatural colours, i.e., variation from green to purple)
andstimulirepresenting ecologicallyrelevantrisks
(eggsspanningthefullrange ofeggshell coloration,
i.e., variation from blue-green to brown). If hosts
responded symmetrically to this colour variation,
they would reject these foreign eggs from their
nestsbased ontheir degree of colour dissimilarity to
theirown eggs, regardless of their particular colour
(e.g.,blueorbrown). By contrast,ifhostsresponded
asymmetrically, they wouldreject foreign eggsbased
ontheirparticular colour (i.e., colour category) despite
theirperceived colour dissimilarity to theirowneggs.
We found thathostsresponded asymmetrically toa
natural gradient of eggshell colours; hostsrejected
brownbutacceptedblue-green eggsthat were, tohost
perception, equally dissimilarin colour to theirown
eggs. Contrarytothesefindings, unnaturally coloured
eggsdidnot predicthostresponses. These findings
illustrate anovel cognitive decisionrule withimportant
implications forthe coevolutionary armsracebetween
hostsandtheirbroodparasites.
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AS16.13 THE ROLE OF THE
COLLAGENOUS MEMBRANE IN THE
FRACTURE RESISTANCE OF EGGS

™ SUNDAY 3 JULY 2016 © 14:35

& DAVID LABONTE (UNIVERSITY OF CAMBRIDGE,
UNITED KINGDOM), H. BURAK CALISKAN
(UNIVERSITY OF CAMBRIDGE, UNITED KINGDOM),
MICHELLE L. OYEN (UNIVERSITY OF CAMBRIDGE,
UNITED KINGDOM)

@ DL416@CAM.AC.UK

Maintaining the structural integrity of eggs is of
considerablebiological relevance and a central problem
forthepoultryindustry. While failure criteriaforeggs
areclear-cutinanindustrial context,itisless obvious
what exactly constitutes critical failure of an egg
duringincubation. In both contexts, the egg’s shell
hasattracted most oftheattention, andits strength
hasevenbeensuggested toposealimittobirdbody size.
However, itisunlikely thatthefailure of eggsisstress-
limited, astheegg’s shellisbrittle, and thusfailureis
expectedtobe energy-limitedinstead:it should occur
via the propagation of a crack. However, the crack-
pattern that ensued when blown-out eggs were
fractured betweentwoflat plates wasnot dominated
byafewlongcracks. Instead, the eggs’ shellsbroke
into multiple small fragments, which were held
togetherbythe collagenous membrane. Asaresult,
the eggsretainedasignificant fraction of theirinitial
load-carrying capacity, evenwhen compressed to half
theiroriginal height. Strikingly, the fractureresistance
changed completely when the collagenous membrane
wasremoved. Firstly, eggs withoutamembranelost
theirload-carrying capacity immediately after the
initiation of the first macroscopic crack. Secondly,
theensuing crack-pattern was dominated by a small
number oflong and straight cracks, and thenumber
of fragments decreased, while their size increased
correspondingly. Together, theseresults constitute
strong evidence for a mechanical function of the
collagenous membrane:itdeflects cracksand hence
prevents catastrophic failure of the eggs after crack-
initiation.
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AS16.14 RECENT INSIGHTS INTO
THE FUNCTION AND EVOLUTION
OF AVIAN EGGSHELL STRUCTURE
AND COLOURATION

™ SUNDAY 3 JULY 2016 © 14:50

@ BRANISLAV IGIC (AUSTRALIAN NATIONAL
UNIVERSITY, AUSTRALIA), MARK E HAUBER
(HUNTER COLLEGE CITY UNIVERSITY OF NEW
YORK, UNITED STATES), MATTHEW D SHAWKEY
(UNIVERSITY OF GHENT, BELGIUM)

@ BRANI.IGIC@GMAIL.COM

Birdeggshaveastonished naturalists for centuries due
totheirdiverseandbeautiful colours and appearances.
Although aesthetically appealing for us humans,
these coloursandpatterns play some veryimportant
rolesinthereproductive biology of birds worldwide.
Forexample, eggshell pigments may aid embryonic
development by controlling the transmission of
lightthroughthe eggshell orhelp parents toidentify
parasitic eggs in their nests. Surprisingly, despite
the huge diversity in the phenotypic appearance
of eggshells between and within species, only two
pigments are considered primary contributors to
eggshell colouration, whereas structural features
that may influence eggshell appearance are rarely
investigated. In this talk [ will discuss our current
understanding ofboth the pigmentaryandstructural
factors that affect the optical appearance of avian
eggshells, and suggest some interesting avenues
for future research. In the spirit of the meeting, I
will take an integrative approach by illustrating
how technologies and techniques commonly used
inmaterial and chemical sciences can help further
our understanding of the evolutionary ecology of
avianeggshells.
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AS16.15 WITHIN-SEASON VARIATION
IN THE SHAPE AND CONDUCTANCE OF
AMERICAN WHITE PELICAN EGGS

™ SUNDAY 3 JULY 2016 © 15:45

@ MARK E CLARK (NORTH DAKOTA STATE
UNIVERSITY, UNITED STATES)

@ M.E.CLARK@NDSU.EDU

Weinvestigated therelationshipbetweenlayingdate
andthecharacteristicsassociated with gasexchange
in American white pelican (Pelecanus erythrorhynchos)
eggs. We collected 92 eggs (within 24 hours of laying)
from 92 American white pelicannestslocated at Marsh
Lakein Southwestern Minnesota, United States during
the2012and2015breeding season. Wemeasured size
(mass, length and breadth), volume, surface area,
conductance, shell thickness and porosity of the eggs
inthelab. We found that size and volume of the eggs
didnotvarywithlaying date. However, surface area (r?
=0.32,F, ,=28.9,p<0.001) and surface area:volume
(r2=0. 16; F ¢ =118p= 0.001)increasedwithlaying
date.Inaddition, conductance (mgH, Olostperday
pertorr) alsoincreasedwithlayingdate (r*=0.15,F
=16.0,p<0.001). Howeverneither shell thickness nor
porositywererelated tolaying date. We conclude that
the shape of American white pelican eggs changes
acrosstheseasonsuchthat surface arearelative to
volume increases. The increase in surface area to
volumeratiofacilitates greater conductance,and may
beamechanismbywhich offspring fromeggslaidlater
inthe seasondevelop more quickly.
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|
AS16.16 CUCKOO EGGS: IS
THE MIMICRY JUST SKIN DEEP?

™ SUNDAY 3 JULY 2016 ® 16:00

& STEVE J PORTUGAL (ROYAL HOLLOWAY
UNIVERSITY OF LONDON, UNITED KINGDOM)

@ STEVE.PORTUGAL@RHUL.AC.UK

Many cuckoos are obligate avian brood parasites,
laying theireggsinhosts’nestsandplayingnorolein
theprovisioning of the progeny. The eggs of Cuculus
cuckoos mimicthose oftheirhostsand hatchearlier,
with the altricial chick evicting the hosts eggs and
nestlings. Othermembers of the cuckoo family have
differentbreeding strategies, includingintra-specific
cooperative breeding (e.g. anis), and atraditionalnon-
parasiticbi-parental care approach (e.g. coucals). For
each species, these different breeding strategies
placedifferentrequirements onthe eggandeggshell.
Whetheritbehosteggmimicryandrapidlayinginthe
Cuculus cuckoos, or coping withlarge clutchsizesin
anis, each cuckooegghasspecificadaptations suited to
theirreproductive strategies. This talk will present data
onhow parasitic cuckoo eggshave adaptationstotheir
parasiticlifestyleinterms ofheatretention, potentially
supportingrapid development, Similarly, new data
will demonstrate how cooperative breeding anis
have special adaptationsintheireggshell structure
for theirlarge clutch sizes and multiple incubating
parents. Lastly, datawilldemonstrate thatlowrates
of gasexchangeacrossthe eggshellin Cuculus cuckoos
incomparisontohostsisatrait of other parasiticbird
speciessuchashoneyguides and vidua finches.
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AS16.17 SYNERGISTIC OR
ANTAGONISTIC EFFECTS OF
TWO MATERNALLY-DERIVED EGG
COMPONENTS (ANTIBODIES AND
TESTOSTERONE) ON OFFSPRING
PHENOTYPE

™ SUNDAY 3 JULY 2016 © 16:20

& TONY D WILLIAMS (SIMON FRASER UNIVERSITY,
CANADA), EUNICE CHIN (SIMON FRASER
UNIVERSITY, CANADA), ROWAN RAMPTON
(SIMON FRASER UNIVERSITY, CANADA),
ROXANA TORRES (UNIVERSIDAD NACIONAL
AUTONOMA DE MEXICO, MEXICQ)

@ TDWILLIA@SFU.CA

Maternally-derived egg components (non-genetic
parental contribution) are thought to modulate
offspring development and, potentially, final adult
phenotype. Eggs contain multiple maternally
derived compounds (e.g. hormones, antibodies,
mRNA, antioxidants) but most studies have
focused onsingle egg components (most often yolk
testosterone, or corticosterone), and on short-term
effects. Here we simultaneously manipulated twoegg
components, maternally-derived antibodies (MAb)
andyolktestosteronetoassesspotential synergisticor
antagonisticeffects onoffspring phenotype. Weused
lipopolysaccharide treatment to generate asecondary
immuneresponseinfemale zebrafinches (Taeniopygia
guttata), which produced clutches ofeggswith high
(LPS-treated) orlow (control) MAb. We thenused a split
designmanipulating yolktestosterone within clutches
ofhigh-andlow-MAb eggsusinginovoegginjection.
Weinvestigated a) short-term effects of experimental
manipulation ofbothegg componentsat30days post-
hatching on chick growth and immune function at
fledging, and b) long-term effects at sexual maturity
(>90dayspost-hatching) on phenotypic quality ofi/
males (sons) using standardise matingtrials (courtship,
songrate, etc);ii/ females (daughters) by measuring
reproductivetraits during breeding (egg size, clutch
sizeetc), andiii/ cell-mediated and humoralimmunity
inbothsexes.
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AS16.18 CRACKING MYSTERIES AT
THE MUSEUM: CITIZEN SCIENCE
REVIVAL OF EGG COLLECTION

™ SUNDAY 3 JULY 2016 © 16:35

& CAREN COOPER (NORTH CAROLINA MUSEUM
OF NATURAL SCIENCES, UNITED STATES)

@ CAREN.COOPER@NATURALSCIENCES.ORG

InUS, eggcollecting peaked from 1885 to the 1920s
and dwindled toanend by 1970. Egg collecting was
carried out almost exclusively by amateurs, but
supported thousands of professionalresearch projects.
Thankstotheamalgamation of private collectionsinto
museumrepositories, there areabout80egg collections
ofresearchimportanceinthe North America, which
together contain less than 500,000 egg sets. These
eggsetshavebeenuseful foranticipated, aswellas
unanticipated, reasons. The skills of egg collecting
have been lost among amateur birdwatchers, and
thosewhomonitor nestboxes typicallyremove and
discard House Sparrow eggs, aninvasive speciesin
North America. The Sparrow Swapisacitizenscience
project that is reviving amateur egg collecting by
focusing onthe eggs of House Sparrows becauseno
permits are required. The short-term goals of the
Sparrow Swapinvolve examining the effectiveness of
nestboxmanagementoption, including comparingthe
outcomes of eggremoval with egg swapping (removing
eggs and replacing them with replicas). As the egg
collection grows, thelong-term goals of the Sparrow
Swap involve investigations on whether various
characteristics of House Sparrow eggs (color, pattern,
thickness, porosity, etc) canbe useful formapping and
monitoring environmental contaminants.
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AS16.19 ELASMOBRANCH EGG CASE
DEVELOPMENT IN 7 KEY STAGES

™ SUNDAY 3 JULY 2016

@ SYAFIQMMUSA (UNIVERSITY OF MANCHESTER,
UNITED KINGDOM), JOHN L FITZPATRICK
(STOCKHOLM UNIVERSITY, SWEDEN), HOLLY
A SHIELS (UNIVERSITY OF MANCHESTER,
UNITED KINGDOM)

@ MUHAMMAD.MUSA@POSTGRAD.MANCHESTER.AC.UK

The classical embryological study by Ballard et al.
(1993, ].Exp. Zoo.267:318-336)identified 34 stagesin
the oviparous elasmobranch development spanning
the time between laying and hatch. The aim of the
current workis toproduce a simplifiedand more user
friendly developmental staging thatcanbeadopted
by anyone who is interested in oviparous shark
and skate embryonic development. Our aim was to
providea ‘pocket guidance’ forelasmobrancheggcase
developmental stageidentification formembers ofthe
general publicthatisalsorelevanttoaquarists and
scientists. Each development stageis provided with
diagrams and physiological and ecologicallyrelevant
details. Moreover, each stage can be identified by
shiningalight fromthebackofthe eggcase without
requiringany additional magnification whichmakes
itamenabletosharkenthusiasts without specialised
equipment. The 7 stage developmental table has
been constructed in reference to the large spotted
catshark, Scyliorhinus stellaris,butit canbe applied
tootheroviparous elasmobranch species withonly
minor modification.

AS16.20 EGG TURNING AND
INCUBATION TEMPERATURE IN
PARROTS: INFLUENCES OF BREEDING
BEHAVIOUR AND IMPLICATIONS FOR
ARTIFICIAL INCUBATION

™ SUNDAY 3 JULY 2016

& JORIS WIETHASE (UNIVERSITY OF GLASGOW,
UNITED KINGDOM), JUAN CORNEJO (LORO
PARQUE FUNDACION, SPAIN), BARBARA HELM
(UNIVERSITY OF GLASGOW, UNITED KINGDOM),
AUGUSTE VON BAYERN (MAX PLANCK INSTITUTE
FOR ORNITHOLOGY, GERMANY), SCOTT SHAFFER
(SAN JOSE STATE UNIVERSITY, UNITED STATES)

@ J.WIETHASE@GMAIL.COM

Despite the importance of correct egg turning and
heating for the successful embryonic development
ofbirds, those parameters arerarely studiedin detail.
This study aimed atinvestigating and quantifying
for the first time egg turning rates and incubation
temperaturesin captiveindividuals of aparticularly
threatened group, the parrots (Psittaciformes).
Additionally, it asked for factors influencing those
breeding parameters, as well as for implications
for improving artificial incubation techniques.
We hypothesized that egg turning rates and egg
temperatures of nesting parrots are not uniform
between genera of different parental breeding
systems, and that they are influenced by physical
conditions. Furthermore, we hypothesized that
those parameters deviate fromthoseusedinartificial
incubation devices. Over one breeding season, we
studied 25 captive breeding pairs of six species of
thegeneraAra, Amazona, Cacatuaand Eclectus.The
parrot’sincubation parameters weremeasured through
rotation and temperature sensors using novel data
logging techniques within 3D-printed parrot eggs,
combined withnest cameras and temperature-sensing
iButtons. First results showed increasing trends in
eggtemperatures andnumber of dailyrolling events
duringthefirstthird ofincubation fortwo of the genera.
Strictlyuniparentalincubating species exhibited a
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widerrange ofincubation temperatures thanthose
with sharedincubation. Based on thesepreliminary
results, we draw first conclusions about the trends
associated with different life history strategies in
parrots, as well as for the optimization of artificial
incubationmethods.
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