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A1l DEVELOPMENTAL
BIOMECHANICS OF

MOTOR SKILLS

ORGANISED BY:PROF JOHAN VAN LEEUWEN (WAGENINGEN UNIVERSITY, NETHERLANDS)
& PROF PETER AERTS (UNIVERSITY OF ANTWERP, BELGIUM)

A1.1 ACQUIRED VERSUS INNATE
PREY CAPTURING SKILLS IN SUPER-
PRECOCIAL LIVE-BEARING FISH

™ TUESDAY 5 JULY, 2016 ©® 13:45

@ MARTIN LANKHEET (WAGENINGEN UNIVERSITY, NETHERLANDS)

Live-bearingfishstarthuntingformobile preywithinhoursafter
birth, anexample of extreme precociality. Because prenatal,in
utero,developmentofthisbehaviourisconstrainedbythelackof
free-swimmingsensory-motorinteractions,immediate success
afterbirth depends oninnate, evolutionary acquired patterns.
Optimalperformancehoweverrequiresflexibleadjustmenttoan
unpredictableenvironment. Todistinguishinnatefrompostnatally
acquiredpatternsweanalyzedover2000prey captureeventsfor28
Metalliclivebearers (Girardinusmetallicus; Poeciliidae), during
theirfirstthreedaysafterbirth. Weshowthattheuseof synchronous
pectoralfinbeatsforfinalaccelerationandingestionistrulyinnate.
Itallowsfordirectcontrolwhileavoidinghead yaw, supporting
immediate success. Rapid development of eye movements and
body curvatures,however,showthateye-tailcoordinationrequires
postnatallearningandcalibration. Thecombination ofinnate motor
programs and rapid, postnatal development reveal how super-
precocialanimalsoptimizesurvivalintoadulthood.

A1.2 BENDING MOMENT DYNAMICS
DURING SWIMMING OF DEVELOPING
ZEBRAFISH LARVAE

™ TUESDAY 5 JULY, 2016 Q®© 14:15

@ CEES J VOESENEK (WAGENINGEN UNIVERSITY, NETHERLANDS),
JOHAN L VAN LEEUWEN (WAGENINGEN UNIVERSITY,
NETHERLANDS)

@ CEES.VOESENEK@WUR.NL

Zebrafish larvae are able to swim immediately after hatching,
makingeffectiveescapemanoeuvresattwodayspostfertilization
(dpf). From 2 to 5 dpf, larval zebrafish improve swimming
performancebyincreasingtheirtail-beatfrequencyandamplitude
(VanLeeuwenetal.(2015)].R.Soc.Interface12:20150479).During
thesefirstdaysofdevelopment,thelarvae’smusclesystemchanges
rapidly, whileitcontinuesfunctioningtopowerswimming. This
requiresthemtousetheirmusclesdifferentlyacrossdevelopment.
Afirststeptowardsunderstandinghowthelarvaeachievethis
and how they change their performance, is by computing the
time-dependent internal bending moment distributions along
thebodyduringswimming. Thisallowsustoassessthechanges

inlocalbendingpowerasthefishgrows. Wedevelopedacombined
experimentaland computationalapproachforreconstructingtime-
resolvedbendingmomentdistributionsfromhigh-speedvideosof
free-swimminglarvae (2-12dpf).First,wereconstructthethree-
dimensionalposition, orientationandbody curvaturefromthese
images. Wefeedthesereconstructionsintoacomputationalfluid-
dynamics solverin orderto calculate the flow field and the fluid
forcesalongthefish’sbody.Finally, we combinethemotionofthe
longitudinalbodyaxisandtheexternalfluidforcesasinputforan
optimizationproceduretocalculatethebestfittingtime-dependent
bending moment distribution. The dynamics of these bending
momentsprovidenovelinsightinthedevelopmentalmechanicsof
swimmingacrossthefirststagesofzebrafish.

A1.3 HOW TAIL-BEAT FREQUENCY AND
BODY CURVATURE AFFECT SWIMMING
PERFORMANCE IN LARVAL ZEBRAFISH

™ TUESDAY 5 JULY, 2016 ® 14:30

@ GEN LI (CHIBA UNIVERISTY, JAPAN), ULRIKE K MULLER
(CALIFORNIA STATE UNIVERSITY FRESNO, UNITED STATES),
HAO LIU (CHIBA UNIVERISTY, JAPAN), JOHAN L VAN LEEUWEN
(WAGENINGEN UNIVERSITY, NETHERLANDS)

@ GENLI@CHIBA-U.JP

Smallundulatory swimmerssuchaslarvalzebrafish operatein
theintermediateReynoldsregimeandexperiencerelativelyhigh
dragduringcyclicswimming. Experimental observations(J.R.
Soc.Interface12:20150479)demonstrated (a)thatlarvalzebrafish
tend to increase both tail-beat frequency and amplitude with
swimmingspeedand (b)anegativepowerrelationshipbetween
StrouhalnumberandReynoldsnumberduringcyclicswimming.
Toelucidate theunderlyingmechanisms, we developed an
integrated 3D computational approach of hydrodynamics and
free-swimmingbody dynamicsthat couples the Navier-Stokes
(NS) equations to the equations of undulating body motion. A
numericalapproachisrequiredtoanalyzethehighlynon-linear
natureofthedynamicsoflarge-amplitudeundulatory swimming
intheintermediateReynoldsregime. Usingthemodel, we explored
howtail-beatfrequencyandamplitudeoflateralcurvaturealong
thebodyaffectswimmingperformance (intermsofspeed, fluid
dynamicefficiencyandcostoftransport). Theexplored parameter
spaceextendsbeyondtheexperimentally observedfrequency-
amplitude combinationsinlarvalzebrafish.
Ourcomputationspredictthatincreasingbothfrequencyand
amplitudetoswimfasterimprovesswimmingperformance, which
agreeswithpreviousexperimentalobservations. Thissuggests
thatfishlarvaeadjusttheirbodykinematicstooptimizeswimming
performance. Inaddition, arobustnegative powerrelationship
betweenReand Stwaspredicted,againinlinewithexperimental
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observations,andirrespective of theemployed combinations of
frequencyandcurvatureamplitude. The couplingbetweenReand
Stisnotaneffectofkinematicoptimization,butresultsfromfluid
dynamicconstraints.

A1.4 FIRST STEPS - THE EMERGENCE
OF WALKING IN CHILDREN

™ TUESDAY 5 JULY, 2016 ©® 14:45

& NADIA DOMINICI (VU UNIVERSITY, NETHERLANDS)

@ N.DOMINICIeVU.NL

Whenneonatesaresupportedfor~70-80% oftheirweight, they
instinctively ‘walk’astheirfeetcomeintocontactwithahorizontal
surface. This ‘steppingreflex’ishardwiredinourneuralcircuitry.
In normally developing children, however, the ability to walk
independentlyemergesonlyaboutoneyearlater.

Walking involves the coordinated activation of numerous
musclestoprovideforwardprogressionwhilemaintainingbalance.
InthistalkIwillshowthatthecentralnervoussystemreducesthe
complexityofmusclecoordinationtoasmallnumberofelementary
commands.Likethephoneticunitsusedinspeech, theseelementary
locomotorcommands, orlocomotorprimitives,canbecombinedina
flexiblemannertogeneratearichbehaviouralrepertoire,including
walking and running at different speeds, walking forwards or
backwards,orwalkingwithvariableloads.

Iwilldiscusshowthenumberandtypeoflocomotorprimitives
changewithdevelopmentinanimalsandhumans.Iwillfocusin
particularontherole of balance and body-weight control when
independentlocomotionemergesintoddlers.

A1.5 FROG LOCOMOTION. HOW TO
DEVELOP TWICE: ONCE FOR WATER;
THEN FOR LAND

™ TUESDAY 5 JULY, 2016 ©® 16:00

@ ROB S JAMES (COVENTRY UNIVERSITY, UNITED KINGDOM)

Most frogs undergo development for a tadpole phase in water,
followedbyfurtherdevelopmentforanadultphaseonland.The
tadpole initially swims via waves of neuromuscular activity
travellingdownthetail. Mostorgansinthebodyareremodelled,
includingresorptionofthetailandthe growth oflegs,ready for
theemergenceontoland. Graduallythehindlegsbegintoproduce
useful power, to assist the largely tail based locomotion, until
the metamorph can use tail or limb or combined tail and limb
poweredlocomotioninwater. Theadultfrogusesitslegstopower
jumping on land and swimming in water. Such alterations in
locomotorperformancerequirecoordinatedchangesinanatomy
andneuromuscularphysiology. Environmental cues, suchasthe
presenceofpredators,canmodulatethemorphologicalchanges
undertaken, altering rates of development and the shape of
theanimal,inturnaffectinglocomotor performance andlikely
predationrisk.
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A1.6 MOTOR SKILL DEVELOPMENT
AND OPTIMAL MOVEMENT SPEEDS
IN PREDATOR-PREY INTERACTIONS

™ TUESDAY 5 JULY, 2016 ® 16:40

@ ROBBIE S WILSON (UNIVERSITY OF QUEENSLAND, AUSTRALIA)

Howfastshouldanimalsmovewhentryingtoescapepredatorsor
captureprey? Moststudiesofanimal performanceassumefasteris
alwaysbetterbutthisignoresthecostsofhigh-speedmovements
ontheabilitytosuccessfully performmotortasks.Because motor
controldeclinesasanimalsmovefaster,ananimal’smovement
speedshouldreflectabalancebetweenthebenefitsof movingfast
againstthecostsofdecreasesinmotorcontrolandmanoeuvrability.
Usingamedium-sized semi-arborealmarsupial, the Australian
northernquoll (Dasyurushallucatus),lexplorethecostsofhigh
movementspeedsontheaccurateplacementoftheirfeet (motor
control) when moving on substrates differing in task difficulty
(varyingbeamwidths).Bydevelopingamodel of optimalmovement
speedsforpreywhenattemptingtoescapepredators,Ithentest
whether the movement decisions of northern quollsreflect the
underlyingtrade-offbetweenspeedand motor control, the costs
of mistakes,andtheabilitytoimprovemotorcontrolwithpractice
andthroughoutdevelopment.
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A1.7 PRIMATE INFANCY AND
THE MECHANICS OF QUADRUPEDAL
DEVELOPMENT

™ TUESDAY 5 JULY, 2016 ©® 17:10

@& FRANCOIS DRUELLE (LABORATORY FOR FUNCTIONAL
MORPHOLOGY BIOLOGY DEPARTMENT UNIVERSITY OF ANTWERP,
BELGIUM), GILLES BERILLON (UMR 7194 CNRS-MNHN,
FRANCE), PETER AERTS (LABORATORY FOR FUNCTIONAL
MORPHOLOGY BIOLOGY DEPARTMENT UNIVERSITY OF ANTWERP,
BELGIUM)

@ FRANCOIS.DRUELLE@YAHOO.FR

Lookingatanewborn primate, onenoticesitsinability tomove
byitselfandthereforeitsstrictdependencetothemother.Soon,
however, the young primate is able to perform independently.
Betweenthesetwostagesofearlylife, (loco)ymotor controldevelops
gradually.Ontheonehand, thecontrolofbodymovementsseemsto
bemediatedbyneuro-motormaturation.Ontheotherhand,because
limbsandbodyaresubjectedtodramaticchangesinshapeandsize,
thesetoolikelyhaveimportantimpactonlocomotor performance.
This raises the following question: how do the developmental
changesoftheinterlimbcoordinationof quadrupedalwalkingrelate
totheintrinsicmorphological (size,shape) anddynamical (inertia)
propertiesofthelimbsandbody? Atthe Primatology Stationofthe
CNRSwewereabletostudysixinfantbaboonsattwoinstantsin
theirdevelopment,i.e.,whentheyjustbeginforagingindependently
andwhentheyareautonomous. Wefoundthatfore-andhindlimbs,
attheleveloftheconvergenceofthenaturalpendularperiod,have
asignificantand positiveimpact ontheinterlimb coordination
pattern,thusprobablyfacilitating, veryearlyindevelopment, the
controlofthecoordination.Nevertheless,becauseanimproved
control of the interlimb coordination points at a proceeding
neuromotor maturation, theimportance of neuromotor control
relativetotheintrinsicmorpho-dynamicsofthelimbs,appearsto
increasegraduallyduringinfancy.
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A1.8 WALK THE LINE - GAIT
DEVELOPMENT IN PIGLETS

™ TUESDAY 5 JULY, 2016 POSTER SESSION

@ PETER AERTS (UNIVERSITEIT ANTWERPEN, BELGIUM),
CHARLOTTE VANDEN HOLE (UNIVERSITEIT ANTWERPEN,
BELGIUM), JANA GOYENS (UNIVERSITEIT ANTWERPEN,
BELGIUM), SARA PRIMS (UNIVERSITEIT ANTWERPEN,
BELGIUM), CHRIS VAN GINNEKEN (UNIVERSITEIT
ANTWERPEN, BELGIUM)

© CHARLOTTE.VANDENHOLE@UANTWERPEN.BE

In pig farming, genetic selection and the use of different
managementtechniqueshasledtoincreasinglittersizes.These
littersaregenerally characterizedbyaheterogeneousbirthweight
and a higher mortality. Recently, it&rsquo;s been shown that
increasingpigletvitality couldbekeytoboostingbothprofitability
andwelfare.Inordertoevaluatetheeffectofcertaininterventions
(e.g. supplementation) on piglet vitality, there is a need for an
unbiasedassessmentofvitality. Studiesproposelocomotionasan
importantparadigmforpigletvitality. However,abaseline of the
developmentoflocomotionandassociated gaitcharacteristicsis
lackingforpiglets. Tothisend, spatio-temporal gaitcharacteristics
(e.g.strideandsteplengths, stridefrequenciesanddutyfactors) of
normalpiglets (normalbirthweightandvitality) wereanalyzed
tostudyinter-limbcoordination. Videorecordingsandassociated
digitalizationofthefootfallsweremade ofpigletswalkingthrough
acorridoratseveraltimepoints(<96hours). Theparametersreached
stablevaluesbetween26and28hoursafterbirth, withasymmetry
indiceshoveringaround 0%, suggestiveforamaturedlocomotion
patternwithgreatcontra-lateralsymmetry. Often, parameters
evolvedtoshowingsimilarvaluesforalllegs(e.g.stridelength,stride
frequencyandstanceduration)orshowedacleardifferencebetween
frontandhind (e.g.steplength,swingdurationand dutyfactor).
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A2 HOW DOES ENERGY
CONSTRAIN ECOLOGY?

ORGANISED BY: DR LEWIS HALSEY (UNIVERSITY OF ROEHAMPTON, UNITED KINGDOM),
DR MIKE SCANTLEBURY (QUEEN’S UNIVERSITY BELFAST, UNITED KINGDOM) & PROF
TERRIE WILLIAMS (UNIVERSITY OF CALIFORNIA, SANTA CRUZ, UNITED STATES)

SESSION SPONSORED BY: AMERICAN PHYSIOLOGICAL SOCIETY (APS)

A2.1 MOST ANIMALS DIE BEFORE
REPRODUCING: CONSIDERING
THE ROLE OF ENERGETICS IN
JUVENILE MORTALITY

™ THURSDAY 7 JULY, 2016 ©® 08:55

@ LEWISHALSEY (UNIVERSITY OF ROEHAMPTON,
UNITED KINGDOM)

@ L.HALSEY@ROEHAMPTON.AC.UK

Theultimate goal of animalsis to maximise their reproductive
fitness,andsotheirstrategy shouldcentreonmaximisingtheenergy
thattheyexpendonreproductionovertheirlifetime. Theperceived
wisdomhasbeenthatthelimittotherateanimalscanassimilate
energyistherelativescarcity offoodintheirenvironment, which
ofcoursewillbeaffectedbytheircapacitytoforage forit. However,
relativelyrecenttheoriespurportthatforendotherms,available
energy is often intrinsically limited, typically because energy
utilisationgeneratesheatwhichifuncheckedleadstohyperthermia
(SpeakmanandKrol,2010,JAE79:726). Theoriesaroundenergy
allocationdecisionsandoptimalforaging,andtheempiricaldatato
testthosetheories, tendtofocusonadultanimals. Butwhatabout
allthejuvenileanimalsthatneverevenmakeittosexualmaturity?
Mighttheynotoftendieofstarvation?Iftheydo,thenthiscouldbe
astarkexampleoftheenvironmentbeingthelimitingfactortoan
animal’srateofenergyassimilationand, mostimportantly, this
constraintbeinghighly deterministic of thatanimal’s lifetime
reproductive success. Put simply, most animals die young, and
thisiscatastrophic,ofcourse,fortheirreproductivefitness. Thus
tounderstand the full role that energy plays in driving animal
ecology,itisessentialthatweconsideritsrelevancetothemasses
ofyounganimalsthatperishbeforeadulthood. My talksetsoutto
establishthislineofenquiryasanunder-exploredbutcrucialfacetof
animalecology.

A2.2 PATTERNS OF ENERGY LOSS AND
CONSEQUENT MORTALITY RISK OVER
WINTER: THE ROLE OF INDIVIDUAL
VARIATION IN METABOLIC AND
BEHAVIOURAL FLEXIBILITY

™ THURSDAY 7 JULY, 2016 ® 09:12

& NEIL BMETCALFE (UNIVERSITY OF GLASGOW, UNITED
KINGDOM), KARINE SALIN (UNIVERSITY OF GLASGOW, UNITED
KINGDOM), GRAEME J ANDERSON (UNIVERSITY OF GLASGOW,
UNITED KINGDOM), SONYA K AUER (UNIVERSITY OF GLASGOW,
UNITED KINGDOM)

©@ NEIL.METCALFE@GLASGOW.AC.UK

Retentionofenergystoresisessential fortheoverwintersurvival
of manytemperateandpolaranimals, yetthereisoftenmarked
variation within a species in the rate at which these stores are
depleted, withconsequencesfordirectandindirectrisksof mortality
(e.g.throughstarvationand/orgreaterexposuretopredatorswhile
foraging). Wehypothesisedthatintraspecificvariationinratesof
overwinterenergydepletioncouldbeexplainedbydifferencesin
metabolicand/orbehaviouralflexibilityinresponsetofoodscarcity,
andtestedthisideausingoverwinteringbrowntrout(Salmotrutta).
Decreasingfoodavailabilityoverwinterledtoadeclineinlipidstores
acrossallfishandataratethatwascomparabletothatobservedin
wildoverwinteringfish.Italsoledonaveragetoreductionsinboth
metabolicandactivityrates,buttherewerestrikingdifferences
amongfishintheirresponses. Thisvariationwasdirectlyrelated
toindividualdifferencesintherateoflipid depletion:the smallest
lipiddepletionoccurredinthoseindividualsthathadthegreatest
reductionsinmetabolismand/oractivity. However,changesin
metabolismandinactivity werenegatively correlated:fishthat
decreasedtheirSMRtoagreaterextenttendedtoincreasetheir
activityrates,andviceversa.Physiological causesandecological
consequences of this intraspecific variation in energetic and
behaviouralstrategiesforcopingwithseasonal food scarcity will
bediscussed.
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A2.3 DO ENERGETICS DRIVE THE LINK
BETWEEN BOTFLY PARASITISM AND
OVERWINTER SURVIVAL IN CHIPMUNKS?

™ THURSDAY 7 JULY, 2016 ©® 09:25

@& VINCENT CAREAU (UNIVERSITY OF OTTAWA, CANADA)

@ VCAREAU@UOTTAWA.CA

Easternchipmunks (Tamiasstriatus)arefood-storinghibernators
distributed throughout the deciduous forests of eastern North
America.Chipmunkshoardfoodinanundergroundburrow where
theysurvivewinterusingtorpor. Chipmunksarecommonlyinfected
by larval botflies (Cuterebra emasculator), resulting in arather
grotesqueinfection. Thelarvaedevelopsinasubcutaneouscapsule
ontheabdominalregionofthechipmunk,breathingandexcreting
throughaskinporeuntilitreachesmaturity (~1g). Botflyparasitism
hasadetrimentaleffectonchipmunkoverwintersurvival,andhere
Idiscussthepossibilitythatthiseffectisdrivenbyenergetics. From
anenergeticspointofview,botflyparasitismisdoublypenalising
forchipmunksbecauseitsimultaneouslyincreasesmaintenance
costs (resting metabolic rate; RMR) and reduces thermogenic
capacity(cold-induced VOzmax). Consequently, thereisanegative
correlationbetweenthenumberofbotfly parasitesandfactorial
aerobicscope (FAS;ratioof VOzmaxover RMR). Whenlookingacross
speciesofrodents,thereisastrongnegativerelationshipbetween
FASandenvironmentaltemperatureinheterothermicbutnotin
homoeothermicrodents. Thissuggeststhatusingtorporincold
environmentsrequiresacombination oflowmaintenance costs
andhighthermogeniccapacity. Thus,energeticconstraintsmay
explainthedetrimentaleffectofbotfly parasitismonchipmunk
survival,becausechipmunksneedahighthermogeniccapacityto
warm-up fromtorpor,yettheyalsoneedlowmaintenance coststo
saveenergyandsurvivewinteronafixedfood supply.

A2.4 LINKING PARASITISM AND
LIFE-HISTORY: NOVEL QUESTIONS
WITH A NOVEL ENERGETIC APPROACH

™ THURSDAY 7 JULY, 2016 ©® 09:50

@ OLIVIAHICKS (UNIVERSITY OF LIVERPOOL, UNITED
KINGDOM), SARAH BURTHE (CENTRE FOR ECOLOGY AND
HYDROLOGY, UNITED KINGDOM), FRANCIS DAUNT (CENTRE FOR
ECOLOGY AND HYDROLOGY, UNITED KINGDOM), MOTOHIRO ITO
(THE UNIVERSITY OF TOKYO, JAPAN), JONATHAN GREEN
(UNIVERSITY OF LIVERPOOL, UNITED KINGDOM)

@ OCHeLIVERPOOL.AC.UK

Many speciesexhibitreproductive skew withsomeindividuals
consistently more successful than others. The mechanisms
underpinningthisskewareoftenpoorlyunderstoodyetcanhelp
usunderstandhowindividual variationcanhave consequences
for population level changes. Recent work has illustrated that
parasitismmay play acrucialroleindrivingreproductive skew
but may have differential impacts in different environmental
conditions Wesuggestthatourunderstandingofhowparasitism
interactswithbothintrinsicdriversandenvironmental conditions
todeterminebreeding performance canbegreatlyimproved by
consideringenergetics,sincemanylife-historyprocessescanbe
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quantifiedthroughtheirimpactsonratesofenergyuseandgain.
Usinganovelendoscopetechniquetoquantifyparasiteloadandbio-
loggingdevicestoestimatebehaviour-specificenergyexpenditure
inEuropeanshagsweareabletodeterminetheenergeticcostof
parasitismandunderstandhowindividualresponsesmayvarywith
changingenvironmentalconditions. Herewepresentanalysesona
populationof Europeanshagsthatsuggestthatthecostofdifferent
behavioursvarieswithparasiteload,asdoestheamountoftime
allocated to them. This work provides a potential mechanism
linking the energetic cost of parasitism to its role in driving
reproductive skew.

A2.5 ENERGY CONSTRAINTS ON
DISPERSAL AND RANGE EXPANSION
AFFECT GEOGRAPHICAL PATTERNS
OF SPECIES DIVERSITY

™ THURSDAY 7 JULY, 2016 ® 10:02

@ DOUGLAS S GLAZIER (JUNIATA COLLEGE, UNITED STATES)

© GLAZIER@JUNIATA.EDU

A major goal of macroecology is to provide individual-based
mechanisticexplanationsforbroadecologicalpatterns,including
regionalvariationinspeciesdiversity. Oftenthese explanations
focusonenergyusebecause ofits fundamentalimportancein
supportingallbiologicalactivities.InthispresentationIdiscuss
two hypothetical, unexplored ways by which organismal
energeticconstraintsondispersalandrangeexpansionmayaffect
geographical variationinspeciesdiversity. Thefirstmechanismis
illustratedbyacomparisonofpatternsofgeographical population
differentiationandspeciesdiversityamongmammaltaxawith
different modes of locomotion. Energy costs of locomotion
per distance travelled are very high in subterranean species,
intermediateinterrestrialspecies,andlowestinflyingspecies.
Correlational evidence supports the hypothesis that high
locomotor costsinhibitdispersaland geneflow, thusincreasing
geographic population differentiation and speciation. The
secondmechanismisillustratedusingananalysisoflatitudinal
diversity gradients (LDGs) exhibitedby fourmajortaxaofmarine
phytoplankton, carried out with my colleague Matt Powell.
Thesetaxawerechosenbecauseoftheirexcellentfossilrecord
andbecausetwotaxawithcalcareousshellsshowthecommon
trend ofincreasingspeciesrichnesstowardthetropics, whereas
theothertwowithsiliceousshellsexhibitoppositetrends. Our
analysisshowsthatasymmetricrangeexpansion (ARE),rather
thandifferentialspeciationandextinctionrates,hascausedboth
typesof LDGs. Wefurtherhypothesizethattaxicdifferencesin
ARE (and thus LDGs) relate todifferencesin how temperature
affectstheenergeticcostsofmaintainingmineralized shellsin
calcareousversussiliceous phytoplankton.
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A2.6 VARIATIONS IN ENERGY STORAGE
METABOLISM DISCRIMINATE FRESH
AND BRACKISH/SALTWATER ECOTYPES
IN AMERICAN GLASS EELS

™ THURSDAY 7 JULY, 2016 ©® 10:14

& MELANIE GAILLARD (UNIVERSITE DU QUEBEC A RIMOUSKI
INSTITUT DES SCIENCES DE LA MER DE RIMOUSKI, CANADA),
LOUIS BERNATCHEZ (UNIVERSITE LAVAL, CANADA), CELINE
AUDET (UNIVERSITE DU QUEBEC A RIMOUSKI INSTITUT DES
SCIENCES DE LA MER DE RIMOUSKI, CANADA)

@ MELANIE.GAILLARD@UQAR.CA

Recently, different ecotypes characterized by their migration
form, have been genetically documented in the American eel,
Anguillarostrata. Theaim of this study was to verifyifenergy
statusanddifferentialabilitiesinmobilizingenergyreservescould
discriminatefreshwaterandbrackish/saltwaterecotypes.Todoso,
analysesweredoneonglasseelsatrecruitmentaccordingtolocation
ofcapture,dateandsalinitypreferenceusingeco-physiologicaland
moleculartools. Salinitypreferencedidnotdifferbetweenecotypes.
Instead, we observedspatialand temporal variationsaddingto
thebodyofevidenceofgeneticandenvironmental controlsinthe
differentiationofecotypes. Comparedtothebrackish/saltwater
ecotype,thefreshwaterecotypewaslargerandmorepigmented,
had73.8%lessertriacylglycerolcontentand67.7 % higherglycogen
content,andoverexpressed7.65and3.25timesrespectivelythe
transcripts ofbile saltactivated and triacylglycerollipases. No
variation in transcripts of glycogen phosphorylase, leptin and
ghrelinwasobservedbetweenecotypes.Forbothecotypes,level
of pigmentation was higher and energetic reserves were lesser
in glass eels arriving two weeks later. Our results suggest the
existenceofdifferentialregulationmechanismsrelativetoenergy
metabolismbetweenecotypesandallowustoproposeanewmodel
ofthephysiologicalmechanismsunderlyingtherecruitmentof
freshwater and brackish/saltwater ecotypein American glass
eel. Thisnewbiologicalinformation contributestothebuilding
knowledgeonthedistributionofecotypesandontheinternalfactors
involvedinglasseelmigrationregulation, givingnewindicationsto
improveconservationmeasureforthisspeciesdeclared ‘threatened’
inCanada.

A2.7 ONE FLAP AT A TIME: AN IN-
SITU STUDY LINKING INSTANTANEOUS
FLIGHT BEHAVIOUR TO FORAGING TRIP
MOVEMENTS IN KITTIWAKES

™ THURSDAY 7 JULY, 2016 ©® 10:55

@ PHILIP M COLLINS (UNIVERSITY OF ROEHAMPTON, UNITED
KINGDOM), JONATHAN A GREEN (UNIVERSITY OF LIVERPOOL,
UNITED KINGDOM), KYLE ELLIOTT (MCGILL UNIVERSITY,
CANADA), PETER J. A. SHAW (UNIVERSITY OF ROEHAMPTON,
UNITED KINGDOM), LEWIS G HALSEY (UNIVERSITY OF
ROEHAMPTON, UNITED KINGDOM)

©@ COLLINSP@ROEHAMPTON.AC.UK

Flying over the ocean to find patches of food is energetically
expensiveforseabirds,assuchtheymustflyefficiently toensure
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thatenergyexpendeddoesnotoverwhelmenergygainedwhile
foraging. Withsuchasensitiveenergybudget,finedetailsabout
where,whenandhowaseabirdexpendsitsenergyinthepursuitof
foodcoulddetermineitsfate; whetheritreproduces,indeed whether
itsurvives. With GPS trackerswehavesuccessfullydetermined
whereseabirdsforage,yetthefinerdetailsregardingflightbehaviour
duringforagingtripshaveremainedlesswellstudied. Now, however,
by coupling GPSdeviceswithaccelerometerswecanstudyin-situ
flightbehaviouratasub-secondlevelof detail. By combiningthese
datasetswecanmeasureflightparameterswhileaccounting for
environmentalconditions,thusallowingustostartunravelling
theenergeticrelationshipbetweeninstantaneousbodymovement
andobservedflightpatterns.

Usingauniquedatasetcomprisingofcombinedaccelerometry
and GPSdatafrom47incubatingkittiwakesonMiddletonIsland,
USwehavecalculatedarangeofflight parametersindicative of
individualflighteffort. By couplingdatafromthesedeviceswith
weatherdatawehaveaccountedforwindspeedanddirectioninorder
toidentifyhowindividualsadjusttheirbehavioursinresponseto
differentconditions.Preliminaryanalysishasrevealed variation
infine-scaleflightcharacteristicswithinandbetweenindividuals
aswellasgeneraltrendsfoundinflightbehaviourunderdifferent
windconditions. Theenergeticimplicationsofflightcharacteristics
linked to foraging trip patterns will be further examined and
presented.

A2.8 TO FLAP, OR NOT TO FLAP:
THAT IS THE QUESTION

™ THURSDAY 7 JULY, 2016 ©® 11:07

@ CHARLES M BISHOP (BANGOR UNIVERSITY, UNITED KINGDOM)

©@ C.BISHOP@BANGOR.AC.UK

During locomotion, animals may modulated their behaviour
asaresultofstate-dependent conditions or due to theimpact of
environmentalfactorsthatinfluencetheenergeticcosts.During
forward flight, birds have the option of operating between the
twoextremesofglidingwithafixed-wingpositionorundergoing
fastpoweredflight withrapidwingflapping. Duringlongforaging
flightsorwhileonmigration, energyutilisationmustbeallocated
with considerationofboththeshorttermandlong-termpotential
benefits. Measuresofheartrateanddynamicbodyaccelerationcan
beusedtoprovideinsightintotheoptimalstrategyforflight.Bar-
headedgeese (Anserindicus) onmigrationneverstoppedflapping
theirwingsalthoughthey greatlymodulated the power ofeach
flapwithinarelativelynarrowbandof wingbeatfrequency. Manx
shearwater (Puffinuspuffinus),alternatebetweenpureglidingand
ahighlyconstrainedpowerperflap,suchthatthenumberofflapsin
aperiodofflap-glidingmodulatespoweroutput. Pigeons(Columba
livia)modulateboth powerperflapandwingbeatfrequency. These
differentflightstyleswillbediscussedwithinthe contextofrates
ofenergyconsumptionandoptimalflight performance.
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A2.9 AN OVER-COST OF BEING
A PELAGIC BIRD: A POSSIBLE
ENERGETIC CONFLICT BETWEEN
THERMOREGULATION AND
DIGESTIVE PROCESSES

™ THURSDAY 7 JULY, 2016 ® 11:27

@ AGNES LEWDEN (IPHC-CNRS, FRANCE), TESSA VAN WALSUM
(UNIVERSITY OF ROEHAMPTON, UNITED KINGDOM), BATSHEVA
BONNET (CEBC-CHIZE, FRANCE), CAROLINE BOST (CEBC-
CHIZE, FRANCE), YVES HANDRICH (IPHC-CNRS, FRANCE)

@ AGNES.LEWDEN@IPHC.CNRS.FR

TheenergeticcostofforagingactivitiesinKingPenguin consists
toreach favourable areas, realises depth diving to attempt fish
patch and resting in high latitude cold water. Several studies
haveshownthatrestingin cold watercould berepresentamore
expensivecostthanrealizeddepthdiving.Indeed, thisparadox
isprobablylinkedwith contrastingthermoregulationprocesses.
During daylight, a general hypothermia occurs andis believed
toreduceenergyexpenditure. Atsunriseoccursare-warmingto
normothermia,contributingtoincreaseheat-lossduringthenight.
Wehypothesiseanenergeticconflictbetweenthermoregulation
anddigestive processes. During daylight, the organism may be
unabletoassimilatetheendproductofpreydigestion (freefatty
acids)insidetheperipheralsubcutaneousadiposetissues(SAT),
becauseskinisnomorebloodperfused.Duringthenight,re-warming
andre-connectingtobloodcirculationperipheraltissuescouldbe
inevitabletoendtheassimilationof FFAinsidetheSAT.Inafirst
step, wehavereproducedtheconditionsofarestingnightatsea
andeventsofrewarmingskintemperature,usingawatertankin
whichkingpenguinsequippedwithfourinternaltemperaturetags
weremaintainedseveraldays.Inasecondstep, wehavetesteda
generalisation of our hypothesis studying body temperature
variationsonpenguinsfastandfeed.Finallywehavemeasured
thecosttomaintainnormothermiaincold watersometimesduring
allnightlong.

A2.10 PHENOTYPIC RESPONSES
TO HIGH ALTITUDE

™ THURSDAY 7 JULY, 2016 ©® 13:50

@ KIMHAMMOND (UNIVERSITY OF
CALIFORNIA RIVERSIDE, UNITED STATES)

@ KHAMMOND@UCR.EDU

Foranyanimallivinginhighly variable or extreme habitats we
expecttofindadaptationsthatpermitlife. Overthepastdecade
we arelearning to distinguish between genetically hard wired
components, those that are more physiologically plastic and,
morerecently,thosecomponentsthataretranscriptionallyup-
regulatedorepigenetic. Theresultofthisbroad-spectrumresearch
isthatwearefindingthatthephysiologylifeinextremehabitats
isfarmorecomplexanddynamicthatwethought.Iwilltalkabout
severalexamplesofthistypeofworkbutIfocusmainlyonDeerMice
(Peromyscusmaniculatus)thatliveinbothhighandlowaltitudes
acrossNorth America. Thesemicepossessgeneticadaptationsto
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lifeathighaltitudebutmyresearchhasshownthattheyalsoare
capableofphenotypicincreasesinthecapacity ofintaketissues(gut
andrespiratorysurfaces)inthefaceofincreasingdemandsforboth
energyandoxygen.Otherstudiesshowthatdeermiceinthesame
speciesshowincreasesintheoxygendiffusioncapacity ofexercising
musclesunderhypoxicconditions. Ifenergyexpendituresaretobe
maintainedinthefaceofhighdemandsboththeabilitytoacquire
oxygenandthefuel (glucose)forthatrespirationmustbeincreased.
Although deermicerepresentamodel system withremarkable
plasticityandflexibilitytheyalsoareillustrativeof thefactthat
many different types of organisms may have far more (or less)
capacitytoacclimateandadapttochangesintheenvironmentthan
wepreviouslyknew.

A2.11 BRAVING THE COLD: ALTITUDE
ANCESTRY AND DEVELOPMENTAL
PLASTICITY OF THERMOGENIC CAPACITY
IN THE NORTH AMERICAN DEER MOUSE,
PEROMYSCUS MANICULATUS

[ THURSDAY 7 JULY, 2016 ® 14:15

@ CAYLETH E ROBERTSON (MCMASTER UNIVERSITY, CANADA),
GRANT B MCCLELLAND (MCMASTER UNIVERSITY, CANADA)

@ ROBERCEG@MCMASTER.CA

Thecombinationoflowoxygenandtemperatureathighaltitudeis
particularly challenging, especiallyforsmallmammals. However,
despite the high energetic demands of heat production, high
altitudenativedeermicehaveanenhancedthermogeniccapacity
compared to low altitude congenerics. Part of this differencein
performance may involve early life environmental experience
duringdevelopmentofhighaltitudenatives. Tounderstandthe
influenceof developmentalplasticity weuseddeermicenativeto
low(LA;400ma.s.l)andhighaltitude(HA;3500ma.s.l.)bornand
raisedincommonlab conditions. Earlylifeexposuretocold (140
C)wasintroduced pre-orpost-natally (0-30days). Wetested the
hypothesisthatearlyexposuretolowtemperatureswouldshift
developmentaltrajectoriesofthermo-effectororgans, permanently
enhancingadultthermogeniccapacity. Wedeterminedtheonset
ofthermogenesisinresponsetoacutecoldinpupsaged6-10days
usingindirectcalorimetry. Thiswascombined withmeasures of
pupgrowthratesandthematurationoftheprimarythermoeffector
organs, skeletalmuscleandbrownadiposetissue (BAT).Finally,we
determinedmaximumthermogeniccapacityof cold-rearedmiceas
adults. Postnatally cold-exposed LA pupswereabletometabolically
respondtoanacutecoldchallenge4daysearlierthancontrols. This
coincidedwithincreased BAT growthinbothpopulations. Contrary
toourpredictionsonly LAnativemice,exposedtocoldpostnatally,
hadanenhancedadultthermogenic capacityrelativetowarm-
reared controls. Thesedatasuggestthatdevelopmentalplasticity
inresponsetorearingtemperaturemaybelostinHAnatives.
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A2.12 HIGH-ALTITUDE ANCESTRY
ALTERS THE PLASTICITY OF MUSCLE
MITOCHONDRIA IN CHRONIC COLD AND
HYPOXIA IN DEER MICE

™ THURSDAY 7 JULY, 2016 © 14:27

@ SAJENI MAHALINGAM (MCMASTER UNIVERSITY, CANADA),
GRAHAM R SCOTT (MCMASTER UNIVERSITY, CANADA),
GRANT B MCCLELLAND (MCMASTER UNIVERSITY, CANADA)

@ MAHALS4@MCMASTER.CA

Mitochondria are essential for aerobic energy production and
limitationson ATPsupply canimpactwhole-animalperformance.
Smallmammalslivingathighaltitudefacethecompetingenergetic
challengeofmaintainingthermogenesisinahypoxicenvironment
thatcanimpairaerobic ATPsupply. Thisraisesapotentialtrade-off
atthemitochondria,becausethermogenesiswouldbeenhanced
bymitochondrialuncouplingwhereas ATP supplyinhypoxiais
bestpreservedwithmitochondriathathavehighphosphorylation
efficiencyforoxygenuse. Toexaminethispotentialtrade-offdeer
mice (P. maniculatus)nativetohigh-andlow-altitudebutlabborn
and raised, were acclimated to: warm (25°C) normoxia; warm
hypoxia(simulatedaltitude of4300m); cold (5°C) normoxia;andcold
+hypoxia. Wemeasuredrespirationand oxygenaffinity ofisolated
mitochondria, mitochondrialabundance, capillarity,andfibre-
typedistributioninlocomotorymuscles. PMusclemitochondrial
volumedensities, ATPyieldspermoleO,,andmaximalrespiration
ratesusingbothpyruvateandpalmitoyl-carnitinewereallhigherin
warmnormoxichighlandmice. Generallyhypoxiaacclimationhad
littleeffectonmitochondrialfunctioninlowlandmice,butitreduced
substraterespirationratesinhighlandmice (possiblytohelpincrease
mitochondrial O; affinity). Cold acclimationrestored pyruvate
andfattyacidrespiratory capacitytocontrollevelsinhighland
mice,whichalsoshowedanincreaseinmitochondrialuncoupling.
Acclimation to cold+hypoxia did not change mitochondrial
physiologybeyondcoldaloneandappearedtocounteracttheeffects
ofhypoxiaonhighlandmice. Ourresultssuggestthatbothhighland
ancestryandplasticityaffectmitochondrial physiology,andlikely
contributestoperformanceathighaltitudes.

A2.13 HOW DOES MITOCHONDRIAL
FUNCTIONING CONSTRAIN
ENERGY EFFICIENCY?

™ THURSDAY 7 JULY, 2016 © 14:39

@ KARINE SALIN (UNIVERSITY OF GLASGOW, UNITED KINGDOM),
SONYA AUER (UNIVERSITY OF GLASGOW, UNITED KINGDOM),
GRAEME ANDERSON (UNIVERSITY OF GLASGOW, UNITED
KINGDOM), COLIN SELMAN (UNIVERSITY OF GLASGOW,
UNITED KINGDOM), NEIL METCALFE (UNIVERSITY OF
GLASGOW, UNITED KINGDOM)

©@ KARINE.SALIN@GLASGOW.AC.UK

Althoughagreatnumberofecophysiologicalstudieshavefocusedon
factorsaffectingenergyacquisitionandallocation, surprisingly few
haveconsideredenergyprocessesatthemitochondriallevel. Energy
derivedfromthedietbecomesusableonlyafterbeingoxidizedand
convertedintoadenosinetriphosphate (ATP)bythemitochondria.
Hereweillustratetheroleofintraspecificvariationinmitochondrial
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functioning in constraining animal energetics using evidence
fromanectotherm,thebrowntroutSalmatrutta. We show that
conspecificslivinginthe sameenvironmentdisplayeduptoa3-fold
variationintherateofenergydissipationthroughmitochondrial
protonleakrespiration. Thosethathadagreatermitochondrial
leakrespirationmaybetopartiallyoffsetthisleak,asrevealedby
ahigherwhole-organismmetabolicrate. Theseindividualsalso
hadthepoorestperformanceathightemperatures. However,itis
importanttonotethatmitochondrialpropertiesarenotfixedbut
changeaccordingtoconditions:fastingcauseddisproportionate
changesinmitochondrial capacitiesoftheliver,suchthatsubstrate
oxidationincreasedfarmorethandidthe ATPsynthesis. Asaresult,
the ATP/Oratio(theamountof ATPproducedperunitofoxygen
consumed, i.e. the efficiency of ATP production) decreased in
responsetofasting. Theseillustrations,combined withexamples
fromtheliterature, suggestthatmitochondriacanbeasignificant
constraintintheuseofenergyresourcesandtheirallocationinto
ATP.Among-individualvariationinmitochondrialfunctioningis
thereforelikelytocontributetothe proximate causesofdifferences
inanimalperformance.

A2.14 INDIVIDUAL VARIATION IN
METABOLIC FLEXIBILITY AND ITS
EFFECTS ON GROWTH IN CHANGING
ENVIRONMENTS

™ THURSDAY 7 JULY, 2016 © 14:5:1

& SONYA K AUER (UNIVERSITY OF GLASGOW, UNITED KINGDOM),
KARINE SALIN (UNIVERSITY OF GLASGOW, UNITED KINGDOM),
AGATA M RUDOLF (JAGIELLONIAN UNIVERSITY, POLAND),
GRAEME J ANDERSON (UNIVERSITY OF GLASGOW, UNITED
KINGDOM), NEIL B METCALFE (UNIVERSITY OF GLASGOW,
UNITED KINGDOM)

@ SONYA.AUER@GLASGOW.AC.UK

Phenotypic flexibility in physiological, morphological and
behavioural traits can allow organisms to cope with new and
changingenvironments. Flexibilityinstandard metabolicrate
(SMR)maybeparticularlyimportantsince SMRreflectstheminimal
energeticcostoflivingandisoneoftheprimarytraitsunderlying
organismalperformance. SMRcanincreaseordecreaseinresponse
tofoodavailability,butconsequencesofthesemetabolicchangesfor
growthratesandotherfitnesscomponentsarenotwellunderstood.
We examined individual variation in metabolic flexibility in
responsetochangingfoodlevelsanditsconsequencesforsomatic
growthinjuvenilewild-originbrowntrout (Salmotrutta). Like
manyotherorganisms,largerbody sizeoftenconfersanadvantage
incompetitiveinteractionsandsurvivalinyoungbrowntrout,so
earlygrowthratescanhaveimportantconsequencesforfitness.
However,foodavailability canexhibitmarkedspatialandtemporal
variationinthefreshwaterstreamstheyinhabit, soflexibilityin
theirmetabolicratesmaybecriticaltogrowth. Wefoundthat SMR
increasedwhenindividualswereswitchedtoahighfoodrationand
decreasedwhentheywereswitchedtoalowfoodregime. However,
individualsdifferedintheirmetabolicflexibilitywithimportant
consequencesfortheirsomaticgrowth;individualsthatincreased
theirSMRmoreinresponsetoelevatedfoodlevelsgrewfastestwhile
individualsthatdepressedtheirSMRmoreinresponsetolowered
foodlevelsfaredbetterunderthoseconditions. Theseresultssuggest
thatflexibilityinstandardmetabolicrateisakeymechanismthat
allowsorganismstocopewithvariableenvironments.
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A2.15 VARIATION IN MUSCLE
METABOLIC PLASTICITY: ONTOGENY,
ENVIRONMENT, AND ALTITUDE ANCESTRY

™ THURSDAY 7 JULY, 2016 ©® 15:03

@ GRANT B MCCLELLAND (MCMASTER UNIVERSITY, CANADA),
CAYLEIH E ROBERTSON (MCMASTER UNIVERSITY, CANADA),
LEANNE ZUBOWSKI (MCMASTER UNIVERSITY, CANADA),
SAJENI MAHALIGAM (MCMASTER UNIVERSITY, CANADA)

@ GRANTM@MCMASTER.CA

Skeletalmuscleplaysessentialrolesinlocomotion, thermogenesis,
andmetabolichomeostasis. Formammalsathighaltitude, muscle
phenotypemay affecttheability toeffectivelythermoregulate
andengageinendurancelocomotioninlow Oz andtemperature.
Apotentialtrade-offexistsbetweenmaximizingefficiencyof O,
usethroughcarbohydrateoxidationandthecapacityforsustained
lipidoxidationforheatproduction. Toexplorevariationinmuscle
phenotypeweuseddeermice (P.maniculatus)nativetohighaltitude
(HA)andlowaltitude (LA),butbornandraisedinlabconditions. We
examinedthedevelopmentofmusclephenotypeoverpostnataldays
P0-P10(whenendothermydevelops),injuveniles (P21-P27),andin
adults. Adultmicewereacclimatedto 1) warmnormoxia,2) warm
hypoxia, 3)cold,4) cold +hypoxiatoassessphenotypicplasticity. We
hypothesizedthatin HAmicemuscleaerobicphenotypedevelops
faster, show plasticity to cold but not hypoxia, according to the
specialgrainoftheirnativeenvironment. WefoundthatoverP0O-
P10altitudeancestryhadlittleeffectonthe ontogeny of muscle
fiber-type.ByP21 HAmice had greaterdensity of aerobicfibers,
capillaries,anddistinctmyosinisoform composition. Phenotypic
plasticityin adults was affected by altitude ancestry, HA mice
showedlittlehypoxiaacclimationresponseinaerobicpropertiesof
musclebutsignificantchangesinenzymesforglucosemetabolism.
Bothpopulationsshowedastrongacclimationresponsetocoldwith
increasesinmarkersofmitochondrialabundance. Thesechanges
inmusclephenotypereflectchangesinwhole-animalexercisefuel
useandcapacity forthermogenesis.

A2.16 TURNING OFF THE HEAT
DURING LACTATION: TRANSCRIPTOME
PROFILING OF BROWN FAT IN
LABORATORY MICE

™ THURSDAY 7 JULY, 2016 ©® 15:45

@ ELZBIETA KROL (UNIVERSITY OF ABERDEEN, UNITED
KINGDOM), ALEX DOUGLAS (UNIVERSITY OF ABERDEEN,
UNITED KINGDOM), DAVINA DEROUS (UNIVERSITY OF
ABERDEEN, UNITED KINGDOM), JOHN R. SPEAKMAN
(UNIVERSITY OF ABERDEEN, UNITED KINGDOM)

@ E.KROL@ABDN.AC.UK

Lactationiswidelyrecognisedtobethemostenergydemanding
period in the life cycle of small mammals. Food consumption
increasesrapidlyinearlylactationto2-4timesthelevel ofnon-
reproductive individuals, but thenreaches a plateau despite 1)
the continuedrise in energy requirements of the offspring and
2)typicallyadlibitumfoodsupplyprovidedbytheexperimental
conditions. Thenature ofthe physiologicallimitstolactationis
centraltounderstandingmany aspectsofanimal performance,
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including reproductive output, foraging behaviour and
thermoregulatory capabilities. Both empirical evidence and
theoreticalconsiderationshaveledustopostulatethatlactating
femalesarelimitedintheirperformancebythecapacitytodissipate
bodyheat.Iftheheatdissipationlimit (HDL)theoryiscorrect, then
increasesinmilkproductionandassociatedlactogenicheatwould
requiredecreasesintheheatgeneratedby competitiveprocesses
suchasUCP1-dependentthermogenesisinbrownadiposetissue
(BAT).Totestthisprediction,webred MF1laboratorymiceatroom
temperature (21°C), measured theirmilk productionatpeaklactation
andthenharvestedinterscapularBAT fortranscriptomicprofilingby
RNA-seq.Wefocusedonthesetsofgenesthatwere 1) differentially
expressedbetweenlactatingand non-reproductive miceand 2)
significantly correlatedwithmilk production (rangingfrom95.5to
227.4Kk]/day). Thetranscriptomicalterationsof BAT duringlactation
wereconsistentwithhighlycoordinateddownregulationof BAT
thermogenesis, withanumberofpathwaysmodifiedinrelation
tothelevelsofmilkproduction, providing strongsupportforthe
HDLtheory.

A2.17 THERMOREGULATORY

VARIATION IN EUROPEAN AND
AFRICAN MOLE-RATS: A CASE
OF CONVERGENT EVOLUTION?

™ THURSDAY 7 JULY, 2016 ® 16:05

@ MICHAEL SCANTLEBURY (QUEEN’S UNIVERSITY BELFAST,
UNITED KINGDOM), ATTILA NEMETH (MTA-MTM-ELTE
RESEARCH GROUP FOR PALEONTOLOGY, HUNGARY), DAVID
CZABAN (DEPARTMENT OF WILDLIFE BIOLOGY AND ETHOLOGY
KAPOSVAR UNIVERSITY KAPOSVAR, HUNGARY), NIGEL C
BENNETT (UNIVERSITY OF PRETORIA, SOUTH AFRICA), GABOR
CSORBA (HUNGARIAN NATURAL HISTORY MUSEUM BUDAPEST,
HUNGARY), JANOS FARKAS (DEPARTMENT OF SYSTEMATIC
ZOOLOGY AND ECOLOGY EGTVOS LORAND UNIVERSITY H-1117
BUDAPEST, HUNGARY)

© M.SCANTLEBURY@QUB.AC.UK

Ecologicalphysiologyaimstounderstandhoworganismsfunction
inandrespondtotheirnaturalenvironment,includingperiodsthat
mightbestressful. Examininghowindividualsrespondtodifferent
conditionsprovidesanindication ofhowspeciesandpopulations
surviveandhowtheymightpersistunderglobalchange. Usingmole-
ratsasmodel organisms, weexplored thephysiologicalresponsesof
differentspeciestovariationinambient conditions. Subterranean
mammalsareinterestingmodelorganismsbecausetheyareadapted
tospecificconditions (e.g.temperature, humidity, soil structure)
andtheirpopulationsarevulnerabletodisturbance.Insouthern
Africa,someofthemostendangeredmammalsarefossorial,and
inEurope, populationsofblindmole-ratsareunique, fragmented,
with some species being rediscovered after a 50-year gap. We
examinedheatproductionandheatdissipationfromtwodistantly
relatedgroups: Europeanmole-rats (Spalax) andsouthern African
mole-rats(Crypromys)inresponsetovaryingambienttemperature
bymeasuringoxygenconsumption,corebodytemperatureand
surfacetemperature. Bothgroupscontainedanaridandamesic-
adaptedspecies.Inbothcircumstances, thearid-adapted species
hadahigheroxygenconsumptionandgreaterthermalconductivity
atlower ambient temperatures thanthe mesicadapted species,
indicatingincreasedinsulationinthelatter. However,therewas
greatervariabilityinsurfacetemperatureinbothofthemesicspecies
comparedtothearidspecies.Resultsindicateconsistentdifferences
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acrossmorphologically similarbutphylogeneticallydistinctclades
of subterraneanmammalsandthat,evenwithinspecificgroups,
largedifferencesinphysiologicalresponsesoccur.

A2.18 RACING FROM EXTINCTION:
THE HIGH PRICE OF MOBILITY IN
TERRESTRIAL AND MARINE CARNIVORES

™ THURSDAY 7 JULY, 2016 © 16:17

@ TERRIE MWILLIAMS (UNIVERSITY OF
CALIFORNIA SANTA CRUZ, UNITED STATES)

@ WILLIAMS@BIOLOGY.UCSC.EDU

One of the most energetically intensive behaviors routinely
performed by mammals is locomotion. Whether patrolling
territories, migrating,chasingprey, searchingformates,oravoiding
anthropogenicdisturbanceorclimatechange,theactofswimming
andrunningcanhavemarkedeffectsonbalancingenergyinan
individual. Standardallometricregressionsforenergetictransport
costspredictthattheselocomotor costs are vastly different for
marineandterrestrialmammals. However,inthewildthisisnot
alwaysthecase.Hereweexaminedhowaquaticorterrestrialliving
affectsthecostofastrokeorstepinawidevarietyoflarge (>25kg)
carnivores. Using accelerometer-based ECG and GPS recorders
combinedwithopenflowrespirometrywefoundthattheenergy
expendedforastrokeorstepincreasedwithlocomotorspeed. At
preferredspeedstotalstroke costsrangedfrom?2.4].kg. stroke*
inphocidsealsto3.9].kg.* stroke* forodontocete cetaceans. Step
costsweremarkedlyhigher,rangingfrompublishedvaluesof5.0
J.kg.* step* forherbivoresanddomesticmammalsto6.0-6.7].kg.”
step'incougarsandpolarbears.Energeticdifferencesbetween
terrestrialandmarinemammalswerereducedduringhighspeed
performance.Exponentialincreasesindragwithswimmingspeed
resultedinadoublingofstroke costsincetaceanscomparedtomodest
50%increasesinstepcostsformanyfastmovingrunners. Thus,
prolonged, highspeedchasespursuingpreyorengaginginflight
responsestoavoidhumansoranimalconflictsmayrepresentan
exceptionalenergeticchallengeformarinecarnivorescompared
tomammalsthatmoveonland.

A2.19 HOW THE ENERGETICS
OF ENGULFMENT AND
FILTRATION CONSTRAIN
RORQUAL FORAGING ECOLOGY

™ THURSDAY 7 JULY, 2016 ©® 16:30

@ JEREMY GOLDBOGEN (STANFORD UNIVERSITY, UNITED STATES)

@ JERGOLD@STANFORD.EDU

Baleenwhales(Mysticeti)rankamongthelargestanimalsofall-
timeandasconsequencetheyexhibitauniquecombinationofhigh
absoluteenergyrequirementsandlow mass-specificmetabolic
rates.Mysticetesareobligatefilterfeedersandmeettheirenergy
demandsbyfeedinginbulkonsmallprey(copepods,krill, foragefish)
suspendedinseawater. Afamilyofbaleenwhales,calledrorquals
(Balaenopteridae)evolvedaspecificmode ofbulkfilterfeedingcalled
lungefeedingthatischaracterizedbytheintermittentengulfmentof
extremelylargevolumesofprey-ladenwater. Lungefeedingisahigh
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cost,highintakemechanismthatisdependentonhigh-densityprey
patchestoachievehighenergeticefficiency.Becausehighquality
preypatchesareoftenlocateddeepintheocean,baleenwhaleenergy
fluxisconstrained by thephysiologicalandecological trade-offs
associatedwithdivingandfeeding. Herelexplorerecentresearch
thatuseshigh-resolutionmovementtagstoquantifythekinematics
ofdivingandfeedingacrossthefullbodysizerangeofrorqualwhales.
Thescalingoffeedingperformanceanddivingcapacityacrosstaxa
suggestatrade-offbetweenengulfmentcapacityandtheabilityto
performlonger,deeperforagingdives. Attheforagingdivescale,
rorqualsbalancetheminimization of energy expenditure with
themaximizationofenergyintakeacrosspreydensityanddepth
gradients. Thesedatainformhypothesesregardingoptimalforaging
theory, the evolution of body size, and the physiological limits
togigantism.

A2.20 GREAT HAMMERHEAD SHARKS
SWIM ON THEIR SIDE TO REDUCE
TRANSPORTS COSTS

™ THURSDAY 7 JULY, 2016 ©® 16:55

@ NICHOLAS L PAYNE (UNIVERSITY OF ROEHAMPTON, UNITED
KINGDOM), GIL IOSILEVSKII (TECHNION, ISRAEL), ADAM
BARNETT (JAMES COOK UNIVERSITY, AUSTRALIA), CHRIS
FISCHER (OCEARCH, UNITED STATES), RACHEL T GRAHAM
(MARALLIANCE, BELIZE), ADRIAN C GLEISS (MURDOCH
UNIVERSITY, AUSTRALIA), YUUKI Y WATANABE (NATIONAL
INSTITUTE OF POLAR RESEARCH, JAPAN)

©@ NICK.PAYNE@ROEHAMPTON.AC.UK

Animals exhibit a wide range of physiological and behavioral
strategiesforminimizingtheenergeticcostoftransport. Thefins
ofaquaticanimalsplaykeyrolesinefficienttravelandforsharks, the
functionofdorsalandpectoralfinsarethoughttobewelldivided:
theformerassistpropulsionand generatelateralhydrodynamic
forcesduringturns; the latter generate vertical hydrodynamic
forces that offset sharks’ negative buoyancy. Here I show that
greathammerhead sharksdrasticallyreconfigurethefunctionof
thesestructures,usinganexaggerateddorsalfintogeneratelift
byswimmingrolledontotheirside. Tagged wildsharksspentup
t090% of timeswimmingatrollanglesbetween50and 75°,and
hydrodynamicmodellingshowedthatdoingsoreducesdrag-andin
turn,thecostoftransport-byaround 10% comparedwithtraditional
upright swimming. Rolled swimming in this species appears a
uniquebehavioralsolutiontominimizingenergyexpenditure,and
pointstoasignificanttrade-offbetweenefficienciesoftravel versus
thoseofforaging.
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A2.21 CONTROL OF LIPID METABOLISM
BY PEROXISOME PROLIFERATOR
ACTIVATED RECEPTORS (PPAR)

ACROSS THE ANNUAL CYCLE

IN A MIGRATORY BIRD

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@ PAUL J SCHAEFFER (MIAMI UNIVERSITY, UNITED STATES),
KEELY R CORDER (MIAMI UNIVERSITY, UNITED STATES),
JANICE M HUSS (BECKMAN RESEARCH INSTITUTE CITY OF
HOPE, UNITED STATES)

@ SCHAEFPJ@MIAMIOH.EDU

Theannualcycleofamigratingbirdinvolvesstagesofsubstantial
fattyacidstorageandperiodsofincreasedfattyacidmobilizationand
utilization,andthusrequiresagreatdeal of phenotypicflexibility.
Specificmechanismsdirectingstagetransitionsoflipidmetabolism
inmigrantsarelargelyunknown. Wecharacterized theroleofthe
nuclearreceptors, peroxisome proliferator-activated receptors
(PPARs),inmigratory adiposity of the Gray Catbird (Dumetella
carolinensis). Catbirdsincreasedadiposestorageduringspringand
fallmigrationandshowedincreasedratesofbasallipolysisduring
migration and tropical overwintering. Expression of the PPAR
targetgenesinvolvedinfatuptakeandstorage, FABPpmandPlin3,
increasedduringpre-migratoryfattening. Wefoundsignificant
correlationbetween PPARyandtargetgeneexpressioninadipose
butlittleevidencethatPPARaexpressionlevelsdrivemetabolic
regulationinliverduringthemigratorycycle.

A2.22 THE ROLE OF OXYGEN
LIMITATIONS ON PHYSIOLOGICAL
PERFORMANCE IN GROUND BEETLE
CARABUS NEMORALIS

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@ AGNIESZKA GUDOWSKA (INSTITUTE OF ENVIRONMENTAL
SCIENCES, JAGIELLONIAN UNIVERSITY, POLAND), JAN
KOZLOWSKI (INSTITUTE OF ENVIRONMENTAL SCIENCES,
JAGIELLONIAN UNIVERSITY, POLAND), ULF BAUCHINGER
(INSTITUTE OF ENVIRONMENTAL SCIENCES, JAGIELLONIAN
UNIVERSITY, POLAND)

@ AGNIESZKA.GUDOWSKA@UJ.EDU.PL

Terrestrial environment typically provides oxygen at higher
concentrationcomparedtoaquatichabitats,butmanymicrohabitats
existinwhichterrestrialanimalsregularly encounter hypoxia.
Such hypoxic conditions may necessitate physiological,
biochemical,behavioralandmorphologicalresponsesofanimals
in order to cope with limited oxygen availability, but may also
providebenefitsthroughphysicalprotectionfrompredatorsand
reduced competition for food. Under low oxygen availability,
animals may face limitations to provide sufficient energy for
maintenance through aerobic metabolism at a basal level, and
anyhigherenergyrequirementsmayamplifyoxygenlimitations.
Here,wetestedmetabolicrate (MR) ofthegroundbeetle Carabus
nemoralis (n=26) duringrest (SMR),lomotoractivity (LMR)and
feeding(SMR +specificdynamicaction-SDA)underthree oxygen
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regimes: normoxia (21% O ), moderate (14% O- ) and severe
hypoxia (7% Oz ). SMR and LMR did not differ between oxygen
treatments (ANCOVA,p>0.05). Nonetheless, oxygenlimitation
hadasignificantinfluence onfeeding.Inbothhypoxicconditions
thebeetlesfedless,feedingtime wasshorter (ANCOVA, p<0.01)
and metabolic rate during feeding appeared lower (ANCOVA,
p<0.01)thaninnormoxia. Mean MR duringfeedingprocesswas
abouthalfofthatduringLMRinhypoxia, howeverdidnotdiffer
in normoxia (interaction treatment*MR category, ANCOVA,
p<0.05). These findings indicate that physiological processes
duringoxygenlimitationmaybedifferentially constrained. Thus,
hypoxichabitatmaybebeneficial withrespecttopredatoravoidance
orfoodabundance,butthelimiteddigestive performancemayoffset
suchbenefits.

A2.23 ENERGY BUDGETS
OF AN ENDANGERED LEMUR IN
A CHALLENGING ENVIRONMENT

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@ BIANCA WIST (UNIVERSITY OF HAMBURG, GERMANY),
JANINA BETHGE (UNIVERSITY OF HAMBURG, GERMANY),
ELEANOR STALENBERG (AUSTRALIAN NATIONAL UNIVERSITY,
AUSTRALIA), KATHRIN H DAUSMANN (UNIVERSITY OF
HAMBURG, GERMANY)

©@ BIANCA.WIST@UNI-HAMBURG.DE

Understanding physiological mechanisms such as energetic
constraintsofendangeredspeciesisfundamentalforinforming
conservation strategies. This applies particularly to small
folivorous mammals in seasonal environments as their low
nutritiondietandrelativelyhigh costsofthermoregulationmake
balancingenergyintakeandexpendituredifficult. Thus, many
speciesusephysiologicalenergysavingstrategieslikedaily torpor
orhibernationduringunfavourableseasons. Thisstudypresents
thefirstdataonenergeticdemandsofthewhite-footedsportive
lemur Lepilemurleucopus,anendangeredspeciesendemictothe
driestandclimaticallymostunpredictable partsof Madagascar.
Wemeasuredrestingmetabolicrateusingindirectcalorimetry
(n=14)inafieldset-up,duringboththewetanddryseason,the
latterbeingMalagasywinterwith colderambienttemperatures
andfood shortage. Across all measured temperatures, lemurs
displayedhighermetabolicratesinthedryseasonthaninthewet
season. Accordingly,notorpororhibernationwasfoundandenergy
requirementsinthedryseasonamountedto88 % ofallometric
predictionvaluesversus50%inthewetseason.Qurresultssuggest
thatL.leucopusadjustsmetabolismtothecolderdryseasonand
mayalsousebehaviouralchangessuchasdecreasedactivityordiet
choicestocompensateforhigherdemands. Thisflexibilitymight
helpL.leucopustomasterthechallengescausedbythevariations
inclimaticconditionsduetoanthropogenicallyinduced habitat
alterationsorclimatechange. Moreover,ourdatahighlightthe
importanceofstudyingphysiologicalparameters,suchasenergy
budgeting,indifferentseasons.
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A2.24 SHEEPISH BEHAVIOUR:
ACCELERATING EXPERTISE IN
LIVESTOCK PRODUCTION

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@ CHRISTINA C MULVENNA (QUEEN’S UNIVERSITY BELFAST,
UNITED KINGDOM), NIKKI MARKS (QUEEN’S UNIVERSITY
BELFAST, UNITED KINGDOM), RORY WILSON (SWANSEA
UNIVERSITY, UNITED KINGDOM), AARON MAULE (QUEEN’S
UNIVERSITY BELFAST, UNITED KINGDOM), LEWIS HALSEY
(UNIVERSITY OF ROEHAMPTON, UNITED KINGDOM), MICHAEL
SCANTLEBURY (QUEEN’S UNIVERSITY BELFAST, UNITED
KINGDOM)
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A2.25 IS THERE A LINK BETWEEN PACE
OF LIFE AND PHENOTYPIC PLASTICITY?

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

& CLEMENCE GOURTAY (INSTITUT FRANGAIS DE RECHERCHE
POUR L’EXPLOITATION DE LA MER, FRANCE), CELINE
AUDET (UNIVERSITE DU QUEBEC A RIMOUSKI, CANADA),
DENIS CHABOT (PECHES ET OCEANS CANADA, CANADA),
GUY CLAIREAUX (UNIVERSITE DE BRETAGNE OCCIDENTALE,
FRANCE), PASCAL SIROIS (UNIVERSITE DU QUEBEC A
CHICOUTIMI, CANADA), JOSE ZAMBONINO (INSTITUT
FRANCAIS DE RECHERCHE POUR L’'EXPLOITATION DE
LA MER, FRANCE)

@ CMULVENNAO3@QUB.AC.UK

@ GUY.CLAIREAUX@UNIV-BREST.FR

Livestock productionisfacing anew set of challenges. An ever
increasinghumanpopulationhasresultedinacontinueddemand
forhighqualitybutaffordableanimalprotein. Subsequently, the
number of sheep and lambs that are slaughtered annually has
increased, whereasthe value oflamb/mutton has decreased by
3.61% during 2015t02016. Livestock producers must therefore
ensurethatbest-practicemeasuresareimplementedtoimprove
theproductionefficiencywhilsthighstandardsofanimalwelfare
andprofitmarginsaremaintained. Thesetargetscanbeaddressed
bydeterminingprecisebehavioural profilesofindividualanimals.
Recentdevelopmentsinanimalloggingtechnologyshow great
promiseindetermininganimalbehaviourandenergyexpenditure
ofinstrumentedanimals. Weattachedtriaxialaccelerometersto
sheepwhichwereallowedtoforagefreelyatpasture. Activitywas
recordedsimultaneouslyusingavideocamera.Discretebehaviours
such asresting, walking, running and grazing could be clearly
differentiatedusingtheaccelerometerdata,asconfirmedfromthe
videorecordings. Thepotentialautomated classificationofdata
allows foreasier processingoflarger datasets andthe potential
to generate time energy budgets for sheep, which will provide
invaluableinformationtoproducersregardinghowtheanimals
useenergy.

Life-historystudiesprovideaglobalframework forthe comparison
of fish responses and trade-offs when faced with ecological
and environmental constrains. The pace-of-life syndrome
hypothesis specifies that closely related species experiencing
differentecological conditionsshoulddifferinasuite of metabolic,
hormonalandimmunitytraitsthathavecoevolvedwiththelife-
historyparticularitiesrelatedtothese conditions. A givensetof
ecological conditions favors a particular life-history strategy
andcouldaffectawholeseriesoftraits. Theidea ofthe paceoflife
syndromefindsitsrootsintheclassicconceptofrandK-selection.
Italsoextendsintothemorerecentconceptoffast-slowlife-history
continuumby expandingtheexaminationoflife-historydifferences
amongspeciestoincludephysiologicaltraits. The Europeanbass
(Dicentrarchuslabrax)andNorth Americanstripedbass (Morone
saxatilis) sharecommonphysiologicalandecologicalfeaturesas
theyevolvedfromacommonancestor. However, thesetwospecies
tendtohaveacontrastedlifestrategy.D.labraxhasathreetimes
shortergenerationtime,issexuallymaturesooner,hasahigher
fecundityandalongevitytwiceshorterthanM. saxatilis. Thisfaster
paceoflifesuggeststhatD.labraxisanr-specieswhile M. saxatilisis
ratheraK-species,havingaslowerpaceoflife. Inthiscontext, the
aimofthisstudyistocomparethephenotypicresponseofD.labrax
andM. saxatilisinordertoexaminethelinkbetweenpaceoflifeand
plasticityandtheunderlyingtrade-offs.
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A3 COMPARATIVE
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CARDIO-RESPIRATORY

PHYSIOLOGY

ORGANISED BY:DR MICHAEL BERENBRINK (UNIVERSITY OF LIVERPOOL, UNITED
KINGDOM) & DR GINA GALLI (UNIVERSITY OF MANCHESTER, UNITED KINGDOM)

A3.1 IS CARDIOVASCULAR SCOPE IN
ANTARCTIC FISHES ADEQUATE IN THE
FACE OF GLOBAL WARMING?

™ TUESDAY 5 JULY, 2016 ® 10:30

@ THERESA J GROVE (VALDOSTA STATE UNIVERSITY, UNITED
STATES), ELIZABETH L CROCKETT (OHIO UNIVERSITY, UNITED
STATES), KRISTIN M 0’BRIEN (UNIVERSITY OF ALASKA,
UNITED STATES), ANTHONY P FARRELL (UNIVERSITY OF
BRITISH COLUMBIA, CANADA)

@ TJGROVE@VALDOSTA.EDU

Inattemptingtounderstandthethermaltolerance of Antarctic
notothenioidfishesthatinhabit probablythemoststenothermal
environmentonearth,itisimportanttoexaminephysiologicaland
biochemical effectsof warmingoveranacutetimescale (hours),
aswellasusingtemperatureacclimationsoverlongertimescales
(days).Onesystems-levelfunctionthatisthoughttoplayacrucial
roleindefiningtheuppertemperatureatwhichvertebratescan
effectively operateisthe cardiovascularsystem. Weexamined
theeffectsofathermalramponheartrate (fu)inthered-blooded
Nototheniacoriiceps (haemoglobinand myoglobinpositive) and
comparedthiswiththeresponseoftwoicefishspecies,thewhite-
hearted (Hb-/Mb-) Chaenocephalusaceratusandthered-hearted
(Hb-/Mb+) Pseudochaenichyths georgianus. N. coriicepswas able
toraise fu with warming in the absence of cardiac arrhythmia
toahighertemperature threshold than either of thetwoicefish
speciesunderinvestigation. Wesoughttoidentify theextentto
whichcardiacarrhythmiamayprovideausefulindexofthermal
tolerance (criticalthermalmaximumorCT,;, ). Ourinitialfindings
suggestthatthisisthecaseinC. aceratusthatattempttominimise
tachycardiabymeansofahighvagaltone,whereasN. coriicepsraises
f, inlinewithtemperaturebutexperiencesabardycardiajustbefore
CT, ,candventriculartachycardiajustbeforedeath. Thesedata
arecomplementedbyinsituheartpreparationsusedtoquantify
maximumcardiacpoweroutputinambientandwarm-acclimated
notothenioidsexposedtoarangeoftemperatures.

A3.2 LIFE ON THE EDGE:
TEMPERATURE AND HB GENOTYPE
IN-SENSITIVE O, BINDING IN
ATLANTIC COD ERYTHROCYTES NEAR
THEIR SOUTHERN DISTRIBUTION LIMIT

™ TUESDAY 5 JULY, 2016 ©® 11:10

@ MICHAEL BERENBRINK (UNIVERSITY OF LIVERPOOL,
UNITED KINGDOM), SAMANTHA L. BARLOW (UNIVERSITY OF
LIVERPOOL, UNITED KINGDOM), JULIAN METCALFE (CEFAS
LOWESTOFT, UNITED KINGDOM), DAVID A. RIGHTON (CEFAS
LOWESTOFT, UNITED KINGDOM)

@ MICHAELBeLIVERPOOL.AC.UK

Atlanticcodareacommerciallyimportantspeciesbelievedtobe
threatenedbywarmingseasneartheirsouthern,equatorwardupper
thermaledgeofdistribution. Limitationstocirculatory O, transport,
inparticular cardiac output, and the geographicdistribution of
functionally differenthaemoglobingenotypeshaveseparatelybeen
suggestedtoplayaroleinsettingthermaltoleranceinthisspecies.
Thepresentstudyassessedthethermalsensitivityof O, bindingin
Atlanticcodredbloodcellswithdifferent Hbgenotypesneartheir
upperthermaldistributionlimitandmodelledits consequences
for the arterial-venous O, saturation difference, Sa-v, another
majordeterminantofcirculatory Oz supplyrate.Results showed
statisticallyindistinguishableredblood cell O, bindingbetween
thethreeHblgenotypesinwild-caught Atlanticcod fromthelrish
Sea(53°North).Redbloodcellshadanunusuallylow O, affinity, with
reducedorevenreversedthermalsensitivitybetweenpH7.4and7.9
and5.0and20.0°C. Thiswaspaired withstrongly pH-dependent
affinityand cooperativityofredblood cell O, binding (BohrandRoot
effects). Modelling of Sa-vat physiological pH, temperatureand O
partialpressuresrevealedasubstantialcapacityforincreasesin
Sa-vtomeetrisingtissueO.demandsat5.0and 12.5°C,butnotat
20°C.Therewasfurthernoevidenceforanincrease of maximal
Savwithtemperature.Itissuggestedthat Atlanticcodatsuchhigh
temperaturesmaysolelydependonincreasesincardiacoutputand
blood O capacity,orthermalacclimatisationof metabolicrate, for
matchingcirculatory O, supplytotissuedemand.
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A3.3 INFLUENCE OF CORONARY
BLOOD FLOW ON CARDIAC FUNCTION
AND WHOLE ANIMAL THERMAL
TOLERANCE IN RAINBOW TROUT

™ TUESDAY 5 JULY, 2016 Q® 11:25

@& ANDREAS EKSTROM (UNIVERSITY OF GOTHENBURG, SWEDEN),
MICHAEL AXELSSON (UNIVERSITY OF GOTHENBURG, SWEDEN),
JEROEN BRIJS (UNIVERSITY OF GOTHENBURG, SWEDEN), ERIK
SANDBLOM (UNIVERSITY OF GOTHENBURG, SWEDEN)

@ ANDREAS.EKSTROM@BIOENV.GU.SE

In approximately two thirds of all teleosts, the only route of
myocardial oxygenationisviathe venousoxygensupply,whereas
theheartsoftheremainingteleosts(e.g.salmonids)alsoreceive
oxygenatedarterialbloodviathe coronaryvasculature. Thermal
toleranceissupposedlyrelatedtoinsufficientmyocardialoxygen
availabilityathightemperatures,buttheimportanceofthecoronary
systemoncardiovascularandwholeanimalthermalperformance
remains unexplored. In the current study, we investigated the
influence of temperature oncoronarybloodflowand the effects
of coronary occlusion on cardiac and whole animal thermal
performanceinrainbowtrout, Onchorhynchusmykiss. Coronary
occlusioninanaesthetizedtroutresultedindrasticchangesinthe
electrophysiological propertiesoftheheartincludingreducedR
waveamplitudeandanelevated ST segmentinthe ECG,whichare
bothindicativeofmyocardialischemia.Restingcoronarybloodin
vivowas0.95+0.2mlminkg™ at 10°C,butdecreasedto0.50+0.07ml
minkg*followinganacutethermalincreaseto18°C (representing
7.9and2.7%of cardiacoutput,respectively). Coronaryligationin
vivoresultedinearlieronsetofcardiacdeterioration,asindicatedby
reducedheartrate,duringwarmingandalower CTmaxin comparison
toshamtreatedtrout(25.3°Cversus26.3°C). Whiletheseresults
indicateanimportantinfluence ofthe coronaryblood supply on
thermal tolerance and cardiovascular performance in trout, it
appearsthattheelevatedheartrateduringwarmingmayconstrain
coronarybloodflowandhencemyocardialoxygensupply whenit
isneededthemost.

A3.4 CAN AIR-BREATHING FISH BE
ADAPTED TO HIGHER THAN PRESENT
TEMPERATURES?

™ TUESDAY 5 JULY, 2016 ©® 11:40

@ MARK BAYLEY (AARHUS UNIVERSITY, DENMARK), CHRISTIAN
DAMSGAARD (AARHUS UNIVERSITY, DENMARK), MIKKEL
THOMSEN (AARHUS UNIVERSITY, DENMARK), MADS KUHLMANN
ANDERSEN (AARHUS UNIVERSITY, DENMARK), MY LE PHUONG
(AARHUS UNIVERSITY, DENMARK), DO THI THANH HUONG
(CAN THO UNIVERSITY, VIETNAM), TOBIAS WANG (AARHUS
UNIVERSITY, DENMARK)

@ MARK.BAYLEY@BIOS.AU.DK

Air-breathinginfishisthoughttohaveevolvedinenvironments
at lower than present oxygen levels and higher than present
temperatures raising the question of whether extant species
are adapted torecent temperature regimes, or presently living
atsub-optimaltemperatures. Theair-breathing Pangasionodon
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hypophthalmusinhabitsthe Mekongriversystemcoveringtwo
climatezonesduringitslifecycleandmigratingmorethan2000
kmfromhatchinginnorthernLaostoitsadultlifeinthesouthern
deltaregion.Itisafacultativeair-breatherwith well-developed
gillsandair-breathingorganandanunusualcirculatorybauplan.
Hereweexaminethequestionofitsoptimaltemperaturethrough
aspectsofitscardiorespiratoryphysiologyincludingtemperature
effects on blood oxygen binding, ventilation and blood gasses,
stereologicalmeasuresofcardiorespiratory system, metabolicrate
andgrowthrate. Comparingthesedatawithpresentenvironmental
temperatures throughoutits distribution range, together with
projectedfuturetemperaturesandpaleotemperatures,leadsus
toconcludethatthisspecieshasnotlostitstolerance forhigher
than present temperatures and that the projected temperature
increasesforthe Mekongriverperse,willnotbedetrimentaltothis
economicallyimportantspecies.

A3.5 INFLUENCE OF TEMPERATURE ON
OXYGEN CONSUMPTION IN TWO KRILL
SPECIES FROM THE ST. LAWRENCE
ESTUARY, CANADA

™ TUESDAY 5 JULY, 2016 ® 12:10

@ ANGELIQUE OLLIER (INSTITUT DES SCIENCES DE LA MER DE
RIMOUSKI, CANADA), DENIS CHABOT (INSTITUT MAURICE-
LAMONTAGNE, CANADA), CELINE AUDET (INSTITUT DES
SCIENCES DE LA MER DE RIMOUSKI, CANADA), GESCHE
WINKLER (INSTITUT DES SCIENCES DE LA MER DE
RIMOUSKI, CANADA)

© ANGYOLLIER@GMAIL.COM

Inthecontextofglobalwarming, wewereinterestedtodefinethe
impactoftemperature onphysiological processesoftwodominant
krill species, Meganyctiphanes norvegica and Thysanoessa
raschii, in the St. Lawrence Estuary (eastern Canada). These
macrozooplanktonarekeystonespeciesforecosystemfunctioning
bychannelingenergy fromprimaryproducerstohighertrophic
levels. Both species differ in their spatial and thermal habitat
distribution, M. norvegicabeingatemperatespeciesand T. raschii
anArcticone. Weexpecteddifferentoptimaltemperatureranges
foreachspeciesandwehypothesizedthatmetabolicand swimming
rates will be directly affected by temperature conditions. The
metabolic rate was measured as oxygen consumption (MO3).
New respirometers were designed to quantify simultaneously
MOz andtheswimmingactivity ofindividualkrilloveraperiod
of24h,usingintermittent-flowrespirometry. Significant positive
regressionswereobtainedbetween MO, andswimmingspeed for
eachspecies,allowingtheestimation of standard and maximal
metabolicrates(SMRandMMR).Swimmingspeedhadlittleimpact
on MO, indicating that these continuously active species are
efficientswimmers. Thelowestswimmingactivityisobservedat
0°C,approachingthesuggestedlowestcriticaltemperatureofthese
species. TheSMR,MMR, and theaerobicscope (AS)continuedto
increasefrom0°Cuntil15°C,andinterestingly, therewerenoobvious
differencesbetweenbothspecies. Ourfindingswillhelpinassessing
theprobableresponsesofbothkrillspeciestoclimatechange.
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A3.6 DEPLETION OF OMEGA 3 IN
THE FOOD SOURCE AFFECTS AEROBIC
CAPACITIES OF THE GOLDEN MULLET
IN A WARMING SEAWATER CONTEXT

™ TUESDAY 5 JULY, 2016 Q®© 12:25

& MARIE VAGNER (LITTORAL ENVIRONNEMENT SOCIETES -
UMR 7266, FRANCE), THOMAS LACOUE-LABARTHE (LITTORAL
ENVIRONNEMENT SOCIETES - UMR 7266, FRANCE), JOSE-LUIS
ZAMBONINO INFANTE (IFREMER, FRANCE), DAVID MAZURAIS
(IFREMER, FRANCE), EMMANUEL DUBILLOT (LITTORAL
ENVIRONNEMENT SOCIETES - UMR 7266, FRANCE), HERVE
LE DELLIOU (IFREMER, FRANCE), PATRICK QUAZUGUEL
(IFREMER, FRANCE), CHRISTEL LEFRANCOIS (LITTORAL
ENVIRONNEMENT SOCIETES - UMR 7266, FRANCE)

@ MARIE.VAGNER@UNIV-LR.FR

The objective was to evaluate the combined effects of thermal
acclimationanddietaryn-3highlyunsaturatedfattyacids(n-3
HUFA) on the aerobic capacities of the golden grey mulletLiza
auratainathermalchangingenvironment. Forfourmonths, fish
were exposed to two food sources with contrasting n-3 HUFA
contents (4.8% ecosapentaenoic acid EPA + docosahexaenoic
acidDHA onthedrymatterDMbasisvs.0.2%EPA+DHA on DM)
combinedwithtwoacclimationtemperatures (12°Cvs.20°C). The
fourexperimental conditionswereLH12,LH20,HH12and HH20.
Eachgroupwasthensubmittedtoathermalchallengeconsisting
of successiveexposurestofivetemperatures(9°C,12°C,16°C,20°C,
24°C).Ateachtemperature,themaximalandminimalmetabolic
rates,metabolicscope,andthemaximumswimmingspeed were
measured. Thecostofmaintenance ofbasalmetabolicactivities
wasparticularlyhigherin LH groups. Moreover, LH20 exhibited
a higher aerobic scope and a greater expenditure of energy to
reachthesamemaximumswimmingspeedasothergroups. This
suggestedareductionoftheamountofenergyavailabletoperform
otherphysiologicalfunctions. Thisstudyisthefirsttoshowthat
theimpactofloweringn-3HUFA food contentisexacerbated for
fishpreviouslyacclimatedtoawarmerenvironment.Itraisesthe
questionoftheconsequencesoflongerandwarmersummersalready
recordedandstillexpectedintemperateareas,andofthepertinence
oftheloweringn-3HUFA availabilityinthefoodwebexpectedwith
globalchange,asafactoraffectingmarineorganisms.
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A3.7 AQUATIC DEVELOPMENT IN FISHES
WITH DIFFERENT LIFE HISTORIES IN
LOW OXYGEN ENVIRONMENTS

™ TUESDAY 5 JULY, 2016 © 13:40

@ PATRICIA AWRIGHT (UNIVERSITY OF GUELPH, CANADA)

@ PATWRIGH@UOGUELPH.CA

Metabolisminencapsulatedfishembryosisdependentondiffusive
rather than convective processes. The challenge of obtaining
sufficientoxygenisexacerbatedbyanaquaticenvironmentwith
lowoxygensolubilityanddiffusivityresultinginthickboundary
layersevenundernormoxicconditions. Hypoxic waterorlowflow
ratefurtherreducesoxygenavailability fortheembryo.Oxygen
demandbytheembryoincreaseswithdevelopmentexacerbating
boundarylayereffects. Thetalkwillcomparetwofishspecies, the
rainbow trout (Oncorhynchusmykiss) and zebrafish (Daniorerio).
In the cold water, slow-developing trout, chronic hypoxia (eg.
conditionsthatmayoccurinredds)duringembryonicdevelopment
depressedmetabolism, heartrate,bodymovements, erythropoiesis
anddevelopmentalrate. Hypoxia-rearedlarvaealsohadthree-to
six-foldhighermRNA expressionoftheembryonicHba-1,3-1and3-2
subunitsrelativetostage-matchednormoxia-rearedlarvae. Hypoxia
alsoalteredtheregulatorycontrolofheartrateintroutinastage-
dependentmanner.Inwarmwater, fast-developingzebrafish,acute
hypoxia(4h, typical oftropicalponds)duringembryogenesisinduced
thehypoxiainduciblefactor (HIF)-1cellularresponseresultingin
larvaewithenhancedhypoxiatoleranceandadultswithaltered
sexratios. Thecriticalwindow forhypoxiasensitivityand HIF-1
signallinginzebrafishwas24hourspostfertilization. Comparisons
betweenphysiologicalresponsestoearlyhypoxiaandlifehistory
strategieswillbediscussed.

A3.8 ARE THERE LONG TERM EFFECTS
OF DEVELOPMENTAL HYPOXIA

ON THE METABOLIC PHYSIOLOGY

OF ATLANTIC SALMON?

™ TUESDAY 5 JULY, 2016 ® 14:20

& ANDREW T WOOD (UNIVERSITY OF TASMANIA, AUSTRALIA),
TIMOTHY D CLARK (UNIVERSITY OF TASMANIA, AUSTRALIA),
SARAH J ANDREWARTHA (CSIRO, AUSTRALIA), NICHOLAS
G ELLIOTT (CSIRO, AUSTRALIA), PETER B FRAPPELL
(UNIVERSITY OF TASMANIA, AUSTRALIA)

© ANDREW.WOOD@CSIRO.AU

Developmentalhypoxia(oxygendeficiency)canpotentiallyimpact
long-term physiological performance of fish due toirreversible
plasticity. Atlanticsalmon (Salmosalar) canexperiencehypoxia
duringdevelopmentinnaturalsalmonreddsorwhenraisedina
hatchery environment. Physiological plasticity may influence
performancethroughitseffectonmetabolicratesandsubsequently
swimmingperformance,growthorsurvival. Weinvestigated the
longtermimpactsofdevelopmentalhypoxiabyincubatingsalmon
embryosandalevinsin50%dissolved oxygen (%ofairsaturation;
PO; ~10kpa)forthreemonthsandthenraisingtheminnormoxic
(100%dissolvedoxygen; PO, ~21kpa) conditionsforafurther15
months. Aerobicscopewascalculatedasthedifferencebetween
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minimumandmaximumoxygenuptakerates (MOzminand MOzmax,
respectively)inhypoxiaandnormoxia. Hypoxia tolerance was
determined by measuring the dissolved oxygen level at loss of
equilibriuminaconstantlydecliningoxygenenvironment. We
foundnolong-termeffectof developmentalhypoxiaon MOzmin,
MO:zmaxoraerobicscopeinhypoxiaornormoxiafollowing 15months
ofrearinginnormoxia. However, there was some evidence that
tolerancetohypoxiawaslowerinsalmonexposedtodevelopmental
hypoxia, although the effect size was small. Few studies have
investigatedsuchlong-termimpactsofdevelopmentalhypoxiain
fish.Futureresearchaimstoinvestigatetheimmediateandshort
termimpactsofdevelopmentalhypoxiaonsalmonphysiology.

A3.9 EFFECTS OF INCREASED
TEMPERATURE DURING CRITICAL
WINDOWS OF DEVELOPMENT ON
EMBRYONIC AND HATCHING LAKE
WHITEFISH PHENOTYPES

™ TUESDAY 5 JULY, 2016 Q®© 14:35

@ CASEY A MUELLER (CALIFORNIA STATE
UNIVERSITY SAN MARCOS, UNITED STATES)

@ CMUELLERe@CSUSM.EDU

Ananimal’sdevelopmentaltrajectoryisaresultofinteractions
between genome and the environment. The ability to modify
phenotypeviaplasticityallowsembryonicanimalstocopewith
challengesduringdevelopment,includingalteredenvironmental
conditions. Critical windows are periods during embryonic
developmentand/orearlylifewhenphenotypesareparticularly
plasticandresponsivetointrinsicorextrinsic (environmental)
factors. Usingembryoniclake whitefish (Coregonus clupeaformis),
we explored the effects of increased and variable incubation
temperatureonembryonicandhatchingphenotypes.Lakewhitefish
arecold-waterdevelopers(<10°C) thatmaybesubjectedtoincreased
incubationtemperaturesfromclimatechangeandanthropogenic
sources. Weexaminedplasticityinthesurvival,developmentrate,
growth,heartrate,andenergyuseofembryosfollowingincubation
in warm temperatures during distinct periods of embryonic
development. Organogenesisisasensitive period forembryonic
oxygenconsumptionrateandheartrate,andtheenergeticcostof
development (yolkuptakeandoxygenconsumption)isalteredby
temperatureduringthelate growthperiod of developmentwhen
energydemandsarehighest. Wealsoexaminedhatchingsurvival,
sizeand oxygenconsumptionratetoassessifhatchingphenotypeis
influencedbyembryonicconditions.Increasedtemperatureduring
thelast30%ofdevelopmenttriggeredearlyhatchingwhenbody
massislower,andthismayimpactpost-hatchingsurvival, growth
andperformance.
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A3.10 PROVISION OF OXYGEN
TO DEVELOPING EMBRYOS

OF THE SNAPPING TURTLE
CHELYDRA SERPENTINA

™ TUESDAY 5 JULY, 2016 @®© 14:50

@ MARINA R. SARTORI (UNIVERSITY OF SAO PAULO STATE,
BRAZIL), ZACHARY F. KOHL (UNIVERSITY OF NORTH TEXAS,
UNITED STATES), AUGUSTO S. ABE (UNIVERSITY OF SAQO
PAULO STATE, BRAZIL), DANE A. CROSSLEY II (UNIVERSITY
OF NORTH TEXAS, UNITED STATES), EDWIN W. TAYLOR
(UNIVERSITY OF BIRMINGHAM, UNITED KINGDOM)

© MARINCON@HOTMAIL.COM

We have measured the variables determining the provision of
oxygentotissuesofdevelopingembryosofthesnappingturtle,
Chelydraserpentina. Measuredvariablesincluded: heartrate (fu);
oxygenconsumption(VO.)andarterio-venousoxygendifference
(A-V diff). UsingtheFickequationwecalculated cardiacoutput(Q).
Relativebloodflow (%Q) totheembryoandtothechorioallantoic
membrane (CAM) was measured using microspheres. In vitro
techniquesonblood samplesprovided O, carryingcapacity (Catot
02); 0z affinity curvestoyield Pso;andhemoglobin content [Hb].
Wemeasuredthesevariablesinembryosat50,70,and90% ofthe
incubationperiod.increaseinbodymassisparalleledbyanincrease
inthemassoftheheartandincreased metabolicrate, measured
as oxygen consumption. fy did not change from 50% to 70% of
incubationbutwassignificantlyreducedat90%.[Hb]didnotchange
but A-Vdiffdoubledfrom50t090% ofincubation. Psovaluesrevealed
anincreasedaffinityunder2%CO.andadecreasedaffinityunder
6% C0zat70and90%incubation.%Qtotheembryodecreasedfrom
50to70%incubationwhereasitincreasedtothe CAMthatprovides
thesurfaceforrespiratorygasexchangeacrosstheeggshell. We
concludethatembryosrelyonanoptimizedbindingofoxygentoHb
acrosstheCAMandreleaseof O, totheembryonictissuesduringthe
latterstagesofincubation, possiblyensuredbydifferentisoforms
orallostericeffectsonthehemoglobin.

A3.11 QUANTITATIVE
TRANSCRIPTOMICS REVEALS THE
IMPORTANCE OF COLD ACCLIMATION
FOR PROLONGED ANOXIA SURVIVAL
IN TRACHEMYS SCRIPTA

™ TUESDAY 5 JULY, 2016 ©® 15:05

@ JONATHAN A.W. STECYK (UNIVERSITY OF ALASKA ANCHORAGE,
UNITED STATES), THIRU RAMARA (NATIONAL CENTER FOR
GENOME RESOURCES, UNITED STATES), JOHNNY SENA
(NATIONAL CENTER FOR GENOME RESOURCES, UNITED STATES),
FAYE SCHILKEY (NATIONAL CENTER FOR GENOME RESOURCES,
UNITED STATES)

©@ JUSTECYK@QUAA.ALASKA.EDU

The heart of the red-eared slider turtle (Trachemys scripta)
can continue to beat rhythmically during anoxia, albeit more
slowly. Adramaticandrapidresettingoftheintrinsicpacemaker
contributestothebradycardia,buttheunderlyingmechanisms
remainunknown. Weemployednext-generationsequencingand
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quantitativetranscriptomicstodiscoverhowtheT. scriptasino-
atrialnodeisremodelledwithacclimationtolowtemperatureand
anoxiaexposure. TotalRNAwasextracted fromthesinusvenous
of turtles exposed to normoxia at 21°C, 24 h of anoxia at 21°C,
normoxiaat5°Corl4dofanoxiaat5aC(N=3)andutilizedforIllumina
RNAlibrarypreparation,Illuminasequencing,denovolllumina
transcriptassemblyanddifferential transcriptexpressionanalysis.
Differentialexpressed (DE)transcriptswereselectedasthosewith
aposteriorprobability differential expression (PPDE) greateror
equalto0.95.Instarkcontrasttoanoxiaexposureat21°C,which
wasassociatedwiththeDEof4921transcripts,anoxiaexposureat
5aCwasonlyassociatedwiththe DEof860transcripts. Moreover,
only62transcriptsweresimilarly affectedbyanoxiaat21°Cand5°C.
However,acclimationto5°Cinnormoxiainducedthe DEof23567
transcripts. Thesetranscriptsincludedapproximately 50%ofthose
DEbyanoxiaat21°C.Combined, thefindingssuggestthataltered
transcriptexpressionwithcoldacclimationprimestheturtlecardiac
musclefortheapproachinganoxicwinter, whereascardiacanoxia
survivalat21°Cisaidedbythecircumventionofthisprimingand
throughtheinductionofsimilarchangesintranscriptexpression.

A3.24 TEMPERATURE DEPENDENT
EFFECTOR BINDING: THE DEFINITIVE
MOLECULAR MECHANISM UNDERLYING
HEMOGLOBIN THERMAL SENSITIVITY

™ TUESDAY 5 JULY, 2016 ©® 16:00

@ KEVIN L CAMPBELL (UNIVERSITY OF MANITOBA, CANADA),
ANTHONY V SIGNORE (UNIVERSITY OF MANITOBA, CANADA),
PHILLIP R MORRISON (UNIVERSITY OF BRITISH COLUMBIA,
CANADA), COLIN J BRAUNER (UNIVERSITY OF BRITISH
COLUMBIA, CANADA)

@ KEVIN.CAMPBELL@UMANITOBA.CA

Ashemoglobin’saffinityfor O.isinverselyrelated totemperature,
Arctic species may experience reduced O offloading to poorly
insulated appendages. However, select species have evolved
hemoglobinproteinswithreducedthermalsensitivitythatcan
maintain O, delivery at low temperatures. This phenotype has
historicallybeenattributedtothebindingofadditionalallosteric
effectors to the hemoglobin moiety relative to that of non-cold
adapted species. Conversely, recent evidence indicates that
hemoglobinfromtheextinctSteller’'sseacowbindsfewerallosteric
effectorsthanthoseofitstropicalrelatives (dugongsandmanatees),
yetsurprisingly, thepresenceoftheseligandsreducesitsthermal
sensitivity to a greater extent. To elucidate the mechanisms
underlyingthisphenomenon, wemeasuredthe O, affinity ofwoolly
mammoth, elephant,andsirenianhemoglobinsinthepresence of
seriallyincreasingallostericeffectorconcentrationsatboth25and
37°C.Quantitation ofeffectorbindingrevealedthattotaleffector
binding(i.e.,numberof effectormoleculesbound)isnotdirectly
linked tothethermalsensitivity ofhemoglobin.Rather, effector
bindingisrevealedtobetemperaturedependent(i.e.,itincreasesas
temperaturedecreases), with coldadaptedhemoglobinsexhibiting
greaterincreasesinrelativeeffectorbinding-andhence,alower
thermalsensitivity-thanthoseofnon-coldadaptedspecies.
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A3.25 FUNCTIONAL DIVERSIFICATION
OF RETINAL OXYGEN SUPPLY IN
BONY FISHES

™ TUESDAY 5 JULY, 2016 ® 16:30

@ CHRISTIAN DAMSGAARD (AARHUS UNIVERSITY, DENMARK),
HENRIK LAURIDSEN (AARHUS UNIVERSITY, DENMARK), ANETTE
M.D. FUNDER (AARHUS UNIVERSITY, DENMARK), JESPER
S. THOMSEN (AARHUS UNIVERSITY, DENMARK), ANNEMARIE
BRUEL (AARHUS UNIVERSITY, DENMARK), DO T.T. HUONG
(CAN THO UNIVERSITY, VIETNAM), NGUYEN T. PHUONG (CAN
THO UNIVERSITY, VIETNAM), JENS R NYENGAARD (AARHUS
UNIVERSITY, DENMARK), MICHAEL BERENBRINK (UNIVERSITY
OF LIVERPOOL, UNITED KINGDOM), TOBIAS WANG (AARHUS
UNIVERSITY, DENMARK), MARK BAYLEY (AARHUS UNIVERSITY,
DENMARK)

© CDAMSGE@GMAIL.COM

Thefishretinaisavascularwithahighmetabolicdemandrequiringa
well-developedoxygensupply.Inbasalray-finnedfishes,theretina
receivesoxygenthroughpre-retinalcapillariesontheinnerside
oftheretina,whilehigherteleostssecreteoxygenfromachoroid
reteviaRoot effecthemoglobins. Toinvestigate the hypothesis
thattheevolutionaryemergence ofoxygensecretionallowed for
athickerretinaandhencehighervisualacuity, wequantifiedthe
anatomyoftheretina, choroidreteand pre-retinal capillariesusing
stereological principles with histological sections, ultrasound
and computed tomography fromeyesof 35 speciesofbonyfishes.
Thesemorphologicalcharacters werecombinedwithmeasuresof
hemoglobinRooteffecttoreconstructtheevolutionaryinterplay
betweenretinal oxygen supply and retinal anatomy. We show
thatretinathicknessdoubledaftertheoriginofoxygensecretion,
demonstratingtheefficiencyofoxygensecretioninretinaloxygen
delivery. Thechoroidretewassecondarilylost9independent times.
Here, retinal thickness was halved and pre-retinal capillaries
tookoverretinaloxygensupply. Also, thesecapillarieswerewell
developedinbasalteleostsevenaftertheoriginofoxygensecretion,
andwerelostbeforethesplitof Onchorhynchusand Percomorpha,
whichwaslinkedtoanincreaseinchoroidretesurfacearea.Lastly,
we demonstrate that choroid rete surface area was secondarily
reducedintheancestor of Symbranchiformes, where pre-retinal
capillaries re-evolved. This study shows how the functional
elementsunderlyingretinal oxygensupplyinterplay,andhowthe
diversityofoxygendeliverysolutionsshapedretinalanatomyon
anevolutionarytimescale.

A3.26 NO VALVES REQUIRED:
TUBULAR HEART PUMPING
MECHANISMS IN TUNICATES

™ TUESDAY 5 JULY, 2016 ® 16:45

@ NICHOLAS A BATTISTA (UNIVERSITY OF NORTH
CAROLINA AT CHAPEL HILL, UNITED STATES)

@ NICK.BATTISTA@UNC.EDU

Invertebrateembryogenesis, thefirstorgantoformistheheart,
beginningasaprimitivehearttube. However,manyinvertebrates
havetubularheartsfrominfancythroughtheiradulthood.Heart
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tubeshavebeendescribedasperistalticandimpedance pumps.
Impedancepumpingassumesasingleactuationpointofcontraction,
while traditional peristalsis assumes an active traveling wave
of actuation. In addition to differences in flow, this inherently
implies differences in the conduction system. It is possible to
transitionfrompumpingmechanismtotheotherwithachange
inthediffusivity oftheactionpotential. Inthisworkwe consider
thecouplingbetweenthefluiddynamicsandelectrophysiology
ofbothmechanisms, withinabasalchordate, thetunicate. Using
CFD with an electromechanical model of tubular pumping, we
discussimplications ofthebothmechanisms. Furthermore, we
discusstheimplicationsofthe pumpingmechanismonevolution
anddevelopment.

A3.27 HAEMOGLOBIN ADAPTATIONS
TO SUBTERRANEAN BURROWS:
LESSONS FROM AFRICAN MOLE RATS

™ TUESDAY 5 JULY, 2016 ©® 17:00

& ROY E. WEBER (AARHUS UNIVERSITY, DENMARK), JENNIFER
U.M. JARVIS (UNIVERSITY OF CAPE TOWN, SOUTH AFRICA),
ANGELA FAGO (AARHUS UNIVERSITY, DENMARK), NIGEL C.
BENNETT (UNIVERSITY OF PRETORIA, SOUTH AFRICA)

@ ROY.WEBER@BIOLOGY.AU.DK

Mole rats are strictly subterranean rodents that exhibit a
range of striking anatomical, behavioural and physiological
specializations,includingthecapacitytoliveandcarryoutintense
burrowingactivityunderextremelyhypoxicandhypercapnic
conditions (O: tensions lower than at the summit of Mount
Everestandburrow-air CO,concentrationsabove 6%).Species of
African(familyBathyergidae) molerats, whichmaybesolitary
oreusocial (livinginlarge familieswithasinglebreedingpair)
andshowextremelongevity,inhabitintricate,deepandsealed
subterranean burrows under a wide variety of conditions as
regardssoiltypes,relativehumidityand vegetationdiversity.
Comparedtothehighaltitudemammals,littleisknownaboutthe
adaptationsinhaemoglobin (Hb)functionthatsecuretheexchange
and internal transport of respiratory gases. With the view of
identifyingtheimplicated cellularand molecularmechanisms
wereporthaematological parameters,aswellasHb-O,binding
characteristics, viz., the intrinsic Hb-0; affinities and their
sensitivitiestopHand CO» (the ‘fixedacid’and ‘CO. ‘Bohreffects),
2,3diphosphoglycerate (DPG,themainorganicmodulatorofO.
affinityinmammalianredbloodcells),and temperature,insix
speciesof Africanmoleratsthatdifferinsocialityandbiomeand
soiltypes.Ourstudyrevealsslightdifferencesinhaematological
characters(haematocritandredcellHband DPGconcentrations)
andintrinsic Oz affinitiesthatwerenotclearly correlated with
sociality or soil type, but marked reductions in specific (pH-
independent) CO; sensitivitythatmay contributetosafeguarding
pulmonaryO:loadinginhypoxic-hypercapnicburrows.
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A3.12 ELECTRON TOMOGRAPHY
OF AVIAN CARDIAC CALCIUM
RELEASE UNITS

™ TUESDAY 5 JULY, 2016 POSTER SESSION

& THOMAS SHEARD (UNIVERSITY
OF MANCHESTER, UNITED KINGDOM)

@©@ THOMAS.SHEARD@POSTGRAD.MANCHESTER.AC.UK

Birdventricularmyocytesarelong, thinandlack T-tubules, whichis
inlinewithmyocytesfromfish,amphibiansandreptiles. However,
bird hearts achieve higher contractile rates and are capable of
stronger pressure development than many mammals and all
ectothermicspecies.Howdotheyachievethisatacellularlevel?
Excitation-contractioncouplinginvertebrateheartsisunderpinned
by calciumdiffusionbetweenthe calciumrelease units (CRUs),
formedby clustersofryanodinereceptorspresentonthesurface
ofthesarcoplasmicreticulum (SR).Inbirds, calciumreleasedatthe
sarcolemmaatperipheral couplingsmustdiffusetointernalcorbular
SRstructuresforactivationpropagation, withno T-tubularnetwork
ofdyadstofacilitatespread of calciumrelease. E-C couplingmay
belimitedwhendistancesbetweenthesestructuresaregreater
thanthelimitationsforcalciumdiffusionallow.Distancesbetween
CRUsarethereforecrucialindeterminingwhetherfurthercalcium-
inducedcalciumrelease (CICR)occurs.

Thisprojectuseselectrontomographytostudychickencardiac
muscleandcharacterisethesarcoplasmicreticulumnetworkin3-D.
Previousdatafordistancesbetween CRUsinbirdsusestransmission
electronmicroscopy (TEM)intheleftventricle. TEMisnotoptimal
foraccurate analysis of 3D structuralinterplay. Tomographyis
abletoprovideinformationonthedistancesbetweenstructures,
aswellasvolumes. Thusfar,reconstructionof cardiacmyocytes
withtomography demonstratesthepathwaysforcalciumdiffusion
throughoutthecell. Wereportstringsofcorbular SRCRUsfound
attheZ-lines whichlink toregions of extracellular Cainflux at
peripheral couplings.

A3.13 CHARACTERIZATION OF THE
GENETIC MECHANISMS RESPONSIBLE
FOR ADAPTATION TO HYPOXIC STRESS
DURING BROILER EMBRYOGENESIS

™ TUESDAY 5 JULY, 2016 POSTER SESSION

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

© AMIT.HARON@GMAIL.COM

Environmentalalterationduringdevelopmentofanorganismmay
alterdevelopmentofsomephysiologicalregulatorysystemsand
inducepermanentphenotypicchangesinthechickembryo.

The purpose of this study was to investigate the genetic
adaptiveresponsesofthechickhearttohypoxicchallenges(17%
02)duringtheplateauphase.

RNAwasextractedfromheartsofcommercialbroilerembryos
thatwere subjected to 17% hypoxia on embryonicday 16 (E16).
Thetranscriptome ofthe hearts wasformed after RNA-seqand
expressionofthegeneswascomparedtoacontrolgroupinorderto
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findpathwaysthatcontributetotheembryos’adaptiveresponse
tohypoxia.

In530genes, differentialexpressionpatternswereidentified
betweenhypoxicandcontrolhearts. Those geneswereassociated
with many different pathways including response to stress,
regulationofgrowth,andproteolysis. Intwodifferenttimepoints,
processesoccurringinthemitochondria, suchasrespiratorychain,
werefoundtodifferbetweenthehypoxicandcontrolgroups.

Ourfindingssuggestthatthecellularmetabolicandrespiratory
activityintheembryosdecreaseafter2hoursofhypoxia,andlater
on(after8hours)therewasanadaptation,indicatedbyelevated
activity,allowingsupplyoftheenergythatwaslostduetothefirst
response.

Betterunderstandingoftheembryos’responsetohypoxia, will
allowustodeterminetheexactincubationconditionsforoptimal
programmingoftheregulatorysystemsofbroilerembryosinorderto
improvetheirposthatchperformanceundersub-optimalconditions.

A3.14 VENTILATORY AND
CARDIOVASCULAR REGULATION
IN THE AIR-BREATHING FISH
PANGASIANODON HYPOPHTHALMUS

™ TUESDAY 5 JULY, 2016 POSTER SESSION

@ MIKKEL THOMSEN (ZOOPHYSIOLOGY DEPARTMENT OF
BIOSCIENCE AARHUS UNIVERSITY, DENMARK), TOBIAS WANG
(ZOOPHYSIOLOGY DEPARTMENT OF BIOSCIENCE AARHUS
UNIVERSITY, DENMARK), MARK BAYLEY (ZOOPHYSIOLOGY
DEPARTMENT OF BIOSCIENCE AARHUS UNIVERSITY, DENMARK)

@ MIKKEL.THOMSEN@BIOS.AU.DK

Theair-breathingfish Pangasianodonhypophthalmusisabundant
intheMekongriversystemwhereitisalsointensively cultured.
Incontrasttomostotherair-breathingfishesithaswelldeveloped
gillsaswellasahighlytraberculated swimbladderwithalarge
surface areausedforair-breathing.Itsnative watershavebeen
showntobeperiodically strongly hypoxicandhypercarbic,forcing
P. hypophthalmustoswitchfromexclusivelybranchialventilation
toair-breathingtomaintainitsaerobicmetabolism. Thisability
toswitchrespiratorymedia demands that the oxygen-and CO-
sensorysystemsprovideinformationonwhengillventilationis
insufficientforoxygenuptakeandhenceinitiateair-breathing.
Hereweinvestigatetheventilatoryandcardiovascularresponses
tochangesineitherintheexternalmediaorinternallyintheblood
inresting fish. We found ventilation in P. hypophthalmus to be
unaffectedbyaquaticCO.from0to5%, whereasmoderate hypoxia
stimulatedbranchial ventilationwhileinitiatingair-breathingat
lowfrequencies. P. hypophthalmusswitchedtoalmostexclusive
air-breathingwithminimalbranchial ventilationinseverehypoxia.
We observed a hypoxic bradycardia and a post air-breathing
tachycardiaaswellasahypercarbicbradycardia. Furthermore, we
documentthatinjectionsoflactateionsinthebloodatphysiological
concentrationsinduceastronghypoxicventilatoryresponseinP.
hypophthalmusindependentofarterialpH. Thismechanismwas
recentlysuggestedtoformpartoftheoxygen-sensingstimulusin
mammals(Changetal.2015)andwepresentthefirstevidence of
thismechanisminfish.
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A3.15 ACTION POTENTIAL
FREQUENCY OF PACEMAKER CELLS
DOES NOT LIMIT HEART RATE IN
BROWN TROUT AT HIGH TEMPERATURES

™ TUESDAY 5 JULY, 2016 POSTER SESSION

@ MATTI VORNANEN (UNIVERSITY OF EASTERN FINLAND,
FINLAND), DENIS ABRAMOCHKIN (UNIVERSITY OF MOSCOW,
RUSSIA), JAAKKO HAVERINEN (UNIVERSITY OF EASTERN
FINLAND, FINLAND)

© MATTI.VORNANEN@UEF.FI

Temperature-induced increase in cardiac output (CO) in fish is
almosttotally dependent onincreasesinheartrate (HR) and at
hightemperaturesCOcollapsesduetothedeteriorationof HR. This
studyteststhehypothesisthatfiringrateofcardiacpacemakercells
(pacemakerrate,PR)limitsHRinfishathightemperatures. Tothis
endtemperature-dependence ofactionpotential (AP) frequency of
enzymaticallyisolatedpacemakercellsandspontaneousbeating
rateofisolatedsinoatrial preparationsofthecold-acclimated (+4°C)
browntrout (Salmotruttafario) werecomparedunderacuteheat
ramps. Risingtemperatureincreased PR duetotheacceleration of
diastolicdepolarizationandshorteningof APduration. Thepeak PR
wasmuchhigher(158+21beatsperminute (pbm)at26.6°C)than
thepeakHRof sinoatrial preparations(75.3+4.7pbmat23.7°C).In
thepresenceof5nMisoprenalinethemaximumPRand HRwere
158+24(at26.5°C)and94.7+8.5pbm (24.6°C),respectively. Thess
findingsstronglysuggeststhatinbrowntroutthemaximumHRis
notlimitedbythefrequencyofpacemaker APs,butbytheinability
oftheatrialtissuetofollowtherate ofthepacemaker. Thefailureis
notintheimpulsegeneration,butintheimpulsetransmissionfrom
thepacemakertotheatrium.

A3.16 HEMOGLOBIN GENE SYSTEM
IN EUROPEAN SEA BASS
(DICENTRARCHUS LABRAX):
GENOMIC ORGANIZATION AND GENE
EXPRESSION PATTERN IN DIFFERENT
ENVIRONMENTAL CONDITIONS

™ TUESDAY 5 JULY, 2016 POSTER SESSION

& LAURA CADIZ (IFREMER, FRANCE), JOSE ZAMBONINO-INFANTE
(IFREMER, FRANCE), ARIANNA SERVILI (IFREMER, FRANCE),
PATRICK QUAZUGUEL (IFREMER, FRANCE), LAURIANE
MADEC (IFREMER, FRANCE), @IVIND ANDERSEN (NOFIMA,
NORWAY), ERICK DESMARAIS (INSTITUT DES SCIENCES
DE L’EVOLUTION, FRANCE), DAVID MAZURAIS (IFREMER,
FRANCE)

@ LAURA.CADIZ.BARRERA@IFREMER.FR

Climate projections expect the increase in global average
temperatureandinthefrequencyandintensity ofhypoxiaevents.
Theseenvironmentalconstraintscouldinduceacclimationinfish
includingthemodulationofhemoglobinsysteminvolvedinoxygen
transport.Characterizationofhemoglobingenesystemincluding
ontogenyandtissueexpressionpatternindifferentteleostspecies
wouldallowbetterunderstandingandpredictingtheircapacityto
copetoenvironmentalvariationsinthecontextofglobalchange.In




ANNUAL MAIN MEETING BRIGHTON 2016

thepresentstudyisreportedforthefirsttimethecharacterization
oftheEuropeanseabass(Dicentrarchuslabrax)hemoglobinsystem,
includinggenomicorganizationandanalysisofgenesequences.
Genomicanalysisshowedthathemoglobingeneswereseparated
intotwounlinkedclusters,the ‘MN’clustercontainingelevengenes
(5a-hemoglobinand 6 3-hemoglobin)andthe LA clusterconsisting
ofthreegenes(2a-hemoglobinand 13-hemoglobin). Moreover, the
impactofamoderatedhypoxiaepisode (40%ofairsaturation)onthe
expressionpatternsof Europeanseabasshemoglobingeneswere
investigatedduringlarvaldevelopment (between28and50days
post-hatching) attwothermalconditions (15and20°C).Ourresults
showthatsome,butnotall,hemoglobingenesweredrasticallyup
regulated underreduced dissolved oxygenlevelsandincreased
temperature,suggestingthathemoglobinsystemisinvolvedinfish
responsetotheseenvironmentalconstraints. Ongoinganalysesseek
todeterminewhethertheregulationsofhemoglobingene expression
patternrevealedinlarvaepersistintolaterlifestagesandimpact
juvenileperformanceinconstrainingenvironments.

A3.17 THE SECRET BEHIND

AN INCREASED STROKE VOLUME
IN SEAWATER-ACCLIMATED
RAINBOW TROUT

™ TUESDAY 5 JULY, 2016 POSTER SESSION

@& ESMEE DEKENS (HU UNIVERSITY OF APPLIED SCIENCES
UTRECHT, NETHERLANDS), JEROEN BRIJS (UNIVERSITY OF
GOTHENBURG, SWEDEN), MICHAEL AXELSSON (UNIVERSITY
OF GOTHENBURG, SWEDEN), ERIK SANDBLOM (UNIVERSITY
OF GOTHENBURG, SWEDEN)

@ ESMEE_DEKENS@HOTMAIL.COM

Therainbowtrout(Oncorhynchusmykiss)isaeuryhalineteleost
thatcanacclimateeasilytoawiderangeofsalinitiesthroughvarious
morphological, physiologicalandbehaviouralmodifications. A
recentstudy showedthatrainbow troutincrease gutblood flow
two-foldduringseawateracclimation. Theincreaseingutblood
flow was associated with an elevated cardiac output, primarily
due to an increased stroke volume while heart rate remained
unchanged. However, the mechanisms behind the increase in
stroke volume during seawater acclimation remain unknown.
Strokevolumecaneitherincreaseduetoincreasedventricularsize,
improvedcardiaccontractility,increased venousfillingpressure
oracombinationofthesefactors. Toinvestigatetheimportance
of each of these factors we measured ventricular mass, ratio of
compactandspongymyocardiumandvenousfillingpressuresof
freshwater-and seawater-acclimatedtrout. Preliminaryresults
indicatethatalthoughrelativeandabsolute ventricularmasses
remain unchanged, cardiac remodelling occurs in seawater-
acclimatedtrout withsignificantincreasesinthe proportion of
compactmyocardiumsuggestingthatventricularcontractility
maybeimproved. Recordingsof venousfillingpressuresatdifferent
salinitiesarecurrentlyongoingandtheresultswillbe presented
andfurtherdiscussed.
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A3.18 CHILLED OUT VASOACTIVITY
IN ANTARCTIC ICEFISH

™ TUESDAY 5 JULY, 2016 POSTER SESSION

@ THERESA J GROVE (VALDOSTA STATE UNIVERSITY,
UNITED STATES), ELIZABETH L CROCKETT (OHIO UNIVERSITY,
UNITED STATES), KRISTIN M 0’BRIEN (UNIVERSITY OF
ALASKA, UNITED STATES), STUART EGGINTON (UNIVERSITY
OF LEEDS, UNITED KINGDOM)

@ TJGROVE@VALDOSTA.EDU

Lifeinthecoldposesanumberofchallengesforvertebrateswith
acardiovascularsystemnormallyassociated withmaximising
delivery of oxygen. Constraints of heart muscle and vascular
smooth muscle function dictates alikely compromise between
cardiacoutput,tissueperfusion,andblood pressureregulation.
Thelackoffacilitatedoxygentransportinhaemoglobinlessicefish
(Channichthyidae) suggeststhatthesystemislikelyaperfusion
ratherthandiffusionlimitedsystemintermsofoxygentransportto
tissue.Giventheunusuallylargeheartsthatdeliveranimpressive
bloodflow, thisimpliesalowvascularresistance. Estimatesofvessel
dimensionssupportthiscontentionbutuntilnownoestimatesof
vascular function from these animals has been possible. Using
wiremyographytodeterminethereactivity ofbranchial efferent
vessels,whichregulatesystemicflowof oxygenatedblood from
gills,weexaminedtheoriginoflowvascularresistanceinthese
animals.Icefishshowedasimilarsensitivitytoelectrogenic (KCI)
constrictionrelativetored-blooded species. Whileanattenuated
vasoconstrictorprofilewastobeexpected(NAd, AnglII,5-HT,ET-1),
thelackofenhancedvasodilatorcapacity (ACh,isoprenaline,and
variousNOmimetics)suggeststhaticefishoperatewithlittlecontrol
overvascularresistance,andhencecardiacafterload, suggesting
limited capacitytoadjusttoadditionalenvironmentalchallenges.

A3.19 THERMAL REMODELING OF
CELLULAR ENERGETICS IN THE
ECTOTHERM HEART

™ TUESDAY 5 JULY, 2016 POSTER SESSION

@ JOHN C MARRIN (THE UNIVERSITY OF MANCHESTER,
UNITED KINGDOM)

© JOHN.MARRIN@STUDENT.MANCHESTER.AC.UK

Seasonaltemperaturechange cancausearemodellingofmultiple
aspectsoftheectothermicheart. Theheartnormallyfunctions
byproducingenergyintheformof ATPviafattyacid oxidation.
However, increasing cardiac demand orinducing low oxygen
conditions can result in an increased reliance on glycolytic
pathways.Inordertoassesstheremodelingofcellularenergetics,
rainbowtrout (Oncorhynchus mykiss) and colddormant freshwater
turtles (Trachemysscriptascripta) attemperaturestosimulate
seasonaltemperaturechangeandusedhistologicaltechniques
toassesstissuecontentoflipidandglycogen. Theresultsforthe
coldacclimated O.mykissshowedanincreaseinlipidcontentand
decreaseinglycogen. Theoppositewastrueforwarmacclimated
0.mykiss.Conversely, forcoldacclimated T.scriptatherewasan
observableincreaseinglycogencontentandadecreaseinlipid
content. Thesefindingssuggestthatcold-induced hypertrophy
inrainbowtroutisfacilitatedbyincreasedfattyacid oxidation;
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Awarminducedconversiontoglycolysishighlightsthe stress of
warmtemperaturesonthefishheart. Themetabolic shiftfrom
fattyacidoxidationtoglycolysisevidentin T.scriptais consistent
with the anoxic conditions these animals experience during
winterandsuggestthatcoldtemperatureactstoprimetheheart
forwinterhibernation.

A3.20 MITOCHONDRIAL FUNCTION MAY
CONTRIBUTE TO THERMAL TOLERANCE
OF RED- AND WHITE-BLOODED
NOTOTHENIOID FISHES

™ TUESDAY 5 JULY, 2016 POSTER SESSION

@ KRISTINMO’BRIEN (UNIVERSITY
OF ALASKA FAIRBANKS, UNITED STATES)

@ KMOBRIEN@ALASKA.EDU

Red-blooded Antarcticnotothenioidshavehighercriticalthermal
maxima (CTMax) and maintain cardiac function at higher
temperatures than hemoglobinless Channichthyid icefishes.
To determine if mitochondrial function contributes to thermal
tolerance,state2,3,4anduncoupled (ETS)respirationrates, the
activityofcytochromecoxidase (CCO)andtherespiratory control
ratio(RCR)weremeasuredat2°Cand 10°Cinmitochondriaisolated
from heart ventricles of the red-blooded Notothenia coriiceps
andicefishesChaenocephalusaceratusand Pseudochannicthys
georgianusheldatambienttemperatureandexposedtotheir CTMax.
Mitochondrialproteinswerealsoidentifiedandquantifiedwithmass
spectrometry.State3andETSrateswerehigherinspeciesexposed
totheirCTMaxcomparedtoanimalsheldatambienttemperature,
butstates2and4 (leak) wereunaffected. Theactivityof CCOand
theratioof CCO:state3respirationrateweresignificantlyhigherin
N. coriicepscomparedtoicefishes,suggesting N. coriicepsmayhave
agreaterpotentialtoincreasefluxthroughtherespiratorychain
whenneeded,andenhancecardiacfunctionatelevated temperature.
Differencesinthemitochondrial proteomeandpotentialimpacts
onmitochondrialfunctionwillalsobediscussed.

A3.21 ANTARCTIC NOTOTHENIOID
FISHES, CHAENOCEPHALUS ACERATUS
AND NOTOTHENIA CORIICEPS, VARY
IN METABOLITE PROFILES WHEN
EXPOSED TO ACUTE THERMAL STRESS

™ TUESDAY 5 JULY, 2016 POSTER SESSION

@ ELIZABETH R EVANS (OHIO UNIVERSITY, UNITED STATES),
KRISTIN M 0’BRIEN (UNIVERSITY OF ALASKA FAIRBANKS,
UNITED STATES), ELIZABETH L CROCKETT (OHIO UNIVERSITY,
UNITED STATES)

@ EE702811@0HIO0.EDU

Membersofthehaemoglobin-lessfamily ofnotothenioidfishes,
Channichthyidae,arelargelyendemictotheregionofthe Western
Antarctic Peninsula, which is experiencing rapid climatic
warming. Previous studies have shown that channichthyids
(knownas ‘icefishes’) havereducedthermaltolerance compared
tored-bloodednotothenioids. Tobetterunderstand whatlimits
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thermaltolerance, wequantifiedlevelsofglucoseinbloodplasma,
andbraincontentsofglycogen,lactate,and B-hydroxybutyratein
white-blooded Chaenocephalusaceratusandred-blooded Notothenia
coriicepsatbothambientand criticalthermalmaximum (CTmax)
temperatures. Plasma glucose is unchanged with exposure to
elevatedtemperaturesinC. aceratus,butincreasesby4-foldinN.
coriiceps. Brainglycogenisnearly 15xhigherin C. aceratusthanN.
coriicepsatambienttemperature, whileat CTmax, glycogenisreduced
by50%inN. coriicepsand completely exhaustedin C. aceratus.”At
ambienttemperatures,lactateis50%higherinN. coriicepsthanC.
aceratus,andat CTmax,lactateinthebrainaccumulates 3-foldinC.
aceratusandincreasesbyafactorof4inN. coriiceps.Nosignificant
differencein &beta;-hydroxybutyrateisfoundineitherspecies
whenexposedtoacutethermalstress. Ourresultsindicatethat
atelevated temperatures, theicefish C. aceratusmayhaveamore
limited capacitytomobilize carbohydrate fromhepaticsourcesto
supportbrainmetabolismthanred-bloodedN. coriiceps. Supported
byNSFANT1341602.

A3.22 GENE EXPRESSION OF CA?*,
NA* AND K* CHANNELS AND PUMPS IN
THE ALASKA BLACKFISH (DALLIA
PECTORALIS) VENTRICLE AT HIGH
AND LOW ACCLIMATION TEMPERATURE

™ TUESDAY 5 JULY, 2016 POSTER SESSION

@ CHRISTINE S. COUTURIER (UNIVERSITY OF ALASKA
ANCHORAGE, UNITED STATES), ANGELA VOGT (UNIVERSITY OF
ALASKA ANCHORAGE, UNITED STATES), JONATHAN A.W. STECYK
(UNIVERSITY OF ALASKA ANCHORAGE, UNITED STATES)

@ CSCOUTURIER@UAA.ALASKA.EDU

TheAlaskablackfishistheonlyair-breathingfishtoinhabit Arctic
regions. Thefishpresumablyutilizesair-breathinginsummerto
supportreproduction and migrationto watersthataredensein
vegetation, havelittlemixingandare hypoxic. However,inthe
winter, the Alaskablackfishisforcibly submergedinhypoxicwater
beneaththeice,whichprecludesair-breathing. Nevertheless, it
remains active. We know from previous studies that with cold-
acclimation, Alaskablackfishheartrateand ventricularNa*-K*
-ATPaseactivityarereducedandactionpotentialduration prolonged
(Q10valuesof~2to4).Concurrently,peakICadensityismarkedly
down-regulated(Q100f8).Inordertogaininsightintotheregulation
ofactionpotentialgenerationandexcitation-contractioncoupling
atthemolecularlevel, Alaskablackfishwereacclimatedto15°Cor
5°CandgeneexpressionofCa2*,Na*andK* channelsand pumps
quantifiedbyreal-timeRT-PCR.TotalRNA didnotdifferbetween
acclimation temperature (P=0.1157), and of the 15 transcripts
measured, 3exhibitedasignificantly (P<0.05)increasedexpression
at5°C.Geneexpressionofthe Gprotein-activatedinwardrectifier
K*channel (KCNJ3), IKrproducingrapid voltage gated (delayed
rectifier; KCNH2)K*channelandsolute carrier family 8, member
1(SLC8A1;Na*/Ca2texchanger)wasincreasedby1.8-to3.2-fold.
Futureelectrophysiologicalstudieswillinvestigateifthechanges
ingeneexpressioncorrelatewithfunctionalchangesinionchannel
activityandconductance.
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A3.23 THE EFFECT OF ACUTE
TEMPERATURE CHANGE ON THE
CARDIAC PERFORMANCE OF
ACTIVE PELAGIC PREDATORS

™ TUESDAY 5 JULY, 2016 POSTER SESSION

@ KARLINA OZOLINA (UNIVERSITY OF MANCHESTER, UNITED
KINGDOM), THOMAS SHEARD (UNIVERSITY OF MANCHESTER,
UNITED KINGDOM), DIEGO BERNAL (UNIVERSITY OF
MASSACHUSETTS, UNITED STATES), CHUGEY SEPULVEDA
(PFLEGER INSTITUTE OF ENVIRONMENTAL RESEARCH, UNITED
STATES), PETER G BUSHNELL (INDIANA UNIVERSITY SOUTH
BEND, UNITED STATES), HOLLY A SHIELS (UNIVERSITY OF
MANCHESTER, UNITED KINGDOM)

@ KARLINA.0ZOLINA@POSTGRAD.MANCHESTER.AC.UK

Fish that are exposed to acute temperature changes in their
environmentmustposesacardiovascularsystemthatisableto
deliver oxygen atrates thatequal oxygen demandsatalllevels
ofactivity (fromrestingtoforaging,tohighspeedpreypursuit).
Previous studies on tuna have shown temperature specific
physiologicaladaptations (e.g.coldinducedbradycardia), however
comparativestudiesonotherpelagicfishesarelacking. Theaim
of this study was to investigate what happens to the cardiac
contractilityof swordfish,bigeyethreshersharks,andbluesharks
duringacutetemperaturechange. Wedesignedaninvitrocooling
andwarmingprotocoltosimulatethetemperaturetheheartwouldbe
exposedtoduringadeepfeedingdiveandresurface.Forcefrequency
relationshipofmyocardial preparationswasmeasuredat8°Cand
20°C(deepseaandsurfacewatertemperatures,respectively)inthe
presenceoflow (5nM)andhigh (luM)adrenaline. Ourdatashowa
typicalincreaseinforceof contractionwithdecreaseintemperature,
however the severity of this relationship is species specific.
Ultimately,understandinghowphysiologicaladaptationsmay
limitthedistributionoftheselarge, elusive, highlyactivepredators
thatroamtheopenoceanisofutmostimportanceforecosystem
basedfisheriesmanagement.
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A4 THE ROLE OF INDIVIDUAL
VARIATION IN THE BEHAVIOUR
OF ANIMAL GROUPS

ORGANISED BY:DR SHAUN KILLEN (UNIVERSITY OF GLASGOW, UNITED KINGDOM)

& DR STEFANO MARRAS (IAMC-CNR, ITALY)
|

A4.1 FROM INDIVIDUALS TO GROUPS:
HOW BEHAVIOUR AND PHYSIOLOGY
SHAPE COLLECTIVE BEHAVIOUR

™ MONDAY 4 JULY, 2016 ©® 11:00

@& ASHLEY WARD (UNIVERSITY OF SYDNEY, AUSTRALIA)

@ ASHLEY.WARD@SYDNEY.EDU.AU

Collectivebehaviourismostclearly expressedwhenmanyanimals
actcoherentlyandsynchronously,apparently conformingtothe
behaviouroftheirnearneighboursandbehavinggloballyasifof
onemind.Setagainstthisapparentuniformityofbehaviourina
socialcontext, theparadigmofpersonality,or consistentindividual
differencesamonganimals,iswellestablishedinthefieldofanimal
behaviour. Similarly, weknowthatphysiology,amajordriver of
animalbehaviour, differsmarkedlyamongindividuals. Giventhis
ubiquitousvariationamonganimals,akeyquestioninmyresearch
ishowdothese‘many’become ‘one’? Inthistalk,Iwillpresentnew
datafrommyresearchgroupexaminingthisquestionbothfroma
physiologicalandabehaviouralstandpoint. Ourresultsshowthat
bothplayanimportantroleinshapinggroupstructureaswellas
group composition. Furthermore, groupmembership feedsbackto
shapeindividualbehaviourinunexpectedways.

A4.2 PERSONALITY VARIATION DRIVES
COLLECTIVE MOVEMENTS AND GROUP
FUNCTIONING IN SCHOOLING FISH

™ MONDAY 4 JULY, 2016 Q© 11:40

@ JOLLE W JOLLES (MAX PLANCK INSTITUTE OF ORNITHOLOGY,
GERMANY), NEELTJE BOOGERT (UNIVERSITY OF OXFORD,
UNITED KINGDOM), ANDREA MANICA (UNIVERSITY OF
CAMBRIDGE, UNITED KINGDOM)

@ J.W.JOLLES@GMAIL.COM

Collectivebehaviourcanoftenemergefromindividualsfollowing
simpleinteractionrules. Theubiquityofanimalpersonalitiesraises
thequestionifvariationwithingroupsisanotherlayerthatshould
beaccountedfor. Herebydetailedindividual-basedtrackingwe
investigatedtheeffectofpersonalitydifferencesinthemovements
andforagingoffreely-swimmingsticklebackshoals. Sociability was
thekeypredictorofanindividual’sspatial positioning,networkand
leadershipanddrovethecohesion,alignment,andexplorationofthe
group.Boldnesswasdirectlylinkedtoanindividual’spropensity
tosearchforandsuccessfullysecurefood,andbecameastronger
predictor ofindividual and group movements with higherrisk-

rewardtrade-offs. Ultimately, theinteractionbetweenthetraits
determinedbothindividualforagingsuccessandgroupforaging
speed. Theseresultsshowpersonalityvariationisafundamental
componentofcollectivebehaviour, withsocialattractionandrisk-
balancingbeingtwofundamentalbutdistinctbehaviouralaxes.

A4.3 ANT NUTRITION:
FROM INDIVIDUAL NEEDS
TO COLLECTIVE DECISION

™ MONDAY 4 JULY, 2016 ©® 11:55

@ AUDREY DUSSUTOUR (UNIVERSITE PAUL SABATIER, FRANCE)

©@ DUSSUTOU@GMAIL.COM

Afundamentalquestioninnutritionalbiologyishowdistributed
systemsmaintainanoptimalsupply of multiplenutrientsessential
forlifeandreproduction. Weaddressthisquestionusinghighly
organisedsocietiesofants.Inthecaseofanimals,thenutritional
requirementsofthecellswithinthebodyarecoordinatedbythe
braininneuralandchemicaldialoguewithsensorysystemsand
peripheralorgans.Beingasocialinsectaddsalevelof complexity
tonutritionalregulatorystrategies. Contrarytootheranimals,
thefoodenteringasocialinsectcolonyisassessedandcollectedby
onlyasmallnumberofworkers. Theseforagersneedtoadjusttheir
harvestingstrategytotheinternaldemandsfornutrientswithin
thenest,wherelarvaeand workershavedifferentneeds.Sohow
doforagersreactionstofoodencounteredoutsidethenestrelateto
thenutritionaldemandsofthenestasawholeandthemselvesas
individuals? Here, weshowthatforagingantscansolvenutritional
challenges for the colony by making intricate adjustments to
theirfeedingbehaviourandnutrient processing,actingbothasa
collectivemouthandgut.

A4.4 MATERNAL EFFECTS ON SHOAL
COHESION IN AN AFRICAN CICHLID
(DIMIDIOCHROMIS COMPRESSICEPS)

™ MONDAY 4 JULY, 2016 ® 12:25

@ TIFFANY ARMSTRONG (UNIVERSITY OF GLASGOW, UNITED
KINGDOM), KEVIN PARSONS (UNIVERSITY OF GLASGOW,
UNITED KINGDOM)

@ T.ARMSTRONG.1@RESEARCH.GLA.AC.UK

Grouplivingcanincreasesurvivorshipofindividualsandexistsina
widerangeoftaxaandlifestages. Maternaleffects,thenon-genetic
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transferoftraitstofrommothertooffspring,areknowntoimpact
offspringgrowth, survivalandinsomecasessocialbehaviour.It
canbesuggestedthatmaternaleffectsshouldimpactbehaviours
associatedwithgroupliving, suchasshoalingbehavioursinfish.
Fishspeciesthatmaternallymouthbroodtheiryoung,suchasmany
ofthe Africancichlids, presentaunique opportunitytoexamine
thesematernaleffects. However,theeffectsthistypeofcarecould
haveonshoalingremainslargelyuncharacterised. Additionally,
thelongevityof maternaleffectsisuncertainanditisnotclearif
the effect on shoal cohesion willremain consistent. This study
aimedtodeterminedifferencesinshoalcohesionamongstgroups
ofjuvenilesthatwererearedinanartificialenvironmentandthose
rearedinthenaturalmaternalenvironment,aswellastheeffects
overtime,inamouthbrooding Africancichlid, Dimidiochromis
compressiceps.Todeterminetheeffectof maternalcarebroodswere
split,withaportionbeingrearednaturallybythemotherandanother
artificially. Toanalysetheeffectsovertimeshoalcohesioninanovel
environmentwasexaminedtwoweeksafterjuvenileswerereleased
fromthemother(roughly onemonthpostfertilization), fivemonths
postfertilization,andagainatoneyearpostfertilization. Theeffects
of maternalcareandfamilyonshoalcohesionwillbediscussed, as
wellashowthischangesoverontogeny.

A4.5 SHOALING REDUCES METABOLIC
RATE IN A GREGARIOUS CORAL REEF
FISH SPECIES

™ MONDAY 4 JULY, 2016 ® 12:40

@ LAUREN E NADLER (JAMES COOK UNIVERSITY, AUSTRALIA),
SHAUN S KILLEN (UNIVERSITY OF GLASGOW, UNITED
KINGDOM), EVA C MCCLURE (JAMES COOK UNIVERSITY,
AUSTRALIA), PHILIP L MUNDAY (JAMES COOK UNIVERSITY,
AUSTRALIA), MARK I MCCORMICK (JAMES COOK UNIVERSITY,
AUSTRALIA)

@ LAUREN.NADLER@MY.JCU.EDU.AU

Many animalslivein groups duetothebenefitsthatsociability
can confer. Forinstance, group-living canreduce the energetic
requirements needed to fuel a variety of processes, such as
flight in birds, swimming in fish, web-building in spiders and
thermoregulationinmice. Theoryalsosuggeststhatgroupliving
mayinducea‘calmingeffect’throughavarietyofmechanisms,
reducingthephysiological stressexperiencedby groupmembers
and, potentially,reducingindividuals’totalmetabolicdemand.
However, thiseffecthasprovendifficulttoquantify. Inthisstudy,
we measured the impacts of shoaling on the metabolism and
bodyconditionofagregariouscoralreeffishspecies, theshoaling
damselfish Chromisviridis.Usinganovelrespirometrymethodology
forasocialspecies, wefoundthatthepresenceofshoal-matecues
ledtoasignificantreductioninthemeasuredstandard metabolic
rateofindividuals. Althoughallfishwerefedabody-massspecific
feedingregime,fishheldinisolationexhibitedasignificantreduction
inbody conditionfollowingone weekintreatmentwhencompared
tothoseheldinshoals.Interestingly,individualsaccustomedtothe
groupholdingtreatmentexhibitedastrongerinitial physiological
reactiontostressthanthoseacclimatedtoanisolated condition,
potentiallyduetothestressofacuteisolationandalowerthreshold
ofthreatatwhichtheyinstigateastressresponse. Asenvironmental
disturbanceshavethepotentialtoinducesocialisolation, these
resultscouldhaveecological consequencesforgregariousspecies.
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A4.6 POPULATION VARIATION IN
MOUNTAIN ZEBRA SOCIAL NETWORKS:
INDIVIDUALS, DEMOGRAPHY AND
ECOLOGY IMPACT ON STRUCTURE

™ MONDAY 4 JULY, 2016 @® 13:55

@ SUSANNE SHULTZ (UNIVERSITY OF MANCHESTER, UNITED
KINGDOM), JOHN JACKSON (UNIVERSITY OF SHEFFIELD,
UNITED KINGDOM), JESSICA LEA (UNIVERSITY OF
MANCHESTER, UNITED KINGDOM)

© SUSANNE.SHULTZ@MANCHESTER.AC.UK

Habitatqualityhasclearimplicationsforpopulationhealth,assink
populationsareoftenunsustainable. However, theintermediate
linksbetweenecologyandindividualfitness,includingpopulation
structure, behaviour and individual physiology are not well
elucidated. Hereweuse conventional populationandscale-free
socialnetworkanalysestoevaluatehowhabitatsuitabilityimpacts
onvariationinsocialnetworkstructureanddemographyacrossten
populationsofthe Capemountainzebra (CMZ),Equuszebrazebra.
Individual connectivity, thedistribution ofadultmaleties, group
sizeandtheproportionofbachelormaleswithinapopulationare
allassociatedwiththeavailability of palatable grassspeciesand
water.Ingoodhabitats, groups werelarger, thepopulationhada
morebalancedsexratio,andindividualconnectivityandheterophily
inthetiesofadultmaleswerehigher. Populationsinpoorquality
habitats also have poor female reproductive performance. We
comparetheseresultswiththosefromsemi-feralponies, which
suggest that individual network position is associated with
reproductivesuccess. Comparingsocialnetworksinpopulations
withvaryingecologicalpressurescanhighlightbehaviouraland
demographicresponsestoecologicalchallengesandcanhighlight
the consequences of network instability at the individual and
populationlevel.

A4.7 HETEROGENEITY
IN ANIMAL COLLECTIVES

™ MONDAY 4 JULY, 2016 ©® 14:35

@ ANDREW J KING (SWANSEA UNIVERSITY, UNITED KINGDOM),
CEDRIC SUEUR (UNIVERSITY OF STRASBOURG, FRANCE),
INES FURTBAUER (SWANSEA UNIVERSITY, UNITED KINGDOM),
GAELLE FEHLMANN (SWANSEA UNIVERSITY, UNITED KINGDOM),
LEAH WILLIAMS (CHESTER Z00, UNITED KINGDOM), CLAUDIA
METTKE-HOFMAN (LIVERPOOL JOHN MOORES UNIVERSITY,
UNITED KINGDOM), ANDREA MANICA (CAMBRIDGE UNIVERSITY,
UNITED KINGDOM), DANIEL STROMBOM (LAFAYETTE COLLEGE,
UNITED STATES), JUSTIN O'RIAIN (UNIVERSITY OF CAPE
TOWN, SOUTH AFRICA), GUY COWLISHAW (INSTITITUTE OF
Z0OLOGY, UNITED KINGDOM)

@ A.J.KING@SWANSEA.AC.UK

Iwillpresentcollaborativeresearchconductedonavariety ofgroup-
livingfish,bird,andmammalsystemsinthewildandinthelab.Iwill
showhownoveltechnologiesandanalyticaltoolsallowusaccess
informationaboutinteractionsatmanyspatial-temporalscales.
Then,usingreal-lifecasesandtheoreticalmodelsthatdealwiththe
causesandconsequencesofcollectivebehaviour,Iwillhighlightthe
importance and role of heterogeneity in animal collectives.
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A4.8 EXPOSURE TO NON-PREFERRED
TEMPERATURES AS A COST OF
SOCIABILITY IN INDIVIDUAL
THREE-SPINED STICKLEBACKS

™ MONDAY 4 JULY, 2016 Q®© 14:50

@& BEN COOPER (UNIVERSITY OF GLASGOW, UNITED KINGDOM),
BART ADRIAENSSENS (UNIVERSITY OF GLASGOW, UNITED
KINGDOM), SHAUN S KILLEN (UNIVERSITY OF GLASGOW,
UNITED KINGDOM)

@ 1107055C@STUDENT.GLA.AC.UK

Groupbehavioursoccurinanumberoftaxaandprovidearangeof
benefits,includingincreased safety frompredators. Therearealso
coststogroupliving, however,includingincreased competitionand
possiblyreducedfood-intakeforsome groupmembers. Anadditional
costthathasnotbeenthoroughlystudiedisthatindividualsmay
sacrificeoccupyingtheirownoptimalorpreferredenvironmental
conditionstoexperiencethebenefitsofgrouping.
Thisstudyinvestigatedinteractionsbetweensociabilityand
temperaturepreferencesinindividualthree-spinedstickleback
(Gasterosteusaculeatus).50individualsfrom 10families of captive-
bred three-spined stickleback were first scored for individual
temperaturepreferenceusingashuttle-tanksetupinwhichthey
couldbehaviourallyregulatetheirowntemperature.Individuals
werethenallowedtochoosebetweenoccupyingtwotanksections
with a3 degreetemperature differential, with one tank section
containingashoalofsiblingswithinatransparentcylinder. Each
fish’s position was tracked usingacameraabove the tank for 30
minutes. Trialswererepeatedwiththeshoalonthewarmerside,
thenthecoolerside, thenwithoutany temperaturedifferential
betweenthesides.Individualfishappeartoforegoexposuretheir
ownpreferredtemperatureregimetobewithagroup ofconspecifics.
Importantly,however,thedegreeofthermal ‘cost’experiencedby
eachindividualdependsontheirownpreferred temperatureaswell
astheirbaselinelevelofsociability.Resultssuggestthatthecosts
andbenefitsofbeingwithingroupsarenothomogenousandthat
individualanimalsmayhavetheirownenvironmentalthresholds
whichmodulatetheirtendencytobesocial.

A4.9 INTRASPECIFIC AGGRESSION
DRIVES SYNCHRONOUS AIR-BREATHING
AT HYPOXIA IN A CATFISH

™ MONDAY 4 JULY, 2016 ©® 15:05

@ SHAUN KILLEN (UNIVERSITY OF GLASGOW, UNITED
KINGDOM), ANDREW ESBAUGH (UNIVERSITY OF TEXAS,
UNITED STATES), TADEU RANTIN (FEDERAL UNIVERSITY
OF SA7710 CARLOS, BRAZIL), DAVID MCKENZIE
(UNIVERSITE769 MONTPELLIER, FRANCE)

@ SHAUN.KILLEN@GLASGOW.AC.UK

Air-breathinghasevolvedinmultiplefishlineagesandallowsfishto
accessatmosphericoxygen. Thisisespeciallybeneficialinhypoxic
environmentsbutcomeswithanincreasedriskofpredationbyaerial
andterrestrialpredators. Toreduceindividual predationrisk,some
speciesappeartosynchronouslyair-breathe, wherebyagroupoffish
surfacessimultaneouslyorwithinashortperiodoftime.Giventhat
individualshavevariablephysiologicalandbehaviouralthresholds
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thattriggerair-breathing,themechanismbywhichindividuals
coordinateair-breathingisunknown. Weexaminedthisissuein
groupsofindividual Africansharptoothcatfishatvaryinglevelsof
dissolvedoxygeninalaboratoryarena.Inagreementwithprevious
reportswedidobservesynchronousair-breathingbehaviour. There
washighvariabilityacrossgroupsinthetotalamountofsurfacing
behaviourdisplayed. Theamountofair-breathingwasstrongly
correlatedwiththeamountofactivityandparticularlyaggression
occurringwithineachgroup. Asimilartrendwasobservedatthe
individuallevel:aggressiveinteractionswerefrequently followed
byaseriesofair-breathswithsubordinateindividualssurfacing
first. Synchronicityofair-breathingincreasedathypoxiaasdid
levelsofaggressionwithingroups. Theseresultssuggestthatin
sharptoothcatfish,synchronousair-breathingisnotcooperative
butisinstead drivenby agonisticinteractionsthatmay expose
subordinateindividualstoagreaterriskofpredation. Allfishwere
alsomeasuredforindividualstandardmetabolicrateusingbimodal
respirometry. Wearecurrentlyexaminingtheextenttowhichair-
breathingandaggressionarerelatedtometabolicrateandintrinsic
tendencytobreatheairwheninisolation.

A4.10 THE GOOD, THE BAD, AND THE
UGLY: WHO IS REALLY BENEFITING
FROM MOVING IN GROUPS?

™ MONDAY 4 JULY, 2016 ® 16:10

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

@ STEVE.PORTUGAL@RHUL.AC.UK

Manyspeciesarehighly gregariousandformlarge groups. These
groupscanservemultiplefunctions,suchasenhancingpredator
detectionandincreasingforagingefficiency. Anotherkeyfeature
of whyanimalsliveingroupscanbethebenefitsbroughtduring
collectivelocomotion. Travellingin groups can provide aero-or
hydro-dynamicbenefits, while groupsofanimalsareknownto
home quicker, and more efficiently, thanindividuals travelling
alone.However,suchbenefitsarenotalwaysdistributedequally
throughoutgroupmembers,andsomeindividualswithinagroup
willbebenefitting disproportionally fromtravellingin groups,
whileothersmaybeexperiencingnegativeconsequences. What
determineshow costsorbenefitsaredistributedwithinagroup
isnot fully understood, with bothindividual physiological and
personality-basedtraitslikelytoplayarole. Thistalkwillpresent
datalookingatsituationswherebenefitsoftravellingingroups
areequallyandnon-equallydistributedamongstmembers,and
examine the underlying causes (physiological, behavioural,
morphological)ofthisvariation. Usingacombinationofbiologging,
respirometry and behavioural observations, case studies will
focusonflockinginbirds, theinfluence of dominanceandsocial
rankonmovementsinnaked-molerats,andhowpersonalitytraits
determineflockpositioninginpigeons.
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A4.11 TROUBLE IN PARADISE:
WHAT DRIVES INDIVIDUAL
VARIATION IN CLEANER WRASSE
CHEATING BEHAVIOUR?

™ MONDAY 4 JULY, 2016 Q© 16:40

@& SANDRA A BINNING (UNIVERSITY OF NEUCHATEL,
SWITZERLAND), OLIVIA REY (UNIVERSITY OF NEUCHATEL,
SWITZERLAND), ALEXANDRA S GRUTTER (UNIVERSITY OF
QUEENSLAND, AUSTRALIA), REDOUAN BSHARY (UNIVERSITY
OF NEUCHATEL, SWITZERLAND)

@ SANDRA.BINNING@UNINE.CH

Cleaning mutualisms are textbook examples of inter-specific
cooperationinsocially complexmarinesystems:cleanerssuchas
thewrasse, Labroidesdimidiatus,eatectoparasitesfromthesurfaces
of ‘client’ fish. But, thereisoftentroubleinparadise. Cleanerscan
cheatbybitingclientstoeatmucus, whichtheyprefer. Todoso,
cleanerscanusetacticaldeception (providingmassagestosmall
clients) tolurelargefish close before biting them. The extent to
whichcleanerscheatandwhethertheyusedeceptivestrategiesto
maximizeenergyintakevariesdramaticallyacrossindividualsand
habitats. However, thephysiologicaland/or cognitivemechanisms
andtheroleofthesocialenvironmentinmediatingthesestrategic
decisionsareunknown. Weexogenouslyadministeredinjections
of corticosteronetoinducephysiologicalstressandincitecheating
behaviourincleanersfromsocially-complex or socially-simple
habitats, and observed natural cleaning interactions over 45
minutes. Wefoundthat cleanersfromsocially-complexhabitats,
whereintra-specificcompetitionishighandreputationisessential
formaximizinggains,usetacticaldeceptiontomanipulateclient
partnerswhenstressed:cortisol-injected cleanersprovidedmore
massagestosmallclientsandbitlarge clientsmoreoftenthansaline-
injected controlfish. Conversely, cleaners from socially-simple
habitats, wherecompetitionislowerandreputationislessimportant,
didnotusedeceptivestrategies,butinsteadincreasedtheiroverall
rates of cheating when injected with cortisol. These results
demonstratethatacombinationofsocial context, physiological
stateandlearneddecisionrulesmediatetheswitchfromcooperation
tocheatingandtacticaldeceptionincleanerwrasse.

A4.12 PROXIMATE MECHANISMS
UNDERLYING VARIATION IN
COOPERATION LEVELS BY THE CLEANER
FISH LABROIDES DIMIDIATUS

™ MONDAY 4 JULY, 2016 ©® 16:55

& DOMINIQUE G ROCHE (UNIVERSITY OF NEUCHATEL,
SWITZERLAND), MAIWENN JORNOD (UNIVERSITY OF
NEUCHATEL, SWITZERLAND), ALEXANDRA GRUTTER
(UNIVERSITY OF QUEENSLAND, AUSTRALIA), REDOUAN
BSHARY (UNIVERSITY OF NEUCHATEL, SWITZERLAND)

@ DOMINIQUE.ROCHE@UNINE.CH

Game theoretic models help us understand how and when
cooperationcanevolveandpersist. However, currentmodelsfall
short of explaining the striking variationin cooperationlevels
thatweobserveinnature. Forexample,thereisamplequalitative
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evidencethatsupplyanddemanddeterminetheexchangevalueof
goodsorservicestradedbetweencooperatingpartners(‘biological
markettheory’). However, differentspeciesorindividualswith
similarpartner choice options canbe treated differently by the
samepartner. Thisisthecaseinthemutualismbetweenthecleaner
wrasse, Labroides dimidiatus, andits ‘client’ reeffishes. In this
system, cleanerssometimescheatandremovelivetissueinstead
ofectoparasites. Clientfishesdiffernotonlyinthenumberofcleaners
they canvisit, butalsoin a suite of other traits. To evaluate the
relativeimportanceoftraitsthatmightinfluencecleaningservice
quality,weexamined 13non-predatoryclientspeciesandexplored
howdifferenttraitsrelatetocleaningservicequalitymeasuredasthe
occurrenceofcheatingeventsinnature. Sixvariableswereequally
importantinexplainingvariationincooperationlevels:interaction
duration, clientsize,mucusamountandcaloriccontent,gnathiid
ectoparasiteload, clientturningrateandpartnerchoiceoptions.
Partnerchoiceisthecornerstoneofbiologicalmarkettheorybut
wasonlyoneofmanyvariablesthatregulateservicequalityinthis
marinemutualism.Ourresultssuggestthatfuturemodellingefforts
shouldintegrateconceptssuchastemptationtocooperate/defect,
partnerchoiceoptionsandpunishmentabilitytobetterexplain
naturalvariationincooperativebehaviour.

A4.13 SOCIAL CONTEXT INFLUENCES
RESPONSES TO HIGH TEMPERATURE
CHALLENGE IN ISOGENIC

LINES OF MANGROVE RIVULUS,
KRYPTOLEBIAS MARMORATUS

™ MONDAY 4 JULY, 2016 ©® 17:10

@ SUZANNE CURRIE (MOUNT ALLISON UNIVERSITY, CANADA),
LAURA STEEVES (MOUNT ALLISON UNIVERSITY, CANADA),
KIRSTEN WEAGLE (MOUNT ALLISON UNIVERSITY, CANADA)

@ SCURRIE@MTA.CA

Variationinphysiologicalandbehaviouraltraitswithinaspecies
canbeattributedtodifferencesingenotypeand/ordifferencesin
phenotype. Usingisogeniclinesoftheself-fertilizingmangrove
rivulus,weshowthatphysiologicalresponsestothermalchallenge
(e.g.CTmax, heatshockproteininduction) arevariablewithinone
isogeniclineage. Thissuggeststhatitislargelyphenotypicplasticity
contributingtothermaltolerancewithlittleinfluence of genotype.
Moreover,whenfishweresubjectedtohightemperaturechallenge
inpairs,thevariationinthermalresponsesdiminishescompared
towhensolitaryfisharechallenged. Wefurtherdemonstrated that
solitaryfishhadreducedthermaltoleranceandareducedheatshock
responsecomparedtopairedfishfromthesameisogenicline. Thus,
thesocialenvironmenthasanimportantroleinhowfishrespondto
ecologicallyrelevantincreasesinwatertemperature,independent
of geneticdifferences.
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A4.14 AN INDIVIDUAL-BASED MODEL
OF THE THREE-SPINED STICKLEBACK:
INCORPORATING EFFECTS ON BREEDING
BEHAVIOUR INTO THE ASSESSMENT OF
ENDOCRINE DISRUPTING CHEMICALS

™ TUESDAY 5 JULY, 2016 POSTER SESSION

@ KATE S MINTRAM (EXETER UNIVERSITY, UNITED KINGDOM),
PERNILLE THORBEK (SYNGENTA, UNITED KINGDOM), SAMUEL
K MAYNARD (SYNGENTA, UNITED KINGDOM), A ROSS BROWN
(EXETER UNIVERSITY, UNITED KINGDOM), CHARLES R TYLER
(EXETER UNIVERSITY, UNITED KINGDOM)

@ KM488@EXETER.AC.UK

Populationmodellingisemployedtoextrapolate fromindividual
effects (includingbehavioural effects) topopulation-level effects
in the environmental risk assessment (ERA) of chemicals. In
individual-basedmodelling, populationdynamicsandecological
processes such as density dependent competition emerge from
interactions between individuals, including aspects of their
behaviour. Reproductionin some fish speciesinvolves complex
breedingbehavioursthatcanbeaffectedbychemicalexposure
butERA doesnotincorporateaspectsofbehaviourintoregulatory
testing.Inthethree-spinedstickleback (Gasterosteusaculeatus)
nestbuilding,courtshipdisplaysandparentalcare,maybedisrupted
byexposuretoendocrinedisruptingchemicals (EDCs),consequently
potentiallyaffectingpopulationrecruitment. Here, we presentan
individual-basedmodel (IBM)forthethree-spinedsticklebackwith
thepurposetosimulaterealisticscenariosforchronicexposure
effects of EDCs. The three spined stickleback is widespread
geographically,andpotentially sensitivetochronicexposureto
EDCsthatmimicsexhormonesgivenitscomplexbreedingstrategy,
low fecundity and the provision of high level of parental care.
Densitydependentgrowthandindividualbreedingbehaviours
arekeyparameterswithinthemodel. TheIBMhasbeenstructured
usingaseriesofsub-models,basedonempiricaldataobtained from
publishedliterature. Theposterwillpresentafulldescriptionofthe
modelwithsomepreliminarytesting,andillustrateitspotential
applicationwithinERA.

A4.15 DOES FOOD DEPRIVATION
AFFECT BEHAVIOUR IN
JUVENILE EUROPEAN SEA BASS,
DICENTRARCHUS LABRAX?

™ TUESDAY 5 JULY, 2016 POSTER SESSION

& CASSANDRE AIMON (CEDRE, FRANCE), NICOLAS LE BAYON
(IFREMER, FRANCE), STEPHANE LE FLOCH (CEDRE, FRANCE),
GUY CLAIREAUX (UNIVERSITE DE BRETAGNE OCCIDENTALE,
FRANCE)

@ CASSANDRE.AIMON@CEDRE.FR

Fooddeprivationisacommonenvironmentalstressor,andbecause
oftheirlowmetabolicrateandabilitiestowithstandstarvation,
ectothermsmaysurvivewellperiodsoffoodshortagethatcanlast
uptoseveralmonths. Allanimalsexhibitadaptivebiochemical
andphysiologicalresponsestothelackoffoodandtheseresponses
havebeenrelatively wellstudied. Lessstudied, however,arethe
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behaviouralresponsesemployedtoincreaseencounterratewith
appropriatefooditemsand/ortoreduceenergyrequirement.
Inacontextwherefoodresourcesarescarce,behaviouraltrade-
offsbetween, forinstance,boldness, shynessandsociabilitycan
playanimportantroleinfoodseekingsuccessand, therefore,in
determiningthesurvivalofindividuals.Inthepresentexperiment
we investigated behavioural plasticity in fish by comparing
boldness, swimmingmotivationandsociabilityintwopopulations
of Europeanseabass(Dicentrarchuslabrax)i.e.,apopulationfeddaily
withmaintenancerationandapopulationsubmittedtoa3-week
fastingperiod.Individualsfromeachtreatment weresuccessively
submittedtofourexperimental conditions,anewenvironment,
novel object, hidden conspecificand a shelter. Expectedresults
arethatstarvationwillincreaserisktakingbehaviour,increase
interaction with anovel object, decrease socialinteractionand
decreasetimespentintheshelter.

A4.16 THE INTERPLAY BETWEEN SOCIAL
HIERARCHY FORMATION AND METABOLIC
TRAITS IN THE COMMON MINNOW

™ TUESDAY 5 JULY, 2016 POSTER SESSION

@ BROOKE ALLAN (UNIVERSITY OF GLASGOW, UNITED KINGDOM),
SHAUN KILLEN (UNIVERSITY OF GLASGOW, UNITED KINGDOM)

© 1102151A@STUDENT.GLA.AC.UK

Metabolicrate showswideindividualvariationwithinspeciesand
canaffectsocialinteractionswithinanimal groups. However,itis
alsopossiblethatsocialstatuswithinagroupcanfeedbacktoaffect
individualmetabolictraitsduetosocialstressordifferinglevelsof
foodintakeamongindividuals. Weexaminedtheseissuesinthe
commonminnowbymeasuringmetabolicrateandaerobicscope
beforeandaftertheformationofstablesocialhierarchies. Shoals
offourindividualseachwereexaminedforfoodintake,aggressive
interactions, and spatial positioning within their respective
holdingtanksoveraperiod of 10weeks. Metabolicrateandaerobic
scope for each individual were measured using intermittent
flowrespirometrybeforeandafterhierarchy formation. Levels
ofaggressionvariedwidelyamongindividualsbutalsoamong
shoals,bothbeforeandafterfeeding. Certainindividuals were
consistently more aggressive within shoals and their overall
levelofaggressionappearedtoaffectthebehaviouroftheentire
group. Spatialpositioningwasnotrelatedtosocial statusamong
individuals.Changesinmetabolictraitsoverthecourseofthestudy
willbeanalysedinrelationtothesocialstatusachievedbyeach
individual.Resultswild willprovideinsightintothe causeand
effectrelationshipbetweenmetabolictraitsandsocialbehaviours.
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A5 OSMOREGULATION AT THE EXTREMES:
WATER AND ION BALANCE AT ENVIRONMENTAL

HIGHS AND LOWS

ORGANISED BY: DR PEDRO GUERREIRO (UNIVERSITY OF ALGARVE, PORTUGAL),
DR JONATHAN WILSON (UNIVERSITY OF PORTO, PORTUGAL) AND DR JUAN FUENTES

(UNIVERSITY OF ALGARVE, PORTUGAL)

SESSION SPONSORED BY: LOLIGO SYSTEMS
|

A5.1 BIOCHEMICAL ADAPTION AND
MOLECULAR EVOLUTION OF FISH IN
RESPONSE TO SALINITY STRESS

™ THURSDAY 7 JULY, 2016 ©® 09:00

A5.2 ARE THERE ANY
EXTRABRANCHIAL SALT SECRETING
ORGANS IN THE TELEOSTS?

™ THURSDAY 7 JULY, 2016 © 09:40

@ DIETMAR KULTZ (UNIVERSITY OF CALIFORNIA DAVIS,
UNITED STATES)

©@ DKUELTZ@UCDAVIS.EDU

@ SALMAN MALAKPOOR (CIIMAR CENTRO INTERDISCIPLINAR
DE INVESTIGA AO MARINHA E AMBIENTAL, PORTUGAL), DR.
JONATHAN MARK WILSON (CIIMAR CENTRO INTERDISCIPLINAR
DE INVESTIGAGCAO MARINHA E AMBIENTAL, PORTUGAL)

Manyordersoffishcontainspeciesthathaveevolvedthecapacity
toliveatsalinityextremesashighas130gsaltperkgwaterand
fluctuating asmuch as from fresh water to almost 4x seawater.
Forexample, black-chinnedtilapiainhabit fresh water streams
andlakesaswellasthe Saloum estuary/ delta (Senegal) where
salinityextremescanreach 130g/kg. Whatmakestheseextremely
euryhalinespeciesoffishsoresilienttowardssalinity stressand
whatbiochemicalmechanismsdotheyutilizetomaintainproper
cellandorganfunction? Asystemsbiologyapproachbasedprimarily
onquantitative proteomicsis presented that providesin-depth
mechanisticinsightintobiochemicaladaptationsofeuryhaline
tilapia and sticklebacks to salinity extremes. Key nodes in the
pertinentbiochemicalnetworksareidentifiedbased onnetwork
modeling/visualization. Casual relationships between these
key nodes and salinity tolerance are established using genetic
engineeringofcelllines derived fromthese species. Theresults
ofthese studies support the centralrole of organicosmolytesin
salinity stress responses of bony fish. Despite bony fish being
osmoregulatorstheyarestillsubjecttosignificantchangesinplasma
osmolalityduringsalinity stress, whichnecessitatestheregulation
oforganicosmolytes.Inaddition,novel proteinsrepresentingkey
nodesinvolvedinosmoticstresssignalingofeuryhalineteleosts
haveemergedfromthesestudiesandtheirrolesincorresponding
biochemical/signalingpathwaysarediscussed.

@©@ SALMAN_MALAKPOOR@YAHO0O.COM

The euryhaline Plotosidae catfish Plotosus lineatus is unique
amongsttheteleostsinthatitpossessesaspecializedsaltsecreting
organ,thedendriticorgan (DO)whereasothermarineteleostsrely
ontheirgillionocytes.Inthepresentstudy, weinvestigatedthe
effectsofsalinity [brackishwater (BW)3%o,seawater (SW-control)
34%o,hypersalinewater (HSW)60%o]onNa*/K*-ATPase (NKA)
and Na*:K*:2Cl cotransporter (NKCC1) expression to elucidate
the importance of the DO in ion-regulation, and DO ligation to
characterizethecompensatoryresponsesofthegillandkidney.
OurresultsshowthatDONKA activitywassignificantlyhigher
thanin gill, kidney orintestine at all salinities; however, NKA
activityonlyincreasedwithHSWinkidney,andintestineposterior
butnotineithergillorDO.BW acclimationresultedinlower NKA
activityingill,kidneyand DO.NKCC1expressionwashighinDO
butnotdetectablebyimmunoblotorimmunohistochemistryin
gill,kidney,orintestine.DOsizeincreasedwithsalinityandstrong
NKA/NKCClimmunolocalizationwasobservedwhichwasabsent
ingillionocytes. Thislatterobservationcontrastswithpractically
allothermarineteleostsinwhichgillionocytesarecentraltoexcess
ionexcretion.InSW,DOligationdidnotaltergillorkidney NKA
expressionbutsignificantchangeswereseenintheintestine.In
BW,DOligationonlyloweredgillNKAactivity. InsummaryNKA
activityishighinDOand co-expressedwithNKCCwhichindicates
aconservationofrathersimilarmechanismsofiontransporting
intheconvergentevolutionofsaltsecretingorgansinvertebrates.
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A5.3 TOLERANCE AND RESPONSES
OF THE FRESHWATER SNAIL
(THEODOXUS FLUVIATILIS)

TO INCREASING SALINITIES

™ THURSDAY 7 JULY, 2016 ©® 09:55
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A5.4 OSMOREGULATORY DIVERGENCE
IN A LANDLOCKED POPULATION OF
GALAXIAS MACULATUS (JENYNS,
1848) IN THE ANDES

™ THURSDAY 7 JULY, 2016 ® 10:10

@ AMANDA A. WIESENTHAL (ERNST MORITZ ARNDT-UNIVERSITY
GREIFSWALD, GERMANY), DANA GOTTSCHLING (ERNST MORITZ
ARNDT-UNIVERSITY GREIFSWALD, GERMANY), CHRISTIAN
MOULLER (ERNST MORITZ ARNDT-UNIVERSITY GREIFSWALD,
GERMANY), JAN-PETER HILDEBRANDT (ERNST MORITZ ARNDT-
UNIVERSITY GREIFSWALD, GERMANY)

@ AMANDAALICE.WIESENTHAL@UNI-GREIFSWALD.DE

Thesnail Theodoxusfluviatilis (Gastropoda: Neritidae)isfoundin
bothbrackishandfreshwaterhabitatsinnorthern Germanyand
has formedregional subgroups. These two lineages are closely
related,andindividualsofbothareneitherclearlydistinguishable
byshellsize,shellpatterning-duetohighvariabilitywithineach
lineage-norbymitochondrial RNAmarkers. Despitethehighdegree
of similarity, theydifferintheirtolerancetochangingsalinities.
Animalsofthebrackishwaterlineage strugglewhentransferred
tofreshwaterand freshwateranimals dieupontransfertohigh
salinities (21%o). Thelowsurvival of freshwateranimalsmaybe
explainedbyalesswelldevelopedabilitytoaccumulatefreeamino
acidsin their foot muscle as a means of cell volume regulation.
This diverging ability between the lineages is associated with
characteristicdifferencesinproteinexpressionthatshowboth,
lineage-specific(genetic)andenvironmentallyinduced (plasticity)
expressionpatterns. Toelucidateanyresponsesoftheseanimalsto
changingsalinities,includingtolerancelimitsandexperimentally
achievablerangeshiftsinreactionnormsoffreshwateranimals
tohypertonicenvironments,individualswerecollectedatthree
freshwatersitesandexposedtoa22-daytransferandacclimation
regime.Survivalrate,theamountofaccumulatedfreeaminoacids
aswellasproteinpatternswererecorded and analysed foreach
individualandeachtreatment. Acontrolgroupand3treatmentsof
eitherslowacclimatisingorradicaltransfertohighersalinitieswere
compared. Theresultsshowedthatrangeshiftsinreactionnorms
canbeachievedbystepwiseacclimationoffreshwateranimalsto
highersalinities.

& IGNACIO RUIZ-JARABO (UNIVERSIDAD DE CADIZ, SPAIN),
CLAUDIO A. GONZALEZ-WEVAR (UNIVERSIDAD DE MAGALLANES,
CHILE), RICARDO OYARZN (UNIVERSIDAD AUSTRAL DE CHILE,
CHILE), JUAN FUENTES (CCMAR UNIVERSIDADE DO ALGARVE,
PORTUGAL), ELIE POULIN (UNIVERSIDAD DE CHILE, CHILE),
CARLOS BERTRAN (UNIVERSIDAD AUSTRAL DE CHILE, CHILE),
LUIS VARGAS-CHACOFF (UNIVERSIDAD AUSTRAL DE CHILE,
CHILE)

© IGNACIO.RUIZJARABO@UCA.ES

Theamphidromousteleostfish, Galaxiasmaculatus,isfoundmainly
migrating between estuaries and rivers, but some landlocked
populationshavebeendescribedinthe Andes.Inthepresentstudy
weusemtDNA sequencestoreconstructthehistoricalscenario
oflakecolonizationand evaluatedthepotentialosmoregulatory
shift associated to changes in habitat and life cycle between
amphidromousandlandlockedpopulations. Standarddiversity
indicesincluding the average number of nucleotide differences
(IT) and the haplotype diversity index (H) indicated that both
populations were, as expected, genetically distinctive, being
the landlocked population less diverse than the diadromous
one. Similarly, pairwise Gst and Nst comparison detected
statistically significantdifferencesbetweenbothpopulations,
whilegenealogyofhaplotypesevidencedarecentfoundereffect
fromthediadromousstock, followedbyanexpansionprocessin
thelake. Totestforphysiologicaldifferences,individualsofboth
populationswerechallenged, afterprogressiveacclimation, with
arangeofsalinitiesfrom0to30pptfor8days. Theresultsshowed
thatthelandlockedpopulationhadasurprisinglywidersalinity
tolerancethandiadromousfish. Theactivityof ATPase,including
Na*/K*-ATPase,andH*-ATPasewasmeasuredingillsandintestine.
Activitydifferencesweredetectedbetweenthepopulationsatthe
lowestsalinities. Theseresultsclearlydemonstratethestriking
adaptivechangesof G. maculatusosmoregulatory system, especially
athyposmoticenvironments,associatedtoadrasticshiftinhabitat
andlifecycleinafewthousandyears.
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A5.5 STRONG ION REGULATORY
ABILITIES ENABLE THE CRAB
XENOGRAPSUS TESTUDINATUS
TO INHABIT THE WORLD’S MOST
ACIDIC VENTS SYSTEMS

™ THURSDAY 7 JULY, 2016 ©® 10:55
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A5.6 INFLUENCE OF REDUCED
SALINITY AND ELEVATED CO, ON
OSMOREGULATION IN TWO SPECIES
OF CRABS: AN OSMOREGULATOR VS
AN OSMOCONFORMER

™ THURSDAY 7 JULY, 2016 ©® 11:25

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

©@ MARIAN.YONGAN.HU@GMAIL.COM

Theunderwatervolcanoof Turtleisland (Kuei-shandao) offthe
coastof Taiwanhasbeendescribedasoneofthemostacidicmarine
ventsystemsintheworld,dischargingwaterwithahighcontent
of elemental sulfur particles, temperatures of 76-116°C and a
minimumpH of1.25. Thischallenginghydrothermalventhabitatis
inhabitedby Xenograpsustestudinatus,acrabspeciesthatisendemic
toshallow-water (>200m) ventsystems. Tosurviveinthishighly
acidifiedenvironment, thisspecieshasevolvedsubstantialacid-
baseregulatorymechanisms. Withinfewhours X. testudinatus
restores extracellular pH (pHe) in response to environmental
acidificationof pH6.5(1.78kPapC0O;)accompaniedbyanincrease
inextracellularHCO3- levelsfrom8.78mMt030.74mM. Themajor
branchialionpumpsincludingNa*/K*-ATPase (NKA)and V-typeH*
-ATPase(VHA),showeddynamicincreasesinresponsetoacidified
conditionsonthemRNA, proteinandactivitylevel. Ahightimely
resolutionofthe compensationreactiondemonstratesatimelag
betweenmRNA expressionandsynthesisoftheenzymesby2h
and6hfortheNKAandVHA,respectively.Immunohistochemical
analyses demonstrate the presence of NKA in basolateral
membraneswhereasthe VHA hasapredominantlycytoplasmic
localizationinbranchialepithelia. Thislocalizationofthe VHA
in vesicles and its strong up regulation during environmental
acidification suggest pH regulatory mechanisms via vesicular
pathways.Ourresultsdemonstratethatstrongacid-baseregulatory
abilitiesareprobablyakeyfeatureofthiscrabspeciestosuccessfully
inhabitoneoftheworld’smostacidicmarineenvironments.

@ NIAMWHITELEY (BANGOR UNIVERSITY, UNITED KINGDOM),
COLEEN C SUCKLING (BANGOR UNIVERSITY, UNITED KINGDOM),
BEN J CIOTTI (PLYMOUTH UNIVERSITY, UNITED KINGDOM),
JAMES BROWN (BANGOR UNIVERSITY, UNITED KINGDOM), IAN
D MCCARTHY (BANGOR UNIVERSITY, UNITED KINGDOM), LUIS
GIMENEZ (BANGOR UNIVERSITY, UNITED KINGDOM), CHRIS
HAUTON (UNIVERSITY OF SOUTHAMPTON, UNITED KINGDOM)

©@ N.M.WHITELEY@BANGOR.AC.UK

Theosmoticresponsesoftwospeciesofcrabswithdifferingabilities
to compensate for environmental change were investigated as
partofalargerstudyintothe metabolicrestrictions associated
withphysiologicaladjustments. Theshorecrab, Carcinusmaenas,
a weak osmoregulator and the edible crab, Cancer pagurus, an
osmoconformer were collected from the shore and exposed to
dilute seawater (S=25) and areduction in seawater pH (7.6-7.7)
for up to 12 months. Changes in haemolymph osmolality and
acid-basestatusweredeterminedatvarioustimepointstoassess
compensatorycapacities.BranchialNa*/K* ATPaseactivitiesand
geneexpressionlevelsforspecificbranchialionexchangersand
key enzymes were also determined to examine the underlying
mechanisms. C.maenaswasabletomaintainhaemolymphacid-
base status despitereductionsin salinity and seawater pH, but
haemolymphpHdecreasedinC. pagurusovertime. Haemolymph
osmolalitydecreasedinbothspeciesonexposuretodiluteseawater,
butmeanvaluesremained50to170mOsmoll-1higherthanseawater
valuesinC.maenasandonly 30-80mOsmoll-1 higherin C. pagurus.
Seawaterdilutionresultedinasignificantincreaseinbranchial Na*
/K* ATPaseactivitiesin C.maenasandhadsignificanteffectson
geneexpressionlevelsforNa*/K* ATPase;Na*/H*;anionexchanger,
V-typeH* ATPaseandcytoplasmiccarbonicanhydrase. Noneof
thesechangeswereobservedinC. pagurusbutcrabsstillsurvived
the treatments for up to 9 months. Mechanisms, and therefore,
metabolicconsequencesandsurvival prospectsappeartodiffer
betweenthespecies.
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A5.7 FISHES OF THE RIO NEGRO:
THE CHALLENGES OF LEAVING IN
AN EXTREME ENVIRONMENT

™ THURSDAY 7 JULY, 2016 ©® 13:50

@ ADALBERTO L VAL (INPA, BRAZIL)

@ DALVAL.INPA@GMAIL.COM

The Rio Negro drains into the Amazon River and is the largest
blackwaterriverintheworld.Itswaterisremarkablypoorinions,
withconductivitybelow 1011S, extremelyacidic, withpHranging
from2.9t05.0,andrichindissolvedorganiccarbon (DOC),which
levelsofupto30mg/Lvaryseasonandregionally. Near300,000
Km?ofthe Rio Negro basinis annually flooded, which includes
oneofthelargestriverarchipelago,the Anavilhanas. Theflooded
forest(knownasigapd)isvisitedbymanyfishspeciessearchingfor
food. Thesespeciesareadaptedtohypoxiaandveryacidicion-poor
waters. TheRioNegroisthehouseofmorethan1,200fishspecies
belongingtodifferentgroups,includingstingrays, ornamental
fishes,suchasthecardinaltetras,andthelargestfreshwaterair-
breathingfishpirarucu. Howthesefishescanthrivetheseacidic
ion-poorwaters, continually defyfishbiologists. Overthelastfew
years,welearnedthatbehavioral, physiologicalandbiochemical
characteristics, that require regulation of gene transcription,
allowthesefishestothrivetheextremeenvironmentsoftheRio
Negro.Also,itispossiblethatthepresenceofhighlevelsofDOC,
whichqualityvariesgeographicallyandalongtheyear,alsoplays
amajorroleinprotectingtheanimals. Undoubtedly, thefishofthe
RioNegroconstitutesasingulargroupofanimalsfacingextreme
osmoregulationchallenges.(INCTADAPTA-CNPq/FAPEAM).

A5.8 IDENTIFICATION OF BRANCHIAL
ACID-BASE EXCRETING IONOCYTES

IN A STENOHALINE FRESHWATER
ELASMOBRANCH (POTAMOTRYGON SPP.)

™ THURSDAY 7 JULY, 2016 ©® 14:30

@ JONATHAN M WILSON (WILFRID LAURIER UNIVERSITY,
CANADA), MARK W ROSSI (WILFRID LAURIER UNIVERSITY,
CANADA), CHRIS M. WOOD (UBC, CANADA), ADALBERTO L.
VAL (INPA, BRAZIL)

@ JMWILSON@WLU.CA

The branchial iono acid-base regulatory strategies of the
Amazonian freshwater rays (genus: Potamotrygon) that have
adapted to extremely ion poor waterwere investigated using
immunohistochemistry.Inelasmobranchs,branchialionocytes
havebeenshowntobeimportanttoacid-baseregulationaswellas
ionuptakeinfreshwatereuryhalinespecies. The Potamotrygon
havebeenisolatedinfreshwaterforwellover 10millionyearsand
arestenohaline. Theyhavealsoyettohavetheirmechanismsof
branchialionoregulationinvestigated.Branchialionocyteswere
characterized as either (A) acid secreting or (B) base secreting
types. A-type ionocytes were identified as clusters of Na* /K*
ATPaseimmunoreactivecellswithapicalNa*/H*exchanger3-like
immunoreactivity. Theseclustersofcellswereonlyfoundinthe
filamentepitheliumtowardstheafferentside.B-typeionocyteswere
foundscatteredthroughoutthelamellarandfilamentepitheliaand
werecharacterizedby strongcytosolic-basolateral vacuolar-type H*
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-ATPaseimmunoreactivityandapicalpendrinCl-/HCOs-exchanger
staining. Theresponsivenessof Aand B-typeionocytestoacid-base
disturbanceswillbediscussedinthepaper.

A5.9 WATER IMMERSION-INDUCED
HYPOXIA DEMANDS SHIFT IN THE
ION TRANSPORTER FUNCTION IN

THE BRAIN OF AIR-BREATHING

FISH (ANABAS TESTUDINEUS BLOCH):
EVIDENCE FOR INTEGRATIVE ROLES
OF ION-MOTIVE ATPASES

™ THURSDAY 7 JULY, 2016 ©® 14:45

@ MC SUBHASH PETER (CENTRE FOR EVOLUTIONARY AND
INTEGRATIVE BIOLOGY UNIVERSITY OF KERALA, INDIA),
VALSA S. PETER (CENTRE FOR EVOLUTIONARY AND
INTEGRATIVE BIOLOGY UNIVERSITY OF KERALA, INDIA)

© SUBASHPETER@YAH00.COM

Bony fishespossessanarrayofiontransportersthatefficiently
maintain the cellular and systemic ion homeostasis. It is
hypothesizedthathypoxicchallengemaymodifythepatternof
iontransporterfunctionsinfishbrain. We, therefore, investigated
thepatternofiontransporterfunctioninthebrainofhypoxicair-
breathingfish (AnabastestudineusBloch)atvariedtimeintervals.
Waterimmersionwaspracticedtoinducehypoxicstressinfish.
Analysisofthekineticpatternofion-motive ATPasesvizNa*/K*
-ATPase,H"/K*-ATPaseandNa*/NH,*-ATPaserevealedthatthese
transportersareactivelyinvolvedintheexchangeofNa*,K',H*and
NH,.*acrossneuralmembrane.mRNA expressionofnkaasubunit
isoforms;nkaala,nkaalbandnkaalcinthevariedregionsofbrain
alsoshowedamodifiedresponsetoexperimentalhypoxia.Itappears
thatthedifferential expressionofnkaaisoformsanditstemporal
andspatialdistributionimpliesthatswitchingofnkaa-subunit
isoformdiversityexistsaspartofbrainresponsetohypoxicstress.
Collectively,thedataindicatethathypoxiacandemandamodified
differential/integrativepatternofiontransporterfunctioninthe
brainofair-breathingfish.




ANNUAL MAIN MEETING BRIGHTON 2016

A5.10 POTASSIUM AND ACID-BASE
REGULATION IN THE LUNGFISH
(PROTOPTERUS ANNECTENS): A ROLE
FOR THE NON-GASTRIC H*/K*-ATPASE?

™ THURSDAY 7 JULY, 2016 ©® 15:00

@ JUSTINE DOHERTY (WILFRID LAURIER UNIVERSITY, CANADA),
LUIS FILIPE C CASTRO (CIIMAR, PORTUGAL), MICHAEL
P WILKIE (WILFRID LAURIER UNIVERSITY, CANADA),
YUEN KWONG IP (NATIONAL UNIVERSITY OF SINGAPORE,
SINGAPORE), JONATHAN M WILSON (WILFRID LAURIER
UNIVERSITY, CANADA)

@ DOHE2690@MYLAURIER.CA

Thelungfish Protopterusannectensiscapableoflivingundersome
extreme conditions which include estivation during periods of
drought.Inthisstudy the hydrogen/potassiumH* /K" -ATPase
(HKA) andits hypothesized role(s) in acid-base and potassium
(K")regulationareinvestigated. Thereare twotypesof HKAin
vertebrates:thegastricandnon-gastricforms. Thisworkisfocused
onthenon-gastric(ng) HKA formthatiscomposed ofauniquea
subunit(HKa2,atpl2a)whilethe gastricHKA (HKal,atp4a)isnot
presentinstomach-lesslungfish. Wehaveclonedandsequencedthe
fulllengthcodingregionforP.annectensatpl2a.UsingaRT-PCR
basedapproachedwehavedeterminedthatgillandkidney, which
arethetwomainionoregulatoryorgansinfishes,havethehighest
mRNA expressionlevelsinanorganpanel. Ananti-peptideantibody
against lungfish HKa2 has been developed and validated for
immunoblottingandwehavecorroboratedthatgillandkidneyhave
highproteinexpressionlevelsaswell. Finally,wehavedevelopeda
non-radioactivemethodformeasuringuptakeratesusingrubidium
(Rb*)asasurrogateforpotassiumandhavemeasuredrubidiumflux
ratesthatareinagreementwithpredictedvalues. Together,these
dataindicatethatthenon-gastricH*/K*-ATPaseisexpressedinkey
ionoregulatoryorgansandthatRb*uptakeoccurs. However,short
termacid-basedisturbances(metabolicacidosisoralkalosis),and
fasting(14days)didnotaltereitherRb*fluxesorgillHKa2 protein
levels. Thesignificanceofourfindingswillbediscussed.
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A5.11 NOVEL WATER TRANSPORT
IN MARINE TELEOSTS - CARBONATE
PRECIPITATION CHALLENGES DOGMA
BUT CAN’T TAKE THE PRESSURE

(OR COLD)

™ THURSDAY 7 JULY, 2016 ©® 15:45

@ ROD WWILSON (UNIVERSITY OF EXETER, UNITED KINGDOM),
JON M WHITTAMORE (UNIVERSITY OF FLORIDA, UNITED
STATES), ERIN R REARDON (UNIVERSITY OF EXETER,
UNITED KINGDOM), MAURICIO A URBINA (UNIVERSIDAD
DE CONCEPCION, CHILE), JONATHAN M WILSON (WILFRID
LAURIER UNIVERSITY, CANADA)

@ R.W.WILSON@EX.AC.UK

Animalsare~70% waterandepithelialwaterfluxesarevast,yet
themechanismsoffluidtransportremaincontroversial.Itusually
acceptedthatthisfirstrequiresnetsolutetransporttosecondarily
drive net fluid transport in the same direction by osmosis, i.e.
solute-coupledfluidtransport. However, highratesofbicarbonate
secretionintotheintestineofmarineteleosts (themostspeciose
vertebrates) causethealkalineprecipitationofcarbonates,reducing
osmolality and driving net water absorption. This challenges a
centraldogmaofwatertransport,notrelyingonsolutetransport
in the same direction as water. Here we show evidence from a
rangeofapproachesincluding1)invitroexperimentsmimicking
intestinalchemistrychangesduring CaCO; precipitation, 2) ex
vivoexperiments (intestinal gutsacs) comparingNaCland water
fluxesundermodifiedosmotic gradients, 3) meta-analysisof693
fish osmoregulation studies across the global range of marine
temperatures(0-30°C),4)invivoexperimentsexploringhowlow
temperatureandhighpressure (thatenhancecarbonate solubility
andlimitprecipitation) affectosmoregulation (blood chemistry,
drinkingandfluidabsorption),and5) comparativefieldstudiesat
extremes (Antarcticnototheniids,deep-seafishat2,500-3,500
m,andmesopelagicsmigratingbetween1000and 55mdepth). All
theseapproachessupportthemodel of substantial watertransport
beingdrivenbycarbonateprecipitationintheintestineofmarine
teleostfish.Furthermore, thisphysiologicalmechanismofwater
transporthelpsexplaintheimpactofenvironmentallyrelevantlow
temperaturesandhighpressure(i.e.depth) ontheeffectivenessof
osmoregulationinmarinefish.
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A5.12 IDENTIFICATION OF
RESPONSIVENESS ACID-BASE MARKERS
IN EMBRYONIC TELEOSTS UNDER CO,-
DRIVEN SEAWATER ACIDIFICATION

™ THURSDAY 7 JULY, 2016 ©® 16:15
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A5.13 FASTING IN THE ‘BIG
SPENDER’ LAKE MAGADI TILAPIA
AFFECTS IONOREGULATION RATHER
THAN ENERGY BUDGET

™ THURSDAY 7 JULY, 2016 ©® 16:30

@ YUNG-CHE TSENG (NATIONAL TAIWAN NORMAL UNIVERSITY,
TAIWAN), MARIAN Y. HU (CHRISTIAN-ALBRECHTS UNIVERSITY
KIEL, GERMANY), PEI-CHEN HUANG (NATIONAL TAIWAN
NORMAL UNIVERSITY, TAIWAN), TZU-YEN LIU (NATIONAL
TAIWAN NORMAL UNIVERSITY, TAIWAN)

@ YCTeNTNU.EDU.TW

ElevatedatmosphericCOzhaslately caused considerableeffects
onmarineecosystemsandleadstoshiftsofpHvalueinocean. For
thoseathleticmarineanimals, teleostsarewellknownasstrong
acid-baseregulatorsthatarecapableofaccumulatingHCO3-inbody
fluidstofully compensatefor COzinducedacid-basedisturbances.
Inthisstudy, wemonitoreddevelopingappearancesandtranscripts
expressionprofilinginvolvedinacid-baseregulationtostudythe
effectsof CO.-drivenseawateracidificationontwo euryhaline
medaka sister-species, the freshwater medaka Oryzias latipes
(Japanesemedaka),and themarinemedaka Oryziasmelastigma
(Indianmedaka). OQurresultsdemonstratethat,ononehand, O.
latipes embryos respond with delayed development during the
time window of 2-5 dpfwhen exposedtoaseawaterpCO, 0f0.12
and0.42kPa.Ontheotherhands,thegrowthbottleneckappearance
in marine species 0. melastigma is not significant as O. latipes.
Moreover, transcriptslevelsofanionexchanger1b(AEla),Na*/
HCO3 -exchangera(NBCa)andcarbonicanhydrase15(CA15)were
foundtobebothup-regulatedinthesetwospeciesforcontrolling
of bicarbonate homeostasis during ambient hypercapnia. And
theprotonsecretionpathwayisaswellachievedviaapicalNa*/
H*-exchanger (NHE)inepitheliumasthis SLC9proteinmemberis
thermodynamicallyfavorableduetohighexternal[Na*]compared
tolowintracellular[Na*]Jinthemarineenvironment. Consequently,
thepresentstudyelucidatesthatHCO3 -andpHimodulationscould
provideahomeostaticbasisinearlyembryonicteleoststocopewith
CO-drivenseawateracidification.

@ GUDRUN DE BOECK (UNIVERSITY OF ANTWERP, BELGIUM),
CHRIS MWOOD (UNIVERSITY OF BRITISH COLUMBIA,
CANADA), KEVIN M BRIX (ECOTOX MIAMI, CANADA), AMIT
K SINHA (UNIVERSITY OF ANTWERP, BELGIUM), ORA E
JOHANNSSON (UNIVERSITY OF BRITISH COLUMBIA, CANADA),
ADALTO BIANCHINI (UNIVERSIDADE FEDERAL DO RIO GRANDE,
BRAZIL), LUCAS F BIANCHINI (UNIVERSIDADE FEDERAL
DO RIO GRANDE, BRAZIL), JOHN N MAINA (UNIVERSITY OF
JOHANNESBURG, SOUTH AFRICA), GERALDINE D KAVEMBE
(SOUTH EASTERN KENYA UNIVERSITY, KENYA), MICHAEL B
PAPAH (UNIVERSITY OF NAIROBI, KENYA), KISIPAN M LETURA
(EGERTON UNIVERSITY, KENYA), RODI 0 0JOO (UNIVERSITY
OF NAIROBI, KENYA)

@©@ GUDRUN.DEBOECK@UANTWERPEN.BE

LakeMagadi,Kenyaisoneofthemostextremeaquaticenvironments
onearth (pH~10,anoxictohyperoxic,hightemperatures). Alcolapia
grahami,theonlyfishsurvivinginthelakeistheonlyknown100%
ureotelicteleostanditshowsamongthehighestaerobicmetabolisms
seeninfish.Forfood,theylargelydependonavailablecyanobacteria.
Thisfoodlimitation,combinedwiththeirhighmetabolism, often
givesthemaskinnyappearance.Duringa5-daystarvationperiod,
metabolicratesactuallyincreased,butureaexcretionremained
stableleadingtoalowernitrogenquotientasexpectedwhendevoid
oftheirN-richfood source. Tissueproteinlevelstendedtodecrease
aftera5-dayfast.Fishreliedheavilyoncarbohydrateswithlowered
plasmaglucose,lactateandmuscleglycogen. However, fishwerenot
abletomaintainionhomeostasiswithreduced plasmaosmolarity
andNa(butnotCl)levels,despiteincreased expressionlevelsofgill,
gutandkidneyNa/KATPase.Incontrast,expressionofgillandgut
ureatransportersreduced,asdidgillRhesusglycoproteinRhbgand
Rhcg.EventhoughLake Magaditilapiadonotexcreteammonia,
itstill plays a vitalrolein protein metabolism. The reductionin
gillglutaminesynthetaseconcomitantwiththereductioninRh
glycoproteinindicatesreducednitrogenmetabolism. Gillpavement
cellsshowedareducedsurfaceareaastheylostthemicroridges
ontheirsurface. Assuggested by Wood and co-workersin 2002
(Physiol. Biochem. Zool.75)iono-andacid-baseregulationdemands
asubstantialamountofenergyinthesefish,andwascompromised
duringfooddeprivation.
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A5.14 OSMOREGULATORY AND
METABOLIC RESPONSES IN THE
ANTARCTIC NOTOTHENIA ROSSII
EXPOSED TO ALTERED SALINITY
AND THERMAL REGIMES
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@ PEDRO M GUERREIRO (CENTRE FOR MARINE SCIENCES,
PORTUGAL), ALEXANDRA ALVES (CENTRE FOR MARINE
SCIENCES, PORTUGAL), BRUNO LOURO (CENTRE FOR MARINE
SCIENCES, PORTUGAL), ELSA COUTO (CENTRE FOR MARINE
SCIENCES, PORTUGAL), JONATHAN M WILSON (CIIMAR,
PORTUGAL), ADELINO VM CANARIO (CENTRE FOR MARINE
SCIENCES, PORTUGAL)

@ PMGGEUALG.PT

The Antarctic Ocean is one of the most extreme marine
environments, with temperatures reaching -1.9°C. Antarctic
fishesevolvedinastablethermohaline conditionsforroughly 30
million years, currently displaying a number of structural and
functionalfeaturesthatfavouradaptation.Recentclimatechanges
havecontributedtorisesinwatertemperatureandforecastmodels
indicatetherateofsuchchangeswillincreaseincoastalregions
ofmaritime Antarctica,leadingtoicemeltingandfresheningof
shallow waters in enclosed areas. Fish, Notothenia rossii and
Nototheniacoriiceps, collectedaroundRothera(UK), Arctowski(PL)
and Great Wall(CN)stationsin Adelaideand King Georgelslands
were transferred to experimental tanks and acclimated from
naturaltemperatures(0-2°C) to4-8°Cusingthermostat-controlled
heaters, and from 32%o to 20-10%o0 by addition of freshwater
torecirculatingtanks,overaperiodofupto10days.Plasmaand
urineelectrolytesandrenalandbranchialNa*/K*-ATPasewere
determined,andtissueswerecollected forimmunohistochemistry
andgeneexpression. Altered conditionshadnoeffectinimmediate
mortality,butreducedoverallactivityandstartlingtime. Cortisol
andgeneexpressionof metabolic/osmotic-related proteinswere
modified after heat and salinity shock. Temperature induced
dependentdecreaseinplasmaosmolality,increasingthe osmotic
gradientbetweenextracellularfluidand seawaterandresultingin
increasedbranchial/renalNa*/K*-ATPaseactivity. Lowsalinity
reduced both plasma and urine osmolality, with fish showinga
markedincreaseinurineproduction,andsignificantchangesin
urineioniccompositionandurine/plasmaratio.Resultsalsoindicate
thesefishpossessimportantmechanismsforwaterelimination
despitetheiraglomerularkidneys.
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A5.15 PHYSIOLOGICAL AND CELLULAR
MECHANISMS UNDERLYING SALINE

TO FRESHWATER INVASIONS BY THE
COPEPOD EURYTEMORA AFFINIS

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION
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FRANCE), MARIJAN POSAVI (UNIVERSITY OF WISCONSIN,
UNITED STATES), EVA BLONDEAU-BIDET (UNIVERSITE DE
MONTPELLIER, FRANCE), EVELYSE GROUSSET (UNIVERSITE
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NEBEL (UNIVERSITE DE MONTPELLIER, FRANCE), CAROL E.
LEE (UNIVERSITY OF WISCONSIN, UNITED STATES)

© GUY.CHARMANTIER@UMONTPELLIER.FR

Colonizations from marine to freshwater (FW) environments
constitute dramatic evolutionary transitions in the history of
life,andpose greatosmoregulatory challengesfororganisms. The
copepod Eurytemoraaffinis,whichlacksgills,hasrecentlyinvaded
FWhabitatsmultipletimesindependentlyin North America. We
measured hemolymph osmolality for ancestral saline and FW
invadingpopulationsrearedatdifferentsalinities (0.2-25PSU).
Wefoundevolutionofincreased hemolymphosmolality (by 16-
31%)atlowersalinitiesin FW populationsrelativetotheirsaline
ancestors. Usingsilverstaining,immunolocalization of Na*/K*
-ATPase(NKA)andV-H*-ATPase(VHA),and TEM, welocalizedion
transportwithinthemaxillaryglandsandinnovelosmoregulatory
structurescontainingionocytes, whichwenamedthe ‘Crusalis
organs’atthefivepairsofswimminglegs.Semi-quantification of
insituexpressionof NKAand VHA established thepredominance
oflegs3and4iniontransportinbothsalineand FWpopulations.
Increasesin VHA expressioninlegs3and4ofthe FW population
(inFW)relativetothesalinepopulation(at15PSU)arosefroman
increaseinabundance of VHA percell,ratherthanincreasednumber
ofionocytes, suggestingasimplemechanismforincreasingion
uptakeinFW.Incontrast,thedeclineinNKA expressioninthe FW
populationarosefromadecreaseinionocyteareainlegs4,likely
resultingfromdecreasesinnumberorsizeofionocytes. Suchresults
provideinsightsintomechanismsofionicregulationforthisspecies,
withaddedinsightsintoevolutionarymechanismsunderlying
physiologicaladaptationduringhabitatinvasions.
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A5.16 DISCONTINUOUS GAS EXCHANGE
DOES NOT CONTRIBUTE TO INCREASED
RESISTANCE TO DESICCATION IN
LABORATORY-SELECTED POPULATIONS
OF THE MIGRATORY LOCUST
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@ ERAN GEFEN (UNIVERSITY OF HAIFA- ORANIM, ISRAEL),
STAV TALAL (TEL AVIV UNIVERSITY, ISRAEL), AMIR AYALI
(TEL AVIV UNIVERSITY, ISRAEL)

@ GEFENE@RESEARCH.HAIFA.AC.IL

Aleadinghypothesisfortheevolutionofdiscontinuousgasexchange
cycles(DGCs)ininsectsisthehygrichypothesis, whichpositsthat
DGCsservetoreducerespiratorywaterloss.Inthisstudy wetested
predictionsofthishypothesis,byusinganexperimental evolution
approach. Wecomparedpopulationsofthemigratorylocust(Locusta
migratoria), after 10 generations of selection for desiccation-
resistance, withcontrolones.Survivaltime,at30°Cwithaccess
tofreshfooddenied,was36%longerintheselectedcomparedwith
controllocusts(8.3+0.4dand6.1+0.3d, respectively). Significantly
higherbodywatercontentwhenhydrated,andlowerevaporative
waterlossrateswererecordedintheselectedlocusts. Theyalso
exhibitedsignificantlylonger DGCsthancontrols,resultingfrom
longerinterburst,butnotburst,durations. However,incontrastwith
predictionsofthehygrichypothesis,populationsdidnotvaryinDGC
prevalence. Additionally,evolvedchangesinDGCpropertiesinthe
selectedlocustswerenotassociatedwithreducedratesofrespiratory
water loss. Our data suggest that longer cycle and interburst
durationsareaconsequenceofanevolvedincreasedabilitytostore
water,andthusbufferaccumulated CO,,ratherthananadaptive
responsetodesiccationstress.Significantlylowercuticularwater
lossratesintheselectedlocustsconfirmamoreplausibleadaptive
responsetodesiccationconditions, consideringtherelativelylow
contributionofrespiratorylossestothetotalevaporativewaterloss
(~7%inthemigratorylocust). WeconcludethatDGCsareunlikely
tobeanevolutionaryresponsetodehydrationchallengeinlocusts.

A5.17 CONVERGENT CAPACITIES
OF NEUROHYPOPHYSIAL PEPTIDES
ON ACID-BASE REGULATION IN
CUTTLEFISH (SEPIA PHARAONIS)

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION
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NORMAL UNIVERSITY, TAIWAN)

@ CHNYUCHeGMAIL.COM

Cephalopodswereprovedtocopewithhypercapniapredicament
viaefficientacid-baseregulationinepithelium.Inthisstudy,we
usedembryosofcuttlefish,Sepiapharaonis,toexamineintegrative
expressions of the neurohypophysial peptides, pro-sepiatocin
and sepiatocin, and their putative receptor (sepiatocin-related
receptor, spr)under COz-inducedacidicperturbation. RNAinsitu
hybridizationimagesshowedthatsprwereexpressedinembryonic
epithelium and adult gills, the dominant sites for acid-base
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regulation.RNAsignalsofpro-sepiatocinandsepiatocinwereboth
observedtobespatially co-expressedwithZN12 (atypicalneuron
marker)inopticloberegion. Transcriptsof sepiatocin, pro-sepiatocin
andsprwereupregulatedaccompaniedwiththoseepithelialacid-
baseregulationcandidates(e.g.vha,nbc,nhe3,rhpandnka)along CO,
—exposedperturbations. Consequently, the presentworkinferred
thatthepromptlyactivationsofneurohypophysial-related peptides
inmolluscancephalopodnervoussystemmay convergentoperate
epidermalionfluxesasvertebrates;accordingly,inordertocope
withacid-basedisturbancesduringtheiroviparousdevelopment,
cephalopodembryoshaveevolvedsophisticated evolutionpathway
regardingepitheliumdifferentiationandtheneurohypophysial
hormonesregulation.

A5.18 THE IMPACT OF OCEAN
ACIDIFICATION IN SEA BREAM
INTESTINAL PHYSIOLOGY

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@ SILVIAF. GREGORIO (CENTRE OF MARINE SCIENCES-CCMAR,
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Previousstudiesdemonstratedthatoceanacidificationthreatens
zooplanktonrecruitmentsuggestingthatmarinefoodwebsare
indanger. Marine fish are suggested to contribute tothe carbon
cycleastheycyclearound 15 %oftheoceaniccarbon,producing
mineralized intestinal aggregates generated as by products of
theirosmoregulation. Theformationofintestinalaggregatesis
necessarilydrivenbytwofactors:highdivalentionconcentration
andtherequiredalkalinizationoftheintestinal fluid toprecipitate
calciumcarbonate.

Here we aimed at characterising the control of intestine
aggregate productionintheintestine of the gilthead seabream
(Sparusaurata),inresponsetoincreasedrelevantconcentrations
ofenvironmental CO,. Qurresults confirmed that hypercapnia
(800and 1200patm CO; )elicitshigherintestineepithelial HCO3
-secretion (BCS)andintestinalcarbonateaggregatesformation.
Expressionanalysisrevealedtheup-regulationofcrucialtransport
mechanisms involved not only in the intestinal BCS cascade
(Slc4a4,Slc26a3 and Slc26a6) of sea bream, but also in other
mechanismsinvolvedinintestinalionuptakeand waterabsorption
suchasNKCC2andthe Aquaporin1b. Theseresultshighlightthe
importantroleoffishinmarine carboncycle,astheycontribute
withintestinalbiomineralizationprocesses. Andprovidesfurther
evidencesofthelinkofphysiology,ionmovements, waterabsorption
andbicarbonatesecretioninfishintestine.

FundedbyFCTPortugal PTDC/MAR-BIO/3034/2014
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A5.19 CHANGES IN BRANCHIAL
NA*/K*/2CL- CO-TRANSPORTER

(NKCC) AND NA*/K*-ATPASE
a-SUBUNIT EXPRESSIONS OF PERSIAN
STURGEON (ACIPENSER PERSICUS)
JUVENILES DURING SHORT-TERM
SALINITY TRANSFER
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Theshort-termeffectofabruptsalinitytransferfromfreshwater
(FW)totheCaspian Seawater (CSW, 11%o) wasinvestigatedin
2-3g(2.55+0.41g)Persiansturgeon, Acipenserpersicus,juvenile.
ImmunolocalizationofNa*/K*/2Cl-(NKCC) Co-transporterand
Na*,K'-ATPase(NKA),NKAactivityand NKA a-subunitmRNA
expressionhasbeenstudiedinO,3,6,12,24,48and 96 hoursafter
abrupt transfer from FW to CSW. Wereported for thefirst time,
immunolocalization of NKCC which is co-localized with NKA
throughout the chloride cells in the gill epithelium of Persian
sturgeon aftertransferto CSW. A partialsequences ofthe NKA
a-subunit(632bp) weredescribedforthisspecies.Itsexpression
levelsappearedalmostunchangedthroughouttheexperimental
periodcomparedtoFWvalues. However, NKAactivitywassharply
increasedin CSWbyalmost 2.8-fold (p<0.05) upto96 hoursafter
transfer.Ilthasbeendemonstratedthat GillNKCC co-transporter
abundanceincreasedcoincidingwithincreasedgillNKAactivity
because of transfer from FW to CSW. The increased activity of
NKCCduringsalt excretionin CSW may lead to aninflux of Na*
intothechloridecells.Consequently, NKAactivityincreasesfor
maintenanceintracellularNa*homeostasis.

A5.20 WILL OSMOTIC CHALLENGE
PREVENT DISPERSION OF THE INVASIVE
CHICLID AUSTRALOHEROS FACETUS

IN RIVERS OF SOUTHERN PORTUGAL?
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Ability to surpass osmoregulatory challenges posed by
environmentalsalinity candeterminethe colonizing success of
invasivespecies. Theneotropical cichlid Australoherosfacetusis
invasiveinsouthernPortugal,insmallriverssubjectedtoflash
floodsthatmaydragfishdownstreamtoestuaries. We performed
experimentstodeterminethephysiologicalmechanismsbehind
osmoticacclimation, growthandreproductive performanceand
socialandparentalbehaviourinfishrearedinarangeofsalinities.
Set1:fish(4-6cm,2xN=30) wererearedfor90-daysat0-6-12-18ppt,
weightedevery15-daysandsampledevery 30-days.Set 2:fish (9-
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11cm,3xN=60) were subjectedtoanincrease of 3ppteach 3-days.
After5-daysat0-6-12-18ppt,bloodandtissueswerecollectedand
foursocial groups (5 fish/group at 0-6-12ppt) were formed and
observedforoneweekforbehaviouralanalyses.Inset1growth
reductionwasobviousafter30-daysat 18ppt(p<0.05). Aggressive
behaviourwasabsentandmortalityreached 56%inthisgroup.In
set2survivalratewasonly25%after5-daysat 18ppt. Musclewater
content,plasmalactateandproteindecreased while osmolality,
chlorideandglucoseincreasedat 18pptinrelationtocontrolgroup.
Nosalinity-related differencesinplasmasubstratesorelectrolytes
(glucose,lactateandchloride),aggressiveinteractions, territorial
statusordominanceindexwereobservedinother groups.Na/K-
ATPaseincrease above the isosmotic point, and this demand
mayresultinreduced growthandactivity. Such conditionsmay
leadtoexhaustion, alteredallocationofenergyanddisruption of
behaviour,notallowingthisspeciestosurvive forlongperiodsin
estuarineenvironments.

A5.21 THE CHALLENGE WITHIN -
RESPONSE TO HIGH AND LOW DIVALENT
ION CONCENTRATION IN THE SEA BASS
INTERNAL MILLIEU
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Theregulationofcalciumbalanceinfishhasmainlybeenassociated
tothehypocalcemicStanniocalcin (STC),andmorerecentlytothe
hypercalcemicParathyroid Hormonerelated Protein. However,
novelendocrinefactors,suchasFibroblastgrowthfactorFGF23,ion-
sensingandtransportingmechanismshavebeenassociatedtothe
balanceofdivalentionsinmammalsandfish. Tostudytheregulatory
processes responsible for the maintenance of hydromineral
homeostasisofdivalentionsweexposedseveralsetsof European
seabass,Dicentrarchuslabrax, toalteredenvironmentalsalinitiesor
injectedwithsalinesolutionscontainingincreased concentrations
of calcium, magnesiumandphosphate. Fishweresampled after
10daysatOppt,12pptand 35ppt,orbeforeand4and24hoursafter
injection.Plasmaandurinewereanalysedforchangesinosmolality,
totalandultrafilterableelectrolytesandendocrineprofiles. Gill,
kidney and intestinal samples were used for determination of
enzymaticactivityandgeneexpressionandpituitaryandcorpuscle
of Stanniusfortheexpressionandsecretionofselectedhormones
andreceptors.Salinityacclimationchangedcirculatingcortisol
and modulated branchial Na/K-ATPase activity, expression
ofbranchialandrenalion and water transporting proteins and
pituitaryprolactinendocrine glands. Injection clearly evokeda
transientincreaseoftheadministeredion,withchangesintotal
andfreefractions, proteinlevelsandtherelativeratiosof Ca:Pi:Mg
causingsignificantmodificationsinFGF23,CaSRandSTC,andthe
expressionofion-transportingmechanisms.Furtherparameters
areunderevaluationandwehopetoobtainaclearerpictureofthe
severalelementsinvolvedinionhomeostasisinfish.
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A5.22 THE SHARK CHOROID

PLEXUS AND PHOSPHATE TRANSPORT:
AN EXTREME MODEL TO STUDY

THE HYDROMINERAL BALANCE

AT THE BLOOD-CSF INTERFACE
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Inorganic phosphate (Pi) availability in wateris scarce and the
foodisthe onlyavailable source for fish. Despite its paramount
importance, there is little information on overall phosphate
endocrineorsensingmechanismscontrollingbalanceviaintestinal
andrenaltransporters. Thisstudyaimedtocharacterizethepossible
roleofthechoroidplexus (CP)indetermining CSF[Pi]. Theshark
sheet-like IVth CP is was mounted in Ussing chambers. Under
short-circuited conditions 33Pifluxesrevealedpotentactive CSF-
to-bloodtransportwithbiochemical propertiesconsistentwith
PiT Na‘-dependenttransporters (SLC20family). RT-PCRrevealed
PiT1andPiT2,butnoNaPill(SLC34family) geneexpressionin CP.
ImmunohistochemistrylocalizedPiT2inthe CPapicalmicrovillar
membraneswhilePiT1occurredprimarilyinvascularendothelial
cells. Activeremovalof Pimayadjustthe CSFbufferingcapacityby
maintainingahighsensitivitytosmallshiftsin CO,/HCO3-.Studies
showedchangesin[Pi]CSFmayhavedramaticeffectsonrenal Pi
excretionandPiappetiteinrats.Shark CPexpressesbothPTHrPand
itsreceptor,endocrineplayersinfish Ca/Pibalance.Could choroidal
epithelialPiT2bepartofacentral Pi-sensing/regulatorypathway?
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A6 MOVING TO FEEDING:
APPLYING MUSCLE-MECHANICS PRINCIPLES
FROM LIMB TO FEEDING SYSTEMS

ORGANISED BY:DR NICOLAI KONOW (HARVARD UNIVERSITY, UNITED STATES)
& DR NICHOLAS GIDMARK (KNOX COLLEGE, UNITED STATES)

A6.1 COMPARING FEEDING AND
LOCOMOTOR SYSTEM DESIGN.

HOW DOES SELECTION WALK

AND CHEW GUM AT THE SAME TIME?

™ THURSDAY 7 JULY, 2016 ©® 09:05
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ANDREA B TAYLOR (DUKE UNIVERSITY, UNITED STATES)
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Locomotor and feeding systems deploy essentially the same
tissues (muscle,bone,nerve,tendon,ligament) toperformvery
differentfunctions. Howaredifferencesindesignachieved within
these ‘constraints’and what do comparisons oflocomotion and
feedingsystemstellusaboutprinciplesof musculoskeletaldesign?
Locomotor systems expend energy transporting the organism
whereasfeedingsystemsacquireenergy,suggestingdifferences
inthedegreetowhichenergeticefficiencyisanoptimalitycriterion.
Bothsystemsemploy cyclicmusculoskeletalmovements; however,
the dynamic properties of the muscles and neural control are
arguablymoreimportantandpendulummechanicslessimportant
inmammalchewingthanmammallocomotionsystems.Inmammal
feedingsystems, optimization of displacementand force control
isprobablymoreimportantthanenergeticefficiencyandspeed,
whereas the reverse is probably true in locomotion systems.
Feedingandlocomotionsystemsalsodifferintherelationships
ofkineticstokinematics.Duringlocomotion, thelimbsandtrunk
generatesubstratereactionforcesinthe ‘middle’ of thekinematic
movement,e.g.,withcontinuedlimbmovementinthesamedirection
priortorecovery.Incontrast,bitingandchewingreactionforces
aregeneratedattheendofclosing, withahardstop, followedby
arecovery phase. We evaluate whether these differences are
associated with variation in neural control systems, bony and
musclemorphology,andconnectivetissue/tendon,anddiscuss
thepotentialimplicationsofthesedifferentsystemcomponents
onmuscledynamicsduringfeeding.

A6.2 FUNCTIONAL COMPARISON
OF CHEWING AND BITING DEVICES
IN ARTHROPODS

™ THURSDAY 7 JULY, 2016 © 09:40

@ TOMWEIHMANN (UNIVERSITY OF COLOGNE, GERMANY)

@ SOWETO@YAH00.DE

Manyarthropodspeciesemploy chewingmouthparts. Biteforce
measurementsofthemandibles,i.e.thestrongestmouthpartsin
thesespecies,arecrucialfortheunderstanding of prey capture,
feeding and many other behavioural traits. Due to technical
limitations, however, bite force measurements over the whole
angularrange of the mandibles are extraordinary rare. Recent
examinations in cockroaches in conjunction with previously
publishedresultsnowenablefirstcomparative examinations of
bitinginavarietyofdifferentlyadaptedarthropodorderssuchas
insects,decapodcrustaceansandsolifuges. Mandibleclosermuscles
ofinsectsarecharacterisedbytheoccurrenceoffastandslowmuscle
fibres.Inomnivore cockroaches,carnivoregroundbeetlesandin
many ant species slow muscle fibres contribute significantly to
overallbiteforces,inparticularwhenchewingontoughandresilient
food.However,instagbeetles,whousetheiroversizedmandibles
primarilyinconspecificfightsformatingopportunities, biteforces
seemtobedominatedbyfastmusclefibres.Incontrasttothepincers
of crustaceansandscissorlike chelicerae of solpugids, mandibles
areindependentlydrivenbyexternalmusclesandworkagainst
eachother. Thoughnotincreasingmaximumattainablebiteforces
suchanarrangementreducesnecessarymuscleshorteningand
contractionspeed. Therefore, the closermusclescanwork closerto
theiroptimumfibrelengthandcontractionspeed. Consequently
increasedbiteefficiencymostlikelyfacilitatessustainedchewing
ontoughfooditems.

A6.3 FROM LOCOMOTION TO FEEDING:
WHERE DOES FIBER TYPE FIT IN?

™ THURSDAY 7 JULY, 2016 ® 09:55

& ANDREA B TAYLOR (DUKE UNIVERSITY, UNITED STATES),
CHRISTINE E WALL (DUKE UNIVERSITY, UNITED STATES)

@©@ ANDREA.B.TAYLOR@GMAIL.COM

Fiberphenotypeisanimportantdeterminantofthecontractile
propertiesofamusclefiber.Invertebrates, fibertype composition
ofthelocomotormuscleshasbeenshowntofinetunemusclesfor
specificmotortasks,suchassteady-stateswimminganddistance
running, as well as faster more powerful tasks such as burst
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swimmingandjumping.Fibertypesandtheirmyosinheavychain
(MHC) compositionhavebeenextensivelystudiedinmammalian
locomotormuscles. Theytypically comprisefourfibertypesthat
have been classified into two basic phenotypes, slow/fatigue
resistantandfast/rapidfatigue.Jaw-adductorfibertypeshavebeen
investigatedinnon-primatemammalsandbycontrast,displaya
muchgreaterdiversity of MHC content, higherprevalence ofhybrid
fibers, and perhaps a greater degree of clade-specific plasticity.
ThisvariationinMHC contentsuggestsahighdegreeoffunctional
diversityinwaysthatmayservetofinetunefeedingperformance.
Primates vary widely in feeding behavior and thus provide an
excellentframework forunderstandingthisfunctionaldiversity.
Herewereviewsomeofthefibertypeworkonvertebratelocomotor
andfeedingmusculatureandpresentnoveldataonfiberphenotype
ofthejawadductorsinadultsootymangabeys(Cercocebusatys).
WeshowthatC.atyshaveapredominantlyfatigueresistantjaw-
adductorphenotype comparedtomacaquesandbaboons. Wediscuss
thesefindingsinthe contextoftheirhabitualfeedingonresistant
objectsandaddresshowintegration offiberphenotypecouldimprove
understandingoffeeding-systemmusclemechanics.

A6.4 USING MULTIBODY DYNAMIC
ANALYSIS FOR STUDYING MASTICATION
IN THE MOUSE

™ THURSDAY 7 JULY, 2016 ® 10:10

@& ANNA CHABOKDAST (UNIVERSITY OF OXFORD, UNITED
KINGDOM), SAMUEL COBB (THE HULL YORK MEDICAL SCHOOL,
UNITED KINGDOM), MICHAEL J FAGAN (UNIVERSITY OF HULL,
UNITED KINGDOM), ANTHONY HERREL (MUSEUM NATIONAL
D’HISTOIRE NATURELLE, FRANCE)

@ ANNA.CHABOKDAST@Z00.0X.AC.UK

Multibody dynamic analysis (MDA) techniques, which were
originallydevelopedforengineeringapplications,haverecently
been used to study biological systems such as the masticatory
systemofextinctandextantspecies. MDAisanidealtoolforthe
investigationofthethree-dimensionaldynamicbiomechanics
of such a complex biological system with multiple layers and
orientations of muscles. The mouse dentition only hasincisors
andmolars,whichareseparatedbyalargegap,andhavedistinct
functions. Theincisorsuseasimplemovementinasingleplaneto
gnaw, whereasthemolarsusemore complexmovementsincluding
lateral excursions to chew. We used MDA techniques to study
themaximumbitingforceoftheadultmouseinthesetwobiting
scenarios.Inaddition, sincemusclerecruitmentisimportantin
functionaland developmental studies, we were alsointerested
intherecruitment patternthatthe mouse usesineach ofthose
masticatoryfunctions. Forthesepurposes, wedevelopedindividual-
specificmodels thatincluded accurate muscle volume dataand
orientationsobtainedfrommicro-CTscansofthespecimens. To
validateourmodel, wecomparedtheestimatedbiteforcefromthe
modelswithexperimentalmeasurementsofvoluntarilybite force
attheincisorsofthe samespecimenspriortosacrificeandfound
comparablevaluesofthebiteforces(9.01Vs8.97 Nrespectively).
Moreover,weestimatedthat, foranequalbiteforceandgape, the
muscleorientationpatternsaredifferentinthetwobitingactivities,
withthehighestdifferenceoccurringinthemasseter, thelargest
masticatorymuscle.

ANIMAL ABSTRACTS 82

A6.5 USING ‘MUSCULO-ROBOTIC’
METHODS FROM FROG LOCOMOTION TO
UNDERSTAND FISH SUCTION FEEDING

[ THURSDAY 7 JULY, 2016 ® 10:55

@ CHRISTOPHER T RICHARDS (THE ROYAL VETERINARY COLLEGE,
UNITED KINGDOM), ARIEL CAMP (BROWN UNIVERSITY,
UNITED STATES)

@ CTRICHARDS@RVC.AC.UK

Froglegs and fish mouths share some things in common: Each
perform extremely rapid behaviors crucial for survival. Each
demandenormousmechanicalpowerapproaching-orsometimes
exceeding-thelimits of muscles. Accordingly,eachsystemhas
served as a model determining how muscle physiology limits
performance. However, musclepropertiesalonedonotguarantee
effectiveperformance.Rather,itisthecouplingofanatomical,
muscularandenvironmental (e.g. fluid dynamic) properties which
interacttogovernbiomechanicalbehavior. Hence,ineithertaxona
broadaimistolearnhowmuscledynamicsrespondtoevolutionary
changesinanatomy (andviceversa). Giventheseparallels, we
proposehowrecently developedtechniquesforswimmingfrogs
mayapplytofishsuctionfeeding. Ourgoalsare: 1) Touseasimple
computationalmodeltoexploretheinfluence of musculoskeletal
dynamicsandmouth geometryonsuctionfeedingperformance.
2) Toproposeadesignforabio-roboticfishmouthmodel ‘remote
controlled’ by in vitro muscle tissue to test computational
predictions. Wehypothesizethatchangesinfishmouthshape (with
muscleparametersunchanged)willaffectthefluidinteractions
andthereforestronglyinfluencemuscle poweroutputandsuction
feedingperformance.Likewise, weexpectthatalteringmuscle
kineticpropertieswillinfluencewhichanatomical propertiesare
‘optimal’ forperformance. Ultimately, thesemodels willreveal
generalprinciplesofacceleration-basednon-cyclicmotionsthat
canbeappliedbacktoproblemsoflocomotorbiomechanics.

A6.6 A POWERFUL PERSPECTIVE
ON SUCTION FEEDING SHOWS THE
IMPORTANCE OF BODY MUSCLES FOR
FEEDING IN FISH

™ THURSDAY 7 JULY, 2016 ©® 11:25

@ ARIEL L CAMP (BROWN UNIVERSITY, UNITED STATES),
ELIZABETH L BRAINERD (BROWN UNIVERSITY, UNITED
STATES), THOMAS J ROBERTS (BROWN UNIVERSITY,
UNITED STATES)

©@ ARIEL_CAMP@BROWN.EDU

Vertebrate feeding and locomotion behaviors depend on the
musculoskeletal systemtoproducefastandforcefulmovements.
Feedingstudiesoftenuseforcemeasurementsalonetolinkmuscle
functiontofeedingperformance,butmuscleforcecanbealteredby
skeletalgearingandthereforebedifficulttodirectlyrelatetofeeding
force. Analternativeapproachusedinmanylocomotionstudiesisto
measurethemechanicalenergy (work) andrateofenergyproduction
(power). Amuscle’smaximumworkandpowerareultimatelylimited
byitsmass,andareunalteredbyskeletal gearing. However, power
canbeamplifiedbyelasticstructuresthatslowlystoremuscleenergy
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andthenreleaseitrapidly. Therefore, workand powermeasurements
havebeenusedtoexaminetherelativecontributionsofmusclesand
elasticelementstogeneratingthepowerrequiredforlocomotion.
Tounderstandifsimilarmechanismsareusedforpowerfulfeeding,
more studies are needed of work and power during feeding. We
recordedworkandpowerinasuctionfeedingfishtore-examinethe
roleoftheheadandbodymuscles,usingX-rayimaging(XROMMand
fluoromicrometry). Head muscles producedlittle of thepower orwork
ofsuctionfeeding,duetotheirsmallsizeandlimitedshortening.
Insteadofamplifyingtheheadmuscles' powerwithelasticelements,
likeotherhigh-powervertebratefeeders,thesefishreliedonthe
largebodymusclestopowersuction. Theseresultsemphasizethe
importanceofthebodymusclesforfeedingandswimminginfish,
andcontributetoourunderstandingof powerproductionacross
feedingandlocomotion.

A6.7 THE NEED FOR SPEED:
FUNCTIONAL SPECIALIZATIONS OF
LOCOMOTOR AND FEEDING MUSCLES
IN ANOLIS LIZARDS

™ THURSDAY 7 JULY, 2016 ©® 13:50

@ CHRISTOPHER V ANDERSON (BROWN UNIVERSITY,
UNITED STATES)

@ CHRISTOPHER_V_ANDERSON@BROWN.EDU

Feedingandlocomotorperformanceinvolvedifferentmechanical
demands. Variation in muscle contractile properties between
locomotorandfeedingmusclesmaybeshapedbytheirdiffering
functions, however few such comparisonshavebeenmade. We
hypothesizedthatduetotherapidforcegeneratingeventsassociated
withsprinting, limbmuscles would be fasterthanjawmuscles.
Totestthisprediction, we examinedthe contractile physiology
ofalocomotorandafeedingmuscleamongfivespeciesof Anolis
lizards. Consistentwithourhypothesis, twitchtimeswerefaster
inlocomotormusclesthanfeedingmusclesforallspecies. However,
peak contractile velocity (Vmax) was significantly fasterinjaw
musclesthanlocomotormuscles. Further,jaw muscleforce-velocity
relationshipsexhibited greatercurvatureandlowerpowerratios
thanleg muscles, resulting in power being maximized at lower
normalizedcontractilevelocityinjawmuscles. Whilevariationin
thespeedofmusclebasedondifferingfibertypesmaybeexpected,
ourresultsindicatethatdifferentmeasuresofspeed(i.e.,activation
vs.shorteningvelocity)donotalwayscovary.InAnolis,limbmuscles
canturnonandoffmorequicklythanjawmuscles,butjawmuscles
shortenathigherrelative speeds. Thus,musclepropertiesmaybe
shapednotjustbyassociateionwithfastorslowmovements,but
alsobythekindofspeedneeded. Whetherthesedifferencesresult
fromdifferencesinthemechanicaldemandsofrunningvs.biting,
orfromconstraintsonthemorphologyof musclesandbonylever
systems,remainstobedetermined. Thisresearchwassupported
byNSFgrantI0S1354289.
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A6.8 THE FORCE-LENGTH
RELATIONSHIP OF SKELETAL MUSCLE
AS A BIOMECHANICAL ADAPTATION TO
TROPHIC NICHE IN SALMONID FISHES

™ THURSDAY 7 JULY, 2016 ©® 14:30

@ NICHOLAS J GIDMARK (KNOX COLLEGE, UNITED STATES),
ELSKA B KACZMAREK (UNIVERSITY OF MIAMI, UNITED STATES)

@ GIDMARK@KNOX.EDU

Functional specializations for a particular feeding niche could
bereflectedinskeletalanatomy, muscularanatomy/physiology,
or both. Skeletal specializations have been a major focus of
functional morphology literature, especially in fish feeding
systems. Here, we explore variation in muscle morphology in
two species of salmonid fishes that are sympatric but differ in
prey specialization. King salmon (Oncorhynchus tshawytscha)
eat small, fast fish, and pink salmon (Oncorhynchus gorbuscha)
primarilyfilterfeedonplanktonicorganisms,keepingtheirmouths
openwhileswimming.Salmon closetheirjawsusingtheadductor
mandibulae, which,likeall skeletalmuscles,isconstrainedbya
strict relationship between muscle length and force. Muscles
that are over-stretched or over-shortened exert weaker forces
thantheydoatoptimallength,andmusclelength correspondsto
gape. Wecomparedkingandpinksalmonbymeasuringtheforce-
length curves of their adductor mandibulae and demonstrated
that in king salmon, maximum bite force is achieved close to
maximumgape (67%of maxgape,n=3). Thismayallowthemto
takeadvantageofoptimalmusclelength,andthusgreaterforce
production, when eating large or elusive prey. In pink salmon,
theforce-lengthcurveiscenteredatasmallerrelative gapethat
isclosertomid-gape (43%of maxgape,n=6). Thismayfacilitate
filterfeeding,allowingreasonablyhighforcesatallgapes.Optimal
gapesweresignificantly differentbetweenspecies (p=0.0282),
indicatingthatfeedingpreferencescorrelatewithdifferencesinjaw
musclephysiology,resultingindistinctoptimalsolutionstothe
force-lengthconstraint.
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A6.9 CAN MUSCLE REDUNDANCY

IN THE JAW SYSTEM OF LIZARDS

BE EXPLAINED BY THE FUNCTIONAL
ROLES OF MUSCLES ACTING AS
MOTORS OR BRAKES?

™ THURSDAY 7 JULY, 2016 ©® 14:45
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A6.10 LINKING MUSCLE MECHANICAL
VERSATILITY WITH PATTERNS OF
SHAPE-CHANGE AND CONTRACTILE
PROPERTIES IN VERTEBRATE
FEEDING SYSTEMS

™ THURSDAY 7 JULY, 2016 ©® 15:00

@ ANTHONY HERREL (MUSEUM NATIONAL
D’HISTOIRE NATURELLE, FRANCE)

@ ANTHONY.HERREL@MNHN.FR

Itiswellknowthatmusclescaneitheractasmotorsorasbrakes
incomplexmulti-segment systemsduringlocomotion. Themost
commonoccurrenceofthispatternisanagonistantagonistco-
contractionallowingonemuscletoabsorbenergyduringactive
lengtheningwhiletheothermuscleundergoesactiveshortening.
Insomecasessuchasduringrunningincockroachesthisisalso
observedamongagonisticmuscles. Thedifferentialroles of muscles
actingalternativelyasmotorsorbrakeshelpsthemstabilizejoints
andresistperturbationsduringrunning. Thesecomplexpatternsof
activationmayexplainthelarge degree ofredundancy commonly
observedinmusculoskeletalsystems. Thejawsysteminlizards
is one of the most highly redundant musculo-skeletal systems
withovertenmusclebundlesactingacrossasinglejoint. Here, I
explorewhetherthisredundancycouldbeassociatedwithdivergent
functionalrolesofthedifferentmusclebundlesactingasmotorsor
brakesrespectivelyasiscommonlyobservedinlocomotormuscles.
Ianalyzedataonmuscleactivationpatternsforsixspeciesoflizards
andquantifytheoccurrence of co-contractionsbetweendepressor
andlevatormuscles.Indoingsolpredictthatthisshouldbemore
commoninlizardswithmobilejawjointsifthisphenomenonplays
animportantroleinjawstabilization. Moreover, lexplorewhether
activelengtheningcouldtakeplaceinthejawadductors. Theresults
showthatagonist-antagonistco-contractionsarecommonandthat
activelengtheningmayindeedtakeplace. Theseresultsmayprovide
someexplanationforthecomplexity ofthejawsysteminlizards.

@ NICOLAI KONOW (HARVARD UNIVERSITY, UNITED STATES)

@ KONOWeFAS.HARVARD.EDU

Studiesoflimbmusclefunctionhavehighlightedhowinteractions
betweenmuscleshape-changeandcontractilepropertiesallowa
givenmuscletoactalternativelyasamotor,strutorbrakeduring
locomotion. Jaw and hyoid muscles have diverse architectures
butitremainsunclearhowmusclearchitecturalandcontractile
dynamics interplay to shape feeding performance. Vertebrate
jawmechanicsvarysubstantiallybetweencrushingbites,super-
fast strikes, and slow food-processing excursions, indicating
that jaw muscle contractions are tuned to demands for force,
speed, power,andwork production. Elasticrecoiland contractile
shape-change has been shown to extend the operating ranges
ofpennatelimbmusclesbut similarphenomenahaveonlybeen
identifiedinafewjawmuscles. Dataonvertebratehyoidsystems
suggestthatmusclepassivepropertiesareimportantforshaping
system posture and function, analogous to recent findings for
anuran hopping. Hyoid muscles undergo surprisingly complex
contractionsgiventheirparallel-fiberedarchitecture. Evidence
ofregionalheterogeneityinactivationandlength-changewithin
amusclemayreflecthyoidmotion-dampening, whereaschanges
frommuscleshorteningtolengtheningacrossbehaviorsfacilitate
explosive power-transmissionin one cycle and small, precisely
repeatedmovementsinsubsequentcycles. Thecommonoccurrence
of sternohyoidlengtheningcontractionsoverbroadrangesofits
length-tensioncurvemayaid power-transferfrombodymuscles
as force-enhancement arises from lengthening force-velocity
effects.Jawandhyoidmuscleactivationand contractionsaretightly
sequenced, ornear-simultaneousinmanyfeedingbehaviors, which
highlightstheimportanceofstudyingtheirintegrated function
in order to significantly further our understanding of feeding
systemdynamics.
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A6.11 WHAT MIGHT STUDIES OF LIMB
MUSCLE MECHANICS TEACH US ABOUT
FEEDING SYSTEMS?

™ THURSDAY 7 JULY, 2016 ©® 15:45

& THOMAS J ROBERTS (BROWN UNIVERSITY, UNITED STATES)

@ THOMAS_ROBERTS@BROWN.EDU

Our understanding of the link between muscle function and
locomotor performancerests on a foundation of simple models.
Walkingismodeledasaninverted pendulum,andrunningasa
spring-masssystem,andthesesimplemechanicalanalogsorganize
our understanding of the metabolic energetics of movement,
therole of elastic mechanisms, and the significance of muscle
contractile characteristics. Can we discover similar models for
feedingmechanics,andifso, willtheydousanygood? Toaddress
this questionitisconstructive toreview 1) what motivated the
developmentofsimplemodelsforterrestriallocomotion, 2) how
thesemodelsadvanceourunderstanding,and 3) whethertheutility
of suchmodelsissomehowuniquetostudiesoflocomotion.Inmany
casesmodelsoflocomotormechanicsweremotivatedbyadesire
toexplainmetabolicenergy cost, whichexhibitssimpleempirical
patterns(e.g.,thelinearincreaseincostwithrunningspeed), despite
thecomplexity ofmuscleandlimbfunction. Themodelsidentify
high-levelmechanicaltasks,suchasmaintainingbody support
orcyclingmechanicalenergy,thatleadtopredictionsabouthow
individualmusclesfunction. Thesepredictionshavehelpedusto
understandthatmusclesperformseveralmechanicaltasksduring
movement, acting as struts, brakes, motors and springs. They
havealsohelpedusdeterminetheimplicationsofcharacteristic
muscle contractile behavior, such as length-tension and force-
velocityrelationships,formusclefunctioninlocomotion.Itseems
likely that similar models would benefit our understanding of
feedingmechanics.
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A7 SHORT RANGE VISUAL
GUIDANCE IN BIRDS

ORGANISED BY:PROF DOUGLAS ALTSHULER (UNIVERSITY OF BRITISH
COLUMBIA, CANADA) AND PROF MANDYAM V SRINIVASAN (UNIVERSITY

OF QUEENSLAND, AUSTRALIA)

SESSION SPONSORED BY: THE COMPANY OF BIOLOGISTS

A7.1 VISUAL GUIDANCE OF
FLIGHT: BEES VERSUS BIRDS,
AND APPLICATIONS TO UAVS

™ MONDAY 4 JULY, 2016 ©® 11:00

@ MANDYAM V SRINIVASAN (UNIVERSITY OF QUEENSLAND,
AUSTRALIA), INGO SCHIFFNER (UNIVERSITY OF
QUEENSLAND, AUSTRALIA), HONG D VO (UNIVERSITY
OF QUEENSLAND, AUSTRALIA)

@ M.SRINIVASANeUQ.EDU.AU

Flying insects and birds are remarkably adept at seeing and
perceiving the world and navigating effectively in it, despite
possessing nervous systems that are much smaller than our
own. This presentation will review our investigations of
visually guided flight in honeybees — exploring, for example,
how they use vision to control flight speed, negotiate narrow
passages, and orchestrate smooth landings — and compare
them with our findings with regard to similar questions in
budgerigars. The aim is to uncover general principles of visual
guidance that may be common to all airborne creatures, as
well as to discover interesting species-specific differences.
Thepresentationwith concludewithabriefdescriptionoftheways
inwhichwearetranslatingsomeofthesebiological principlesinto
thedesignofvision-basedsystemsfortheguidanceofunmanned
aerialvehicles.

A7.2 WIND DRIFT COMPENSATION
IN HOMING PIGEONS WHEN IN SIGHT
OF THE LOFT

™ MONDAY 4 JULY, 2016 ©® 11:40

@ JAMES A WALKER (UNIVERSITY OF OXFORD, UNITED KINGDOM),
GRAHAM K TAYLOR (UNIVERSITY OF OXFORD, UNITED
KINGDOM)

@ JAMES.WALKER@Z00.0X.AC.UK

Whenflyinginamovingairmass,birdsmustmakeadjustmentsto
theirheadingvectortominimiselateraldisplacementandarrive
attheir desired goal. The compensation for wind drift has been
widelystudiedinmigratingbirdsbuthasreceivedrelativelylittle
attentionforbirdsguidingtheirtrajectoryovershorterjourneys.
Toaddressthis, GPS-derivedtrackswereanalysedfromhoming
pigeons released within sight of their destination along with
detailedwinddatatoexplorethevisualmechanismsusedbythe

birdstocompensatefortheeffectofwind. Wefoundthatinstead of
applyingacontinuouswinddriftcorrection, pigeonsfollowcurved
trajectorieswhicharedisplacedlaterallyinthedirectionofthecross
windexperienced. A simpledelayed compensationmodelisproposed
fordriftcorrectionwhichrequiresathresholdlateraldisplacement
tobereachedbeforeaheadingadjustmentismade. Thisthresholdis
detectedusingtherelativeangularmovementofdistantlandmarks
acrossthepigeon’svisualfield.

A7.3 AVOIDING OBSTACLES DURING
FLIGHT: BIRD NAVIGATION THROUGH
CLUTTERED ENVIRONMENTS

™ MONDAY 4 JULY, 2016 ©® 11:55

@ ANDREW A BIEWENER (HARVARD UNIVERSITY, UNITED STATES),
IVO ROS (CAL. TECH., UNITED STATES), HUAI-TI LIN (HHMI
JANELIA FARMS, UNITED STATES), C. DAVID WILLIAMS
(HARVARD UNIV., UNITED STATES), PARTHA BHAGAVATULA
(HARVARD UNIV., UNITED STATES)

© BIEWENER@FAS.HARVARD.EDU

The ability to fly through cluttered environments is essential
to the ecological and evolutionary success of many groups of
flyinganimals.Flightnavigationandobstacleavoidancerequire
exceptionalaerodynamicmaneuveringperformancecoordinatedby
rapidprocessingofvisualcues. Wepreviouslyexaminedstrategies
that pigeons adopt tofly past vertical obstacles, in which flight
guidancewaswelldescribedbysteeringcontrolthattargetedgap
openingsbetweennearbyobstacles. Weobservedthatpigeonsbias
theirflightdirectiontowardlargervisualgapswhenmakingfast
steeringdecisions. Wealsofoundthatpigeonsadoptdiscretewing
morphingstrategiestotraversevertical obstaclesofvaryinggap
width.Inrecentexperiments,3Dflightkinematicswasrecorded
aspigeonsflewthroughrandomizeddistributionsofa20horizontal
obstaclearray. Tonegotiatehorizontal obstacles, pigeonstraded-off
adecreaseinkineticenergytogainpotentialenergyanddecelerated
tomaintaingreatercontrolauthority fornegotiatingthehorizontal
obstacles.Pigeonsalsodecreasedwingstrokeamplitudeandspan
toavoid wing contact with obstacles. As for flight past vertical
obstacles,navigationthroughhorizontal obstacleswassimilarly
welldescribedwhenanupwardsteeringbiaswasaddedtoasteering
modelthatselectslargervisualgapsbetweenapproachingnearby
obstacles. Theseresultsshowthatpigeonsexhibitaremarkable
kinestheticsenseofbodyandwingpositionthattheyusetomaintain
theircontrolauthoritywhenflyingpastdensearraysofobstacles.
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A7.4 WHAT DRIVES AVIAN VISION?

™ MONDAY 4 JULY, 2016 ©® 12:25

@ GRAHAM MARTIN (UNIVERSITY OF BIRMINGHAM,
UNITED KINGDOM)

@ G.R.MARTIN@BHAM.AC.UK

A comparativeanalysisofinformationaboutthe visionofbirds,
particularly retinal and visual field topography, and its key
functions. The main conclusion is that in birds vision is driven
primarily by the information required for the accurate and
precise control of the position and time of arrival of the bill at a
target. These requirements are traded-off against competing
informationaldemandsforthedetectionofpredators. Athirddriver
istheneedtoavoidimagingthesunupontheretinainspecieswith
largeeyes.Itisshownthatvisioninbirdsisfinelytunedtothese
informationaldemandsandthatdifferencesexistbetweenclosely
relatedspecieswhichreflectsubtledifferencesintheperceptual
challengesthatthebirdsfaceintheirforaging.Itisproposedthat
the control of locomotion is achieved within constraints upon
visionsetbythesekeydrivers.Itisconcludedthatfromasensory
ecology perspectiveabirdisbestcharacterizedas"abill guided
byaneye".

-
A7.5 HOVERING HUMMINGBIRDS

ATTEMPT TO STABILISE VISUAL
MOTION DURING DOCKED FEEDING

™ MONDAY 4 JULY, 2016 ©® 13:55

@ BENJAMIN GOLLER (UNIVERSITY OF BRITISH COLUMBIA,
CANADA), DOUGLAS L ALTSHULER (UNIVERSITY OF BRITISH
COLUMBIA, CANADA)

@ GOLLER@ZOOLOGY.UBC.CA

Hoveringisabehaviourthatrequirestheflyinganimaltomaintain
astablepositioninmid-air,abalancingactthatpresentsbotha
motor and a sensory challenge. Hummingbirds are the only
birdsspecialisedforsustainedhovering, which allowsthemto
feedonthenectarofdelicateflowers. Weknowmuchabouthow
hummingbird physiology,anatomy,and wingmovementsenable
hovering,buthowdohummingbirdsusetheirsensestofeedon
thewing? Wehavepreviouslyshownthatvisioniscriticaltoa
flyinghummingbird’sabilitytomaintainpositionalstabilityinthe
laboratoryandthattheyrespondtomovingpatternsevenwhen
largeportionsofthevisualfieldaredevotedtostationarypatterns.
Naturallandscapesfrequentlyhavepotentiallydisruptivemoving
features,sowehypothesisedthatfeedinghummingbirdswoulduse
billcontactwithafoodsourcetooverridetheirhoveringresponse
tomovingvisualpatterns. Wedevelopedaninstrumentedfeeder
thatcouldmeasureforcesappliedbyafeedinghummingbirdtothe
nectarreservoir. Thefeedingbirdswerethenshownvisual stimuli
andwemeasuredtheirresponsesduringfeeding. Surprisingly,
hummingbirds feeding on the wing still responded to visual
patterns by pushing against the feeder, primarily along the
horizontalaxis. Theresponsequicklysaturatedatslowpattern
motionspeeds. Theseresultsshowthathummingbirdsattempt
tostabilise visual motions even when docked at arigid nectar
source. Howtactileandvisual control facilitateshummingbird
hoverfeedinginanaturalenvironmentwith flowersonflexible
stemshasyettobeinvestigated.
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A7.6 VISUAL GUIDANCE OF FORWARD
FLIGHT IN HUMMINGBIRDS REVEALS
CONTROL BASED ON IMAGE FEATURES
INSTEAD OF PATTERN VELOCITY

™ MONDAY 4 JULY, 2016 ©® 14:15

@ DOUGLAS L ALTSHULER (UNIVERSITY OF BRITISH COLUMBIA,
CANADA), ROSLYN DAKIN (UNIVERSITY OF BRITISH
COLUMBIA, CANADA), TYEE K FELLOWS (UNIVERSITY
OF BRITISH COLUMBIA, CANADA)

©@ DOUGeZOOLOGY.UBC.CA

Informationaboutself-motionandobstaclesintheenvironmentis
encodedbyopticflow,themovementofimagesontheeye.Decades
ofresearchhaverevealedthatflyinginsectscontrolspeed,altitude,
andtrajectorybyasimplestrategyofmaintainingorbalancingthe
translational velocity ofimages on the eyes, known as pattern
velocity.Ithasbeenproposedthatbirdsmayuseasimilaralgorithm
butthishypothesishasnotbeentesteddirectly. Weexaminedthe
influenceofpatternvelocityonavianflightbymanipulatingthe
motion of patternsonthewallsof atunnel traversedby Anna’s
hummingbirds. Contrarytoprediction, wefoundthatlateralcourse
controlisnotbasedonregulatingnasal-to-temporal patternvelocity.
Instead,birdscloselymonitoredfeatureheightintheverticalaxis,
andsteeredawayfromtallerfeaturesevenintheabsenceofnasal-
to-temporal pattern velocity cues. We also observed that birds
adjustedtheirflightaltitudeinresponsetoupwardmotionofthe
horizontalplane, whichsimulatesverticaldescent. Collectively,
ourresultssuggestthatbirdsavoidcollisionstothesidesandbelow
bymonitoringexpansionandtranslational velocityinthevertical
axis. Thisdistinctalgorithmmayderivefromgreaterneedtoavoid
collisionsinbirds,ascomparedtosmallinsects.
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A7.7 OPTIMISATION OF EYE HEIGHT
FOR LOCOMOTION CONTROL

™ MONDAY 4 JULY, 2016 ©® 14:35
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A7.8 NEURAL PATHWAYS SUBSERVING
VISUAL CONTROL OF FLIGHT IN BIRDS

™ MONDAY 4 JULY, 2016 ® 14:50

@ JBURN (UNIVERSITY OF BRISTOL, UNITED KINGDOM),
KATHERINE A J DANIELS (UNIVERSITY OF BRISTOL,
UNITED KINGDOM)

@ ANJFB@BRISTOL.AC.UK

Visionisanimportantsensorypathwayforinformationusedto
control locomotion.
Anumberofstudiesusingdifferentapproachessuggestthat,
duringwalking, terrestrialanimalsacquiredetailedinformation
aboutthegroundwhenitisatadistanceahead ofapproximately
two steps. Using projective geometry we showed that a vision
systemthatisoptimally configured tomaximisetheresolution of
informationaboutthegroundatagivendistanceaheadrequiresthe
eyestobeatacertainuniqueheightabovetheground. Aboveand
belowtheoptimumheightresolutionislostduetoincreaseddistance
tothegroundandanincreasinglyacuteprojectionofthe groundonto
theretinarespectively. Wehypothesisedthateyeheightwouldbe
associatedwithsteplengthinterrestrialanimalsduringwalking.
Datafor20specieswereobtainedfromplatedpublishedby Edweard
Muybridgein1899andstillstakenfromwildlifedocumentaries. The
eyeheightofhumanscloselyapproximated the optimumpredicted
bythemodel.Inotherspecieswefoundnoevidenceofasystematic
relationship. Withtheexceptionof humans, thespeciesusedfor
thestudywereabletochangeeyeheightbyalteringneckangle.Itis
possiblethattheseanimalsadjusteyeheightadaptivelyinresponse
tochangingdemandforinformationaboutlocalgroundconditions.
Thehypothesisthatanimals optimise eye height dynamically
inresponsetodemandforvisualinformationisexperimentally
tractableandwillbeexploredinfutureinvestigation.

@ DOUG RWYLIE (UNIVERSITY OF ALBERTA, CANADA),
CRISTIAN GUTIERREZ-IBANEZ (TECHNISCHE UNIVERSITAT
MUNCHEN, GERMANY), ANDREW N IWANIUK (UNIVERSITY
OF LETHBRIDGE, CANADA)

@ DWYLIE@UALBERTA.CA

Asabirdfliesthroughanenvironmentcluttered withnumerous
objects,bothglobalandlocal visualmotionwilloccuracrossthe
retina. Theglobalmotionwilloccursimplybecauseany formofself-
motionwillinduceopticflowacrosstheretina. Thelocalmotion
wouldbethemotionparallaxthatoccursduetothefactthatobjects
andsurfacesareatdifferentdepthsfromtheobserver.Inthispaper
wewillthereviewthepropertiesof neuronsinvariouspathwaysin
theavianbrainthatmakethemcandidatesforthevisualcontrolof
motionthroughaclutteredenvironment. Wewillmakeacasefora
ponto-cerebellarpathwayinthisregard. Thelateralpontinenucleus
andposteriorcerebellum (folia VI-VIII)integrateinformationfrom
thenucleuslentiformismesencephali, whichanalyzesopticflow,
andtheoptictectum,whichanalyzeslocalvisualmotion.Usinga
moderncomparativeapproach,wewillexaminetherelativesize
ofthelateralpontineacrossawidevarietyofbirds. Weexpectthat
therelativesizeofthelateralpontinewillbelargerinspeciesthat
liveinenvironmentsthatrequireobstacleavoidanceduringflight.

A7.9 HOW BODY SIZE AFFECTS HEAD
STABILIZATION IN FLYING BIRDS

™ MONDAY 4 JULY, 2016 ©® 15:20

@ DANIEL QUINN (STANFORD UNIVERSITY, UNITED STATES)

© DBQ@STANFORD.EDU

Birdsrelyonvisiontoguidetheirflight,sotheystabilizetheirhead
astheyfly. Themechanismsthataccountforthisheadstabilization
arepoorlyunderstood. Wepresentdatathatshowhowlovebirds
(Agapornisroseicollis) stabilizetheirheadwhenflyinginstillair
andin gusts with magnitudes comparable to their flight speed.
Usinganecksuspensionmodel, weestimatethedampingproperties
necessarytostabilizethehead.Wethenverifythemodelwithdata
obtainedforbirdsspanningsixordersofmagnitudeinbodymass.
Ouranalysisdemonstrateshowheadkinematicsscalewithbirdsize
andexplainswhyheadstabilizationisaverydifferentchallenge for
smallbirdslikehummingbirdsthanitisforlargebirdslikeswans.
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A7.10 VISUALLY-GUIDED PURSUIT
BEHAVIOUR IN THE HARRIS’S HAWK
PARABUTEO UNICINCTUS

™ MONDAY 4 JULY, 2016 ©® 16:10

@& GRAHAM K TAYLOR (UNIVERSITY OF OXFORD, UNITED
KINGDOM), CAROLINE H BRIGHTON (UNIVERSITY OF
OXFORD, UNITED KINGDOM)
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A7.12 HEAD-BOBBING IN PIGEONS:
VISION OR BIOMECHANICS?

™ MONDAY 4 JULY, 2016 ® 17:05

@ NIKOLAUS F TROJE (QUEEN’S UNIVERSITY, CANADA),
LESLIE M THEUNISSEN (QUEEN’S UNIVERSITY, CANADA)

@ TROJE@QUEENSU.CA

@ GRAHAM.TAYLOR@Z0O0.0X.AC.UK

HereweidentifytheguidancelawusedbyHarris’s Hawks Parabuteo
unicinctuspursuingartificialtargets.Fivecaptive Harris’s Hawks
werefilmedusingfourhigh-speedcameras,whenflyingatalure
towedalongazigzagcourseovertheground. Weused multi-station
photogrammetrytoreconstructtheinstantaneouspositionsof
thebird andlure,and used a correlation technique to show that
thebirdsflewdirectlyattheirtargets, withalagofapproximately
0.2sbetweenchangesinthelineofsightvectorandturningofthe
bird’svelocityvector. Wetested thehypothesisthatthebirdsused
aguidancelaw knownasproportionalnavigation,inwhichthe
pursuerturnsatarateproportionaltotheangularrateofthelineof
sighttoitstarget(thisistheguidancelawusedbyperegrinefalcons
Falcoperegrinusand mostguidedmissiles). Weusedaprediction
errormethod toidentify the constant of proportionality, called
thenavigationconstant,andfoundthatthetrajectoriescouldbe
simulatedbyassumingunitynavigationconstantwithadelayof
0.2s.Thisfittedvalueofthenavigationconstantissignificantly
lower thaninfalcons and missiles, which we hypothesiseisan
adaptationtopursuitintheclutteredenvironmentsfavouredby
hawks. Any attempt tofly anintercept trajectoryina cluttered
environmentislikelytoleadtoconflictbetweentarget-orientedand
obstacle-avoidancebehaviours,whichwillbeavoidedbyfollowing
thetrackofthetargetthroughtheclutter,asoccursinapursuitwith
anavigationconstantofone.

A7.11 THE INFORMATION FOR
GUIDING FLIGHT

™ MONDAY 4 JULY, 2016 © 16:40

@ DAVID N LEE (UNIVERSITY OF EDINBURGH, UNITED KINGDOM),
DAVID S YOUNG (UNIVERSITY OF SUSSEX, UNITED KINGDOM)

@ D.N.LEE@ED.AC.UK

Atheoryofguidanceofflight willbe presented, developed from
General TauTheory. Thecentralideaisthatguidingflight (orindeed
any movement) to or from somethingisbased on (a) perceptual
information about rho (=1/tau), the relative-rate-of-change of
thephysicalgapbetweentheanimalandthatsomething,and(b)
intrinsically generatedprescriptiverhos, specifyinghowtherho
ofthephysicalgapisintendedtochange. Rhoinformationis,in
principle,directlyavailableinall perceptualmodalities-vision,
hearing, touch, olfaction,echolocation, electro-location, thermal-
location. Incontrast, distance and velocityinformationare not
directlyavailable. Thegoalofanactionmaybereachsomething,
suchasaperch,theground,anopeninginfoliage,amateoraprey;or
itmaybetoavoidhittingobstaclesorotheranimals,aswhenmoving
inaflockorswarm.Theoryandexperimentalevidenceonhowsuch
manoeuvresareaccomplishedwillbedescribed.

Head-bobbingduringterrestriallocomotionisobservedinmanybird
species.However,thefunctionalsignificance ofthisbehaviouris
notclearatall. Currenttheoriesfocusonvisualfunctions: A visual
inputthatisfreeofselfinducedopticflowduringtheholdphase,
andincreasedflowvelocitiesthatprovideincreasedsignal-noise
ratiosformotion-parallaxmeasuresduringthethrustphaseofthe
head.Iwillcriticallyreviewtheevidenceforthesetheoriesand,
usingpigeons,Iwillpresenttheresultsofexperimentsthatfailed
toreplicateearlierfindingsintheirsupport. Asanalternative, [will
discusstwonewtheoriesandexperimentalsupportforthem:The
firstconcernsthepossibilitytomonocularlyestimatedistanceto
objectsandagentsinsituationsinwhichnormalmotionparallax
wouldnotbeabletoprovideinformation. Thesecondisbasedon
measurementsofgroundreactionforcesduringlocomotionand
suggeststhathead-bobbingreducesthemetaboliccostsassociated
withwalking.
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A8 GENERAL BIOMECHANICS

ORGANISED BY:PROF PETER AERTS (UNIVERSITY OF ANTWERP, BELGIUM)
AND PROF ROB JAMES (COVENTRY UNIVERSITY, UNITED KINGDOM)

A8.1 LOCALISED FREQUENCY-
AND AMPLITUDE-DEPENDENT
MOTION IN THE LOCUST TYMPANUM:
AN INVESTIGATION INTO ACTIVE
PROCESSES IN AN INSECT EAR

™ TUESDAY 5 JULY, 2016 ® 10:30

@ ELIZABETH KLENSCHI (UNIVERSITY OF STRATHCLYDE, UNITED
KINGDOM), ROGER DOMINGO-ROCA (CENTRE FOR ULTRASONIC
ENGINEERING UNIVERSITY OF STRATHCLYDE, UNITED
KINGDOM), JEREMY S. GIBSON (CENTRE FOR ULTRASONIC
ENGINEERING UNIVERSITY OF STRATHCLYDE, UNITED
KINGDOM), JOSEPH C. JACKSON (CENTRE FOR ULTRASONIC
ENGINEERING UNIVERSITY OF STRATHCLYDE, UNITED
KINGDOM), JAMES F.C. WINDMILL (CENTRE FOR ULTRASONIC
ENGINEERING UNIVERSITY OF STRATHCLYDE, UNITED
KINGDOM)

@ ELIZABETH.KLENSCHI@STRATH.AC.UK

Insecttympanalearsareoftenconsideredtobeamongthesimplest
intheanimalkingdom,andyettheyhavebeenshowntobecapable
offinefrequencyanalysisandsignalamplification.InCaeliferans,
theheterogeneousstructureofthetympanalmembranehasbeen
showntobe crucialin ensuring efficient frequency analysis by
inducinglocalised,frequency-dependentmembranedisplacement.
Inaddition,studieshavedemonstratedthatthissystemiscapable
of generatingdistortion-productotoacousticemissions (DPOAEs),
which areknowntobe characteristicof non-linear mechanical
systems and are linked to active acoustic amplification in
vertebrates. Thisstudycharacterisedandinvestigatedthepresence
of DPOAEsintheearofthedesertlocustSchistocercagregariaand
provided hypotheses explaining the source of these emissions
andtheirfunction. Nanoscale 3-D measurements of membrane
displacementconfirmedthat DPOAEsarepresentinthisspecies,and
thattheirlocalisationischaracteristicoftheknowntonotopyofthis
system.Moreover,itwasobservedthatthedirectionof membrane
displacementisamplitude-dependent, withlowamplitudesleading
tothisdisplacementoccurringalmostexclusivelyoutofplaneand
higheramplitudescausingapartialshifttoin-planemotioninareas
where DPOAEswereobserved. Wesuggestthatthisphenomenon
isrelated to the generation of DPOAEs, and is a product of the
intrinsicmechanicalpropertiesofthetympanumdrivenbythe
sensoryreceptorsinthissystem. Theseresultsshedmorelighton
themechanicalcomponentsresponsibleforsignaldetectionand
amplificationininsecttympanalears.

A8.2 THE EFFECTS OF
CRANIOKINESIS ON THE MIDDLE
EAR OF DOMESTIC CHICKENS
(GALLUS GALLUS DOMESTICUS)

™ TUESDAY 5 JULY, 2016 ©® 10:45

@ RAF CLAES (UNIVERSITY OF ANTWERP, BELGIUM), PIETER
MUYSHONDT (UNIVERSITY OF ANTWERP, BELGIUM), LUC
VAN HOOREBEKE (UNIVERSITY OF GHENT, BELGIUM),
JELLE DHAENE (UNIVERSITY OF GHENT, BELGIUM), JORIS
DIRCKX (UNIVERSITY OF ANTWERP, BELGIUM), PETER AERTS
(UNIVERSITY OF ANTWERP, BELGIUM)

@ RAF.CLAES@UANTWERPEN.BE

Themammalianmiddleearconsistsofaneardrum,threeossicles,
two muscles and some ligaments, and is enclosed in a single
bonystructure. Osscilemovements, mediatedby thesemuscles
and ligaments, adapt sound transmission. The avian middle
ear is seemingly simpler: an eardrum connected to one ossicle
(columella),onemuscleandsomeligaments. Thissimplicity seems
toconstrainadaptationcapabilities. Wehypothesize,however, that
craniokinesismayplayaroleintheadaptationofsoundtransmission
astheavianmiddleearisnotenclosedbyonerigidstructure,butalso
bythequadrateandbysofttissue. Theeardrumisconnectedtothe
movablequadrate. Craniokineticmovementofthequadratemay
thuseffecttheeardrumaswellasthecolumella. Totestthis,hens
androosters(Gallusgallusdomesticus)areusedasmodelsthatdiffer
invocalizationcapacity.pCT-scansweremade oftheheadsof3hens
and3roosters,withbeaksclosedandfullyopened. Asurfacemodel
wascreatedtoquantifyquadratemotion, columelladisplacement
andchangesintheeardrum. Upperbillelevationwasfoundtobe
greaterinroosterswhichresultsfromagreaterfrontalrotationof
thequadrate. Thequadratemovementsdonotresultinsignificant
displacementsofthecolumella,butdoeffecttheeardrum. Thestrain
ofthemembranechangeswithbeakopeninginbothsexes,andthere
isacleardisplacementofthemembraneinroosters.Basedonthese
resultsweassumethatcraniokinesismayplayaroleinthesound
transmissionofthebird.




A8.3 SING ME AN OLD FASHIONED
SONG: WING RESONANCES IN THE
RELICT BUSH-CRICKET CYPHODERRIS
MONSTROSA (INSECTA: ORTHOPTERA:
PROPHALANGOPSIDAE)

™ TUESDAY 5 JULY, 2016 ©® 11:00
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A8.4 QUANTIFYING PULSING
PATTERNS IN XENIID CORALS:
A FIRST STEP TO COUPLING
COLLECTIVE BEHAVIOUR AND
FLUID DYNAMICS

™ TUESDAY 5 JULY, 2016 ©® 11:15

& BENEDICT D CHIVERS (UNIVERSITY OF LINCOLN,
UNITED KINGDOM), THORIN JONSSON (UNIVERSITY OF
LINCOLN, UNITED KINGDOM), OLIVIER BETHOUX (MUSEUM
NATIONAL D’HISTOIRE NATURELLE, FRANCE), ANDREW C
MASON (UNIVERSITY OF TORONTO, CANADA), FERNANDO
MONTEALEGRE-Z (UNIVERSITY OF LINCOLN, UNITED
KINGDOM)

@ BCHIVERS@LINCOLN.AC.UK

Malebush-crickets, grigs,and cricketsproduceacousticsignals
toattract females primarily by wing stridulation. This process
involves the scraping together of specially modified forewings
functioning as sound generators. Bush-crickets and crickets
divergedsome240millionyearsago, witheachlineagedeveloping
unique characteristics in sound generator morphology. Bush-
crickets(Tettigoniidae)usuallyhaveasymmetricwings,andonly
onewingbearsthemainsoundradiator,the ‘mirror’. Properties of
thiswingcelldictate parametersoffrequencyandqualityinthe
acousticsignal.Incontrast, crickets(Gryllidae),aseparatelineage
withsymmetricwings,useanothercellforsoundradiation, the
harp,withreducedmirrorsonbothwingsplayingsecondaryroles.
Thegrigs(Prophalangopsidae),arelictlineagemorecloselyrelated
tobush-cricketsthancrickets,haveretainedamore plesiomorphic
wing anatomy. They exhibit symmetrical wings and weakly
delimitedwingcellsincludingtheharpandmirror. Thisrelictgroup
thereforeisof majorimportancetoinvestigatetheearlyevolutionary
stagesofacriticalinnovation. Thisresearchinvestigates whether
wingbiophysicsingrigsismoresimilartothatofbush-cricketsor
crickets.UsingdirectevidencefromLaser Doppler Vibrometry,
thisstudyconfirmsthemirrorcellasanacousticresonatorinthe
relictspecies Cyphoderrismonstrosa.Propertiesofthemirrorin
dictatingthefrequencyofthesignalareconsideredinrelationto
the biomechanics of sound production in bush-crickets. These
resultsfurtherourunderstandingoftheroleof wingveins,andthe
functionalcellstheydelimit,intheevolutionofacousticcharacters
inthisdiversegroup.

@ JULIA E SAMSON (UNC CHAPEL HILL, UNITED STATES),
LAURA A MILLER (UNIVERSITY OF NORTH CAROLINA
AT CHAPEL HILL, UNITED STATES)

@ JULIAUNC.EDU

Coralsaremostlystationaryorganisms.Xeniidcorals, however,
display a unique behaviour: individual polyps within a colony
activelypulse,increasingthelocalwaterfluxandthusmasstransfer
(i.e.nutrientand gasexchange).Sincecnidarians(corals,jellyfish,
anemones,andtheirrelatives)lackacentralizednervoussystemor
integrationcentre,itisunclearhowcollectivebehaviouremerges
withinacolony.Ourassumptionisthatthemanyindividualpolyps
followthesameruleswhenrespondingtoexternalcuessuchasflow
velocityorshearstress;e.g.pulsingfrequencymightberelated to
backgroundflow velocity.Inthisstudy,usingnetworktheoryand
neurosciencemodellingtools, wewillexaminewhetherrecurring
pulsingpatternscanbeobservedwithinacolony (i.e.whetherthe
colonyfunctionsasapredictablenetworkofpolyps). Wewillalso
investigatephasedifferencesbetweenpairsofpulsingpolypsby
analysingvideodataandgenerating2Dimmersedboundary (IB)
modelsofpolyppairspulsingatvaryingphasedifference; thiswill
enableustolookattheeffectofpulsingphasedifferenceonbulk
transport. Additionally,werecordedvideodatainthelabandthefield
andmanipulatedtheambientflowaroundcoral coloniestoobserve
theirbehaviouralresponsetoenvironmentswithoutanyflowand
environmentswithsteadyflowsofdifferentaveragevelocities. From
thesedata, wewillpresentpreliminaryresultsontherelationship
betweenflowvelocityandpulsingfrequency.

A8.5 MORPHOLOGY AND 3D FAST-START
ESCAPE PERFORMANCE OF PREGNANT
AND VIRGIN LIVE-BEARING FISH

™ TUESDAY 5 JULY, 2016 ® 11:30

@ MIKE FLEUREN (WAGENINGEN UNIVERSITY, NETHERLANDS),
JOHAN L. VAN LEEUWEN (WAGENINGEN UNIVERSITY,
NETHERLANDS), BART J.A. POLLUX (WAGENINGEN
UNIVERSITY, NETHERLANDS)ATES)

© MIKE.FLEUREN@WUR.NL

Alive-bearingmodeofreproductionposesseveralchallengesto
fishinthefamilyPoeciliidae:theinternaldevelopmentofembryos
causesanincreaseinvolumewhichinturncanpotentiallyreducea
female’sswimmingperformanceduringpregnancyduetoincreased
draganddecreasedflexibilityintheabdominalregion. We studied
thechangesinmorphologyand3Dfast-startescapeperformance
inpregnantandvirginPoeciliopsisturneri.Bodyshapeisanalysed
in3Dbyconvertingoutlinesfromlateralandventralimagesintoa
stackofcross-sectionsconsistingof mergedcubicsplines (trunk)and
superellipses(eyes). Totalbody volumeincreased onaverage 20%
duringthe8-10daysbetweenparturitions. Maximumwidthand
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heightincreasedapproximately20%and 10%respectively,andthe
positionof maximumwidthshifted caudallyinpregnantfish. The
fast-startescapeperformancewasmeasuredinacubicswimming
arena,allowingmaximalfreedominescapetrajectories,andthe
stimulus was applied from above. We used three orthogonally
placedhigh-speedvideocamerastotrackbodykinematicsin3D.
Inbothpregnantandvirginfishtheescapewastypicallydirected
downwards. Althoughmaximumvelocity wassignificantlylowerin
pregnantfish,thevertical velocity componentwasnot. Wepropose
thatamoreventrallocationofthecentre of masscouldpotentially
helppregnantfishtomaintainequaldownwardsescapevelocities.

A8.6 INDIVIDUAL AND TOTAL
DRAG OF MOTHER AND CALF
IN DOLPHIN DRAFTING

™ TUESDAY 5 JULY, 2016 ©® 11:45

@ MAAKO MIYAKE (TOKAI UNIVERSITY, JAPAN), YOSHINOBU
INADA (TOKAI UNIVERSITY, JAPAN), MAMI SAI (TOKAI
UNIVERSITY, JAPAN), SHUN TAKAHASHI (TOKAI UNIVERSITY,
JAPAN), MAT SAKAI (KINDAI UNIVERSITY, JAPAN),
TADAMICHI MORISAKA (TOKAI UNIVERSITY, JAPAN)

@ INADA.DOLPHIN@GMAIL.COM

Whentwodolphinssuchasmotherandcalfswimsidebyside, the
calfseldom flapsitstailfin, indicating the calf utilizes the fluid
dynamicforcebetweenthetwobodiesasathrust. Thisbehavioris
called‘dolphindrafting’. Ourpreviousstudyinvestigatedaboutthe
dolphindraftingfocusingonthefluiddynamicforcesactingonthe
calfandshowedthatthedragonthecalftooktheminimumvalue
whenthecalfwasalittlebehindthemother.Inthisresearch,the
fluiddynamicforcesactingonthemotherwasinvestigatedunder
thesameconditionasthepreviousstudy. Asaresult,thedragofthe
mothertookthemaximumvalueatalmostthesamepositionwhere
thecalftooktheminimumvalueofthedrag.Itdecreasedgradually
asthecalfmovedposteriorlyandgotlowerthanthedragmeasured
individuallywhenthe calfwasaroundthetailfinofthemother.The
totalvalueofthemotherandthecalf’sdragalsodecreasedasthecalf
movedposteriorlyandgotlowerthantheaddedvalueofthedragof
eachindividualwhenthecalfwasalittlebehindthepositionwhere
ittooktheminimumvalueofthedrag.Inconclusion, thisresearch
revealedtherelationshipbetweenthepositionofthecalfandthe
dragofthemotherorthetotaldragofthemotherandthecalf.
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A8.7 BEHAVIOURAL ADAPTATIONS
OF LOCUSTS UNDER INCREASED
MECHANICAL STRESS

™ TUESDAY 5 JULY, 2016 ©® 12:00

@ JAN-HENNING DIRKS (UNIVERSITY OF APPLIED SCIENCES
BREMEN, GERMANY), CHANTAL GOTTLER (MAX-PLANCK-
INSTITUTE FOR INTELLIGENT SYSTEMS STUTTGART, GERMANY)

@ JAN-HENNING.DIRKS@HS-BREMEN.DE

Theeffectofmechanicalstressonanimalendoskeletonsandplant
structuresisrelativelywellstudied. Interestingly, verylittleis
knownabouthoworganismswithexoskeletonsreacttoincreased
mechanical stress. Previous studies have indicated that mild
externalstress,suchashypergravity,heatorcold,canhaveapositive
effectonageingandlongevityofsomearthropods. Toohighstress
levelshowevercaninduce quiescencebehaviourandultimately
increasetheriskofstarvation. Howdodifferentlevelsofincreased
mechanicalstressaffectthebiomechanicsandbehaviourofinsects?
Toanswerthisquestion, Schistocercagregarialocustswereraised
inanexperimentalcentrifugesetupat3gand5gconditions.Our
resultsshowthatlocustkeptundercontrol conditionsincreased
theirbodyweightsignificantlywithinthefirstthreeweeks.Locusts
raisedunder3gconditionsalsoshowedasignificantincreaseinbody
weight,howeverareducedsurvivalrate. However,locustsraisedat
S5gshowednosignificantincrease ofbody weightovertime, moved
significantlyless,andafurtherdecreasedsurvivalrate.Inadditionto
thebehaviouraladaptations,ourresultsindicatethatraisinglocusts
atincreased mechanical stress also affects morphological and
biomechanicalpropertiesoftheexoskeleton. Ourresultsforexample
show that the density of exoskeletal parts (weight per length
tibia) oflocusts subjectto 5gmechanicalload was significantly
lowerthanthelegdensityofcontroland 3glocusts. Theobserved
reductionofbody weightmightaffectendocuticulargrowth,asitis
known, thatinsectsusetheendocuticleasreservetoovercome
starvationperiods.

A8.8 MEASUREMENT OF JUMPING
FORCE OF A FRUIT FLY USING
A MEMS FORCE PLATE

™ TUESDAY 5 JULY, 2016 ©® 12:15

@ HIDETOSHI TAKAHASHI (THE UNIVERSITY OF TOKYO, JAPAN),
RYU FURUYA (THE UNIVERSITY OF TOKYO, JAPAN), THANH-
VINH NGUYEN (THE UNIVERSITY OF TOKYO, JAPAN), TOMOKO
YANO (THE UNIVERSITY OF TOKYO, JAPAN), KEI ITO (THE
UNIVERSITY OF TOKYO, JAPAN), TOMOYUKI TAKAHATA (THE
UNIVERSITY OF TOKYO, JAPAN), KIYOSHI MATSUMOTO (TOYO
UNIVERSITY, JAPAN), ISAO SHIMOYAMA (THE UNIVERSITY
OF TOKYO, JAPAN)

@ TAKAHASHI@LEOPARD.T.U-TOKYO.AC.JP

Small insects can take-off quickly with an acceleration up to
10G. During taking-off, many insects utilize both jumping
force by exerted legs and aerodynamic force by flapping wings
simultaneously. However, the contributionsofthesetwoforceson
thetaking-offaccelerationarenotfullyunderstood.
Inthisresearch,weproposeaMicroElectroMechanical Systems
(MEMS)forceplatetodirectly detectthejumpingforceinvertical
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directionofafruitfly (Drosophila) duringtaking-off. Whenafruit
flytakesofffromtheplate, thejumpingforceismeasuredthrough
theresistancechangesofthepiezoresistorsformedontheforceplate.

Themassandtaking-offtime offruitfliesareapproximately
1mgand5ms,respectively. The proposedforceplatewasdesigned
toachieveaforceresolutionoflessthan1.0uN (tenthpartofthe
weightofafruitfly). Moreover, theresonantfrequencyoftheplate
wasdesignedtobemorethan500Hztoprecisely detectthejumping
forceduringtheshorttaking-offtime.

The experimental results show that the maximum value
ofthejumpingforcereached 150uN, whichisapproximatelyten
timeslargerthantheweightofthefruitfly. Wealsocomparedthe
impulsecalculatedfromthemeasuredjumpingforceandthekinetic
momentumobtainedfromhighspeedcameraimages. Theresult
showsthattheimpulsewasequalto90%ofthekineticmomentum,
whichindicatesthatthejumpingforcebylegsisthemainfactorfor
take-off motionofafruitfly.

A8.9 3D-MORPHOLOGY OF INDUCIBLE
MORPHOLOGICAL DEFENCES IN DAPHNIA

™ TUESDAY 5 JULY, 2016 ©® 12:30

@ MARTIN HORSTMANN (RUHR UNIVERSITY BOCHUM,
GERMANY), PETRA STAMM (UNIVERSITY OF BIRMINGHAM,
UNITED KINGDOM), ALEXANDER T. TOPHAM (UNIVERSITY
OF BIRMINGHAM, UNITED KINGDOM), GEORGE W BASSEL
(UNIVERSITY OF BIRMINGHAM, UNITED KINGDOM),
SEBASTIAN KRUPPERT (RUHR UNIVERSITY BOCHUM,
GERMANY), JOHN K. COLBOURNE (UNIVERSITY
OF BIRMINGHAM, UNITED KINGDOM), RALPH TOLLRIAN
(RUHR UNIVERSITY BOCHUM, GERMANY), LINDA C. WEISS
(RUHR UNIVERSITY BOCHUM, GERMANY)

©@ MARTIN.HORSTMANN@RUB.DE

Quantitativeanalysisofshapeandformiscriticalinmanybiological
disciplinesasalterationsreflectavisibleresultofe.g.changesin
geneexpressionandphysiology. Published 3D-shape captureand
rendermethodsproducemodelswitharbitrarilynumberedmesh
points, preventingadirectcomparisonofindividual pointpositions
derivedfromdifferentmorphotypes. Wehereintroduceastrategy
thatallowsthe generation of comparable 3D models, which can
alsobeusedforcomparativefiniteelementanalysis. Specimens
are scanned using confocal imaging or alternative strategies
conservinginformationonthethird dimension. Subsequently,
surfacestructuresareextractedforaveraging,comparisonand
visualisationinMatlab. Viaso-called ‘casts’ setsofstatistically
comparablepointcloudscanbeacquired. AfterrunningaProcrustes-
fit, calculation of displacement vectors between vertices of the
defendedandundefendedmodelare conducted, enablingacoloured
display of regions of interest by plotting the vectors’ lengths
as heat maps in Matlab. We tested our approach with different
morphotypes of the pond-dwelling microcrustacean Daphnia,
whichisanexcellentmodelforshapecomparisons,sinceitforms
variousmorphotypesundervaryingenvironmental conditions,
e.g.predationpressure. Withourstrategywearenowabletodetect
significantshapealterationsinallspatialdimensionsthatmayalter
thehandlingandbiomechanical performanceinthemouthpartsof
respectivepredators.
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A8.10 HOW PARASITIC WASPS EXPLORE
THE UNKNOWN WITH THEIR STEERABLE
OVIPOSITORS

™ WEDNESDAY 6 JULY, 2016 ® 09:00

@ UROS CERKVENIK (WAGENINGEN UNIVERSITY, NETHERLANDS),
BRAM VAN DE STRAAT (WAGENINGEN UNIVERSITY,
NETHERLANDS), SANDER W. S. GUSSEKLOO (WAGENINGEN
UNIVERSITY, NETHERLANDS), JOHAN L. VAN LEEUWEN
(WAGENINGEN UNIVERSITY, NETHERLANDS)

@ UROS.CERKVENIK@WUR.NL

Tolaytheireggs,parasiticwaspsprobesubstrateswiththeirslender
andsteerableovipositors. The ovipositorconsistsofthreeindividual
elements(valves),onebigandtwosmallthatarelongitudinally
connectedandcanslidealongeachother. Pro-andretraction of
individualvalveshasbeenhypothesisedtobeessentialforinsertion
and steering. Friction along the stationary valves presumably
anchorsonepartoftheovipositorinthe substrate and provides
lateralsupportforthemovingvalve. Theovipositorcanbesteeredin
aparticulardirectionbyprotractingonevalveoveragreaterdistance
thantheothers. Wetestedthishypothesis,andanalysed probing
mechanisms, performance (i.e.therangeandspeedofprobing) and
effectsof substratedensityonprobing. Usingtwohigh-speed video
cameras, wecapturedtheprobingof Diachasmimorphalongicaudata
(fam.Braconidae)intransparent gelatine oftwodifferentdensities.
Waspsthoroughlyexplorethesurroundingsubstratethrougha
singlepunctureholebycreatingcomplex, spatially separated, 3D
trajectorieswiththeirovipositors. Theseareachievedbyadjusting
thevalvekinematicsduringinsertionsandbypartialretractions,
changesintiporientation,andreinsertionsoftheovipositor. Abig
differenceinvalveprotractionleadstostrongcurvatures, whereas
theirequalprotractionresultsinstraightpaths. Adensergelleads
toloweraveragespeedsofinsertionandareducedrangeof probing.
Curvatureoftheovipositordecreasestheinstantaneousspeeds
ofinsertion. Thesubstratedictatesprobingcapabilitieswhichis
importantforourunderstandingparasitoid-hostinteractionsand
indesigningbioinspiredminimallyinvasivesteerableneedles.

A8.11 AGE RELATED CHANGES
IN THE MECHANICAL PROPERTIES
OF INSECT CUTICLE

™ WEDNESDAY 6 JULY, 2016 ©® 09:15

@ MAEVE O’NEILL (TRINITY COLLEGE DUBLIN, IRELAND),
EOIN PARLE (TRINITY COLLEGE DUBLIN, IRELAND),
CLODAGH DOOLEY (TRINITY COLLEGE DUBLIN, IRELAND),
DAVID TAYLOR (TRINITY COLLEGE DUBLIN, IRELAND)

@ ONEILM10eTCD.IE

Weinvestigatedhowthemechanical propertiesofdesertlocust
cuticle (Schistocerca gregaria) changed over the course of the
insect’s adult life. Previous studies showed that 14 days post
moultthe Young’smodulus (E) ofthecuticlewas3 GPa.Ourresults
agreedwiththesebutwefoundthatastheinsectagedEcontinued
to increase rapidly until about 21 days, before levelling off at
approximately 7 GPafortimesupto60days. Thesametrendwas
seen forthefailure strength, levelling off at approximately 170
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MPa. Allmechanicaltestswereperformedviacantileverbending.
Whenwelookedatthedepositionofthedifferentcuticularlayerswe
discoveredthattheexocuticlestoppedbeingdepositedafewdays
aftermoulting, whilsttheendocuticle continued tobedeposited
overthecourseoftheinsect’slife. Thiswouldsuggestadecrease
instiffnessandstrength, contradictorytoourresults,indicating
thatanincreaseinexocuticlethicknessisnotresponsibleforthe
measuredchanges. Weinstead proposethatwaterlossisresponsible
for the change in mechanical properties. Further work is being
carriedoutcurrentlytoevaluatewatercontentasafunctionofage
andrelateittoEandfailurestrength.

A8.12 THE BIOMECHANICS
OF INJURY REPAIR IN INSECTS

™ WEDNESDAY 6 JULY, 2016 ©® 09:30

@& DAVID TAYLOR (TRINITY COLLEGE DUBLIN, IRELAND), EOIN
PARLE (TRINITY COLLEGE DUBLIN, IRELAND), JAN-HENNING
DIRKS (UNIVERSITY OF BREMEN, GERMANY)
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theinsects’fore-aft,lateralandvertical velocitiesandaccelerations,
aswellaspitchandyaw. Moreover,kinematicparametersofthe
legswereexamined, suchasstridefrequency,dutyfactorsandthe
phaserelationsbetweenlegs. Whilethephaseshiftbetweenthe
ipsilateralmiddleandhindlegswascloseto0.5andconstantoverthe
wholespeedrange,theshiftbetweenipsilateralfrontandmiddlelegs
decreasedfrom0.5atintermediatespeedsto0.32forfastrunning.
Asaconsequence, thethreelegsofeachtripodmadegroundcontact
successivelyratherthansynchronously, verticalamplitudesofthe
COMdecreasedsignificantlyandtheincreaseofthestridefrequency
levelled off. Moreover,allthesechangesoccurredatlowerspeeds
ontheslipperysubstrate.Forthefirsttimetheobservedchanges
indicate a change from a symmetric tripod gait to a gallop-like
metachronalgaitpatternathighrunningspeedsininsects.

A8.14 INFLUENCE OF INCLINE AND
GRANULAR MEDIA ON THE LOCOMOTOR
KINEMATICS OF SALAMANDERS

™ WEDNESDAY 6 JULY, 2016 ® 10:00

@ DTAYLOReTCD.IE

Wecarriedoutthefirsteverbiomechanicalstudyofinjuryrepair
inanarthropod. Weplacedincisions(scalpelcuts)inthetibiae of
adultlocusts(Schistocercagregaria). Atthetimeofapplication,
theincisionreducedthebendingstrengthofthetibiatoaboutone
thirdofitsoriginalvalue. Withinthreeweeksthisstrengthhad
returnedtoabouttwothirdsofnormal,asaresultofdeposition of
endocuticleunderneaththeincision,formingapatch. Weshowed
thatthisdepositionwasstimulatedbytheincision:thedeposition
rateincreased by a factor of four. Furthermore, deposition was
targetedtothedamagedarea,implyingaprocessorchestratedby
endothelialcells. Computermodellingbyfiniteelementanalysis
suggestedthatfailureoftherepairedtibiaoccurswhenthematerial
inthepatchreachesitstensilestrength.Interestingly,repaironly
occurredinabouthalfofthesubjects:theotherhalffailedtocreate
theendocuticlepatch. Thismayhavebeenbecausetheyweretoo
old,orbecausethegapmadebytheincisionwastoowide: further
workisongoingtoinvestigatetheseaspects.

A8.13 METACHRONAL LEG
COORDINATION AND BODY DYNAMICS
IN RAPID RUNNING COCKROACHES

™ WEDNESDAY 6 JULY, 2016 ©® 09:45

@ TOMWEIHMANN (UNIVERSITY OF COLOGNE, GERMANY), WALTER
FEDERLE (UNIVERSITY OF CAMBRIDGE, UNITED KINGDOM)

©@ TOM.WEIHMANN@UNI-KOELN.DE

Alternatingtripodlegcoordination,i.e.thesynchronousactivity
oftheipsilateralfrontandhindlegswiththecontralateralmiddle
legs,isoftenregardedastheonlypatternemployedbyfastrunning
insects. Observed deviations have rarely been analysed in the
contextofphysicalandbiomechanicalconstraints. Hereweexamine
fastlevellocomotionofspeckled cockroaches(Nauphoetacinerea)
ontwosubstrateswithdifferentnominalasperitysizesof30pmand
12pm;thelattersubstratewasmarkedlyslipperyfortheanimals.
Steadyruns wererecorded with a high speed video system and
analysedinthehorizontalandinthesagittalplane. Wemeasured

@ KRIJUN B MICHEL (ROYAL VET COLLEGE, UNITED KINGDOM),
JEFFERY W RANKIN (ROYAL VET COLLEGE, UNITED KINGDOM),
LUCY CLARKSON (ROYAL VET COLLEGE, UNITED KINGDOM),
ALFREDO G NICIEZA (UNIVERSITY OF OVIEDO, SPAIN),

JOHN R HUTCHINSON (ROYAL VET COLLEGE, UNITED KINGDOM)

©@ KMICHEL@RVC.AC.UK

Previousstudieshaveproposedthattheearlyoriginoftetrapod
locomotioniseither “hindlimb-driven” or “crutching”-like (i.e.,
drivenbytheforelimbs),dependingonthetaxa.Thetailhasalsobeen
proposedtohelpimprovestability orprovideadditionalbody support
duringlocomotion. However,fewdataareavailablefromextant
functionalmodelsthatcanprovideafoundationforevaluatingthe
relative contributionsofpectoral, pelvicand caudalappendages
on terrestrial movement, particularly on inclined substrates
thatflowinresponsetointrusionsuchasmudorsand.Inorderto
quantifytheperformanceof vertebrateappendagesoncomplex
media, we compared morphological and kinematic variables of
forelimb, hindlimbandtailmovementin20adultfiresalamanders
(Salamandrasalamandra)duringlocomotionoversand-likeandsolid
surfacesat0-,10-,20-and 30-degree slopesofupwardincline. We
foundanexpecteddeclineinmaximumlocomotionvelocitywith
increasedslopesandfurtherdecreasesinmaximumvelocityoverthe
sand-likesurface.Basedondutyfactor, theforelimbshaveagreater
contributiontolocomotiononbothsurfaces.Interestingly, wedid
notseeconsistentcorrelationoftailusageacrosssurfacetypeor
slope.Ourresultssupporttheinferencethat,despiteacleardecline
inspeedandincreaseindifficulty of propulsionduetoincreased
slope and substrate flow, the locomotor pattern in Salamandra
salamandradoesnotchangeradically. Thismaybeevidenceofa
relatively robust neural motor control systemin tetrapods, but
furtherbiomechanicaldataand/ortestswithmodelsorrobotsare
neededtotestthisspeculation.
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A8.15 MAKING FOOTPRINTS WITHOUT
FEET: MODERN TERRESTRIAL LUNGFISH
LOCOMOTION CREATES TRACES SIMILAR
TO THOSE OF EARLY TETRAPODS

™ WEDNESDAY 6 JULY, 2016 ©® 10:15

@ PETER L FALKINGHAM (LIVERPOOL JOHN MOORES UNIVERSITY,
UNITED KINGDOM), ANGELA M HORNER (CALIFORNIA STATE
UNIVERSITY SAN BERNARDINO, UNITED STATES)

@ PFALKINGHAM@GOOGLEMAIL.COM

Trackwaysproducedbytetrapodsmaybecomprisedoflittlemore
thanpairedcircularimpressions. Someprimarilyaquatic vertebrates
makebriefforaysontoland, creatingtracesastheydo. Alackof
studiesonaquatictrackmakersraisesthepossibilitythatsuchtraces
maybeignoredormisidentifiedinthefossilrecord. Althoughextant
fishesarequitedistinctfromDevonianfishesbothmorphologically
and phylogenetically, several terrestrial Actinopterygian and
Sarcopterygianspecieshavebeenproposedaspossiblemodelsfor
ancestraltetrapodlocomotion. Althoughlocomotionhasbeenwell-
studiedinsomeofthesetaxa, terrestrialtrackwayproductionhas
not. Werecordedterrestriallocomotionofa35cmAfricanlungfish
(Protopterus annectens; Dipnoi: Sarcopterygii) on sediment.
Terrestrialmovementinthelungfishisaccomplishedbyplanting
the head and then pivoting the trunk. Impressions are formed
where the head impacts the substrate, while the body and fins
producefewtraces. Theheadleavesaseriesofalternatingleft-right
impressions, whereeachimpactcanappearastwoseparatesemi-
circularimpressionscreatedbytheupperandlowerjaws,bearing
somesimilaritytotetrapodtraces. Furtherstudiesoftrackwaysof
extantterrestrialfishesarenecessarytounderstandthebehavioural
repertoirethatmayberepresentedinthefossilrecord.

A8.16 RATE-DEPENDENCE OF
‘WET’ BIOLOGICAL ADHESIVES
AND THE FUNCTION OF THE PAD
SECRETION IN INSECTS

™ WEDNESDAY 6 JULY, 2016 ©® 11:00

@ DAVID LABONTE (UNIVERSITY OF CAMBRIDGE, UNITED
KINGDOM), WALTER FEDERLE (UNIVERSITY OF CAMBRIDGE,
UNITED KINGDOM)

@ DL416@CAM.AC.UK

Manyinsectsusesoftadhesivefootpadsforclimbing. Thesurface
contactofthese organsis mediated by small volumes of aliquid
secretion, which forms thin filmsin the contact zone. Here, we
investigate therole of viscous dissipation by this secretion and
the ‘bulk’ pad cuticle by quantifying the rate-dependence of
the adhesive force ofindividual pads. Adhesionincreased with
retractionspeed,butthiseffectwasindependentoftheamount
ofpadsecretionpresentinthecontactzone,suggestingthatthe
secretion&rsquo;sviscosity didnotplayasignificantrole.Instead,
therate-dependencecanbeexplainedbyrelatingthestrainenergy
releaseratetothespeedofcrackpropagation,usinganestablished
empiricalpowerlaw. The ‘wet’pads’behaviourwasakintothatof
‘dry’elastomers,withanequilibriumenergyreleaseratecloseto
thatofdryvan-der-Waalscontacts. Wesuggestthatthesecretion
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mainlyservesasa ‘releaselayer’,minimisingviscousdissipation
and therebyallowing rapid detachment during locomotion. In
contrasttomanycommercialadhesiveswhichderivemuch oftheir
strengthfromviscousdissipation, weshowthatthemajormodulator
ofadhesivestrengthin ‘wet’biologicaladhesivepadsisfriction,
exhibitingamuchlargereffectthanretractionspeed. Together,
theseresultssuggestthat ‘wet’and ‘dry’biologicaladhesivesmay
bemoresimilarthanpreviously thought.

A8.17 OPTIMIZING ENERGY STORAGE
IN BIOLOGICAL SPRINGS

™ WEDNESDAY 6 JULY, 2016 ® 11:15

@ GREGORY P SUTTON (UNIVERSITY OF BRISTOL, UNITED
KINGDOM), SHEILA N PATEK (DUKE UNIVERSITY, UNITED
STATES), GREGORY S SAWICKI (UNIVERSITY OF NORTH
CAROLINA CHAPEL HILL, UNITED STATES), MICHAEL V
ROSARIO (BROWN UNVIVERSITY, UNITED STATES)

@ RSCEALAI@GMAIL.COM

Anopenquestioninbiologicalsystemsis ‘Whatstiffnessmaximizes
atheenergystoredinamuscle/springsystem?’.Energy storage
isthealgebraic product of force times distance, which setsup a
simplemathematicalframeworkforthisquestion.Ontheonehand,
verycompliantspringscanbestretchedverylargedistanceswith
smallamountsofforce. Ontheotherhand, verystiffsprings will
stretchshortdistances withlargeamounts of force. Toaddress
this question, I first discuss a simple model system of a muscle
isometricallyloadingaspring. Thelength-tensionpropertyofa
muscleprovidesalimitationonboththeforceanddistanceinwhich
amusclecanact;creatingaclearoptimalstiffnessforanyspringthat
thismuscleisattached. Totestthisanalysis,itwillthenrepeated
with the biologicalisometric muscle/spring system within the
jumpinggrasshopper. Inthegrasshopper,thisanalysispredictsa
springstiffnessof 18 N/mmwouldmaximizetheamountofenergy
storedinthesystem.Thebiologicallymeasuredspringstiffnessis
approximately20N/mm, within 15% ofthetheoreticaloptimal.
Inmoredynamicallyloadedsystems,suchasinthebullfrogjump,
anisometricanalysis,however,isunabletopredictthe optimal
stiffness,butananalysisthatconsidersthemuscleforce/velocity
properties predicts an optimal stiffness of 7.2 N/mm, which is
within 10% of themeasuredstiffnesswithinthesystem(7.9N/
mm).Consequently,inbothisometricanddynamicmuscle/spring
systems, muscle properties define optimal stiffnesses for the
commensuratesprings.
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A8.18 BASIC MECHANICS BEHIND
STEADY-STATE AND NON-STEADY-STATE
MUSCLE CONTRACTIONS

™ WEDNESDAY 6 JULY, 2016 ©® 11:30
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Four years ago, same meeting, we had exposed a most simple
model, consistingofjustfourmechanicalelements, forexplaining
mechanicalpowerandheatoutputduringconcentricsteady-state
contractions of skeletal muscle. Such reductionist modelling
following Ockham’srazorhelpstomakeexplanatoryideasabout
realworldphenomenatransparentandenableschallenging,and
potentially rejecting, them. Eventually, a question came from
theaudience,sharpasarazor:‘Andwhataboutnon-steady-state
contractions?’.Onlyasofrecently, wearereadyforastableanswer.
Here,weshowthatthebasicmechanicalstructureofasinglecross-
bridgecanexplainbothearlyresponsestoshortstepsinmuscle
lengthandsteady-stateoutput. Anessentialpartofthisfinding
is, firstly, thatjusttwomodelparametersarefreetobechosenfor
fittingthecharacteristicsmeasuredinstep-in-lengthexperiments
(non-steady-state), whereastheothersixreflectliteraturedata,
includingmicroscopicgeometryandassuming Coulombrepulsion
beingtheelementarydrive.Secondly,macroscopic, steady-state
characteristicscanbederivedfromexactlythesamemodel, with (i)
theforcelevelsimplyscaledup, (ii) assumingthat ATPhydrolysis
adds to damping as a second process in steady-state, and (iii)
usingthecontributionofthefibre-internalelasticitytoexternal
contraction velocity asoneofjusttwo free parameterstofitthe
steady-statecharacteristics. Weconcludethatthesuggestedmodel
structuremay constituteanirreduciblemechanicalcorebasedon
whichanycontributionofactivemuscletointeractionswithits
environmentcanbeexamined.
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A8.19 FUNCTIONAL MORPHOLOGY,
BIOMECHANICS AND FINITE ELEMENT
SIMULATION OF SCHEFFLERA
RAMIFICATIONS FOR BIOMIMETIC
APPLICATIONS IN CIVIL ENGINEERING
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GERMANY), THOMAS SPECK (PLANT BIOMECHANICS GROUP
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Theramification of Schefflera arboricola exhibits a conspicuous
branchingmorphology withseveralfinger-likesidebranchesthat
originatefromthestemandmergedistallyinthebranch. Therefore
thisspecieshasbeenselectedasaninterestingbiological concept
generator for the biomimetic development of nodal elementsin
branchedtechnicalpillarsforbuilding constructions. Thebranching
morphologyandtheinternalarrangementofvascularbundlesas
mechanicallyrelevanttissuehavebeenanalyzedviaserialthin
sectioningandpCT-scanning. Thisallowsforreconstructingthe
internalcourseandarrangementofvascularbundlesinathree-
dimensionalmodelofthestem-branch-attachmentandforFinite
Element (FE) simulations of realistic stress distributions and
deformation of the biological ramification. These simulations
requirehighresolution3Dinformation ofthebranchingmorphology
andanatomyfrompCT and/or3D-laserscans. Adetailedimage
acquisition,imagepost-processingandtransferintoaclosedsurface
mesharemajorchallengespriortothesimulationprocess.Resultsof
theFE-simulationsarecomparedwithandvalidatedbytheresults
ofbiomechanicaltestsofSchefflerastem-branch-attachments. The
combinationofmechanicaltestingandsimulationshallservefora
deepenedunderstandingofthemechanicalrelevanceofthefinger-
likebranchingmorphologyinSchefflera. Thisprocessallows for
abstractingthemostpromisingstructuresandfunctionalprinciples
fordevelopingbiomimeticbranched-fiber-reinforced polymertubes
filledwithconcretethatwillbeusedforoptimizingbranchedpillars
forapplicationinarchitecture.
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A8.20 BIOMECHANICAL ANALYSIS OF
THE ENDOCARP OF COCOS NUCIFERA

™ WEDNESDAY 6 JULY, 2016 © 14:00
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Ripefruitsofthe coconutpalm (Cocosnucifera)weighupto3.7kg
andthepalmsreachheightsofupto30m. Therefore,toassurethe
germinationoftheembryothefruithastowithstandsevereimpacts
ofuptolkJwhendroppingontotheground.Inadditionthe coconut
fruits(whichbotanicallyrepresentdrupes)remaingerminableeven
afterseveralmonthsofdispersalinseawater. Thesepropertiesare
ensuredbythetriple-layeredfruitwallofthedrupeprotectingthe
seed,whichconsistsofaleatheryexocarp,afibrousmesocarpand
atoughendocarp.
Currentlyunderinvestigationarethemechanical properties
of the endocarp of the coconut as to fracture behaviour and to
crackpropagationinthistoughstructuralmaterial. Firstresults
withanimpactpendulumrevealdifferingmechanical properties
dependingonthecuttingdirectionofthetestedsamplesfromthe
endocarp. Theseresultssuggestapronouncedanisotropyofthis
structuralmaterialreflectinganatomicaldifferencesdepending
onthecuttingdirectionintheendocarpsuchasnumberofvascular
bundles, sclereidorientationordimensions.Identifyingthelinkage
of anatomical structures on different hierarchicallevels of the
endocarpwiththemechanicalbehaviourduringimpactisofspecial
interestforthetransferintobioinspiredtechnicalapplications.
Thoseapplicationscanforexamplebefoundinthefieldofbuilding
constructions, whereacombinationoflightweightstructuring
withhighenergy dissipation capacity and punctureresistance
isofincreasinginteresttoprotectsensiblebuildinge.g.against
earthquakes,rockfallandothernaturalormanmadehazards.
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A8.21 TRAP DIVERSITY AND
EVOLUTION IN CARNIVOROUS
BLADDERWORTS (UTRICULARIA,
LENTIBULARIACEAE)
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One of the fastest plant motions knownis the prey capture by
suctiontrapsofaquaticcarnivorousbladderworts (Utricularia
spp.). Trap functioning relies on a mechanical instability
mechanismoftherapidlyopeningandclosingtrapdoor. However,
knowledgeonthetrapdoormotioninspeciesofotherlife-forms(i.e.
terrestrial), representingthemostspecies-rich group ofthegenus,
andtherespectivefunctionaladaptationstothedifferenthabitats
is scarce. We studied non-aquatic bladderwort species from
variousgenericsectionsand examinedpossiblelinkagesbetween
life-forms, trappingmechanisms, functional trapmorphology
and phylogeny using high-speed video analyses, microscopy
techniques (LM and SEM) and particle image velocimetry. In
ourstudyweshowthatnotonlydifferencesintrapentranceand
doorarchitectureexistbutalsointrapdoormotion,and we could
classify three main types of trapdoor movement (and several
subtypes).Respectiveinsightsintofluiddynamicsduringsuction
couldalsobegained. Ourresultsweremappedontoaphylogenetic
reconstructionofthegenusandwepostulatethatthephylogenetic
lineagesalsorepresentlineagesofspecificstructural-functional
adaptation. Finally, potential scenarios of trap evolution and
speciesradiationarediscussed showingthat Utriculariamaybe
regardedanexquisite caseofadaptionatvariousstructuraland
functionallevelstodiversehabitats.
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A8.22 OSCILLATIONS OF TREES
CAUSED BY DIFFERENT TYPES OF
EXCITATION: AN ANALYSIS OF
EXPERIMENTAL RESULTS OBTAINED BY
USING A 3D MOTION CAPTURE SYSTEM
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Experimentalinvestigationsofthedynamicresponseofpotted
treeswerecarriedoutbyusingthe Vicon3Dmotioncapturesystem,
whichisaleadingstate-of-the-artinfraredmarker-trackingsystem.
Reflective markers were arranged along the trunk of a young
trunk-dominated tree (Aesculus hippocastanum) and along the
trunkandbranchesofayoungbranchedtree (Cercissiliquastrum).
Theyaresubjecttovariousexcitations:statical,non-stationary
fluidflow,harmonicandnon-harmonicbaseexcitation. Dynamic
responsesofbothtreesinleavesandwithoutleaveswererecorder.
In addition, the experiments were repeated with the branched
treewhosebranchesofhigherhierarchy weregraduallyremoved.
The3Dspatialdisplacementswerethenimportedintoasymbolic
softwarepackageandthecorrespondingtime-historydiagramand
trajectoriesofthemarkersplottedandfurtheranalysedinatimeand
frequencydomain.Numericaland semi-analyticalmethodologies
were developed to determine basic oscillatory characteristics:
principlestiffnessaxes,frequenciesofvibrations,aswellasviscous
damping ratios, which stem from aerodynamical and internal
(material)damping. Theimportanceofprinciplestiffnessaxesand
thefrequenciesassociatedwiththeseaxesisemphasized,asthey
havenotbeenconsideredin Experimental Biologysofar.
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A8.23 HOW WATER AVAILABILITY
INFLUENCES MORPHOLOGICAL
AND BIOMECHANICAL PROPERTIES
IN DESICCATION-TOLERANT

AND DESICCATION-INTOLERANT
HERBACEOUS PLANTS
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Inherbaceousplants,changesinwateravailabilitydonotonly
stronglyinfluencemetabolicprocesses,butalsocausesignificant
alterationsof morphological characteristicsandbiomechanical
properties. Onlyfewplantspecieshaveevolvedbothphysiological
aswell as structural adaptations allowing for survival under
extreme drought conditions for up to several months. Such
resurrectionplantsareabletofullyrecoverfromarelative water
contentbelow 10%, herebyregainingnormalshape, functionality
andstability, oftenwithinashortamountoftimeuponrehydration.
In our experiments, we analysed morphological as well as
biomechanical characteristics of closely related desiccation-
tolerant Ramondamyconianddesiccation-intolerant Monophyllaea
horsfieldii(bothherbaceousmembersofthefamily Gesneriaceae)
inthecontextofdehydration-rehydrationexperiments (DREs).
Onamacroscopicscale,weinvestigatedtheinfluencesofinternal
cellandtissuepressurevariationsontheshapesandtheoverall
adaptivemechanical performance oftheplants. Furthermore,
tissuearrangementsaswellascellularandcellwallstructuresof
Monophyllaeaand Ramondahavebeencomparativelyanalysed
todetectgeneralfunctionalmorphologicaland biomechanical
principlesonamicroscopicscale. Ultimately,inthecontextofa
jointresearchprojectamongbiologists,chemistsandmaterial
scientists,ourfindingsareplannedtobeimplementedinnovel
bio-inspired polymersystemsbased onadaptivenon-isocyanate
polyurethane networks (NIPU) developed from renewable
resourcesingreenchemistrymanufacturingprocesses.
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A8.24 DO FUNGI RELEASE MECHANICAL
DORMANCY CONFERRED BY THE SEED
COVERINGS IN LEPIDIUM DIDYMUM?

™ WEDNESDAY 6 JULY, 2016 ©® 15:00

@& TINA LH STEINBRECHER (ROYAL HOLLOWAY UNIVERSITY
LONDON, UNITED KINGDOM), KATJA SPERBER (UNIVERSITY
OF OSNABRUECK, GERMANY), JAMES E HOURSTON (ROYAL
HOLLOWAY UNIVERSITY LONDON, UNITED KINGDOM),
KAI GRAEBER (ROYAL HOLLOWAY UNIVERSITY LONDON,
UNITED KINGDOM), KLAUS MUMMENHOFF (UNIVERSITY
OF OSNABRUECK, GERMANY), GERHARD LEUBNER (ROYAL
HOLLOWAY UNIVERSITY LONDON, UNITED KINGDOM)

@ TINA.STEINBRECHER@RHUL.AC.UK

Plantrootsandfungifrequently existin complexmutualismswith
oneanotherandthesemutualismscommonlyinvolvetheexchange
of nutrientsbetween partners, however whatisless commonis
mutualismsbetweenplantdiasporesandsaprophyticfungi.Inthis
studyweprovideevidencethatfungal-mediatederosionofapericarp
(fruitcoat)tissuelayerisatargetedprocess, guidedbyplanttissue
architectureandanticipatedbytheplanttoregulate germination
timing. Seed and fruit coats can act as a mechanical barrier to
preventordelay germination. Wefoundthatin Lepidiumdidymum
(Brassicaceae)thelignified pericarpiscolonised by saprophytic
fungi which play a key role in germination timing. Puncture-
forcemeasurementsdemonstratethatthepericarpisselectively
weakenedbythefungiatthemicropylarendtoallowpenetration
oftheradicle. TheL. didymumpericarpactsasamechanicalbarrier,
butitdoesnotrestrictwateruptakeorgasexchange. Weidentifieda
specificanatomicalregionoflesslignified cellswithintheendocarp,
representingapreformedbreakingzonewhichisdegradedbyfungal
hyphae. Asaconsequence,thefungalcolonisationoffruitsleadstoa
muchfasteronsetandhighermaximumgerminationasiteffectively
breaksthispericarp-imposeddormancy.

A8.25 AERODYNAMIC LOADS
OF A BOOBOOK OWL THROUGH
PIV MEASUREMENTS

™ WEDNESDAY 6 JULY, 2016 ©® 15:45

@& ROI GURKA (COASTAL CAROLINA UNIVERSITY, UNITED
STATES), HADAR BEN-GIDA (TECHNION, ISRAEL), DANIEL
WEIHS (TECHNION, ISRAEL)

©@ RGURKA@COASTAL.EDU

Themechanismsofsilentflight ofowlshavebeenthesubject of
scientificinterestformanydecadesandasourceofinspirationinthe
contextofreducingflightnoise. Overmillionsof yearsofevolution,
owlshaveproducedmanyspecializedconfigurationstoreducethe
aerodynamicnoise,whichisfoundtobeessential forsuccessful
hunting of potential prey. Here, we estimate the aerodynamic
loads:dragandliftofafreelyflyingowl. We study theuniquemode
offlightofaboobook owl (Ninoxboobook)amid-sizedowl, which
hasthefeatureofstealthflightduringbothglidingand flapping
flight. Theowlwasflowninahypobaricavianwind tunnelatits
comfort speed for various flight modes. The wake velocity field
wassampledusinglongdurationhigh speed PIVwhilstthewing’s
kinematicwereimagedusinghigh-speedvideosimultaneously
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withthePIV.Thetimeseriesvelocitymapsacquiredduringseveral
consecutivewingbeatcyclesenabledustoestimatetheliftanddrag
obtainedduringflight. Specifically,wehavecalculatedtheunsteady
aerodynamicloads,whichresultedfromtheflappingmotionover
the wingbeat cycle. Comparison of the unsteady aerodynamic
loadsismadewithotherpasserinessuchasstarlingandsandpiper;
individualsofbothofwhichflewinthesamewindtunnelunder
similar flow conditions. Differences between the birds’ wakes
arepresentedandconnectedtothe owl&rsquo;sspecialacoustic
capabilities. Estimatingdragandliftmayshedlightontheenergy
consumptionduringitsuniquestealthyflightmode.

A8.26 EVOLUTION OF THE STOOP OF
FALCONS IN A MODEL OF BIRD FLIGHT

™ WEDNESDAY 6 JULY, 2016 ©® 16:00

@ ROBINMILLS (UNIVERSITY OF GRONINGEN, NETHERLANDS),
HANNO HILDENBRANDT (UNIVERSITY OF GRONINGEN,
NETHERLANDS), GRAHAM K. TAYLOR (OXFORD UNIVERSITY,
UNITED KINGDOM), CHARLOTTE K. HEMELRIJK (UNIVERSITY
OF GRONINGEN, NETHERLANDS)

©@ ROBIN.MILLS.27@GMAIL.COM

ThePeregrinefalconFalcoperegrinusinterceptsitspreyinafast-
speed, controlleddivefromahighaltitude,calledastoop. Thisstoop
hasfascinatedbothlaymenandresearchersbecauseofitsenormous
speedsofover320kmh.InordertoexplainwhyPeregrinefalcons
adoptthishuntingstrategy, wehavebuiltabird-flight simulator.In
thissimulator, birdsareboundtoapproximatedaerodynamicsand
flapandglidetomaneuverthroughtheair. Theirflightperformance
(e.g.topspeed, turningspeed, agility,acceleration)isdependent
upon their morphology. The interception strategy or guidance
algorithm (namelyproportionalnavigation) of predatorymodel-
birdsisvalidatedbyempiricalexperimentsonhuntingPeregrine
falcons.Inordertogainspeedindives, model-birdsretracttheir
wings appropriately. We use this model to gain understanding
aboutthestoopintwoways.First,weanalyzethemodelequations
tounderstandtheadvantagesanddisadvantagesofastoopwith
respecttosteering,guidance,agilityandmaneuverability. Second,
wesimulatehuntsofPeregrinefalconsonfourdifferent prey species.
Weletthepreyflyinseveralways,rangingfromlineartohighly
erratic. Foreachpreyspeciesandprey-movementtype, weapply
evolutionaryalgorithmstoevolvethehuntingstrategyofthefalcon.
Interestingly, stoops evolve as (precision) optimal strategy for
huntingonallpreyaslongastheymaneuverslightly orstrongly.
We interpret these results using our aerodynamic analyses:
stoops not only increase the falcon’s forward speed, agility,
maneuverabilityandacceleration,italsoprovidesadvantagesfor
steeringandguidance.
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A8.27 POWER OF THE WINGBEAT:
EFFECTS OF FLAPPING WINGS IN
VERTEBRATE FORWARD FLIGHT

™ WEDNESDAY 6 JULY, 2016 © 16:15

@& MARCO KLEIN HEERENBRINK (LUND UNIVERSITY, SWEDEN), L.
C. JOHANSSON (LUND UNIVERSITY, SWEDEN), A. HEDENSTROM
(LUND UNIVERSITY, SWEDEN)

©@ MARCO.KLEIN_HEERENBRINK@BIOL.LU.SE
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A8.28 WING DAMAGE CONTROL
IN FLYING FRUIT FLIES

™ WEDNESDAY 6 JULY, 2016 ® 16:30

@ FLORIAN T MUIJRES (WAGENINGEN UNIVERSITY,
NETHERLANDS), NICOLE A IWASAKI (UNIVERSITY OF
WASHINGTON, UNITED STATES), MICHAEL J ELZINGA
(UNIVERSITY OF WASHINGTON, UNITED STATES),
MICHAEL H DICKINSON (CALIFORNIA INSTITUTE
OF TECHNOLOGY, UNITED STATES)

Flightcanbeanexpensivemodeoftransport,andformanyflying
animalsittakesasignificantpartoftheirenergybudget. Oftenfixed
wingaircraftmodelsareusedtoestimateflight cost, whereenergetic
costasafunctionofflightspeedisexpressedintermsofweight,
wingspan,wingareaandbodyarea, with specificaerodynamic
details represented by coefficients. Animals flap their wings
toproducethrust,affectingtheseaerodynamiccoefficientsina
waythatisdistinctly differentfromaeroplanesandhelicopters.
Particularly the effects on induced power have received little
attention. We developed a model that takes into account the
effectsofthereciprocatingwingmotion,byusingaerodynamic
coefficients that are explicitly formulated in terms of thrust
requirement, wingbeatfrequencyandstroke-planeangle, while
implicitlyoptimizingwingbeatamplitude forminimuminduced
power.Themodelindicatesthatpreviouslyassumedvaluesforthe
inducedpowerfactoraretypicallyunderestimated. Wehavefound
empiricalsupportforthepredicted effectsoninduced flow from
wakemeasurementsbehindajackdaw (Corvusmonedula)flyingin
awindtunnel, wherewemeasuredinduceddragfactorsclosetothe
predictedminimumvaluesof1.5atlowspeeds. Athigherspeedsthe
factorincreasedupto?2.5,whichisinsharpcontrasttotherangeof
0.9to1.2commonlyfoundinliterature,suggestingflyinganimals
arenotasefficientasweoncethought.

©@ FLORIAN.MUIJRES@WUR.NL

Thewingsofanimalsaresusceptibletodamage, whichcanoccur
throughgeneralwearorspecificeventssuchascollisionsorpredator
attack.Unlikebirdsandbatsthatpossessdedicatedwingdamage
repairmechanismssuchasmolt,insectscannotrepairtheirwings
andthusneedtocopewiththedetrimentaleffectsofwingdamage
fortherestoftheirlife. Themostdirectconsequenceofwingdamage
isthealterationofaerodynamicforcesandmomentsduetotheloss
ofwingarea,andthismightreduceflightperformanceandagility.
Bycombininghigh-speedvideographymeasurementsonflying
fruitflieswithexperimentallyinducedwingdamagewithphysical
andcomputationalaerodynamicsmodelling, wedetermined what
theeffectofwingdamageisonaerodynamicforcesandtorques,
andhowfruitfliesadjusttheirwingbeatkinematicstocompensate
forthesedetrimentalaerodynamiceffects. Ourresultsshowthat
unilateralwingdamageprimarilyreducesweightsupportandcauses
arolltorque, thatifnotcontrolledforwouldmakethefly spinoutof
control. Fruitfliescompensateforthesetwoaerodynamiceffectsof
wingdamagebyadjustingtheirkinematicsinamodularfashion:to
maintainweightsupportafruitflyincreaseswingbeatfrequency,
andtonegatethedamage-inducedrolltorquetheanimaladjuststhe
wingbeatpatternofboththeintactanddamagedwing. Usingthe
roboticand computationalaerodynamicmodelsweidentifiedthe
aerodynamicmechanismsresponsibleforwingdamagecontrol. The
studyalsoallowedustoproposeasimplebio-inspiredalgorithmfor
controllingasymmetricwingdamage.

A8.29 ROTATIONAL STEREO-
VIDEOGRAPHY (RSV): A FIELD METHOD
FOR 3D TRACKING OF FLYING ANIMALS,
IN LARGE AIR VOLUMES.

™ WEDNESDAY 6 JULY, 2016 ©® 16:45

@ EMMANUEL DE MARGERIE (CNRS, FRANCE), CECILE PICHOT
(RENNES 1 UNIVERSITY, FRANCE), MANON SIMONNEAU
(RENNES 1 UNIVERSITY, FRANCE), JEAN-PIERRE CAUDAL
(RENNES 1 UNIVERSITY, FRANCE), CECILIA HOUDELIER
(RENNES 1 UNIVERSITY, FRANCE), SOPHIE LUMINEAU
(RENNES 1 UNIVERSITY, FRANCE)

© EMMANUEL.DEMARGERIE@UNIV-RENNES1.FR

WepresentRSV,anopticalmethodforreconstructingflightpaths,
basedonstereo-videographyandaiming-anglerecording. Asingle
filmingdeviceisused,combiningasinglecameraandtelephotolens,
asetofmirrorsandtworotaryencoders. Theoperatoraimsatthe
flyinganimal,andactivelytracksitbyrotatingthedevice,keeping
theanimalwithinthecamera’sfield of view.Foreachvideoframe,
theanimalcanbepositioned, withinaspherical volumeofinterest
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(VOI)centeredonthedevice. The VOIradiusdependsonthedesirable
positionaluncertainty (measuredastherandomerror,i.e.the3D
positionSD),andinturnconstrainsthemaximaltrackingduration.
Weshowthatshortflightboutsofafewseconds,appropriate for
flightkinematicsanalysis(SD<0.1m)canbemeasuredwithina
radius of about 50 m from the observer. Longer flight paths, up
toafewminuteslong,allowingspatialbehaviourinvestigation
(SD<1m),canberecordedwithinabout200m.At500mfromthe
device,RSVapproaches GPS-likeuncertainty (i.e.SD=5-10m).
We share example tracksrecorded at variousranges, including
unpublishedprolongedflighttracksof commonswifts (Apusapus).
Wediscussthestrengthsandlimitationsof RSV comparedtoother
localflighttrackingtechniques(staticmulti-cameravideography,
ornithodolite, etc.). Wealsopointoutthepotential complementarity
of RSVtrackingatthelocalscale,with GPStrackingattheglobal
scale, to better understand spatial behaviour processes, in a
movementecologyperspective.

A8.30 PINE CONE SEED SCALES AS
ROLE MODELS FOR ADAPTIVE FLAPS
IN ARCHITECTURE

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@ SIMON POPPINGA (PLANT BIOMECHANICS GROUP FREIBURG,
GERMANY), THOMAS SPECK (PLANT BIOMECHANICS GROUP
FREIBURG, GERMANY)

@ SIMON.POPPINGA@BIOLOGIE.UNI-FREIBURG.DE

Pine cone seed scales bend as passivereactions to changing air
humiditywhichisbasedonthedifferentswellingandshrinking
propertiesoftheinvolvedtissues. Ahighly swellablesclereidlayer
functionsastheactuatingelement, whereasamuchlesserswellable
sclerenchymatoustissuefunctionsasaresistanceelementwhich
dictates the bending. This project among biologists, material
scientists/chemists and architects covers basic investigation
ofthisbiological principleanditsapplicationandtransferintoa
technicalsolution (humidity-drivenflapsforarchitecture). We
comparativelyanalysethebiomechanics, thegeneral structural
setupandthefunctionalmorphology of seedscalesfromvariousPine
species. Computationalmodellingand 3D printingof hygroscopic
copolyesterwithembedded cellulosefibresallows fortechnical
implementationofthemovementprinciplesintoautonomousflaps
withtailoredsensitivityandresponse. Herewithitisalsopossible
toproducetechnicalflapsexecutingcomplexconsecutivemotions
stepsasobservedinnaturalscales.

ANIMAL ABSTRACTS 101

A8.31 ACOUSTIC COMMUNICATION:
BODY SIZE VERSUS FREQUENCY
TUNING AS A BALANCING ACT

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

& JEREMY S GIBSON (UNIVERSITY OF STRATHCLYDE,
UNITED KINGDOM)

© JEREMY.GIBSON@STRATH.AC.UK

Acoustic communication signals, both their production and
reception,areintertwinedwithallaspectsofananimal’sbiology.
Anintuitiveexampleistheinverserelationshipbetweenmaximum
signalingfrequencyandbodysize;whichiswellsupportedacross
awiderangeofanimaltaxa.Butthissamerelationship,between
maximum frequency and body size, also occurs for acoustic
senseorgans,howevertherelationshipisabitmorecomplex. The
maximumandresonantfrequenciesofthetympanicmembrane
areaffectedbyitssize,shape,andthickness; whichin combination
canhelptocompensateforawiderrange ofreceiverbodysizesand
frequencyrangesasrequiredbylife history.Inthebush cricket
speciescomplex Ephippigeralargevariety ofbody sizescanbefound
withinandacrossmultiple populationsthroughoutitsrange. Despite
bodysizedifferences,frequency componentsofmalematingcalls
arequitesimilaracrossitsrangeandthus,thehearingorgansshould
alsobesimilarlytuned.Individualsfromfourdifferentpopulations
inFrancewereexposedtobroadbandacousticchirpsandthemotion
oftheirtympanicmembranesmeasuredusinga3Dlaser Doppler
vibrometer. Whilesignalfrequency componentsarenotasimportant
formatechoicetheydoplaysignificantrolesinspeciesrecognition.
Ourinitialresultsshowthattheresponseofthetympanicmembrane
issometimesinagreementwiththeinverserelationshipbetween
frequency and body size; suggesting that at some body sizes a
frequencyshiftofthetympanicmembrane’sresponsemaybea
balancingacttoodifficulttoprevent.

A8.32 THE EFFECT OF FENCE WIDTH
ON PEAK VERTICAL FORELIMB LANDING
FORCES IN JUMPING DOGS

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

& TIMOTHY WHITE (HARTPURY COLLEGE, UNITED KINGDOM),
ALISON P WILLS (HARTPURY COLLEGE, UNITED KINGDOM)

©@ ALISON.WILLS@HARTPURY.AC.UK

Canineagilityisasportrapidlyincreasinginpopularity, butstudies
investigatingthekineticsofjumpingindogsarelimited. Previous
researchhasquantifiedtherelationshipbetweentheheightofthe
jumpandpeaklimblandingforces,andhasexaminedthechanges
inkinematicparameterswithincreasingjumpwidth.Inthisstudy,
n=8LabradorRetrieverswithlimited agility experiencejumpeda
standardspreadjumpatwidthsof45cm,55cmand65cm. Widths
werebasedonthedifferingmaximumjumpwidthsrecommendby
differentinternationalorganisations. Alldogs completedthree
validtrialsateachwidth. Aforceplatewasusedtoregisterthepeak
forelimblandingforcesexperienced. Datawereanalysedviaaone-
wayrepeatedmeasures ANOVA totestforsignificantdifferences
in peaklimb forces between the three jump widths. There was
nosignificantdifferenceinpeakverticalforelimblandingforce
betweenthethreejumpwidthstested(p=0.207). Therewasalsono
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significantdifferencedetectedinpeakmediolateral (p=0.722)and
craniocaudal (p=0.628)landingforces.Datagainedindicated that
despitetheexistenceofvaryingregulationsregardingmaximum
fencewidth, thisdoesnothaveasignificantimpactonthepeak
forelimblandingforcesexperiencedbyjumpingdogs. However,
thisexperimentwasconductedonthestraightandmaynotbefully
representativeofanagility coursewhichinvolvessharpcornering
andjumplandingsthatoccuronabend.Fenceheightandwidthmay
notbetheonlyfactorthatdeterminespeakforelimblandingforces
andthiswarrantsfurtherinvestigation.

A8.33 THE EFFECT OF HYDROTHERAPY
ON THE RANGE OF MOTION OF DOGS
DIAGNOSED WITH ELBOW DYSPLASIA

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@ TATE PRESTON (HARTPURY COLLEGE, UNITED KINGDOM),
ALISON P WILLS (HARTPURY COLLEGE, UNITED KINGDOM)

@ ALISON.WILLS@HARTPURY.AC.UK

Canineelbowdysplasiaisadebilitatingconditionthatisthemost
common causeofforelimblamenessindogs,buttheaetiology of
thisconditionisnotfullyunderstood.Caninehydrotherapyisa
therapeutic approach rapidly increasing in popularity for the
treatmentofrange of musculoskeletal pathologies.Inthisstudy,
kinematicanalysiswasusedtoassesstheeffectofacustomised
hydrotherapy session on the range of motion, stride frequency
andstridelengthofagroupofclinicallysoundLabradors(n=6)and
Labradorsdiagnosedwithbilateralelbowdysplasia(n=6).Reflective
kinematicmarkerswereattachedtobonyanatomicallandmarksand
dogswererecordedwalkingattheirpreferredspeedonatreadmill
beforeandafterahydrotherapysession.Rangeofmotion, stride
lengthandstride frequency were calculated forboth forelimbs.
Datawereanalysedviaarobustmixed ANOVAtoassesstheeffect
ofhydrotherapyonthekinematicparametersofbothgroups.Range
of motionwassignificantlyhigherinthecontroldogs (p<0.05),but
hydrotherapysignificantlyincreasedtherange of motionofthe
forelimbsofbothgroups(p<0.05), withpathologicaldogsimproving
significantlymorethanthehealthy group (p<0.05). Hydrotherapy
alsosignificantlyincreasedstridefrequency (p<0.05),andstride
length(p<0.01)ofalldogs,butsignificantdifferenceswerenotseen
betweenthetwo groups. Thisfindingindicates the potential of
caninehydrotherapyasatherapeutictoolfortherehabilitationand
treatmentofdogswithmusculoskeletalpathologies. Furthermore,
results indicate that hydrotherapy may be advantageous in
improvingthegaitandmovementofclinicallyhealthydogs.
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A8.34 KINEMATIC ANALYSIS OF
THE GAIT OF PEDIGREE WORKING
AND SHOW DOGS

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

& TONI MANDERS (HARTPURY COLLEGE, UNITED KINGDOM),
ALISON P WILLS (HARTPURY COLLEGE, UNITED KINGDOM)

@ ALISON.WILLS@HARTPURY.AC.UK

Showingdogsisapopulardisciplineworldwidewithanimalsfroma
rangeofbackgroundsparticipating. Workingdogsmayberequired
toperformmorephysicalworkandtrainingthandogskeptpurely
forshowinganditishypothesisedthatthismayresultinchangesto
theirgaitandmusculaturethatmaybedisadvantageouswithinthe
showring. Theaimofthisstudywastoidentifywhetherthegaitof
thepedigreeworkingdogdiffersfromthatofapedigreeshowdogof
thesamebreed.Kinematicdatawererecordedfromn=15clinically
soundBelgianShepherd dogs (n=8 working; n=7 showing).Reflective
markerswereplacedatdefinedanatomicallandmarksanddogswere
filmedmovingatwalk,trotandgallop.Strideparametersandrange
of motionwereanalysedand comparedforthetwogroupsusingthe
Mann-Whitney Utestfornon-parametricunrelated samples. There
wasnosignificantdifferenceinrangeof motionbetweenthetwo
groups. Atwalk,theshowdogshadalongerstridetime (p<0.001)
andlowerstridefrequency (p<0.001) thantheworkinggroup. Stride
lengthwasnotsignificantlydifferentatwalkandtrot,butwaslonger
intheworkinggroupatgallop (p<0.01). Nodifferencesinstridetime
orfrequencyweredetectedattrotbutatgallop,stridetimewaslonger
intheshowdogs (p<0.05)andstridefrequencywaslower (p<0.05).
Inconclusion, somekinematicdifferenceswereobservedbetween
workingandshowdogsbutwhetherthesewouldbedetectablebya
showjudgerequiresfurtherresearch.

A8.35 WALKING OR HOPPING?
EVOLUTIONARY TRENDS IN
TERRESTRIAL LOCOMOTION
OF NEOTROPICAL BIRDS

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@ PAULINE PROVINI (UNIVERSIDADE DE SAO PAULO, BRAZIL),
ELIZABETH HOFLING (UNIVERSIDADE DE SAO PAULO, BRAZIL)

©@ PAULINE.PROVINI@GMAIL.COM

Birdscanusedifferenttypesofgaitstomoveontheground,as
walking, hopping, and running. However, it remains unclear
what drives the preference for one or the other gait during
terrestriallocomotion. Evenifanincrease of speed canexplain
thepreferenceforrunning, thetwoothergaitsdonotnecessarily
occurwithaclearpatternatlowerspeedsamongthediversity of
birds. Ecological parameters, suchasthetypeofhabitatorthe
sizeofthebird canexplainwhytheyperformwhetherhopping,
walking,orbothalternatively,inaddition, thedistributioninthe
phylogeny canbeinvoked. Toexplorethisquestion, we performed
amorphological analysisonmodernbirdsamongawiderange
of Neotropicalbirdsinaphylogenetical context. We performed
dissections of 23 muscles of the hindlimbs and measured the
averagefibrelengthsforeachmuscle,aswellasothermyological
parameters. Wealsoused computertomographytodescribethe
osteologyoftheirpelvisandthethreelongbonesofthehindlimb.
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Toquantifythemorphologicaldifferencesbetweenthe22studied
speciesageometricmorphometricsanalysiswascarriedoutusing
independentcontrasts. Inthiscontext, wetentedtoreconstruct
theancestralcharacterstateand proposefunctionalhypotheses
tounderstandtheevolutionofhoppingandwalkingin Neotropical
birds.

A8.36 DYNAMICS OF THE BEAK
DURING SINGING IN FINCHES

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@ SAM VAN WASSENBERGH (MUSEUM NATIONAL D’HISTOIRE
NATURELLE, FRANCE)

©@ SAM.VANWASSENBERGH@UANTWERPEN.BE

Studiesof Darwin’sfincheshaveprovidedsome of science’smost
compellingexamplesofhownaturalselection candrivephenotypic
change. Itwasrecentlydiscoveredthatspeciesspecialisedtofeed
onhardseedshaveadecreasedabilitytoconductrapidchangesin
beakgapeduringsinging. Inturn, thislimitstheirperformance
inproducingdynamically complex songs. As songsof Darwin’s
finchesareusedinspeciesrecognitionandmatechoice, theobserved
trade-offbetweenforceandvelocityof thebeakmayhavehada
directinfluenceoninterspeciesmatingdynamics, probabilities of
hybridization,andultimatelytheprocessofspeciation. However,
itisunknownwhatcausesthisbiomechanicaltrade-off. Thereare
severalcandidates,suchastheinertial propertiesoftheskeletal
elements involved, the gearing from the muscles to the upper
andlowerbeakviajointsandlevers, orthesize, orientation and
architectureofthedifferentjawmusclesinvolved. The goalofthis
studyistoidentifythebiomechanicalbasisofthistrade-offvia
dynamic, multi-bodymodellingbasedonamotionanalysisofthe
beakofaspeciesthatcloselyresemblestheDarwin’sfinches (Java
finch),andaunique, existingdatabaseof 3D morphologyofthehead
oftheJavafinchandseveralDarwin’sfinches.

A8.37 A NEW APPROACH OF MICROCT
FOR RESOLVING THE ANATOMY OF THE
MUSCULOSKELETAL SYSTEM OF THE
AVIAN WING

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@ FERNANDA BRIBIESCA CONTRERAS (FACULTY OF LIFE
SCIENCES, UNIVERSITY OF MANCHESTER, UNITED KINGDOM),
WILLIAM I. SELLERS (FACULTY OF LIFE SCIENCES,
UNIVERSITY OF MANCHESTER, UNITED KINGDOM)

@ FERNANDA.BRIBIESCA@POSTGRAD.MANCHESTER.AC.UK

Theevolutionofafeatheredforelimbforflyinghasbeenacrucial
factorinthesuccessofbirds. Understanding the form-function
relationship of the musculoskeletal system of the wing will
undoubtedly shedfurtherlightuponavianevolutionandorigin
of flight. Previous studies have mostly focused on the external
anatomyofthewingandlessattentionhasbeenpaidtotheflight
musculature,especiallythemoredistalmusclesinthehanddue
to their small size and complex 3D arrangement. Anatomical
descriptionsoftheavianmyologyareavailable, however, forthe
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wingmusclestheinformationisstill veryincomplete. Despitethe
widespreaduseofgrossdissectionsforstudyinganimalanatomy,
itisadestructive technique that can be very difficult for small
specimens. Contrast-enhancedmicroCThasprovedtobeasuitable
toolforsofttissuevisualization. Theaimofthisprojectistoassess
theabilityof contrast-enhancedmicroCTtoreconstructa3Dmodel
ofthemusculoskeletal systemofthebirdwing. A3%iodine-based
bufferedformalinsolutionwithatwo-weeksstainingperiodwas
usedforsofttissuevisualisationofaSparrow Hawk (Accipiternisus)
wingandconcludethatthisisaneffectivetechniqueforstudyingthe
internalanatomyoftheavianforelimb. Contrast-enhancedmicroCT
canproduce3Dimagesofthewingmusculatureofbirds,including
thesmallermusclesinthehand,andprovidesanon-destructive
way for muscle architecture quantification. Furthermore, a 3D
reconstructionofthemusculoskeletalsystemofthe Sparrowhawk
wingispresented.

A8.38 AERODYNAMIC
CHARACTERISTICS OF
A SEABIRD GULL-WING

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@ YOSHINOBU INADA (TOKAI UNIVERSITY, JAPAN), SYUICHI
MAEJIMA (TOKAI UNIVERSITY, JAPAN), NAOYA TAKAMURA
(TOKATI UNIVERSITY, JAPAN), TAIGA YAMAZAKI (TOKAI
UNIVERSITY, JAPAN)

© INADA@TOKAI-U.JP

Thewingofseabirdflyinglongdistancewithalongdurationhas
acharacteristicshape.lthasahighaspectratioplanformandan
inverted W-shaped front shape. Thistypeofwingis called ‘gull
wing’becauseitsrepresentativeisaseagull.Inthisstudy, wind
tunneltestswereconductedusingthreetypesofgullwingmodels
withdifferentfrontshapessuchasaflat,aninverted W-shaped,
andaninverted U-shapedwingswithasameplanformtoclarify
therelationship between the front shape and the aerodynamic
performance.Inconsequence,theinverted U-shapedwinghadthe
largestlifttodragratio(L/D)followedbytheinverted W-shaped
wing. TheflattypehadthesmallestL/D.Regardingthestability,all
typeshadagoodstaticstabilityaroundapitchingandarollingaxes
butnegativestabilityaroundayawaxis. Goodpitchingandrolling
stabilitymightbecausedbyasweep-backofthewingtipandthe
negativeyawingstabilitymightbecausedbythelackofvertical
wing. Thusthebasiccharacteristicsofgullwingwereclarified.
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A8.39 NUMERICAL ANALYSIS OF
THE EFFECT OF CALF’S SIZE ON THE
DOLPHIN FRAFTING BY USING OPENFOAM

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@ MAMI SAI (TOKAI UNIVERSITY, JAPAN), SHUN TAKAHASHI
(TOKAI UNIVERSITY, JAPAN), MAAKO MIYAKE (TOKAI
UNIVERSITY, JAPAN), YOSHINOBU INADA (TOKAI
UNIVERSITY, JAPAN), MAI SAKAI (KINDAI UNIVERSITY,
JAPAN), TADAMICHI MORISAKA (TOKAI UNIVERSITY, JAPAN)

@ 3BED3107@MAIL.TOKAI-U.JP

Thisresearchinvestigatesaboutthedolphindraftingofmother
andcalf. Thefluiddynamicinteractionbetweenthemotherand
thecalfwasanalyzedforvarioussizesandvariouspositionsofthe
calfusing Computational Fluid Dynamics (CFD). Asaresult,itwas
clarifiedthatsomeoftheparametersdependedonthesizeofthe
calfandothersdidnot. Whenthecalftookthemaximumthrust,the
ratioofthelongitudinalpositionofthecalftothesizeofthecalfwas
almostconstantregardlessofthesizeofthecalf. Thetotaldragof
themotherandthecalfdecreasedasthecalfmovedposteriorlyand
becamelowerthantheaddedvalueofthedragofeachindividual
regardlessofthesizeofthecalf.Ontheotherhand,boththethrust
ofthecalfandthedragofthemotherincreasedasthesizeofthecalf
increased.Inconsequence,thedetailoftheeffectofthecalf’ssize
onthedolphindraftingwasclarified.

-
A8.40 HOW DO BIRDS STAND UP?

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@ OLIVIA JAMORRIS-BARRY (THE ROYAL VETERINARY COLLEGE,
UNITED KINGDOM), JEFFERY W RANKIN (THE ROYAL VETERINARY
COLLEGE, UNITED KINGDOM), JOHN R HUTCHINSON (THE ROYAL
VETERINARY COLLEGE, UNITED KINGDOM)

@ OMORRIS2@RVC.AC.UK

Thesit-to-standtransition (STST)isamovementwidelyused by
terrestrial vertebrates. However, verylittleresearchexistsonthe
STSTmechanicsofnonhumananimals. Onekeyelementofthe
STSTisthatanimals mustovercome gravitational constraints
toliftthebodycentreofmass.Becausegravitational constraints
haveincreasinginfluenceatlargerbodysizes, theylikelyinfluence
thetechniquethatananimalusestostand. Ourpriorworkfound
that-despitewidevariationsinsize (0.2-124Kg)—-round-running
birdsstartfromsimilarposturesduring STST.Herewehypothesize
thatlargerbirdsincreasetheirjointrange ofmotion (ROM)during
STSTtoobtainmoreuprightstandinglimbpostures. Totestour
hypothesis,markerdatawerecollected viamotioncapturefromfive
pheasants(0.99Kg)andtwoemus(24Kg) performing STST (~10trials
perbird)andusedtocalculatepelviclimbjointROMsthroughout
themovement. Althoughtherewassubstantial variationinSTST
motions,somesupportwasfoundforjointROMsincreasingwith
bodysize. Asaconsequence, muscle-tendonunitsmustgenerate
relatively greaterworkduringthe STSTinlargerbirds. However,
morebiomechanicaldatafromabroadersampleoftaxaandsizes
areneededtoconclusivelytestourhypothesis.Ifsupported, this
wouldimplythatthestructure ofthemusculoskeletal systemmust
scaleinawaythatresolvesacompromiseofconstraintsbetweenthe
demandsofeconomical,fastlocomotion (withreducedjointROMs
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inlargerspecies)andnon-locomotormotionssuchasSTST (with
greaterjointROMsinlargerspecies).

A8.41 ATOMIC FORCE MICROSCOPE
STUDIES OF TREE FROG TOE PADS

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@ W. JON. P. BARNES (UNIVERSITY OF GLASGOW, UNITED
KINGDOM), MICHAEL KAPPL (MPI FOR POLYMER RESEARCH
MAINZ, GERMANY)

@ JON.BARNES@GLASGOW.AC.UK

The AFM is a versatile device that provides information on
morphology, physicalpropertiesandmodeof function. Thisposter
featuresdetailsofthemicro-andnanoscalestructureoftreefrog
toepads, estimatestheeffectiveelasticmodulusfromindentation
experiments, and, using special probes with defined tip radii,
characterizes the adhesive and frictional properties of toe pad
epithelialcells. Itbringstogetherworkcarried outin Aachenwith
IngoScholz,inKielwith Heinrich Peisker,aswellasjointworkin
Glasgow. Since AFMstudiesdonotrequireonetoworkonfixedtissue,
fixationartefactsareabsent. Onecanthereforestudyfeaturesofthe
toepadepithelialcellssurroundedby channelsand themorphology
ofthedensearraysofnanopillarsthatcovertheirsurfaceintheir
natural state. Physical properties of the toe padsare studied by
usingthe AFM asanano-indenter, theresulting force/distance
dataallowingonetoestimatethestiffnessofthepadmaterial. The
valuesfortheresultingeffectiveelasticmodulusareintheregion
of 50kPa, makingitoneofthesoftestofbiologicaltissues. Theuse
ofspecialprobespermitsthecharacterization oftoepadepithelial
celladhesionandfrictionatthemicro-andnanoscaleinthefully
immersedstate. Whilethereisalmostcompleteabsence ofadhesion
undertheseconditions(capillarityrequiresanair-waterinterface),
frictionalforcesaresignificant. Theygiverisetofrictioncoefficients
of0.5-1,emphasizingtherole of epithelial cellnanostructures for
producingthisexceptional performance.

A8.42 A ROBOTIC FOOT DRIVEN

BY MUSCULOSKELETAL SIMULATIONS

OF FROG JUMPING &NDASH; TOWARDS
MORE REALISTIC ENVIRONMENTAL
INTERACTIONS IN FORWARD MODELLING

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

& ENRICO A EBERHARD (ROYAL VETERINARY COLLEGE, UNITED
KINGDOM), CHRISTOPHER T RICHARDS (ROYAL VETERINARY
COLLEGE, UNITED KINGDOM)

@ EEBERHARD@RVC.AC.UK

Forward dynamic simulation is a powerful tool for predicting
joint trajectories under hypothetical physiological conditions.
Contrarytoexperimentation, simulationparameterssuchasmuscle
activation and segmentlengths canbe varied easily to address
questionsonevolutionorperformance. However, thesesimulations
oftenlackrealisticsubstrateinteractions. Groundreactionforce
(GRF)isthefundamentaldriverofterrestriallocomotion, yetmost
simulations use simplified contact models that neglect therich
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interplaybetweenlimbandsubstrate. Anewmethodisproposed
togeneratephysical GRFfromreal substrates,usingaroboticfrog
footoperatinginparallelwithareal-timesimulation: therobotic
segmentisdrivenbysimulatedjointmoments, whiletheresulting
roboticdeflectionupdatesthemotionofthevirtualbodytosimulate
jumping. A preliminary systemwith asingleroboticjointanda
simplified simulation model was developed to demonstrate the
feasibilityofhardwaredrivenbyvirtualdynamics. The current
prototypeworkstowardthelong-termgoaltobuildathreejointrobot
capableoftranslatingacrossasubstrateaccordingtoasimulated
trajectory. The method will determine how various substrates
influence GRF characteristics,internaldynamicsandemergentlimb
kinematicstoprovidenewinsightintostabilityandcontrol offrog
jumpsoncompliantsubstrates. Moreover, thisprojectstepstowards
alargerambitionofinterfacingsimulationswithreal-worldinputs
andoutputstorealisticallyandrepresentativelybringhypothetical
biomechanicstolife.

A8.43 QUANTITATIVE ANALYSIS
OF LOCOMOTION AS AN INDICATOR
OF BIRD PERSONALITY

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@ JADE HALL (ROYAL VETERINARY COLLEGE, UNITED KINGDOM),
SIOBHAN ABEYESINGHE (ROYAL VETERINARY COLLEGE, UNITED
KINGDOM), MONICA DALEY (ROYAL VETERINARY COLLEGE,
UNITED KINGDOM)

@ JHALLERVC.AC.UK

Objectively quantifying animal welfare remains a challenge,
because welfare assessment requires inferring the subjective
experience of animals based on external expression and
physiological signs. This problem is especially challenging for
animals that are less externally expressive than others, such
as avian species with fixed facial features. We aim to develop
quantitative indicators of animal welfare based on analysis of
locomotor dynamics. Previous literature suggests individuals
withinspecieshaveapredispositiontorespondconsistentlyacross
different contexts(personality). Humansusefacialexpressionto
decipher emotion, but also infer personality and emotion from
locomotordynamics. Asmanyaspectsoflocomotionandphysiology
areconservedacrossvertebrates, weproposetodevelopquantitative
indicatorsofanimalemotionandpersonalitybased onlocomotor
dynamics. Here wemeasureindividual variation in expression
ofboldversusshypersonalityinguineafowl(Numidameleagris),
using both locomotor dynamics and established behavioural
indicators. Theemergencetestandnovelenvironmenttestwere
usedtoevaluatebold-shypersonality. Weused principle component
(PC) analysis toevaluate the correlation among locomotor and
behaviouralindicators,whichrevealedthatPC1explainedover
50% of the variance amongindividuals, with high loadings for
bothbehaviouralandlocomotormeasures. Thissuggestsstrong
correlationamongdifferentmeasurementsindiscerningbold-shy
expression. Thispreliminarystudysupportsourhypothesisthat
locomotordynamicsmay serveasauseful quantitativemetricofbird
expression.Bycontinuingtodeveloplocomotion-basedindicators
forbirdpersonalityandemotion, wehopetoimprovetheassessment
toolsavailable forwelfaremonitoringinpoultryspecies.
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A8.44 DISTRIBUTION OF SOUND
PRESSURE LEVELS AROUND A SINGING
CRICKET: BILATERAL ASYMMETRY IN
THE RADIATED SOUND FIELD

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

& BENEDICT D CHIVERS (UNIVERSITY OF LINCOLN, UNITED
KINGDOM), THORIN JONSSON (UNIVERSITY OF LINCOLN,
UNITED KINGDOM), JOSEPH C JACKSON (UNIVERSITY OF
STRATHCLYDE, UNITED KINGDOM), TANJA K KLEINHAPPEL
(UNIVERSITY OF LINCOLN, UNITED KINGDOM), NADEZHDA
SHIVAROVA (UNIVERSITY OF STRATHCLYDE, UNITED
KINGDOM), JAMES F C WINDMILL (UNIVERSITY OF
STRATHCLYDE, UNITED KINGDOM), FERNANDO MONTEALEGRE-Z
(UNIVERSITY OF LINCOLN, UNITED KINGDOM)

©@ BCHIVERS@LINCOLN.AC.UK

Male field crickets generate mating calls through tegminal
stridulation: the rubbing together of the overlying right wing,
whichbearsafileofteeth,againsttheunderlyingleftwingwhich
carriesascraper. Transmission effectivenesswillbemaximisedby
omnidirectional propagationatincreasedintensities,asthelocation
ofthefemalesisunknowntothesingingmales. However, producing
anomnidirectionalsoundfieldofmaximumsoundpressuremaybe
impracticalduetothefunctionalasymmetrypresentinthecricket
soundgenerationsystem.Functionalasymmetryoccursbythe
rightwingcomingtopartiallycovertheleftwingduringtheclosing
strokephaseofstridulation. Thereforeitishypothesisedthatthe
soundfieldontheleft-wingside oftheanimalwillcontainlower
sound pressure componentsthantheright-wingsideasaresult
ofthiscoverage. Thishypothesiswastestedusinganinnovative
methodtoaccuratelyrecordahighresolution, threedimensional
mappingofsoundpressurelevelsaroundfieldcricketssingingunder
pharmacologicalstimulation. Foracousticrecordings, therobotic
armmovedamicrophoneacrossaseriesofpositionsaroundacentral
point,maintainingaconsistentdistanceandaspecttothecentre.
Theresultsindicatethatbetweenindividuals,abilateralasymmetry
ispresent,withhigheramplitude componentsoccurringontheright-
wingsideoftheanimal,theuncoveredwing.Individualvariationin
thedirectionality of soundpressuretoeithertherightorleft-wing
sideisalsoobserved. However, statistically significantdifferencesin
lateralsoundfieldasymmetryaspresentedheremaynotconstitute
abiologicallyrelevantfinding.
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A8.45 TREE FROG ADHESION: THE
ROLE OF SUB-ARTICULAR TUBERCLES

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@& SEBASTIAN J.S DIXON (UNIVERSITY OF GLASGOW, UNITED
KINGDOM), IAIN HILL (UNIVERSITY OF GLASGOW, UNITED
KINGDOM), THOMAS ENDLEIN (MPI FOR INTELLIGENT SYSTEMS
STUTTGART, GERMANY), W. JON P. BARNES (UNIVERSITY OF
GLASGOW, UNITED KINGDOM)

@ SEBASTIAN.DIXON94@GMAIL.COM

Manyclimbinganimalshavemorethanonetypeofadhesiveorgan—
e.g.manyinsectshaveclawsaswellasadhesivepads. Theirrolesare
complementary, theformerbeingmoreeffectiveonroughsurfaces,
thelatteronsmoothsurfaces. However, thestructuresofthetoepads
andsubarticulartuberclesoftreefrogsarerathersimilar,though
thelatterappearratherlessspecialised (narrowerchannelsbetween
thetubercleepithelial cellsandlowerdensitiesof thenanopillars
thatcovertheepithelial cellsurface). Sincethetuberclesarebetter
developedinlargerspeciesandalsoincreaseinsizeasthefroggrows,
coulditbethattheirmainfunctionistomaintainadhesiveability?
Wehavealsofoundthattuberclescomeintoplaywhenthefrogis
climbingnarrow objects (inourexperimentsPerspexcylinders).
Herethereisclearevidenceforgrippingforces,suggestingthatthe
tuberclesmightbespecialisedforfrictionratherthanadhesion.
Current work is addressing the extent to which tubercles are
usedtomaintainagripasthefrog(Litoriacaerulea)istilted from
thehorizontaltowardstheinvertedposition,aswellastheiruse
duringclimbingPerspexcylindersofvaryingdiameter. Padand
tuberclecontactareaaremeasuredbythetechniqueoffrustrated
totalinternalreflection. Combining suchobservationswithan
SEMstudyofthedifferences/similaritiesof padsandtubercles,
andmeasurementsoftheadhesiveandfrictionforcesthattheycan
developwithaminiature (custom-built) forcetransducerwillhelp
toanswertheabovequestionsconcerningtheirfunction(s).

A8.46 LOSING THEIR LIFELINE?
THE EFFECTS OF OCEAN WARMING AND
ACIDIFICATION ON MUSSEL ATTACHMENT

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@ EMILY CARRINGTON (UNIVERSITY OF WASHINGTON, UNITED
STATES), MATTHEW GEORGE (UNIVERSITY OF WASHINGTON,
UNITED STATES), LAURA NEWCOMB (UNIVERSITY OF
WASHINGTON, UNITED STATES), CAROLYN FRIEDMAN
(UNIVERSITY OF WASHINGTON, UNITED STATES), IAN
JEFFERDS (PENN COVE SHELLFISH LLC, UNITED STATES),
MICHAEL O’DONNELL (UNIVERSITY OF WASHINGTON,
UNITED STATES)

@ ECARRINGeUW.EDU

Bivalve mussels often dominate and structure wave swept
mid-intertidal zones on temperate coasts and are animportant
aquaculturespecies, sustainingaworldwideindustry worthover
€1.3billionannually. The secret to the mussels’ successis their
abilitytoanchorthemselvestorockswithcollagen-likefibers (byssal
threads)whichdynamicallyabsorbwaveenergy,extendingtoupto
twicetheirlength.Eachthreadismoldedinapedalgrooveandtipped
withabiologicaladhesive,madeupof proteinswhichhavetheunique
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abilitytoadheretoavarietyof conventionally challengingsurfaces
(e.g.glass, plastics,wood,and Teflon),allwhileinthe presence of
excesswater, salts,andpolarorganicmolecules. Work from our
laboratoryhasshownthattheenvironmental conditionsunder
whichtheyareproducedhasaprofound,region-specificeffecton
theirfunction. MusselsplacedinseawaterwithhighpCO- (lowpH,
oceanacidificationor OA) produce weakerandlessextensiblebyssal
threads,loweringoverallattachmentby40%. Manipulationsofthe
pHconditionspresentduringbyssaladhesiveformationsuggestthat
pHmayactasamoleculartrigger,initiatingprotein cross-linking.
Oceanwarming (OW)displaysaspecies-specificeffectonbyssal
threadqualityandquantity,dramaticallyloweringattachment
strengthinonespecies (Mytilustrossulus)butincreasinginanother
(M. galloprovincialis). Ourecomechanicalapproachhelpsestablish
whichenvironmental conditionspromotestrongbyssalattachment
whichhelpinformscommercialaquaculturefacilitiesabout which
seawatervariablesshouldbemonitoredtobetteridentifyandadapt
tounfavorablegrowingconditions.

A8.47 THREE-DIMENSIONAL
LOCOMOTION OF THE MICROSWIMMER
CAENORHABDITIS ELEGANS

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@ ROBERT I HOLBROOK (SCHOOL OF COMPUTING UNIVERSITY
OF LEEDS, UNITED KINGDOM), THOMAS RANNER (SCHOOL
OF COMPUTING UNIVERSITY OF LEEDS, UNITED KINGDOM),
NETTA COHEN (SCHOOL OF COMPUTING UNIVERSITY OF LEEDS,
UNITED KINGDOM)

@ R.I.HOLBROOK@LEEDS.AC.UK

Caenorhabditis elegans is an important model for studying
undulatory swimminginlow Reynolds number environments.
Researchhasfocussedonmodellingthekinematicsoflocomotion
inresponsetosystematicchangesinthemechanical propertiesof
thesurroundingfluid,increasingourunderstandingoftheworm’s
materialproperties,activecontrolandfluiddynamics. Thisresearch
hasbeenlimitedtoinvestigatingtheworm’smovementoveragar
surfaces,orthroughthinslabsoffluidswherewalleffectsdominate
andanimalsareconstrained totwo-dimensionalmotion. However,
undernaturalconditions C. elegansmovesthroughthe complex-
structuredvolumetricenvironmentsofrotting vegetablematter. To
date,accuratethree-dimensionalhigh-resolutionmovementdata
of C.eleganshasbeenlacking, meaningwearepotentiallymissing
significantinformationabouttheworm’slocomotionandbehaviour.
Thecapacityof C. eleganstomovethroughthree-dimensions, the
kinematicsoflocomotionfarfromanyinterfaces,andtherange
ofbehavioursexhibitedinsuchenvironmentsarethereforeopen
questions. Toaddressthesewehavedesignedandbuiltatri-axial
microscopesystemtoimageavolumesignificantlylargerthanthe
wormathighspatialandtemporalresolution. Wormsareplaced
inaglasscubescontainingclearfluidswithdifferentviscoelastic
properties. Three cameras are positioned toface three adjacent
sides.Eachcameraisilluminatedwithredbacklighting,creating
asilhouetteofthewormineachview. Computervisionisusedto
identifytheposition, orientationand configurationofthewormbody
inthree-dimensionswithinthevolume.Preliminaryanalysesofthe
three-dimensionalkinematiclocomotionofC. elegansarepresented.
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A8.48 MECHANISMS OF SHEAR-
SENSITIVE ADHESION IN CLIMBING
ANIMALS: PEELING AND SLIDING-
INDUCED INCREASE IN ADHESIVE
STRENGTH

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@ WALTER FEDERLE (UNIVERSITY OF CAMBRIDGE, UNITED
KINGDOM), DAVID LABONTE (UNIVERSITY OF CAMBRIDGE,
UNITED KINGDOM)

@ WF222@CAM.AC.UK

Climbinganimalscancontroladhesiveforcesduringlocomotionby
usingshearforces. However,thedetailedmechanismsunderlying
thisabilityarestillnotfullyunderstood. Weinvestigatedinstick
insects(Carausiusmorosus)howshearforcesinfluenceadhesion,by
performingpull-offsatdifferentretractionanglesorwithfeedback-
controlled, constantshearforces. Thepull-offforcesmatchedclosely
thepredictionsfrompeelingtheorywhenshearforcesweresmall,
butstronglyexceededthemwhenthepadsstartedtoslideathigher
shearforces. Thedramaticincreaseofadhesionwithslidingcanbe
explainedby ‘pre-stretching’ ofthepadcuticleandbythedepletion
offluidsecretion,resultinginasharptransitionfromlowtohigh
adhesionatapeelangleofca.30°. Ourresultsprovideanexplanation
forthetightcouplingofadhesionandfriction, whichisfundamental
toadhesioncontrolacrossallclimbinganimals.

A8.49 HOW DO MALE BEETLES PROPEL
A HYPER-ELONGATED PENIS INTO A
FEMALE DUCT?

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@ YOKO MATSUMURA (KEIO UNIVERSITY, JAPAN), JAN MICHELS
(KIEL UNIVERSITY, GERMANY), ALEXANDER FILIPPOV
(DONETSK INSTITUTE FOR PHYSICS AND ENGINEERING,
UKRAINE), ALEXANDER KOVALEV (KIEL UNIVERSITY,
GERMANY), THERESA GODEL (KIEL UNIVERSITY, GERMANY),
ESTHER APPEL (KIEL UNIVERSITY, GERMANY), STANISLAV
GORB (KIEL UNIVERSITY, GERMANY)

@ YOKO.MATUMURA.HAMUPENI@GMAIL.COM

The occurrence of males having a hyper-elongated penis with
alength of several times theirbody lengthis widespreadinthe
animalkingdom, especiallyininsects. Thisphenomenonhelps
malestoincreasetheirprobability of paternitybybeingchosen
byfemales.Despiteoftheseadvantages,maleinsectswithsuch
ahyper-elongatedpenisarechallengedbyseverallength-related
problems,suchasthestorageofthepenisintheirabdomenandits
insertionintothefemalegenitaliawithprecisepenilepropulsion
control. Toexaminehowmalespropeltheirhyper-elongated penis
into female genitalia, we examined the reproductive system of
Cassidabeetlesbyusingdifferenttechniquesincludingmicroscopy,
computertomographyand computersimulations. Theresults show
thatmusclessurroundingthepenisareresponsibleforgenerating
thepropulsionforce of thepenis. Moreover,abendingtestanda
material compositionanalysisusingautofluorescencesrevealed
astiffnessgradientalongthepenis,withthetipbeingsofterthan
therest. Weperformedanumericalsimulationimitatingthebeetle
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systemanddemonstratedthatapeniswithsuchastiffnessgradient
penetratesfemalegenitaliafastercomparedwithpenisesfeaturing
otherhypotheticalstiffnessconditions.Itislikelythatthestiffness
gradienthelpsthepenistoadapttothecomplicatedfemalegenital
shapes.Inconclusion,thepropulsionofthehyper-elongatedpenis
issimplybasedonthecontractionofthemusclessurroundingthe
penisandsupportedbythestiffnessgradientofthepenis.

A8.50 HIGH RESOLUTION THREE-
DIMENSIONAL SURFACE MEASUREMENTS
OF BIRDS OF PREY IN GLIDING FLIGHT

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

& NICHOLAS E DURSTON (UNIVERSITY OF BRISTOL, UNITED
KINGDOM), XUE WAN (IMPERIAL COLLEGE LONDON, UNITED
KINGDOM), JIANGUO LIU (IMPERIAL COLLEGE LONDON,
UNITED KINGDOM), SHANE P WINDSOR (UNIVERSITY OF
BRISTOL, UNITED KINGDOM)

©@ NICK.DURSTON@BRISTOL.AC.UK

Accuratelymeasuringthewingshapeofflyinganimalsisofgreat
importanceforaccurateaerodynamicanalysis. Thisisbecausethe
flowphenomenaandresultingforcesandmomentsaresensitive
tosubtlechangesinshape. Historically, aerodynamic analysis
ofbirdshasmostly beenreliant on approximate models of wing
geometryortheuseofanimalcadaversplacedinapproximateflight
configurations.Bothoftheseapproachessufferthelimitationthat
theyareunlikelytoaccuratelyreproducethein-flight geometry.
Here,anewmethodforhighresolutionthree-dimensional geometric
measurementoffree-flyingbirdsispresented. Atrainedbarnowl
(Tyto alba) and peregrine falcon (Falco peregrinus) were flown
outdoorspastasetofeightsynchronised DSLR camerasarranged
inpairsaboveandbelowthebird’sflightpath. Thesurfacegeometry
ofthesteadily glidingbird (~1 million points) wasmeasuredusing
thenew photogrammetric technique whichisbased onaphase
correlation approach. The demonstrated accuracy of this new
methodis+/-2.5mmfor95%  ofthepointsbased onmeasurement
ofalifesizebirdmodelmadeunderfield conditions. Theaccuracy
andresolution of the measurements farexceed anything so far
achievedinbirdflightresearch,andstandstosignificantlyimprove
theaccuracyoffutureanalysisofbirdflightdynamics.
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A8.51 PUSH OR PULL? THE LIGHT-
WEIGHT ARCHITECTURE OF THE
DAPHNIA PULEX CARAPACE IS
ADAPTED TO WITHSTAND TENSION,
NOT COMPRESSION

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@ SEBASTIAN KRUPPERT (RUHR-UNIVERSITY BOCHUM,
GERMANY), MARTIN HORSTMANN (RUHR-UNIVERSITY BOCHUM,
GERMANY), LINDA C WEISS (UNIVERSITY OF BIRMINGHAM,
UNITED KINGDOM), CLEMENS F SCHABER (KIEL UNIVERSITY,
GERMANY), STANISLAV N GORB (KIEL UNIVERSITY, GERMANY),
RALPH TOLLRIAN (RUHR-UNIVERSITY BOCHUM, GERMANY)

@ SEBASTIAN.KRUPPERT@RUB.DE

Daphnia(Crustacea,Cladocera)areprominentfortheirability to
formmorphologicaladaptationsthwartingthethreatofcoevolved
predators. In addition to spines and helmets, the carapace,
encapsulatingthemainbody, offersprotection.Itisanevaginationof
theheadintegumentandthusadoublelayeroftheintegument. The
twointegumentallayersareinterconnectedbysmallpillars,which
werepreviouslydescribedasprovidinghighermechanicalstability
againstcompressiveforces. Followingthishypothesis,weanalyzed
thecarapacestructureusinghistochemistryincombinationwith
lightandelectronmicroscopies. Furthermore, wemeasuredthe
hemolymphaticgaugepressure,becausethespacebetweenthe
integumentallayersofthe carapaceisfilledwithhemolymph. We
found the distalintegument of the carapace to be significantly
thickerthan the proximal. The pillars appear fibrous with slim
waistsandbroad, sometimesbranchedbaseswheretheymeetthe
integumentlayers. Ourfindingsbroughtupanewideaaboutthe
functionalitybehindthecarapacestabilityin Daphnia.

A8.52 A SIMPLE MODEL FOR
ENERGETICALLY-OPTIMISED
JUMPING INVESTIGATED IN DOGS

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@ KATHERINE A J DANIELS (UNIVERSITY OF BRISTOL,
UNITED KINGDOM), J F BURN (UNIVERSITY OF BRISTOL,
UNITED KINGDOM)

@ K.DANIELS@BRISTOL.AC.UK

Theabilitytojumpoverraisedobstaclesinthepathoftravelisa
usefulmodulationofregulargait. Themechanicalenergyrequired
tojumpoveranobstacleisminimisedbyasingletrajectoryresulting
from a unique velocity at take-off. The familiar result that the
trajectoryisaparabolawithitsapexcoincidentwiththezenithof
theobstacleappliesonlywhentake-offpositionisunconstrained.
Usingasimpleballisticmodelweshowthattheapexofthelowest
energytrajectoryoccursbeforethezenith ofthe obstaclewhen
take-off position cannot be arbitrarily close to the obstacle. We
investigatedwhetherdomesticdogs(canislupusfamiliaris)utilised
jumptrajectoriesthatminimisedmechanicalenergyattake-off
whentraversinganobstaclewithaconstrained take-offregion.
Thekinematicsoffivedogswererecordedastheytraversedaraised
obstacleusingdifferent take-offpositions. Jumptrajectorieswere
comparedwiththepredictionsoftheballisticoptimisationmodel
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usingexperimentally-determinedtake-offparameters. Wefound
thatthe dogs systematically modified their jump apex position
relative tothe obstaclein the predicted directioninresponse to
changesinobstaclegeometry.CoMtrajectorieswereclosetothose
predictedtominimisethemechanicalenergycostofthejump for
arangeofobstaclelengths.Itisunclearhowthedogsacquiredthe
complexperceptionandcontrolnecessarytoexhibitthebehaviour
observedinthisstudy. Themodelmaybeusedtoinvestigatethe
energeticoptimisationanysimilarly-constrainedballistictask.

A8.53 LONGITUDINAL BALANCE
OF THE GREAT HAMMERHEAD
(SPHYRNA MOKARRAN)

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

& GIL IOSILEVSKII (TECHNION, ISRAEL)

@ IGILeTECHNION.AC.IL

Thegreathammerheadisdenserthanwaterandhencerelieson
hydrodynamiclifttocounteractgravity. Theliftisgeneratedmainly
bythepectoralfins,thecephalofoil,andtheheterocercaltail. The
liftofthefinsandthecephalofoilisdeterminedby theirorientation
relative to the body and by the angle of the body relative to the
directionof swimming;theliftofthetailisadjustedaccordinglyto
retainthelongitudinalbalance oftheshark.Inthisstudy, wehave
placedamorphologicallyaccuratemodel of thegreathammerheadin
awindtunnel,andmeasuredforcesandmomentsactingontheshark
fordifferentorientationsofthepectoralfinsandthe cephalofoil
relativetothebody,andofthebodyrelativetotheflow. TheReynolds
numberinalltheexperimentswassimilartothatofafree-swimming
shark. Themostconspicuousfindingscanbesummarizedasfollows.
(i) Atcruisespeeds,theliftofthetailisestimatedtobelessthan
25%ofthetotallift, practicallyindependent oftheorientation of
thepectoralfinsrelativetothebody. (ii) Raising orlowering the
headcanincreaseordecreasetheliftofthetailby5%ofthetotal
lift. (iii) Aligningthepectoral finswiththeflowwhenthebodyis
atangletoitdoesnotremovetheliftgeneratedbythefins.(iv) The
cephalofoilincreasesdragby 10%,butreducestheminimalswim
speedbyalmost30%.

A8.54 CAN SERIES ELASTIC
ELEMENTS AMPLIFY MUSCLE POWER
IN COLD LIZARDS?

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

& JORDAN BALABAN (UNIVERSITY OF CALIFORNIA IRVINE,
UNITED STATES), EMANUEL AZIZI (UNIVERSITY OF
CALIFORNIA IRVINE, UNITED STATES)

@ JBALABAN@UCI.EDU

Westernfencelizardsmaintainnearlythesamemaximalrunning
speed between 25-40°C despite substantially slower muscle
contractilespeedsatlowtemperatures. Thoughmusclekinetics
allowstridefrequencytobemaintaineddownto25°C,thepower
requirementstoaccelerateandmaintainvelocitymaynotbemet
bymusclealoneatlowtemperatures. Wehypothesizethatlizards
useserieselasticelements (SEE)suchastendonsandaponeuroses
toamplify muscle power and maintain performance atlow and
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intermediate temperatures. To test this hypothesis, we filmed
lizardsrunningonsandyandhardsubstratesat15,25,and 35°C.
Sinceloadingofthe SEErequiresalargegroundreactionforce,lizards
aremorelikelytoamplifypoweronhardsubstratescomparedto
sand. Therefore, iflizards are using elastic elements to amplify
power, we predict significant differencesinrunning speed and
accelerationbetweenhardandsandysubstratesat15°Cand25°C.
Athighertemperaturesperformancedifferencesmaybeminimalas
musclepowerislesslimitingtospeedandacceleration. Preliminary
resultssupportourhypothesisasrunningspeedat15°Cand25°Cis
higheronhardsubstratescomparedtosand. Weseenodifference
inmaximalrunningspeedbetweeneithersubstrateat35°C.There
alsoappearstobemuchhigherpeakaccelerationsonhardsurfacesat
alltemperatures, withsimilaraccelerationsat25°Cand35°C. These
resultsprovidepreliminarysupportthatelasticenergystoragemay
beusedtomaintainperformanceacrossabroaderthermalrange.

A8.55 SKELETAL MUSCLE
ARCHITECTURE DETERMINES
PROPENSITY FOR MUSCLE DAMAGE
DURING ECCENTRIC CONTRACTIONS

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@ EMILY M ABBOTT (UNIVERSITY OF CALIFORNIA IRVINE,
UNITED STATES), ITOHAN AIKHIONBARE (UNIVERSITY OF
OREGON, UNITED STATES), MANNY AZIZI (UNIVERSITY OF
CALIFORNIA IRVINE, UNITED STATES)

@ EMILY.M.ABBOTT@GMAIL.COM

Skeletal muscles, paired with springy tendons, decelerate our
bodies during movement. During decelerating tasks, such as
landing and braking, muscles stretch while producing force to
dissipatemechanicalenergy. Thisactivelengtheningcancause
muscledamage. Whileweknowhowdifferentarchitecturesand
fibre-type compositionsaffectforce production,itisunclearhow
thesemusclepropertiesaffectthelikelihoodofdamage.Isthere
alinkbetweenmusclepropertiesandinjury? Weusedthenatural
variationinmusclefibre-typeandarchitectureinratmuscletendon
units(MTUs).Soleus(SOL)isaslow, paralleled fibremuscle (20%
fastfibres,4°pennation) whileplantaris(PL)isafast,pennatefibre
muscle (95%fastfibres, 16° pennation). Weusedaninsitumuscle
preparationwhereaservomotormeasuredtheforce, velocityand
lengthoftheentire MTU. Muscleswereactivelystretcheduntilthey
reached130%,150%o0r170%P, . Afteraneccentriccontraction,the
extentofthemuscleinjurywasestimatedbytheamountofstress
decline. Forexample,aftera170%P, eccentriccontraction, PLlost
2.21+/-0.19N/cm? stress(10.75+/-1.13%)and SOL1lost 10.47 +/-1.04
N/cm2 stress(53.27 +/-4.03%). Theseresultssuggestthat variation
inmusclearchitecturemayservetopredictamuscle’spropensityfor
damageduringdeceleratingtasks. Thisisconsistentwithstudies
thatshowanincreaseinpennationanglewitheccentrictraining.
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A8.56 THE AVERAGE AREA OF
INDIVIDUAL SECONDARY OSTEONS
SCALES ALLOMETRICALLY IN
MAMMALIAN LIMB BONES

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@ ALESSANDRO FELDER (THE ROYAL VETERINARY COLLEGE,
UNITED KINGDOM), JOHN R HUTCHINSON (THE ROYAL
VETERINARY COLLEGE, UNITED KINGDOM), MICHAEL DOUBE
(THE ROYAL VETERINARY COLLEGE, UNITED KINGDOM)

© AFELDER@RVC.AC.UK

Whole bone shape and micro-structural properties are key
determinants of bone strength. Bone shape has been studied
extensively in a comparative context. Inter-species scaling
relationships of cortical bone micro-structure are less well
understood. Thecreationof secondaryosteonsduringintra-cortical
boneremodelling, whenpacketsofnewbonetissuereplaceolder
bone tissue, is thought to be crucial to maintain bone strength
despite frequent repetitive cyclic loads. We investigated the
relationship betweenbody mass (M) and two micro-structural
parametersassociatedwithboneremodelling (averageareaofone
intactsecondaryosteon(On.Ar.)andpercentosteonalinfilling)in
mammalianlimbbones. Usinghistomorphometricdatafromnovel
microscopyimagesofhistoricalthinsectionsfrom43mammalian
speciesretrievedfromthe Quekett Collectionofthe Royal College
of SurgeonsofEngland, weperformedascalinganalysis, finding
thatosteonareascaleswithnegativeallometry (On.Ar.—«M%24,
R?=0.51,p<0.001),i.e.becomingrelatively smaller as body size
increases,whilepercentosteonalinfillingisindependent of species
size. Together,thesedatasuggestthatthesecondaryosteonsof
largerspecieshavealarger(inabsoluteterms)distancebetween
thecentral (Haversian) canalandthemostdistantosteocytes,but
maintainasimilar (relative) porositytosmallspecies. Wediscuss
thepotentialimplicationsthismayhaveonthemechanicalstrength
andthebloodperfusionofboneinvariousmammals.
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A8.57 ADAPTIVE FLIGHT
BEHAVIOUR OF URBAN GULLS
USING OROGRAPHIC LIFT

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION
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A8.58 ARE PROFILES OF
DRAGONFLY WINGS APPLICABLE
TO BIRDS OR AIRPLANES?

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@ CARA J WILLIAMSON (UNIVERSITY OF BRISTOL, UNITED
KINGDOM), EMILY LC SHEPARD (UNIVERSITY OF SWANSEA,
UNITED KINGDOM), SHANE P WINDSOR (UNIVERSITY OF
BRISTOL, UNITED KINGDOM)

@ ALBERT J BAARS (CITY UNIVERSITY OF APPLIED
SCIENCES, GERMANY)

@ ALBERT.BAARS@HS-BREMEN.DE

@ CARA.WILLIAMSON@BRISTOL.AC.UK

Birds are known to adapt their flight strategies at regional and
globallevelstoreducetravel costshoweverlittleisknownabout
localdailymovement. It would follow that gullsmodulate their
behaviouratthefinescalebutduetothestochasticnatureofwind
thisareaisrelativelyunknown. Thisresearchinvestigatesthe3D
trajectoriesof gullscommutingalonganurbanisedseafrontina
widerangeofwindconditions. Wefoundthatgullssystematically
adapttheirflightpathstoutilisetheorographicliftgenerated by
arow of seafronthotels. Afinescalewind model generated with
simplified computationalfluiddynamicsverifiedthatgullsreduce
theirenergycostsduringregularlocalflights,makinguseofthe
availableupdrafttomaintainaltitudeatequilibriumglide. Notonly
dothegullschangetheirflightpathstomakeuseoftheavailable
wind energy but we also see adaptive flight strategies within
this. Thegullsvarytheirpositionwithintheavailableupdraftto
maintainafavouredairspeedandtoimproverobustnessagainst
meteorologicalvariability. Holdingpositionhighabovethehotels
resultsinaself-regulatingphenomenon,inwhichthegullsareableto
maintainequilibriumglidewhensubjectedtohorizontalorvertical
gusting.Understandinggullflightstrategiescouldproveinvaluable
forUnmannedAirVehicleswhererangeandenduranceislimited
bybatterytechnology.PathplanningalgorithmsforUAVsbasedon
theadaptivebehaviourofgullscouldimproveflight performance
byconservingenergyandrobustnesstogusting.

Incomparisontocommonairfoilprofilesofbirdsand planeswith
bluntleadingedge,smoothsurfaceandsharptrailingedge, profiles
ofdragonflywingsshowacorrugatedstructurewithsharpedges. A
numberofpublicationsdealwiththeaerodynamicsoftheseprofiles.
Thiscontributionintendstoanswerthequestion, whetherdragonfly
profilesareapplicabletobirdsorairplanes.
Usingcomputationalfluiddynamicsflowfieldsaswellasdrag
coefficientsarecalculatedforadragonfly profileof 10%thickness
andacorrespondingNACA0010profileforglidingflightandzero
incidence. Theinvestigationsarecarried outfor Reynoldsnumbers
(Re)of200t020000.Dragonfliesrangebetween100and 10000.In
general,birdsandairplanesoperateathighervalues.
ForRe=200resultsrevealslightdifferencesindragcoefficient
for the investigated profiles. In both cases the thickness of the
viscouslayerisinthe order of the thickness of the profiles. The
corrugated structureis fully embedded in thislayer, and weak
recirculation domains occur in the cavities. With rising Re,
NACAO0010 shows a stronger decrease in drag coefficient. The
growingdifferenceresultsfromthediminishingthicknessofthe
viscouslayer. Thisleadstoincreasedflowseparationinthecavities
andhighermomentumtransporttotheprofilein comparisonto
NACAO0010.Theresultsindicate, thatacorrugatedprofileissuitable
forlowerRe.CommonprofilesmayshowlesserdragathigherRe,
whichleadstolowerenergy demandfortransport.
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A8.59 FLIGHT POWER MUSCLES IN
THE DIPTERA: ARE THEY OPTIMALLY
ORIENTED FOR A RESONANT SYSTEM?

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@& ANNA CHABOKDAST (UNIVERSITY OF OXFORD, UNITED KINGDOM),
SIMON WALKER (UNIVERSITY OF OXFORD, UNITED KINGDOM)

@ ANNA.CHABOKDAST@Z00.0X.AC.UK

Thedipteranflight motorisregularly described as operatingas
aresonant system. The necessary opposing driving forces are
providedbytwogroupsofstretch-activated powermuscles, the
dorsallongitudinalmuscles (DLMs),and thedorsoventralmuscles
(DVMs). Therelativesizeanddirection ofthesemusclesrepresents
theirforce production capability, whichisimportantindetermining
thefunctionandefficiencyofaresonantsystem. Weusedmicro-CT
scansofblowfliestovirtuallysegmentandmeasuredthepower
muscles and found that although the volume of the two groups
of musclesarecomparable, DLMsareslightlylargerthan DV Ms
(54%vs46%).Furthermore, despitetypicallybeingdescribedas
orthogonal,theDLMsandDVMsareonlyangledc.45°toeachother.
Toinvestigatetheeffectof DVMsalignmentonthefunctionofthe
resonantsystem, wedevelopedasimplified Multibody Dynamic
modelofthethoraxconsistingofafour-barlinkagesystemandtwo
setsofmuscles. Wefoundthatamodelwiththeactualorientation
ofthe DVMsresultedinsignificantly smallerexcitation of both
musclesandultimately smallerthoraxdeformationcomparedtoa
modelwithorthogonalorientation. Wethereforesuggestthatthe
configurationofthepowermusclesisnotoptimized purelyforthe
purposeofmaximumthoraxdeformationsintheresonantsystem,
althoughtheinfluence of otherforces,e.g.duetoelasticstorage,
remainstobeknown.
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A8.60 MOTION AND DEFORMATION
OF THE DERMAPTERAN HIND-WING

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@ JULIADEITERS (UNIVERSITY OF DUISBURG-ESSEN,
GERMANY), TOBIAS SEIDL (WESTPHALIAN UNIVERSITY
OF APPLIED SCIENCE, GERMANY), WOJCIECH KOWALCZYK
(UNIVERSITY OF DUISBURG-ESSEN, GERMANY)

@ JUL.DEITERS@GMAIL.COM

Intheinsect’swing, musculaturecanonlybefoundatthewingbase.
Whentheinsectflies, theentirewingneedstoadaptpassivelytothe
aerialforcesemergingfromtheflappingmovements. Thisresultsin
considerableshapechangesandamovementdelayofthewingtip
inrelationtothewingbase.Inaddition, structureswhichfacilitate
foldingandunfoldingwingsinfluencethethree-dimensionalshape
ofthewingandtheabilitytodeformthewing.

Earwigs which have highly foldable hind-wings use two
different mechanisms to lock the wing in its deployed state.
Unlockingandfoldingisusuallyinitiatedthroughanattachment
impactatoneoftheselockingmechanismsandbyresilinfilledveins.
Littleisknownabouttheirgeneralaerial performance. Therefore, we
conductedthree-dimensionalhigh-speed cinematographicstudies
onLabiaminor. Wingmovementsweretrackedbymarkingpointsof
thetrailingedge. Throughtheirdisplacement, wingspeed, wingbeat
frequency,wingtippath,andtheangleofthewinginrelationtothe
bodycanbedetermined.

Wefoundthatearwigs’wingsaresignificantlydeformedin
theirflightsimilartomanysocalled ‘slowflying’insects. A ‘snap-
out’ ofthelockingmechanismscouldbeeasilyinduced through
structuraldeformation. Therefore,itisagreatstructuralchallenge
fortheearwigs’wingstoremainunfoldedandnottocollapse.Inorder
todeterminethemagnitude ofthedeformation,a CAD-ModellinNX
wasgenerated,andamulti-body simulationwithflexible elements
wasperformed.
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A9 OPEN ANIMAL BIOLOGY

ORGANISED BY:DR PETER HUBBARD (UNIVERSITY OF ALGARVE, PORTUGAL)
AND DR LYNNE SNEDDON (UNIVERSITY OF LIVERPOOL, UNITED KINGDOM)

A9.1 LARGE MEALS INCREASE
DIGESTION EFFICIENCY BUT OCCUPY
THE MAJORITY OF AEROBIC SCOPE
IN A TROPICAL PREDATORY FISH

™ WEDNESDAY 6 JULY, 2016 ©® 9:00

A9.2 RED BLOOD CELLS OPEN
PROMISING AVENUES FOR
LONGITUDINAL STUDIES OF AGEING
IN CAPTIVE AND WILD VERTEBRATES

™ WEDNESDAY 6 JULY, 2016 ©® 9:15

@ TOMMY NORIN (UNIVERSITY OF GLASGOW, UNITED KINGDOM),
TIMOTHY D. CLARK (UNIVERSITY OF TASMANIA AND CSIRO
AGRICULTURE FLAGSHIP, AUSTRALIA)

@ TOMMY.NORIN@GLASGOW.AC.UK

Feedingisanessentialpartoflifeforallanimalsasitprovidesenergy
foractivity,growthandreproduction. However,digestionitself
elicits an energetically costly metabolicresponse, the ‘specific
dynamicaction’ (SDA), whichatitspeakmaytakeupasubstantial
proportionofananimal’s overall capacity for oxygentransport
(itsaerobicscope) and compromise otheractivities. Bymeasuring
the SDA response of 24 juvenile barramundi (Lates calcarifer)
fed different sized mealsranging from 0.6 to 3.4% of body mass
(percentageofdryfeedtofishwetweight), wefoundthatindividuals
usedmoreenergyoveralltodigestlargermeals(SDA vs.mealsize;
r?=0.895,P<0.0001),butthe percentage ofdigestiblemealenergy
usedintheSDA processdecreasedasymptoticallywithincreasing
mealsize (SDA coefficientvs.mealsize,7?=0.765,P<0.0001). Growth
alsoincreasedwithmealsize (r?=0.624,P<0.001). Theseresults
suggestthatitisenergeticallyadvantageousforbarramunditoselect
largeprey. However,duringthepeakof SDA followingalargemeal,
digestionoccupiedasmuchas77%oftheavailableaerobicscope
(comparedto~30%infishdigestingsmallmeals). Thissuggests
thatotheraerobicactivitieswillbecompromisedafteringestionof
alargemealandinsteadpointstoadisadvantageofselectinglarge
prey. Theexistenceofthismetabolictrade-offbetweenmealsize
andotherimportantactivitieslikeswimmingandpredatorevasion
suggeststhatbarramundiwouldbenefitfromregulatingtheirprey
sizeasafunctionofimminentrequirementsandthreatsintheir
environment.

@ ANTOINE STIER (INSTITUTE OF BIODIVERSITY ANIMAL
HEALTH AND COMPARATIVE MEDICINE, UNIVERSITY OF
GLASGOW, UNITED KINGDOM), SOPHIE REICHERT (DEPARTMENT
OF ANIMAL AND PLANT SCIENCE, UNIVERSITY OF SHEFFIELD,
UNITED KINGDOM), FRANGOIS CRISCUOLO (DEPARTEMENT
D’ECOLOGIE PHYSIOLOGIE ET ETHOLOGIE, UNIVERSITY
OF STRASBOURG, FRANCE), PIERRE BIZE (INSTITUTE OF
BIOLOGICAL AND ENVIRONMENTAL SCIENCES, UNIVERSITY OF
ABERDEEN, UNITED KINGDOM)

© ANTOINE.STIER@GLASGOW.AC.UK

Ageingischaracterizedbyaprogressivedeterioration of multiple
physiologicalandmolecularpathways, whichimpairorganismal
performance and increase risks of death with advancing age.
Hence,ageingstudiesmustidentifyphysiologicaland molecular
pathways that show signs of age-related deterioration, and
testtheirassociation with therisk of death andlongevity. This
approach necessitates longitudinal sampling/monitoring of
thesameindividualswithadvancingage.Indeed, theselective
disappearancewithtimeofparticularindividualsislikelytobias
theresultsaboutage-related variationsof physiologicalmarkers
comingfromcross-sectionalstudies (i.e.comparingindividuals
fordifferentage groups). Moreover,investigatingrelationships
betweenphysiologicalmarkersandsurvivalrequiresthemonitoring
of individuals on the long-term. Such longitudinal sampling
howeverrequiresaminimallyinvasivesamplingtechniquethat
providesaccesstothelargerspectrumofphysiological processes
andmolecularpathwaysbeingputativelyassociatedwithageing.
Thistalkwillunderlinetheinterestinusingredbloodcells(RBCs)as
apromisingtargetforlongitudinalstudiesofageinginvertebrates.
RBCscouldprovidevaluableinformationonthefollowingpathways:
cellmaintenanceandturnover (RBCnumber, size, heterogeneity
andrenewalrate); glucosehomeostasis (RBCglycatedhaemoglobin);
oxidativestressparameters (antioxidantdefencesandoxidative
damage);cellularstressresistance;mitochondrialfunctioning,and
telomeredynamics. ThelasttwopathwaysarespecifictoRBCsof
non-mammalianspecies, whichpossessanucleusandfunctional
mitochondria.Iwillpresentanoverviewofthecurrentknowledge
aboutRBCsandage-dependentchangesinthe aforementioned
pathways,butalsoonhowtheycouldrelatetosurvivalandlifespan.
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A9.3 BEETLE! - CLOSE YOUR
SPIRACLES AND PROTECT YOUR
TRACHEAL SYSTEM AGAINST
PARASITE INFESTATION

™ WEDNESDAY 6 JULY, 2016 ©® 9:30

@ AGNIESZKA GUDOWSKA (INSTITUTE OF ENVIRONMENTAL
SCIENCES, JAGIELLONIAN UNIVERSITY, POLAND), SZYMON
M. DROBNIAK (INSTITUTE OF ENVIRONMENTAL SCIENCES,
JAGIELLONIAN UNIVERSITY, POLAND), BARTOSZ W. SCHRAMM
(INSTITUTE OF ENVIRONMENTAL SCIENCES, JAGIELLONIAN
UNIVERSITY, POLAND), ANNA M. LABECKA (INSTITUTE OF
ENVIRONMENTAL SCIENCES, JAGIELLONIAN UNIVERSITY,
POLAND), JAN KOZLOWSKI (INSTITUTE OF ENVIRONMENTAL
SCIENCES, JAGIELLONIAN UNIVERSITY, POLAND), ULF
BAUCHINGER (INSTITUTE OF ENVIRONMENTAL SCIENCES,
JAGIELLONIAN UNIVERSITY, POLAND)

@ AGNIESZKA.GUDOWSKA@UJ.EDU.PL

Ininsects, gasexchangebetweenatmosphereandtissuesoccurs
via a tracheal system. The spiracles, gate like structures, are
located on the thoracic and abdomenal part of insects’ body.
Proportionoftimespiraclesbecomeopendefinesthethreepossible
gasexchangepatternsthatinsectsemployatrest:discontinuous
(DGE), cyclic and continuous.DGE is characterized byperiodic
sustainedspiracleclosurewithzeroorganism-to-environmentgas
exchange. AlthoughDGEiswidelydocumented,itsphysiological
and evolutionary costs and benefits remain unresolved. We
providesupportforapreviouslyuntestedhypothesisthatposits
thatDGEminimizestheriskofinfestationofthetrachealsystem
bymites.Here,weanalyzetherespiratorypatternsof15speciesof
groundbeetle (Carabidae), of whichmorethan40%  ofindividuals
harbored external mites. Beetles employed DGE significantly
more often when harboring external mitesin comparison with
individualsnotcarryingmites (p<0.001). Mite-freeindividuals
predominantly employed a cyclic or continuous gas exchange
pattern,whichdidnotinclude completespiracleclosure. Theability
toshowDGEwithsustainedperiodsofspiracleclosuremayreduce
invading,cloggingortransferringpathogenstothetrachealsystem,
whichcanundoubtedlyreducehostevolutionaryfitness.

A9.4 BLOOD FLOW AND THE
DEVELOPMENT OF ANEURYSMS: NOVEL
INVESTIGATIVE MEASUREMENTS

™ WEDNESDAY 6 JULY, 2016 ©® 09:45

@& HANNAH SAFI (ROYAL VETERINARY COLLEGE, UNITED
KINGDOM), NATHAN PHILLIPS (ROYAL VETERINARY COLLEGE,
UNITED KINGDOM), RICHARD J. BOMPHREY (ROYAL VETERINARY
COLLEGE, UNITED KINGDOM)

@ HSAFIGRVC.AC.UK

AnAbdominal AorticAneurysm(AAA)occurswhenthewall of
thearterydilatesintoaballoon-likebulge. AnAAAisdefinedasan
enlargementoftheaortabyatleast1.5timesitsoriginaldiameter
in the maximum transverse dimension. In the clinical setting
cliniciansmustdecidewhentheriskofan AA Arupturejustifies
therisksassociated with surgicalrepair. Yet, at present thereis
noacceptedmethodtoquantifytheriskofruptureforindividual
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AAAs. Elective repair decisions are generally founded on the
‘maximum diameter criterion’, typically 5.5 cm. However, this
criterionis a generalrule-of-thumb and known tobeunreliable
because AAAs smaller than this threshold diameter can also
rupture. Abiomechanics-based approachtorupture prediction
built on computational models can be applicable in the clinical
setting.Recentguidelinesfortreatmentof AA AsfromtheSociety
forVascular Surgery suggestcomputationallyacquiredrupture
predictorsneedfurthervalidationpriortotheirimplementationin
aclinicalsetting. Here, wepresentanemergingtechnique where
simultaneousfluidflowandatrialwallstrainmeasurementsare
carriedoutusingthemethodsofParticleImage Velocimetryand
DigitalImage Correlationrespectively. Measurementsaretested
on a highly simplified silicone AAA model. We demonstrate
this combined technique for investigating the fluid-structure
interactions between blood flow and vessel wall deformation.
Visualising the experimental physical modelling of internal
flowsandwallsurfacedeformationshighlightsgreatpotentialin
validatingcomputationalmodels.

A9.5 ELEVATED BLOOD VISCOSITY
CAUSES CARDIOVASCULAR COLLAPSE
IN EMBRYONIC CHICKENS

™ WEDNESDAY 6 JULY, 2016 ® 10:00

@ ZACHARY A KOHL (UNIVERSITY OF NORTH TEXAS, UNITED
STATES), DANE A CROSSLEY II (UNIVERSITY OF NORTH TEXAS,
UNITED STATES)

@ ZAC.F.KOHL@GMAIL.COM

Bloodviscosity,akeycomponentofvascularresistance,increases
from1.6mPa'sinembryonicchickensto3.7mPa-sinadultchickens.
Thisincreaseinviscosityisnotattributedtohematocritgiventhat
overthesametimeperiodbloodviscosityincreases230% while
hematocritincreasesfrom32t037%. Therefore,embryonicchickens
maintainasimilarhematocrittoadultsbutwithalargelyreduced
costoftransport. Wesoughttounderstandthe consequencesof
embryonichyperviscositythroughacutelyinducedchangesinblood
viscositybytheinfusionofisosmotic 6% Dextran (3ml/kgembryo
wetmassin0.6%saline)intoachorioallantoicmembraneartery
in90%developed chickens.Dextranisacomplexpolysaccharide
clinicallyusedasanemergencyvolumeexpander. Wehypothesized
thatembryonicchickencardiovascularsystemswouldbeunable
to cope with ‘adult’ values of blood viscosity resulting in acute
cardiovascularcollapse.Ourdataindicatedhyperviscosity caused
ashiftfromintermittenttotonicvagalfunction,demonstrated
byanapproximately 15%increaseinminuteheartratefollowing
cholinergic receptor blockade. Additionally, we identified that
Dextrancanbeusedasanon-pharmacologicalmethodofassessing
baroreflex function. Overall, our results indicate that chicken
embryosareunabletomaintainsustained cardiovascularfunction
followinga30%increaseinbloodviscosity.
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A9.6 REGULATION OF GENE
EXPRESSION IN FISH RED BLOOD CELLS

™ WEDNESDAY 6 JULY, 2016 ©® 10:15

& MIRIAMGOTTING (UNIVERSITY OF TURKU, FINLAND)

@ MIRIAM.GOTTING@UTU.FI

Gene expression is traditionally divided into several stages,
includingmRNA synthesisandprocessing,translation,anddecay.
Allofthesestagesarecoupledandaretightlyregulated. Therate
of mRNA synthesisand decay determine the steady-statelevel
of mRNA.

Infishredblood cells(Oncorhynchusmykiss) weinvestigated
the different stages of regulation in response to various
environmentalsignals,suchasnormoxicandhypoxicconditions
aswellasunderB-adrenergicstimulation. Whiletherearechanges
inthetranscriptionrateduetotreatment, thesteadystatelevelsare
barelyaffected. DeterminedmRNA decayrates (transcripthalf-life)
resembleverywellthefunctionofthegeneproducts. Transcripts
ofHiflaandNa*/H*exchangerarestabilizedunderhypoxiaand
B-adrenergicstimulation, whiletheB-adrenergicreceptorisonly
stabilizedunderadrenergicstimulation.InHiflawefurthermore
studied the effects of temperature onthevariousstagesofgene
expression.Ourdatasuggestthatthesteady-statemRNAlevels
cannotserveasareliableassaytoexaminetranscriptionordecay
rates.Redbloodcelltranscriptlevelsseemtoberobusttochanges
ineithertranscriptionrateordecayorboth.

A9.7 IN SITU CARDIAC PERFUSION
REVEALS INTERSPECIFIC VARIATION
OF INTRAVENTRICULAR FLOW
SEPARATION IN REPTILES

™ WEDNESDAY 6 JULY, 2016 ©® 11:00

@ WILLIAM JOYCE (AARHUS UNIVERSITY, DENMARK), MICHAEL
AXELSSON (UNIVERSITY OF GOTHENBURG, SWEDEN), JORDI
ALTIMIRAS (LINKOPING UNIVERSITY, SWEDEN), TOBIAS WANG
(AARHUS UNIVERSITY, DENMARK)

@ WILLIAM.JOYCE@BIOS.AU.DK

Theheartsofnon-crocodilianreptilesarecomprised oftwoatria
andanincompletelydivided ventricle,andthuspresentanideal
paradigm to explore the evolution of the double circulation in
vertebrates.Inthisstudy, weusedaninsitudouble-perfusedheart
preparationtoevaluateintraventricularflow separationinfive
reptilesspecies (turtle:Trachemysscripta,rockpython:Python
sebae,yellowanaconda:Eunectesnotaeus,varanidlizard:Varanus
exanthematicus,andbearded dragon:Pogonavitticeps). Tosimulate
changes in vascular bed resistance, pulmonary and systemic
afterloads were independently manipulated and changes in
bloodflowdistributionamongstthecentraloutflowtractswere
monitored.Rockpythonsandvaranidlizardsexhibited pronounced
intraventricular flow separation. As pulmonary or systemic
afterloadwasraised, flowintherespectivecirculationdecreased.
However,flowintheothercirculation, whereafterloadwasconstant,
remainedstable. Thiscorrelateswiththe convergentevolution of
intraventricularpressureseparationandthelargeintraventricular
muscularridge, whichcompartmentalisestheventricle,inthese
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species.Conversely,inthethreeotherspecies,thepulmonaryand
systemicflowsweremutuallydependent,suchthatthedecreasein
pulmonaryflowinresponsetoelevatedpulmonaryafterloadresulted
in redistribution of perfusate to the systemic circuit (andvice
versa). Thus, in these species blood can readily transverse the
intraventricularcava.Ourstudyemphasisesthattheindependent
evolutionoffunctionally similarintracardiacflowseparationin
lizards (varanids)andsnakes (pythons)fromanancestorendowed
withalargecapacityforintracardiacshuntsonlyrequiredrelatively
minorstructuralmodificationincardiacstructure.

A9.8 TEMPERATURE-DEPENDENT
MORPHOLOGICAL REMODELLING
OF FISH CARDIAC MITOCHONDRIA

™ WEDNESDAY 6 JULY, 2016 ©® 11:15

@ ALEXANDER J HOLSGROVE (UNIVERSITY OF MANCHESTER,
UNITED KINGDOM), GINA LJ GALLI (UNIVERSITY OF
MANCHESTER, UNITED KINGDOM), HOLLY A SHIELS
(UNIVERSITY OF MANCHESTER, UNITED KINGDOM)

@ ALEXANDER.HOLSGROVE@POSTGRAD.
MANCHESTER.AC.UK

Cardiac remodelling in response to thermal acclimation has
beendisplayedinanumberoffishspecies, withmanypresenting
hypertrophyinresponsetochroniccoldandtheoppositeinresponse
tochronicwarming. Ascardiacremodellingeventsalterenergetic
requirements, theplasticity of metabolicprocessesmayunderpinthe
cardiacphenotype.Despitetheirpivotalroleasthemajorsuppliers
of cellularenergy, comparatively fewstudieshaveinvestigated
theeffectsoftemperatureacclimationoncardiacmitochondriain
fish.Frommammalianstudiesweunderstandthatmitochondrial
morphologyisfundamentallylinked tomitochondrialfunction
andyetlittleisknownabouttheseprocessesinectotherms.The
physiological ‘status’ of coldinduced cardiachypertrophyisstill
debated, withstudiespresentingbothpathologicaland physiological
traits. Theinvestigationof mitochondrialmorphologymayhelpto
determinethephysiological ‘status’ofthethermallyacclimated
fishheart.Rainbowtrout Oncorhynchusmykiss wereacclimated
tocold(5°),control (10°) and warm (18°) temperaturestoinduce
cardiac remodelling. Hearts were fixed and sectioned for TEM
imaging. Parametersmeasuredincludingmitochondrialsize (pm),
number and cristae density were measured for each treatment
group. Theresultssuggestthatcoldinducedhypertrophyincreases
mitochondrialnumber,buthasnoeffectonsize. Micrographresults
aresupportedbyproteinexpressiondata. Togetherthedataindicate
thatmitochondriaincreaseinnumbertofueltheenergeticcostof
cardiachypertrophyinthecold.
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A9.9 ON BEING THE RIGHT SIZE:
CONSEQUENCES OF BODY SIZE AND
TEMPERATURE FOR THE ENERGY
METABOLISM OF AQUATIC ECTOTHERMS

™ WEDNESDAY 6 JULY, 2016 ©® 11:30

@ WILCO CEP VERBERK (RADBOUD UNIVERSITY NIJMEGEN,
NETHERLANDS), DAVID ATKINSON (UNIVERSITY OF
LIVERPOOL, UNITED KINGDOM)

@ WILCO@AQUATICECOLOGY.NL

Oxygenisessentialforburningfoodandgeneratingenergy,but
maybecomelimitingfororganismsrelyingongasexchangeunder
water. Thisisbecausebreathingunderwaterischallenging:the
diffusionofoxygenisordersofmagnitudelowerinwaterthanin
air,whilethehigherdensityandviscosityof watergreatlyenhance
thecostofbreathing. However, whileashortage of oxygenquickly
leads to asphyxiation, too much oxygenis toxic. Therefore, the
ability to regulate oxygen consumption rates is at a premium,
enablingectothermstobalance oxygentoxicityagainsttherisk
ofasphyxiationacrossawiderange of temperatures. Although
effects of body size and environmental temperature on energy
metabolism are wellrecognisedin ectotherms, the situationis
morecomplicatedinwater. Temperatureaffectstheavailability of
oxygeninwaterandthecostofbreathingbychangingtheviscosity.
Theconsequencesofsuchchangesaredependentonbodysize.Asa
result,alargerbodysizemayrepresentarespiratoryadvantagethat
helpsaquaticectothermstoovercomethelargerviscousforcesin
coldwater. Thismechanismmayhelpexplainwhysizeclinesalong
temperatureandlatitudinalgradients aremuchmore pronounced
inaquaticectotherms,whygigantismisespeciallyprevalentin
aquaticectotherms,andwhymass-scalingexponentsoftenchange
withtemperature. Asbodysizeisamajordriverofhowecosystems
function,understandinghowbody sizeistiedtoenergybudgetsin
aquaticandterrestrialectothermswillgreatlyincreaseourability
topredicttheconsequencesofglobalwarming.

A9.10 BITE ME: DOMESTICATION
EFFECT ON BITING PERFORMANCE
AND AGGRESSION IN RATS

™ WEDNESDAY 6 JULY, 2016 ©® 13:50

@ FEDERICO BECERRA (MAX PLANCK INSTITUTE FOR
EVOLUTIONARY ANTHROPOLOGY, GERMANY), MAXIMILIAN
BEMMANN (MAX PLANCK INSTITUTE FOR EVOLUTIONARY
ANTHROPOLOGY, GERMANY), ALEXANDER CAGAN (MAX PLANCK
INSTITUTE FOR EVOLUTIONARY ANTHROPOLOGY, GERMANY),
RIMMA KOZHEMYAKINA (INSTITUTE OF CYTOLOGY AND GENETICS
(SBRAS), RUSSIA), MARIYA KONOSHENKO (INSTITUTE OF
CYTOLOGY AND GENETICS (SBRAS), RUSSIA), KORNELIUS
KUPCZIK (MAX PLANCK INSTITUTE FOR EVOLUTIONARY
ANTHROPOLOGY, GERMANY)

@ FEDERICO_BECERRA@EVA.MPG.DE

Bydomesticationofwildanimals,humanshaveimprovedsuitable
foodresources, modesoftransportation,companionshipand/or
groupdefenceagainstpotentialthreats. Thereby,awidevarietyof
breedinglinesweredifferentiatedbymorphological, physiological,
geneticandbehaviouralfeatures. Here, theinvivoincisorbiting
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performanceandheadmorphologyofmaleandfemalerats (Rattus
norvegicus) wereinvestigated. Samples were derived from two
wildtypebreedinglinesselectivelybredforaggressiveandtame
behaviourtowardshumans.Inadditiontothistherewasalaboratory
bred intercross line. While the aggressive and intercross lines
showedlevelsofaggressiveness,noneofthetameratsbit. Within
intercrossandaggressivelines,femalesproducedstrongerandmore
frequentbitesthanmales, whilstaggressivefemalesdidsomorethan
intercrossfemales. Nointercross-aggressive difference wasfound
inmales.Incontrast,bodysize,headlengthandmandibularwidth
showedclearsexualdimorphism(males>females). Theonlyclear
inter-linemorphologicaldifference wasbodysize,beingthetame
ratsalsothelargest.Finally, biteforcewasnotpredictedwellbyany
oftheheadmeasurements. Thus,beyond geneticsand physiology,
thelong-termdomesticationprocessresultedmainlyinbehavioural
differences.Itislikelythatthelargerweightofthetameratsisdueto
lackofactivity. Overall,ourresultsonbitingperformancecannotbe
attributedtoanatomicaldifferences.Ourfindingsofferadditional
evidenceofdimorphicaggressivebehaviourinfemaleratsassociated
withmaternalcareandsocialstructureashasbeenobservedin
gregariouswildrodents.

|
A9.11 MARINE BIRDS SLEEPING AT SEA

™ WEDNESDAY 6 JULY, 2016 ® 14:05

@ TESSA A VAN WALSUM (UNIVERSITY OF ROEHAMPTON, UNITED
KINGDOM), AGNES LEWDEN (UNIVERSITY OF STRASBOURG,
FRANCE), LEWIS G HALSEY (UNIVERSITY OF ROEHAMPTON,
UNITED KINGDOM), YVES HANDRICH (UNIVERSITY OF
STRASBOURG, FRANCE)

@ VANWALST@ROEHAMPTON.AC.UK

Kingpenguinsspendweeksatsea, travellinghundredsofkilometers
insearchofaggregatesoffishandsquid,andthenperformhundreds
ofdiveseachday. Aftersuchintensivedaysthepenguinsrestat
thewater’ssurfaceduringthenight,divingonlyrarely. Duringthe
nighttheyarelikelytospendsometimesleeping. Whileasleep, king
penguinsintermittentlyrestwiththeirheadinthewaterandexhale.
Thislastsforaround 15seconds. Theythenraisetheirheads,inhale,
andagainlowertheirheadsintothewater.Becausethepenguins
mustremainalerttoraisetheirheadstobreathe, webelievethat
theyexhibituni-hemisphericsleep. Ourstudyfocusedontheresting
behaviourofthekingpenguinsinaseawatertank(at4°C)andwithin
anenclosureonland, toestablishwhethertheysleeponwaterand
ifthisislessdeepthantheirsleep onland, measured by arousal
threshold. Weequipped20penguinswithaccelerometers,body
temperatureandheartrateloggers. Furthermore, we filmed them
continuouslytocorrelateaccelerometrydatawiththeirbehaviour
andbodypostureinthewater. Weplayedsoundstoestablishthe
arousalthresholdduringtheirtimeinourseawatertank,andin
ourenclosureonland. Penguinsrestingonwaterhaveanincreased
arousal threshold. Furthermore, they respond more often and
quickertolowerfrequenciesthanwhentheyrestonland.
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A9.12 FEEDING BEHAVIOUR AS AN
INDICATOR OF PAIN PERCEPTION IN
THE BALL PYTHON (PYTHON REGIUS)

™ WEDNESDAY 6 JULY, 2016 ® 14:20

@ LAUREN E JAMES (AARHUS UNIVERSITY, DENMARK), CATHERINE
JA WILLIAMS (AARHUS UNIVERSITY, DENMARK), MADS F
BERTELSEN (COPENHAGEN Z00, DENMARK), TOBIAS WANG
(AARHUS UNIVERSITY, DENMARK)

@ LJAMES0910@GMAIL.COM

Theuseofreptilesincomparativephysiologyiswellestablished,
howeveritremainschallengingtoassesswhetherareptileisinpain
asaresultofrecognisedexperimental protocols. Usingwithdrawal
reflexesandphysiologicalresponsestoindicate painperceptionand
totesttheefficacyofanalgesicagentshasthusfarledtoinconclusive
results,particularlyinsnakes. Torefineexperimental procedureson
reptiles,objectivemethodsofpainmonitoringandmanagementare
key.Here,wepresentthepotentialuseofroutinefeedingbehaviour
as an adjunct to current pain assessment protocols. Feeding is
easily and habitually monitored in both clinical and research
environments, thusprovidinganoptimalbehaviourtoinvestigate.
Theaimofthisstudywastoexaminewhetherchemical(capsaicin
injection)orphysical (surgicalincision)noxiousstimulation would
elicitadelayinfeedingbehaviourintheballpython (Pythonregius),a
snakefrequentlyusedinphysiologicalresearch. Theadministration
ofanaesthesiaalonehadminimaleffectonfeeding, whereasnormal
feedingdidnotresumeuntil1and3weekslaterfollowingachemical
(remotecapsaicininjection)orasurgical (shamcatheterplacement
surgery)stimulus,respectively. Thesurgical stimulussignificantly
affectedfeedingbehaviour (p=0.01),andwhenadifferentgroup of
animalswassubjectedtothesamestimulus, withlocalanaesthesia
(bupivacaine2mg/kg), thisalterationtofeedingbehaviourwas
significantlyreduced (p=0.006). Thesefindingsdemonstrateadelay
infeedingbehaviourasapotentialindicatorofpainperceptionin
snakes,andfutureworkinvestigatingtheefficacyofanalgesiausing
thismodelshowspromise.

A9.13 MECHANISMS OF PREDATOR-
INDUCED PHENOTYPIC PLASTICITY IN
THE FRESHWATER CRUSTACEAN DAPHNIA

™ WEDNESDAY 6 JULY, 2016 ©® 14:35

@ LINDACWEISS (RUHR-UNIVERSITY BOCHUM, GERMANY)

@ LINDA.WEISS@RUB.DE

ThefreshwatercrustaceanDaphniaisfamousforitshighdegree
of phenotypic plasticity. Based on the same genotype Daphnia
adaptsitsphenotypeuponchangingenvironmental conditions.
E.g.Daphniadevelopsdefensivetraitssuchasthorns,elongated
spines,neckteethhelmetsandcrestsupontheperceptionofpredator
specific chemical cues. To understand the basis of phenotypic
plasticity, thedescriptionofthe precedentcellularandneuronal
mechanismsisfundamental. However, the perceptiveorganand
theunderlyingsignallingpathwayshavebeenleftundetermined.
Weherepresenttheprogressthathasbeenmadeintheidentification
ofperceptiveorgansandkeyregulatorsofthesignallingcascade
underlyingpredatorinduceplasticityinDaphnia. Weshowthat
Daphniaperceivetheirpredatorswiththeantennuleandprocess
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thisinformationin the central nervous system via cholinergic
anddopaminergicsignalling. Basedonimmunohistochemistry,
transcriptionalprofilingandphysiologicalassays, wedevelopeda
conceptualnetworkgivingafirstinsightintothesignallingcascade
underlyingpredatorinduced morphological defences.

A9.14 PREDATION RISK AND PARENTAL
EFFECTS INFLUENCE TOXIN CONTENT
AND COLOURATION OF LADYBIRD EGGS

™ WEDNESDAY 6 JULY, 2016 ©® 14:50

@ SARAH C PAUL (EXETER UNIVERSITY, UNITED KINGDOM),
MIKE BIRKETT (ROTHAMSTED RESEARCH, UNITED KINGDOM),
MARTIN STEVENS (UNIVERSITY OF EXETER, UNITED KINGDOM),
JONATHAN D BLOUNT (UNIVERSITY OF EXETER, UNITED
KINGDOM)

@ .C.PAUL@EXETER.AC.UK

Inspeciesthat colourfullyadvertise theirtoxicity topredators,
thereisconsiderablevariationbetweenindividualsinbothsignal
appearanceandlevelsofdefence. Parentaleffects,i.e.non-genetic
inheritance,mayplayakeyroleincreatingandmaintainingthis
diversity,howeveracomprehensivetestofthisnotionislacking.
Using the ladybird Adalia bipunctata we assess whether egg
colouration and toxin level (concentration of the toxic alkaloid
adaline),isinfluencedby maternallydetectedchangesinoffspring
predation risk, whilst also considering the effect of parental
phenotype. Weshowthatthateggcolouration,butnoteggtoxin
level,variesbetweenpredatortreatments,andthatthedirection
ofthischangeis dependent upon predator speciesidentity. Egg
luminancedecreasesinresponsetoconspecificbutnotheterospecific
predationrisk, whileconverselyeggsaturationincreasesinresponse
toheterospecificbutnotconspecificpredationrisk. Furthermore,
maternaltoxinlevelandpaternalelytralcolourationpositively
predictedeggtoxinlevelandeggcolouration,respectively. This
study provides the first demonstration of maternally mediated
offspringcolourchangeinresponsetopredationriskandhighlights
theimportanceofstudyingmultiplenon-geneticparentaleffects
indeterminingoffspringphenotype.

A9.15 SIMILAR BURROW ARCHITECTURE
IN THREE SCORPION SPECIES IMPLIES
SIMILAR ECOLOGICAL FUNCTION

™ WEDNESDAY 6 JULY, 2016 ® 15:05

& BERRY PINSHOW (BEN-GURION UNIVERSITY OF THE NEGEV,
ISRAEL), AMANDA M ADAMS (TEXAS A&M UNIVERSITY,
UNITED STATES), EUGENE MARAIS (NATIONAL MUSEUM OF
NAMIBIA, NAMIBIA), LORENZO PRENDINI (AMERICAN MUSEUM
OF NATURAL HISTORY, UNITED STATES), J. SCOTT TURNER
(STATE UNIVERSITY OF NEW YORK COLLEGE OF ENVIRONMENTAL
SCIENCE AND FORESTRY, UNITED STATES)

@ PINSHOWeBGU.AC.IL

Burrowsserveasrefugesfrompredatorsandadverseenvironmental
conditionsforanimalsranginginsizefromantstoaardvarks.Burrow
designvarieswidelyamongandwithintaxa,butthesestructures
mustbeadaptive, fulfillingphysiological (and other) functions.
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Weexaminedtheburrowarchitectureofthreescorpionspeciesof
thefamilyScorpionidae: Scorpiopalmatusfromthe NegevDesert,
Israel; Opistophthalmus setifrons, from the Central Highlands,
Namibia;and O.wahlbergiifromtheKalahariDesert,Namibia. We
hypothesizedthatburrowstructuremaintainstemperatureand
soilmoistureconditionsoptimalforthebehaviorandphysiology
of the scorpion. Casts of burrows, poured in situ with molten
aluminum, werescannedin3Dtoquantifyburrowstructure. Three
architecturalfeatureswerecommontotheburrowsofallspecies:
1)ahorizontal platformnearthegroundsurface,longenoughto
accommodatethescorpion,locatedjustbelowtheentrance, 2-5
cmunderthesurface. Theentranceplatformmayprovideasafe
place where the scorpion can monitor the presence of potential
prey,predators,andmates,and wherethescorpionwarmsupbefore
foraging;2)atleasttwobendsthatmightdeterincursionbypredators
and may reduce convective ventilation, thereby maintaining
relativelyhighhumidityandlowtemperature;and3)anenlarged
terminal chamberto a depth at which temperatures are almost
constant(2-4°C). Thesecommonfeaturesamongtheburrows of
threedifferentspeciessuggesttheyareimportantforregulating
thephysicalenvironmentoftheirinhabitants,and thatburrows
arepartofscorpions’"extended physiology" (sensuTurner2000).

A9.16 INTERACTIONS BETWEEN
PARENTAL TRAITS, ENVIRONMENTAL
HARSHNESS AND GROWTH RATE IN
DETERMINING RATES OF TELOMERE
LOSS IN WILD JUVENILE SALMON

™ WEDNESDAY 6 JULY, 2016 ©® 15:45

@& DARRYL MCLENNAN (UNIVERSITY OF GLASGOW, UNITED
KINGDOM), NEIL METCALFE (UNIVERSITY OF GLASGOW, UNITED
KINGDOM), PAT MONAGHAN (UNIVERSITY OF GLASGOW, UNITED
KINGDOM), WINNIE BONER (UNIVERSITY OF GLASGOW, UNITED
KINGDOM), JOHN ARMSTRONG (MARINE SCOTLAND — SCIENCE
FRESHWATER LABORATORY, UNITED KINGDOM), SIMON MCKELVEY
(CROMARTY FIRTH FISHERY TRUST, UNITED KINGDOM)

@ D.MCLENNAN.1@RESEARCH.GLA.AC.UK

Alargerbodysizehasmanybenefits,suchasincreasedreproductive
success, abilitytoevadepredatorsandincreased competitiveability
andsocialstatus. Attainingalargesizerequireseitherprolonged
orfastergrowth,howeverthereisevidencethatindividualsrarely
maximise their growth rates, suggesting that there are costs
associatedwithrapidgrowth.

Telomere length might be a good indicator of these costs.
Telomeres captheendsofeukaryoticchromosomesandplayan
importantroleinchromosome protection. Telomerelossoccurs
naturallyateachcelldivisionandisthereforealsoassociated with
growth. Telomerelossmayalsobeacceleratedbyenvironmental
stressors, suchastheproductionofreactive oxygenspecies(ROS).
Arelativelyshorttelomerelengthisindicative of poorbiological
statee.g.impendingsenescence,reducedpotentiallongevityand
increaseddiseasesusceptibility.

Ourstudy demonstratesthecomplexityoftheenvironmental
factorsthatcaninfluencetelomeredynamicsinearlylife. Using
awildsysteminvolvingexperimentalmanipulationsof Atlantic
salmon fry in Scottish streams, we found that both offspring
telomerelengthandrateoftelomerelossareinfluencedbyvarious
parentaltraitsandbydirectenvironmental effects. Wefound that
naturally-inducedvariationingrowthratehadasignificanteffect
onfrytelomerelength. Howevertherateof telomerelossperunitof
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growthwasdependentonwhetherthefrywerelivinginaharshor
abenignenvironment. Thissuggeststhattheremaybelongterm
consequencesofgrowthconditionsforindividuallongevity.

A9.17 DAILY CYCLIC HYPOXIA
INDUCES THE MOULT CYCLE IN THE
SHRIMP PALAEMON VARIANS: CLUES
FROM A TRANSCRIPTOMIC APPROACH

™ WEDNESDAY 6 JULY, 2016 © 16:00

@ LUCA PERUZZA (NATIONAL OCEANOGRAPHY CENTRE
SOUTHAMPTON, UNITED KINGDOM), CHRIS HAUTON (NATIONAL
OCEANOGRAPHY CENTRE SOUTHAMPTON, UNITED KINGDOM),
SVEN THATJE (NATIONAL OCEANOGRAPHY CENTRE SOUTHAMPTON,
UNITED KINGDOM), MARCO GERDOL (UNIVERSITY OF TRIESTE,
ITALY), PIERO G GIULIANINI (UNIVERSITY OF TRIESTE,
ITALY), ALBERTO PALLAVICINI (UNIVERSITY OF TRIESTE,
ITALY), ANDREW OLIPHANT (ABERYSTWYTH UNIVERSITY,
UNITED KINGDOM), DAVID WILCOCKSON (ABERYSTWYTH
UNIVERSITY, UNITED KINGDOM)

@ LUCA.PERUZZA@SOTON.AC.UK

Oxygencontentintheoceansisdeclining,butevidencesuggests
thatthisdeclineismoreprevalentalongthe30kmbandnearthe
coast.Inshallow-waterareastheresultanthypoxiaisincreasing
in frequency and is considered a major threat to biota because
itimpairs biogeochemical processes at species level, which are
suggestedtotranslateintochangesinbiodiversityandecosystem
functioning. Todeterminethe ecophysiologicalimplications of
hypoxiaonshallow-watercrustaceans, we performeda30-day
experimentbymimicking, onadailybase, oxygenfluctuations
downtothecritical oxygenpartial pressure (pcrit) for ourmodel
species, the ditch shrimp, Palaemon varians. Using de novo
assembledshrimptranscriptomes, wehaveidentified significant
changesintheexpressionofkeymetabolicenzymes,like Glucose-
6-phospatetranslocasethatcatalysestheterminalreactionsin
bothglycogenolysisand gluconeogenesis,and Apolipophorin-II
that shuttleslipids between tissues, and in moult-related gene
expression,whichhasneverbeendescribedincrustaceansbefore.
Ageneralup-regulationofcuticularproteinsandchitinaseswas
found,inadditiontopost-moultstagespecificproteins,namely Post-
MoultProtein, Calcification Associated Peptide, Gastrolith Protein,
andtheexoskeletalprotein DD5. Tofurthervalidatethedata, we
conductedanexperimenttodeterminechangesinthedurationof
themoultcycle.Resultsclearly supportchangestotheregulation
anddurationofthemoultcycle,whichisacceleratedinresponseto
hypoxia. Wediscusstheobservedchangesofindividualgrowth
andfitnessinresponsetodailyoxygenfluctuations,aswellasthe
resultingecologicalconsequencesforthespecies.
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A9.18 HYPOXIA TOLERANT SPECIES
TAKE ADVANTAGE OF INTRACELLULAR
ACIDOSIS TO MAINTAIN
MITOCHONDRIAL FUNCTION

™ WEDNESDAY 6 JULY, 2016 ©® 16:15

@ JULES B. L. DEVAUX (THE UNIVERSITY OF AUCKLAND,
NEW ZEALAND), TONY J.R. HICKEY (THE UNIVERSITY
OF AUCKLAND, NEW ZEALAND)

@ JDEV864.U0AGMAIL.COM

Fish inhabit environments with variable oxygen supplies, in
particularforintertidalfishes.Problematically,hypoxiapromotes
anaerobicmetabolism,lactateaccumulationandassociated cellular
acidosis. Thebrainisverysensitivetotheaccumulationofprotons,
andthislikelyimpactshypoxicbrainmitochondria (mt). While
mtconsumeoxygen (JOz)togeneratechemical (ApH)andelectrical
(Ay) gradientsaccrosstheinner-mt-membranestoproduce ATP,
theeffectsofextramitochondrialpHonbrainmtfunctionremains
largelyunexplored. Wepredictedthathypoxia-tolerantspecies
(HTS) should better tolerate acidosis than hypoxia-sensitive
species (HSS)intermsofbufferingcapacitiesandmtfunction. Using
highresolutionrespirometry wetitratedlactic-acidtodecrease
extramitochondrialpH,andsimultaneouslyfollow]O, Awand
H* bufferingcapacitiesofbrainmtwithtinpermeabilisedbrain.
FourNewZealandtriplefinfishspecieswerecompared,eachwith
differenthypoxia-tolerancesandrangingfromhighintertidalto
subtidalniches.WhileHTSand HSS displayedsimilar H* buffering
capacities(~5mUpH.mg™), contrastingresponses were found for
mtfunction.InHSS4mMlactateelevated]O.,yetdecreased Awby
~5%withamildacidosis (ApH-0.3)andmtweretotallyuncoupled
mtatpH5.8.Incontrast,10mMIlactate (ApH-0.6)induceda15%
inhibition of]O. in Bellapiscusmedius,themost HTS.In B. medius Ay;
remainedstableandcouplingcapacityatpH5.8wasmaintainedto
30%ofthatatpH7.2.0verall,thesedataindicatethatinthe HTS B.
mediusdecreasedpHsupresses]O. yetmaintainsphopsphorylation
integritytoextremelylowpH.

A9.19 THE IMPACT OF
TEMPERATURE AND OXYGEN ON
ISOPOD-MICROBE INTERACTIONS

™ WEDNESDAY 6 JULY, 2016 ©® 16:30

@ TEREZIA HORVATHOVA (INSTITUTE OF ENVIRONMENTAL
SCIENCES, JAGIELLONIAN UNIVERSITY, POLAND),
JAN KOZLOWSKI (INSTITUTE OF ENVIRONMENTAL SCIENCES,
JAGIELLONIAN UNIVERSITY, POLAND), WIESLAW BABIK
(INSTITUTE OF ENVIRONMENTAL SCIENCES, JAGIELLONIAN
UNIVERSITY, POLAND), ULF BAUCHINGER (INSTITUTE
OF ENVIRONMENTAL SCIENCES, JAGIELLONIAN
UNIVERSITY, POLAND)

@ TEREZIA.HORVATHOVA@UJ.EDU.PL

The interactions between microorganisms and animals are
omnipresentinnatureandhaveasignificantimpactonanimal
evolutionanddiversity. Theeffectofmicrobesonthehostfitness
iseitherpositive (mutualism), negative (parasitism)orneutral.
Animalsmaybenefitfrommutualisticassociationsbyimproved
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growthandsurvival,enhancedresistancetopathogensorobtaining
essential nutrients. Environmental factors shape mutualistic
associations through altering the composition and abundance
of gut microbiome. However, it is poorly understood how the
interaction between environment and gut microbiome affects
hostphysiology, performanceandfitness. Weusedatwo-factorial
designtoexaminetheeffectoftemperature (15°Cand22°C)and
oxygenlevel (10%and22%)onbacterialandfungalcommunityin
thegutofisopodPorcellioscaberandtotesthowmicrobecommunity
affects growth and survival of the host. Preliminary results
revealthatambienttemperature,butnotoxygenconcentration
significantlyaffectsbacterialgutdiversity.Individualsmaintained
inwarmtemperatureshowedhigherbacterialgutdiversity than
individualsincoldtemperature.Inthenextstep, wewillanalyse
community compositionofgutfungiandbacteriainordertolinkthe
environmentalheterogeneitywithisopod-microbeinteractions.
Thisstudywillprovidenovelinsightsinhowvariationinlife-history
traitscanbeexplainedbythesynergisticactionofabioticandbiotic
factors.

A9.20 CORAL REEF FISHES SHOW
NEGLIGIBLE PHYSIOLOGICAL AND
BEHAVIOURAL ADJUSTMENTS TO
ELEVATED CO,

™ WEDNESDAY 6 JULY, 2016 ©® 16:45

@ JOSEFIN SUNDIN (UPPSALA UNIVERSITY, SWEDEN), MIRJAM
AMCOFF (UNIVERSITY OF TEXAS, UNITED STATES), FERNANDO
MATEOS-GONZALEZ (UNIVERSITY OF KONSTANZ, GERMANY),
GRAHAM D RABY (UNIVERSITY OF WINDSOR, CANADA),
FREDRIK JUTFELT (NORWEGIAN UNIVERSITY OF SCIENCE AND
TECHNOLOGY, NORWAY), TIMOTHY D CLARK (UNIVERSITY OF
TASMANIA AND CSIRO AGRICULTURE FLAGSHIP, AUSTRALIA)

@ JOSEFINETEAMSUNDIN.SE

Muchoftheanthropogenically-released carbondioxidedissolves
intheocean, causingoceanacidification (OA).Exposuretoelevated
CO; levels hasbeenreportedtoeffectphysiologyandbehaviourof
fishes,whichcouldhavedetrimental consequencesforpopulation
viability in the future. However, a growing number of studies
reportnophysiologicalorbehaviouralchanges,suggestingafar
from completeunderstandingofthe potential effectsof OA. We
investigatedthepossibleeffectofbothshort-andlong-termexposure
toCO, onphysiologyandbehaviour, usingseveraldifferentspecies
ofwild-caughtandlaboratory-raised coralreeffishes. Wefound
thatallspecieswereresilientto CO. exposure,aswewereunable
toreplicatethedramaticimpairmentspreviouslyreported,andwe
foundnoevidenceforinterference of GABA A neurotransmitter
function.Ourfindingshighlighttheneedforindependentreplication
beforewecanreachaconsensusontheecologicaleffectsof OA.
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A9.21 ADAPTIVE RESPONSE OF A SEA
URCHIN PARACENTROTUS LIVIDUS
POPULATION INHABITING VOLCANIC
CO, VENTS (TYRRHENIAN SEA, ITALY)

™ WEDNESDAY 6 JULY, 2016 ©® 17:00

@ ORIANA MIGLIACCIO (STAZIONE ZOOLOGICA ANTON DOHRN,
ITALY), MARIACRISTINA GAMBI (STAZIONE ZOOLOGICA ANTON
DOHRN, ITALY), ANNALISA PINSINO (NATIONAL RESEARCH
COUNCIL INSTITUTE OF BIOMEDICINE AND MOLECULAR
IMMUNOLOGY "A. MONROY", ITALY), MARCO TRIFUOGGI
(UNIVERSITY FEDERICO II, ITALY), FRANCESCA CARRIOL
(STAZIONE ZOOLOGICA ANTON DOHRN, ITALY), YUNG-CHE
TSENG (NATIONAL TAIWAN NORMAL UNIVERSITY, TAIWAN),
CLAUDIO AGNISOLA (UNIVERSITY FEDERICO II, ITALY),
VALERIA MATRANGA (NATIONAL RESEARCH COUNCIL INSTITUTE
OF BIOMEDICINE AND MOLECULAR IMMUNOLOGY "A. MONROY",
ITALY), ANNA PALUMBO (STAZIONE ZOOLOGICA ANTON
DOHRN, ITALY)

@ ORIANA.MIGLIACCIO@SZN.IT

Oceanacidification (OA)hasbeenrecognizedasanemergingglobal
stressor, potentiallyaffectingecosystems’biodiversity, functions
and services. Studies on the effects of OA on marine organisms
havebeenprimarilyconductedinlaboratory,thuspreventingthe
predictionoflong-termconsequencesinnaturallymulti-stressed
environments.Inthisstudy weinvestigated the effectsofnear-
future OA on Paracentrotus lividus inhabiting shallow-water
volcanic CO: vents, an established naturally acidified site that
offerspreciousopportunitytoinvestigatelong-termand/oradaptive
responsesofspeciestoOA.Seaurchinpersistenceinthemoderately
acidifiedareas(pH~7.8) wasmonitoredinsituforfewmonthsby
usingnon-destructivetaggingtechniques. Animalswereexamined
by measuring morphometric parameters, routine metabolism,
nitrogen excretion rates, along with biochemical analysis of
gonads, immune cells and coelomic fluids. Our data indicated
thattheP.lividus population permanently inhabits CO. vents.
Animalsshowedameansizesimilartothosecollectedatcontrol
sites,suggestingthatlowpH/highpCO. conditionsdonotaffect
theirgrowthrate. Ourresultsindicatedthatpopulationat CO, vents
doesnotfacestressfulconditions,asrevealedbythemeasurements
oflipid peroxidation,nitriteandhsp70proteinlevelsalongwith
thedeterminationoftype/numberofimmunecells. Nevertheless,
changesincoelomicfluidcomposition, togetherwithanincreased
totalantioxidantcapacity,indicatedthe occurrence ofadaptation
processesinanimalsinhabitingtheacidifiedsite.Inconclusion,
wesuggestthat OA doesnotrepresentaforthcomingthreatforP.
lividussincetheanimalsshowagreatpotentialofadaptationto
near-future OA conditions.
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A9.22 RUDDY SHELDUCK:
A HIGH ALTITUDE MIGRANT

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@ NICOLE PARR (UNIVERSITY OF EXETER, UNITED KINGDOM),
DAVID DOUGLAS (USGS, UNITED STATES), SCOTT NEWMAN
(FOOD AND AGRICULTURE ORGANIZATION OF THE UNITED
NATIONS (FAO), UNITED STATES), WILLIAM PERRY (USGS,
UNITED STATES), DIANN PROSSER (USGS, UNITED STATES),
JOHN Y TAKEKAWA (USGS, UNITED STATES), LUCY HAWKES
(UNIVERSITY OF EXETER, UNITED KINGDOM)

@ N.PARREEXETER.AC.UK

Highaltitudeenvironmentsposeanumberofchallengestohumans
andanimalsincludinggreatlyreduced oxygenavailability. Despite
this,birdsareknowntomakemigrationsacrossmountainranges,
encounteringreducedpartialpressuresofoxygen, whileengaging
inoneofthemostcostly forms oflocomotionintermsofoxygen
requirement (flight). In order to investigate the limitations of
hypoxia tolerancein a high altitude migrant, we used satellite
trackingtorecordthemigrationof15Ruddy Shelduckastheyflew
fromwinteringgroundsinSouthern Asia, tobreedinggroundsin
centralChina,includingtheirflightacrosstheeasternHimalayan
Mountainranges.Duringtheseflightswerecorded Ruddy Shelduck
flyingupto6800m, withamedianclimbrateofascendingbirds
0f203.4mhour-1 (range 2.5-3098 m hour-1). These findings are
discussedintermsofthecostofsustainingflappingandintermittent
climbingflightinconditionswherethe oxygencontentisaslittle
ashalfthatatsealevel. Furthermore, thesefindingssuggestthat
barheadedgeesemaynotbetheonlymigratingbirdshowcasing
numerous physiologicaladaptationstohelpmeettheincreased
costsofflightathighaltitude.

A9.23 EFFECTS OF AN ECOSYSTEM
ENGINEER MOTH IN A TROPICAL
ENVIRONMENT: INCREASE OF
ABUNDANCE ANDDIVERSITY OF SPECIES
ASSOCIATED TO THE HOST PLANT

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@ MARIANA VELASQUE (PLYMOUTH UNIVERSITY, UNITED
KINGDOM), KLEBER DEL CLARO (FEDERAL UNIVERSITY
OF UBERLANDIA, BRAZIL)

@ MARIANA.VELASQUEBORGES@PLYMOUTH.AC.UK

Variationinplantphenologyallowsplantstoescapefromherbivory.
Insectherbivoresmanipulatetheirhostplantsbyproducingshelters,
whichtheyinhabit, and are protected against natural enemies
and/orunfavorable environmental conditions. Environmental
modificationsinducedbylivingorganismsarecharacterisedas
ecosystem engineering. We studied the interaction between a
Malpighiaceaeshrub, Byrsonimaintermedia,anditsmainherbivore,
thecaterpillar Cerconotaachatina,ashelter-buildingorganismin
the Brazilian savanna. The environment was very seasonally
inconstant, particularlyregardingrainfall, whichregulatedseveral
aspectsofB.intermedia. Wefocused onwhetherthe phenological
developmentofthehostplantaffectstheinfestationandsuccess
ofthecaterpillars,andwhether C. achatinaactsasanecosystem
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engineerbybuildingshelters. Allplantvariables (numberofleaves,
flowers, buds, fruitsand herbivores) were measuredfortnightly.
Phenological data were correlated with climatic information.
The impact of the caterpillars acting as ecosystem engineers
wasmeasuredexperimentally. Cerconotaachatinaactsasatrue
ecosystemengineer,increasingthediversityandabundance of
speciesassociatedwith B.intermediainbothdryand wetseasons.
Thisstudyisthefirsttoquantifytheeffectofanecosystemengineer
inatropicalenvironmentwithstrongvariationsinseasonalityand
plantphenology.

A9.24 RELATIONSHIP BETWEEN
AGGREGATIONS OF A SOLITARY BEE
AND ATTRACTIVENESS OF NESTING
PLACE FOR OTHER SPECIES OF
TRAP-NESTING INSECTS

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@ JUSTYNA KIERAT (INSTITUTE OF ENVIRONMENTAL
SCIENCES, JAGIELLONIAN UNIVERSITY, POLAND),
WALDEMAR CELARY (DEPARTMENT OF ECOLOGY AND
ENVIRONMENTAL CONSERVATION, INSTITUTE OF
BIOLOGY, JAN KOCHANOWSKI UNIVERSITY, POLAND),
MICHAL WOYCIECHOWSKI (INSTITUTE OF ENVIRONMENTAL
SCIENCES, JAGIELLONIAN UNIVERSITY, POLAND)

@ JUSTYNA.KIERAT@DOCTORAL.UJ.EDU.PL

Many species of solitary Hymenoptera nest in aggregations.
Aggregated nesting may be favoured because of presence of
conspecifics, or it is only a by-product of choosing suitable
environmental conditions by many individuals. One of the
hypotheses explaining preference of aggregations postulates
more effective protection against nesting parasites in larger
aggregations. Because many nesting parasites attack several
species,wehypothesizedthatnestinginheterospecificaggregations
mayprotectnestsofallaggregationmembersagainstparasites.
Then, females should favour nesting in existing aggregations
eveniftheyconsistofotherspecies.Inourexperimentweaimed
tocheckwhetheranexistingaggregationofonespeciesofsolitary
Hymenopterawillattractotherspeciestoestablishneststhere. We
comparedabundanceofsolitaryHymenopteranestinginartificial
trapnests(consistingofreedstraws)with pre-establishedredmason
beeaggregations,orwithoutthem.Contrarytoourexpectations,the
numbersofnestsestablishedbyotherspeciesintrapnestswithor
withoutredmasonbeeaggregationdidnotdiffersignificantly,and
theriskofparasitismalsodidnotdifferbetweenthetrapnests.Our
resultssuggestthatfemalesinourexperimentwereattractedtothe
presenceofnestingmaterial (whichinnatural conditionstendsto
bealimitingfactor),and presenceofheterospecificaggregationdid
notplayanimportantroleinselection ofnestingplace.
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A9.25 INTER- VS INTRA-
INDIVIDUAL VARIATION AND
TEMPORAL REPEATABILITY OF ESCAPE
RESPONSES IN THE CORAL REEF FISH
AMBLYGLYPHIDODON CURACAO

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

& DOMINIQUE G ROCHE (UNIVERSITY OF NEUCHATEL,
SWITZERLAND), MAIWENN JORNOD (UNIVERSITY
OF NEUCHATEL, SWITZERLAND)

@ DOMINIQUE.ROCHE@UNINE.CH

Fast-startescaperesponsesarecriticalbehavioursusedbyfishes
duringpredator-prey encountersandsomeinteractionswithhetero-
andconspecifics.Inexperimentalstudies, escaperesponsesare
oftenmeasuredonceperindividualand consideredrepresentative
of maximum performance. However, fewstudieshave compared
variabilityandrepeatabilityinescape performanceswithinand
amongindividuals. Usingthetropicaldamselfish Amblyglyphidodon
curacao, we quantified inter- and intra-individual variation in
behaviouralandkinematic componentsofescapeperformance
duringrepeatedpresentationsofastimulusat 15minintervals.
Individualmaximumescapeperformancewasrepeatablethrough
time, but there was considerable variationin the magnitude of
responsesbothamongandwithinfish. Wefoundno evidence of
habituationorfatigueduetorepeatedstimulations, suggesting
thatfishcanbestimulatedmultipletimestoensurethatanaccurate
estimate of maximumescapeperformanceisobtained.

A9.26 THE EFFECT OF TEMPERATURE
ACCLIMATION ON TRANSCRIPTION IN
RAINBOW TROUT GILL CELLS

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@ MARIO LEWIS (UNIVERSITY OF TURKU, FINLAND)

@ MARIO.LEWIS@UTU.FI

Climatechangeismostevidentathigherlatitudes, wheredaily
and seasonal changes in temperature are pronounced. Cells
of poikilotherms exhibit the ability to acclimate to different
temperatures and to understand how fish are able to adapt to a
warmingenvironment, wewantedtoevaluateifgenetranscription
rates also exhibit acclimatory responses. The nuclear run-on
assayprovidesanaccuratequantificationoftranscriptionrates,
howeverthetemperatureatwhichtranscriptionrateismeasuredis
usuallyperformedatatemperature considerablyhigherthanwhat
temperatefishexperienceinnature. Thus, theaimofthestudyisto
determinehowtranscriptionratesofmetabolicenzymegenesare
affectedbythedifferentin-vitroreactiontemperaturesandhowthe
transcriptionofglycolytic,anaerobicandaerobicenzymegenesare
alteredbyacclimationtodifferentgrowthtemperatures.
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A9.27 ONSET OF KAIROMONE
SENSITIVITY AND THE DEVELOPMENT
OF INDUCIBLE MORPHOLOGICAL
DEFENCES IN DAPHNIA PULEX

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@ SINAMBECKER (RUHR-UNIVERSITY BOCHUM, GERMANY),
ESTHER HEILGENBERG (RUHR-UNIVERSITY BOCHUM, GERMANY),
LISA DEUSSEN (RUHR-UNIVERSITY BOCHUM, GERMANY),
SEBASTIAN KRUPPERT (RUHR-UNIVERSITY BOCHUM, GERMANY),
RALPH TOLLRIAN (RUHR-UNIVERSITY BOCHUM, GERMANY),
LINDA C WEISS (RUHR-UNIVERSITY BOCHUM, GERMANY)

@ SINA.BECKER@RUB.DE

Themicro-crustacean Daphniapulexisamodelspeciesforstudying
predator-induced defences. When exposed to chemical cues
released by its predator, the phantom midge larvae Chaoborus
(Diptera),itdevelopsprotectiveneckteeththatreducethepredator’s
success of predation in the juvenile instars. Defensive traits
needtobeexpressedassoonaspossible,whichrequiresanearly
sensitivitytopredatorcues. Weinvestigatedtheexactkairomone
sensitiveperiodinthree Daphniapulexstrainsandthetimeline of
neckteethexpressioninearlyjuvenileinstars. Forthat, wedivided
embryonicdevelopmentintofivemajorstagesbasedonsuccessive
morphological landmarks. We stimulated these stages during
differenttimepointsandintervalstodeterminethesensitiveperiods
forneckteethexpressioninthe1*tand2"juvenileinstar. Ourresults
indicatethatkairomonesensitivity startsduringembryogenesis
whencompoundeyespotsbegintofuseandeggmembranesareshed.
Neckteethdevelopwithastagedependenttimelag,beingshorter
whenexposedinthefirstkairomonesensitivestageandlongerwhen
exposedinthefollowingdevelopmentalstages.Evolutionofearly
kairomonesensitivityandfastdefencedevelopmentisacrucialstep
inD. pulex’sdefencesagainst Chaoborusasitallowsforprotection
ofthemostvulnerablejuvenilestages.

A9.28 DEVELOPMENT AND ADAPTATION
OF AN IN VITRO RAINBOW TROUT GILL
MODEL FOR USE AS AN ALTERNATIVE
TO LIVE FISH STUDIES

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@ RICHARD J MAUNDER (PLYMOUTH UNIVERSITY, UNITED
KINGDOM), MATTHEW G BARON (PLYMOUTH UNIVERSITY, UNITED
KINGDOM), STEWART F OWEN (GLOBAL SAFETY HEALTH AND
ENVIRONMENT ASTRAZENECA, UNITED KINGDOM), AWADHESH N
JHA (PLYMOUTH UNIVERSITY, UNITED KINGDOM)

@ RICHARD.MAUNDER@PLYMOUTH.AC.UK

Thedevelopmentandvalidationofreliableinvitromethodsthat
offeranalternative to conventional in vivo studiesisbecoming
increasinglyimportant. We haverecentlyinitiated methods of
primary cellculture fordifferentcelltypesofrainbowtrout (liver,
gutandgills),andaimtocombinethesetissuesinco-culturesto
provide an in vitro model with a higher degree of predictivity
towardsinvivoresponses. Herewereportonworkinvestigatingthe
furtherdevelopmentandadaptationofanexistingdouble-seeded
gillepithelialmodelthatisgrownonacellcultureinsertwithina
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microplatewell. Themodelisahumanealternativetoinvivostudies
ofgillphysiology, toxicity testing,bioaccumulationstudiesand
waterqualitymonitoring. Thestudyaimsweretoinvestigatethe
effectofdifferentculturemethodsonthegillmodel viabilityand
tomaximiseitslifespanandfunctionality. Wefoundthatthetime
takentoproducetheculturescouldbereducedbyremovingblood
cellsfromthegillsviaperfusionpriortouse. Cultureassessment
viatrans-epithelialresistanceandscanningelectronmicroscopy
revealedthatcellsdidnotadheretomembraneswithhigherporosity,
butthattimetoconfluenceandresponsetoapical wateraddition
couldbeimproved by supplementing with native serumand by
growingunderrotationalflow.Indeed, gillsfromlargerfish (~400g)
couldbeculturedsuccessfullyandthefishprovidetheirownserum
forlaterculture. Futureworkaimstofurthercharacterisethisrobust
modelandusewithintoxicologicalandphysiologicalresearch.

A9.29 WARMING AND COOLING RATES
ARE UNAFFECTED BY AUTONOMIC
VASCULAR CONTROL IN THE SOUTH
AMERICAN RATTLESNAKE

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@ RENATO FILOGONIO (AARHUS UNIVERSITY, DENMARK), CLEO
A. C. LEITE (UFSCAR, BRAZIL), AUGUSTO S. ABE (UNESP-
RIO CLARO, BRAZIL), TOBIAS WANG (AARHUS UNIVERSITY,
DENMARK)

@ RENATOFILOGONIO@GMAIL.COM

Reptilestypicallyheatfasterthantheycool.Resultingthermal
hysteresisisbelievedtostemfromincreasedskinperfusionduring
heating, whilstcutaneousperfusionisreducedduringcoolingto
retainbodyheat.Here,a-adrenergiccontrol of the vasculatureis
believed tobe of paramountimportance,and hencereflectinga
sympatheticregulationofthermalconductanceovertheskin.It
hasalsobeenproposedthatvagalcontroloverpulmonaryblood
flow serves to shunt blood away from pulmonary circulation,
avoidingheatdispersalthroughrespiratorysurface.IntheSouth
Americanrattlesnake (Crotalusdurissus), parasympatheticcontrol
ofpulmonaryvascularresistanceissolelyunderregulationofthe
leftvagus,suchthatleftvagotomyresultsinlossofcardiacshunt
controlwithoutdisruptingotherautonomicfunctions. Wetested
theinfluence oftheaforementionedmechanismsonwarmingand
coolingratesof C.durissusbyimplantingtemperatureloggerson1l
snakes—separatedintoacontrolandaleftvagomotomisedgroup
—andinjecting them with a-adrenergic blocker phentolamine.
Snakes were free to thermoregulate within a climatic chamber
with constant 15°C air temperature and intermittent heating
source (on:off-12:12h). Snakeswarmedfaster (1.2+0.9min/°C)
thancooled (12+1.4min/°C),andbehavioralthermoregulationwas
apparentwheneverbodytemperaturereached~25°C.None ofthem
stabilizedbodytemperaturewithroomtemperatureduringcooling.
Nodifferencesinwarmingandcoolingrateswereobservedbetween
treatmentswiththea-blockadeorvagotomisation. Theseresults
indicatethatphysiologicalthermoregulationincylindricallow
massreptilesisunaffectedbyautonomicvascularregulation,and
questionthefunctionalsignificanceof cardiacshunts.
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A9.30 PHYSIOLOGICAL AND
BEHAVIOURAL RESPONSES UNDER
HYPOXIC CONDITIONS IN INVASIVE
AND NATIVE FRESHWATER FISH SPECIES

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@ JULIE JH NATI (UNIVERSITY OF GLASGOW, UNITED KINGDOM),
JAN LINDSTROM (UNIVERSITY OF GLASGOW, UNITED KINGDOM),
WILLIAM YEOMANS (UNIVERSITY OF GLASGOW, UNITED
KINGDOM), SHAUN S KILLEN (UNIVERSITY OF GLASGOW,
UNITED KINGDOM)

@ J.NATI.1@RESEARCH.GLA.AC.UK

Thespreadofnon-nativefishspeciesintonovelenvironmentsis
predictedtoincreasewithclimatechange. Whilesomeintroduced
specieshaveminimaleffectsontheirnewhabitats,othersbecome
invaderswithanumberofsevereimpactsonecosystems, often
causingdisplacementofnativefishspecies. Themechanismsthat
allowcertainspeciestobecomesuccessfulinvadersarestillpoorly
understood,butonecharacteristicdefiningagoodinvaderisthe
capacitytocopeandthriveindisturbedenvironments.Intheevents
ofunfavourable conditions, such ashypoxicepisodes,invasive
speciesmightbebetteradaptedandflexibleintheirphysiological
andbehaviouralresponsestowardsthisstressor.InScotland, the
bullhead(Cottusgobio)isconsideredinvasiveafterbeingintroduced
inthe Clyde River 100 years ago. This freshwater fish speciesis
suspectedtocoexistandcompetewiththenativebenthicstoneloach
(Barbatulabarbatula)withinthesameecologicalniche.Inthisstudy,
we comparedphysiological (e.g. metabolicrate)and behavourial
traitsbetweenbullheadsandstoneloachesoverdifferentdissolved
oxygen(DO)concentrationsinthewater (100%,80%,60%,40%,
30%,25%and20%D0)withtheaimtoinvestigateand compare
thecopingcapacitiesbetweenthetwofishspeciesfacinghypoxic
conditions.

A9.31 ELUCIDATION OF FINE-SCALE
MOVEMENT BEHAVIOUR IN EUROPEAN
BADGERS (MELES MELES)

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@ KATIE BARBOUR (QUEENS UNIVERSITY BELFAST, UNITED
KINGDOM), NIKKI J MARKS (QUEENS UNIVERSITY BELFAST,
UNITED KINGDOM), RICHARD J DELAHAY (NATIONAL WILDLIFE
MANAGEMENT CENTRE ANIMAL AND PLANT HEALTH AGENCY,
UNITED KINGDOM), RORY P WILSON (SWANSEA UNIVERSITY,
UNITED KINGDOM), MIKE SCANTLEBURY (QUEENS UNIVERSITY
BELFAST, UNITED KINGDOM)

@ KBARBOUR0O1@QUB.AC.UK

Studiesdescribingthemovementoffree-ranginganimalshave
recentlybecomeheavilyreliantontheuseofremotely collected
globalpositioningsystem (GPS)data. However, thesedatatypically
onlyincludeintermittentpositionalinformation, withasampling
frequencythatisconstrainedbybatterylife. ‘Deadreckoning’ of
animalmovements, whichusesthe combinedinformationfrom
GPSandtri-axialaccelerometerandmagnetometerloggersisone
alternative. Thisapproachhasthepotentialtoprovidecontinuous
information on animal movement, behaviour andinteractions
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with various habitat features, providing important ecological
informationonanimal-environmentinteractions. Weexamine
movementpatternsofthe Europeanbadger, aspeciesotherwise
difficulttostudybecauseofitsnocturnalandfossoriallifestyle.
Homerangesizesanddistancestravelledarecomparedbetween GPS
and GPS-enhanceddeadreckonedtrackstohighlighttheadditional
informationthatcanbegatheredusingthistechnique.Initialresults
suggestthedead-reckoneddistancetravelledpernightis1.5times
greaterthandistancetravelledpernightestimated viaGPS.

A9.32 AUTONOMIC REGULATION

AND THE ROLE OF NITRIC OXIDE ON
THE CIRCULATION OF THE AFRICAN
LUNGFISH,PROTOPTERUS AETHIOPICUS

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@ RENATO FILOGONIO (AARHUS UNIVERSITY, DENMARK),
TOBIAS WANG (AARHUS UNIVERSITY, DENMARK)

@ RENATOFILOGONIO@GMAIL.COM

Lungfishesarekeyorganismstounderstandthetransitionfrom
watertolandamongstvertebrates. Unlikeotherfish,lungfishes
areendowedwithbothsystemicandpulmonarycirculations,and
theirincompletely divided ventricleallowsforbloodtobypasseither
circuitdependingondifferencesbetweenvascularconductances. To
understandhow vascularconductancesareaffectedbyautonomic
nervous system and nitric oxide (NO) in African lungfishes
(Protopterus aethiopicus), we measured vascularreactivity of
fourvesselsegmentsinvitro:efferentbranchialarteries, gillartery,
ductusarteriosusandpulmonaryartery. Dose-responsecurves
wereconstructedusingincreasingdosesofthemuscarinicagonist
acetylcholine,aandB-adrenergicagonists (phenylephrineand
isoproterenol, respectively),orthe NO donor, sodiumnitroprusside
(SNP).Onlyductusarteriosusvasodilatedinresponseto SNP,with
amaximum effectiveactive pressure (Ap) of0.26+0.15kPa, but
wasunaffectedby NOprecursor, L-arginine.Isoproterenol caused
vasodilationinallsegmentstested,althoughweakerthanSNPatthe
ductusarteriosus (A p=0.06y0.03kPa). Athigherconcentrations,
isoproterenol caused vasoconstriction that returned values
closetobaseline,whichwasblockedbya-adrenergicantagonist
phentolamine. Acetylcholine caused vasoconstriction in all
segments, particularlyinthepulmonaryartery (Ap=1.5+0.3kPa).
Allvesselsvasoconstrictedwithphenylephrine,butpulmonary
artery’s response was weaker (Ap=0.5y0.1 kPa) and at higher
dosesthanacetylcholine.GiventhatL-argininedidnotstimulate
endothelial NOsynthesis, ourresultsindicatethat NOisderived
from perivascular nitrergic nerves on the ductus arteriosus.
Additionally,muscarinicstimulationapparentlyhasastronger
effect on pulmonary vasculature than adrenergic stimulation
inlungfishes.
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A9.33 BIRDS RECOGNIZE PARASITIC
EGGS USING COLOUR CATEGORIZATION

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

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

@ DANIELHANLEYOO@GMAIL.COM

Hostsofavianbroodparasitesmustrecognizeandrejectparasitic
eggs or suffer the fitness consequences of raising an unrelated
offspring. Egg discrimination is a difficult cognitive task, and
scientistshavelongassumedthathostsrejectforeigneggsbased
ontheirdegreeofperceived colourdissimilaritytotheirowneggs.
However, itisalsopossiblethathostsusemorecomplexcognitive
decision-rules, e.g., colour categorization, to make rejection
decisions.Here,throughaseriesofexperiments, weexplored host
responsesacrosstheavianperceived colourspace. Wefoundthat
hostsrejectedbrowneggsbutacceptedequally dissimilarblue-
greeneggs, whichsuggeststhathostsusecolourcategorization for
rejectiondecisionsratherthanbasingdecisionsonperceivedcolour
differences. Thesefindingsprovideanimportantadvanceinour
understandingofhostcognitivemechanisms,andprovidenovel
directionsforresearchintheareaofhost-broodparasite coevolution.

A9.34 ANALYSIS OF ENERGY DENSITY
VARIATIONS IN SARDINE (SARDINA
PILCHARDUS) IN THE ENGLISH
CHANNEL AND THE BAY OF BISCAY

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@& LOUISE COMINASSI (UNIVERSITY OF HAMBURG, GERMANY),
MARTIN HURET (IFREMER, FRANCE), PAUL GATTI (IFREMER,
FRANCE), HERVE LE DELLIOUX (IFREMER, FRANCE), ESTELLE
MONGES (IUEM, FRANCE)

@ LOUISE.COMINASSI@GMAIL.COM

Thepressuresinducedby climate changeand human activities
leadtoadecreaseinfishstocksabundanceandmayalsoaltertheir
movementand/orbehavior. Tounderstandandgraspthesechanges
itispossibletostudythespatialandtemporalevolutionoffishusing
conditionindexsuchastheenergydensity (ED).
Theenergydensityofthesardine (Sardinapilchardus) was
determined,inthe English Channelandinthe Bay of Biscay, by
directcalorimetry.First,twoparameters,theindexof Fulton (K)
andhumidity,whichareusetoestimatetheenergyoffish,havebeen
correlatedwithED. Theindexof Fulton (K)iscorrelatedwithEDas
humidity;howeverthisparameterfollowstheoppositetrend. The
indexKmaskthelossofwaterwhichtakesplaceinwinter,assuch
thisindexislessinformativethanED.Secondly, thevariability of ED
wasinvestigateddependingonsize,seasonandspace. Theresults
obtainedshowthatEDincreaseswithsize. Furthermore,EDofdry
mass(Mdry)varysignificantlyduringtheyearwithhighvaluesin
autumn (28.8k].g-1)andlowestinwinter(19.6k].g-1). Duringwinter
reservesdiminishinfavorofwatercontent. Thesevariationsof
organicmatterandwatercontentcanberelatedtotheavailability of
foodandthereproductivecycle.EDvariationsinsardineswerealso
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studiedspatially. Thus,aspatial variationwasobservedbetween
theEnglishChannelandtheBayofBiscayinfallandintheBayof
Biscayinspring.

A9.35 RESTORED PHENOTYPES
BY ATG8 COMPLEMENTATION

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@ ALANNA C. F. PEREIRA (UNIVERSIDADE ESTADUAL DE SANTA
CRUZ, BRAZIL), FABIANA A. C. SILVA (UNIVERSIDADE
ESTADUAL DE SANTA CRUZ, BRAZIL), MARTIM BRENDEL
(UNIVERSIDADE ESTADUAL DE SANTA CRUZ, BRAZIL),
CRISTINA PUNGARTNIK (UNIVERSIDADE ESTADUAL DE SANTA
CRUZ, BRAZIL)

@ BELLEFP@GMAIL.COM

Autophagy (ATG)isacellularprocessthatcausesdegradationof
long-livedproteinsandrecyclingofcellularcomponentstoassure
survivalduringperiodsofnutritionallackorotherenvironmental
stresses. In this process Atg8 proteinis essential for formation
ofthesystem. Theroleofthesecretorypathwayinautophagyis
largelybystudiesinyeast,theimportanceoftheautophagyprocess
canbeverifiedinmutantsatg8A;theS. cerevisiaeforsawpresent
characterizedphenotypealready. M. perniciosaputativeautophagy
gene MpATG8wastestedbyintroducingitintoyeastmutantatg8A;
andtestingforheterologousexpressionphenotypicsporulation
complementation and TcPR-10p sensitivity, the pathogenesis-
related protein PR-10 of Theobroma cacao has antifungal action
andribonucleaseactivityinvitro.Formation of oxygenradicals
(ROS) afterexposureto TcPR-10pwasobservedusingfluorescence
microscopywithdihydroethidium-stainedcells. WTand mutant
atg8A;transformedwithasingle-copyvector containing MpATG8
geneshowedpracticallythesameresistanceto TcPR-10pandsimilar
formationofROS, whilemutantatg8A;wassensitiveandexhibited
increasedROSaccumulation. Thissuggeststhattheproteincodified
byMpATG8isfunctionallyexpressedinS. cerevisiaeand protects
against TcPR-10pwhereasmutantatg8A accumulatesROSunder
thesameconditions,alsoourresultsshowthe sporulationcould
berestoredinatg8A /atg8A diploids whentransformedwithone
copy of MpATGS.
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A9.36 THE ORIGIN OF MASS-SCALING
OF METABOLIC RATE &NDASH; TESTING
THE ROLE OF BODY COMPOSITION AND

CELL SIZE IN CARABIDAE BEETLES

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION
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A9.37 TWO-CURRENT CHOICE FLUMES
FOR FISH CHEMOSENSORY BEHAVIOUR:
METHOD VALIDATION AND LIMITED
EFFECTS OF HIGH CO,

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@& BARTOSZ W SCHRAMM (INSTITUTE OF ENVIRONMENTAL
SCIENCES, JAGIELLONIAN UNIVERSITY, POLAND),
AGNIESZKA GUDOWSKA (INSTITUTE OF ENVIRONMENTAL
SCIENCES, JAGIELLONIAN UNIVERSITY, POLAND),
ANDRZEJ ANTOL (INSTITUTE OF ENVIRONMENTAL SCIENCES,
JAGIELLONIAN UNIVERSITY, POLAND), ARTUR R BURZAWA
(INSTITUTE OF ENVIRONMENTAL SCIENCES, JAGIELLONIAN
UNIVERSITY, POLAND), NATALIA SZABLA (INSTITUTE OF
ENVIRONMENTAL SCIENCES, JAGIELLONIAN UNIVERSITY,
POLAND), ANNA SIKORSKA (INSTITUTE OF ENVIRONMENTAL
SCIENCES, JAGIELLONIAN UNIVERSITY, POLAND), ANNA
M LABECKA (INSTITUTE OF ENVIRONMENTAL SCIENCES,
JAGIELLONIAN UNIVERSITY, POLAND), ULF BAUCHINGER
(INSTITUTE OF ENVIRONMENTAL SCIENCES, JAGIELLONIAN
UNIVERSITY, POLAND), MARCIN CZARNOLESKI (INSTITUTE
OF ENVIRONMENTAL SCIENCES, JAGIELLONIAN UNIVERSITY,
POLAND), JAN KOZLOWSKI (INSTITUTE OF ENVIRONMENTAL
SCIENCES, JAGIELLONIAN UNIVERSITY, POLAND)

@ BARTOSZ.SCHRAMM@GMAIL.COM

Adeceleratingincrease of metabolicrate withbodymassisone of
themostnotable, yetstillpoorlyunderstoodpatternsinbiology.
Todescribethisphenomenon, thedynamicenergybudget (DEB)
hypothesis predicts a disproportionate increase in mass of the
metabolicallyinactivetissues(e.g.skeletalmassandreservefats)
withbodymass.Conversely,optimalcellsizetheoryproposesthe
relationshipbetweencellsizeandnumberasthedrivingforce for
thevariationsinthescaling ofrespirationrate withbody mass.
Specifically, it postulates the decreaseinmembraneareato cell
volumeratio, whichinturnwouldresultinlowermaintenancecosts
ofthecellsthemselves.

Here,westudiedphylogenetically correctedmetabolicrate,
body composition, cellsize (epithelium cellsof Malpighiantubules),
andacellsizeproxy (ommatidiafacetsize)in15speciesof Carabidae
beetlestestingthepredictionsoftheaforementionedhypotheses.
Bodycompositionprovedtobeinadequatetoexplainthenegative
allometryofrespirationratepredictedbythe DEB.Exoskeletalmass
scaledwithanegativeallometry (p<0.001) withtissuemasswhilst
thefatreserveswerebodymass-invariantwithascalingexponent
equaltol.Simultaneously,astrongpositivecorrelationbetweencell
sizeandbodymasswasdetected (r?=0,56,p<0.01). Additionally,two
groups, consistingofmorecloselyrelated species, exhibited higher
respirationrateaccompaniedbysmallercellsizeandviceversa.
Therefore, wepresentevidencetosupportcellsizeoptimizationas
oneoftheevolutionarymechanismsunderpinningthemass-scaling
of metabolismandthevariationinthisrelationshipindifferenttaxa.

@ JOSEFIN SUNDIN (UPPSALA UNIVERSITY, SWEDEN),
FREDRIK JUTFELT (NORWEGIAN UNIVERSITY OF SCIENCE
AND TECHNOLOGY, NORWAY), GRAHAM D RABY (UNIVERSITY
OF WINDSOR, CANADA), TIMOTHY D CLARK (UNIVERSITY OF
TASMANIA AND CSIRO AGRICULTURE FLAGSHIP, AUSTRALIA)

@ JOSEFINETEAMSUNDIN.SE

Oceanacidificationhasbeensuggestedtodisturbfishbehavioural
responsestochemosensorycues. Choiceflumesareoftenusedto
assesspreferenceoravoidanceofawatersource containingspecific
chemicalcues,andavarietyofmethodshavebeendescribedinthe
scientificliterature. However,thereisaclearabsenceofstandardised
methodologies, whichmakescomparisonsacrossstudiesdifficult.
Two-currentchoiceflumescarrytwoparallellaminarwaterflows
through an arena where the experimental animal can choose
betweenthetwoflows,andthetwoflowscanbemanipulated(e.g.
hypoxia,hypercapnia, prey/predatory cues). Here we presentbest-
practiceguidelinesonhowtobuild, testandusetwo-currentchoice
flumestomeasurethebehaviouralresponsesofaquaticanimals
tochemicalcues. WeshowthathighCO, appearstohavelimited
effectsontemperateaswellascoralreeffishes. Weencouragetheuse
oftheseapproachesinallfuturestudiestoenableacomprehensive
androbustunderstandingofany CO, effectsonthechemosensory
behaviouroffish.




ANNUAL MAIN MEETING BRIGHTON 2016

ANIMAL ABSTRACTS 125

A10 OPEN ANIMAL BIOLOGY

ORGANISED BY: DR PETER HUBBARD (UNIVERSITY OF ALGARVE, PORTUGAL)
AND DR LYNNE SNEDDON (UNIVERSITY OF LIVERPOOL, UNITED KINGDOM)

A10.1 SELECTION DRIVES
METABOLIC ALLOMETRY

™ WEDNESDAY 6 JULY, 2016 ©® 09:00

@ CRAIG RWHITE (MONASH UNIVERSITY, AUSTRALIA),
DANIEL ORTIZ-BARRIENTOS (THE UNIVERSITY OF
QUEENSLAND, AUSTRALIA), DUSTIN J MARSHALL
(MONASH UNIVERSITY, AUSTRALIA)

@ CRAIG.WHITE@MONASH.EDU

Living species vary in size from ~0.1 pg single-celled micro-
organisms to trees weighing several thousands tonnes. Putin
perspective, this ~10%* -foldrange is similar to the differencein
massbetweenanelephantandtheEarthitself. Theinfluence of
massonbiologicalprocessesispervasive,butisusuallyallometric:
al0-foldincreaseinmassistypicallyaccompaniedbyjusta4-to-
7-fold increase in metabolic rate. Understanding the basis of
allometricscalingisalong-standingprobleminbiology. Here,we
showtheinterspecificrelationshipbetweenmetabolicrateandbody
massarisesasaconsequenceofcorrelational selectiononthese
traits, coupled with negative directional selection on absolute
metabolic rate. This pattern of selection explains not only the
covariancebetweenmetabolicrateandbodymass(theallometric
scalingofmetabolicrate),butalsoexplainsthemagnitudeofthe
conditionalvarianceinmetabolicrate. Thecorrelationalselection
wedocumentconstraintstheevolutionofmass-specificmetabolic
rates(MSMR)suchthattheobservedrangeof MSMRsisjust50-fold
amongspeciesthatdifferinsizebytenbillion-fold. Ourresultslink
microevolutionaryprocessestomacroevolutionarypatternsto
describetheevolutionofmetabolicallometryinanimals.

A10.2 BODY SIZE AND CELL SIZE IN
THE NORTH AMERICAN FENCE LIZARD -
GEOGRAPHIC PATTERNS IN CLIMATE,
PHYLOGENY, BODY SIZE AND
ERYTHROCYTES SIZE

™ WEDNESDAY 6 JULY, 2016 ©® 09:15

@ NATALIA SZABLA (INSTITUTE OF ENVIRONMENTAL SCIENCES
JAGIELLONIAN UNIVERSITY, POLAND), ANNA MARIA LABECKA
(INSTITUTE OF ENVIRONMENTAL SCIENCES JAGIELLONIAN
UNIVERSITY, POLAND), KATARZYNA PAWLIK (INSTITUTE OF
ENVIRONMENTAL SCIENCES JAGIELLONIAN UNIVERSITY,
POLAND), OFIR LEVY (ARIZONA STATE UNIVERSITY, UNITED
STATES), MICHAEL J. ANGILLETTA JR. (ARIZONA STATE
UNIVERSITY, UNITED STATES), MARCIN CZARNOLESKI
(INSTITUTE OF ENVIRONMENTAL SCIENCES JAGIELLONIAN
UNIVERSITY, POLAND)

@ NATALIA.SZABLA@UJ.EDU.PL

Body size affects vital organismal traits such as metabolic
rate, fecundity orsurvival. A changeinbody sizeresults froma
changeincellnumberand/orcellsize,andthetheoryofoptimal
cellsizepredictsthat cellsizeitselfisthetargetofselection.On
theonehand, smallcellsproviderelativelylargemembranearea
for oxygen and nutrients transport which can help ectotherms
to meet increased demand for resources in warm or thermally
fluctuating environments. On the other hand, large amount of
membranesrequiremoreresourcestomaintaintheirphysiological
function,whatmakeslargecellsbeneficialinresource-deficient
environments. Weanalyzedbodysizeanderythrocytessize (our
proxy of cell size) in the fence lizard Sceloporus undulatus. The
studied lizards originated from eight populations with known
phylogenetic relationships, located at different latitudes and
longitudesinNorth America. Northernlizardshad generallylarger
bodysizeandsmallererythrocytesthansouthernlizards,though
cladesdifferedwithrespecttothislatitudinalpatternaswellsasthe
absolutevaluesofthestudiedtraits. Theresultsarediscussedwith
referencetodataonlocalmicroclimates,phylogenyandlifehistory.
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A10.3 EFFECT OF PERFORMANCE-BASED
PHYSICAL ACTIVITY ON THE PLASMA
PROTEOME OF BOTTLENOSE DOLPHINS
(TURSIOPS TRUNCATUS)

™ WEDNESDAY 6 JULY, 2016 ©® 09:30

@ BLAKE A MILLER (ROSS UNIVERSITY SCHOOL OF VETERINARY
MEDICINE, SAINT KITTS AND NEVIS), PAOLO NANNI
(FUNCTIONAL GENOMICS CENTER ZURICH, SWITZERLAND),
CLAUDIA FORTES (FUNCTIONAL GENOMICS CENTER ZURICH,
SWITZERLAND), MARIA R. ARREOLA (DOLPHIN DISCOVERY,
MEXICQO), MARIA VENCES (DOLPHIN DISCOVERY, MEXICO),
ROCIO CANALES (DOLPHIN DISCOVERY, MEXICO), ROBERTO
SANCHEZ-OKRUCKY (DOLPHIN DISCOVERY, MEXICO), ANDRE
M. DE ALMEIDA (ROSS UNIVERSITY SCHOOL OF VETERINARY
MEDICINE, SAINT KITTS AND NEVIS), DON R. BERGFELT
(ROSS UNIVERSITY SCHOOL OF VETERINARY MEDICINE,
SAINT KITTS AND NEVIS)

Thisstudywasdesignedtocharacterizetheplasmaproteomeand
itsresponsetoshort-termphysicalactivityinbottlenose dolphins
(Tursiopstruncatus).Bloodsampleswere collectedfromthetail
flukesoffourmaledolphins(2to6years)housedat DolphinDiscovery
inSt.Kitts(WestIndies). Collectionsweremadeintubescontaining
sodiumcitrateandweredonewithin 15minbeforeand 15minafter
performance-basedphysicalactivity.Physicalactivitywasdefined
asanapproximately44minlongswiminteractionwiththepublic.
Foreachoftheeightsamples,50pgofproteinswasextracted from
200 L of plasma and were digested using trypsin for shot-gun
proteomics. Peptideswereanalysedbyliquidchromatography-
massspectrometry (LC-MS)foridentificationandquantificationof
label-freeproteins.MassspectraweresearchedagainstNCBIand
SwissProtdatabases. Thisresultedintheidentificationof226 unique
proteinswithatleast2peptides, whichweresubjectedtomanual
geneontologyanalysis. Oftotal proteins, proteinbindingwasmost
prevalentat30.5%formolecularfunction,extracellularregionmost
prevalentat42.0%forcellularcomponent,andmetabolicprocess
was most prevalent at 14.2% for biological process. For protein
quantification,anincreaseordecreaseinabundancewasbased
onlog2(meanfoldchange) &le;-0.585 or &ge;0.585, respectively,
with a probability of P&le;0.06. The metabolic-related protein
flavinreductase (NADPH) andimmune-related proteinlysozyme
fldecreasedfollowingphysicalactivity. Althoughpreliminary
andnovel,resultsindicated thatthemetabolicandimmune system
pathwaysweredown-regulatedinresponsetoshort-termphysical
activityinbottlenosedolphins.

ANIMAL ABSTRACTS 126

A10.4 ICCS AND THE CONTROL OF
GUT MOTILITY IN SHORTHORN SCULPIN

™ WEDNESDAY 6 JULY, 2016 ® 09:45

& CATHARINA OLSSON (DEPARTMENT OF BIOLOGICAL AND
ENVIRONMENTAL SCIENCES, UNIVERSITY OF GOTHENBURG,
SWEDEN), JEROEN BRIJS (DEPARTMENT OF BIOLOGICAL AND
ENVIRONMENTAL SCIENCES, UNIVERSITY OF GOTHENBURG,
SWEDEN), GRANT W HENNIG (DEPARTMENT OF PHYSIOLOGY
AND CELL BIOLOGY, UNIVERSITY OF RENO, UNITED STATES),
ANNA-MARIA KELLERMANN (DEPARTMENT OF BIOLOGICAL AND
ENVIRONMENTAL SCIENCES, UNIVERSITY OF GOTHENBURG,
SWEDEN), MICHAEL AXELSSON (DEPARTMENT OF BIOLOGICAL
AND ENVIRONMENTAL SCIENCES, UNIVERSITY OF GOTHENBURG,
SWEDEN)

@ C.OLSSON@BIOENV.GU.SE

ICCs, or interstitial cells of Cajal, play a fundamental role in
controlling smooth muscle activity in the mammalian gut. By
generatingspontaneousdepolarisations, theyactaspacemakers
forgutmotilityandtheyalsoconveysignalsfromnervestomuscles.
Inthisstudy, weinvestigated thedistribution of ICCsalongthe
gastrointestinaltractofshorthornsculpin (Myoxocephalus scorpius)
andtheirinvolvementinvariousintestinalmotilitypatterns. Anol
(anoctamin1,aknownmammalianICCmarker)-immunoreactive
ICCswerecommoninallregionsofthegastrointestinaltractand
comprisedadensenetworkof multipolarcellsbetweenthecircular
andlongitudinalmusclelayers.Immunoreactive cellswerealso
seenwithinthemusclelayers.Inaddition,inhibitionofthe ICCs
altered motility in the proximal intestine as seen using in vivo
video-recordings. Whereas previous studies have shown that
substantialmotoractivity persistsafterblockingnervousinput
withtetrodotoxin(TTX),indicatingthatnervesarenotessential
to initiate and maintain gut contractions, the Anol-blocker
benzbromaronenearlyabolishedalltypesofmotilitypatternsin
theintestine. ThisindicatesthatICCs, similartowhatisseenin
mammals,areresponsibleforthesocalledmyogenicactivityin
fishaswell. However,unlikeinmammalswhereICCsprimarily
affecttheshallowrhythmicpropagatingcontractionsreferredtoas
‘ripples’, thesituationinfishseemstobemore complex. Ourresults
indicatethatICCsareinvolvedinbothripplesandmoreslowlyanally
propagatingcontractions,i.e.thetwomajorgutmotility patterns
observedinshorthornsculpin.
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A10.5 MICROBIAL COMMUNITIES
ALONG THE FISH GASTROINTESTINAL
TRACT ARE ASSOCIATED WITH VARIOUS
PHYSIOLOGICAL PARAMETERS

™ WEDNESDAY 6 JULY, 2016 ©® 10:00

@ AVNER CNAANI (AGRICULTURAL RESEARCH ORGANIZATION,
ISRAEL), ITZHAK MIZRAHI (BEN GURION UNIVERSITY,
ISRAEL), FOTINI KOKOU (AGRICULTURAL RESEARCH
ORGANIZATION, ISRAEL)

@ AVNERC@AGRI.GOV.IL

The digestive tract of vertebrate is associated with complex
assemblagesofmicroorganismswhicharebelievedtocontribute
to their host&rsquo;s functioning. Current information on gut
microbiota composition and functionis derived primarily from
mammals,whereithasrevealedassociationsbetweenmicrobial
composition and host diet, anatomy and phylogeny. However,
informationonsimilarassociationsinfishislimited. Fewstudies
have shown that dietary ingredients can potentially select for
differentmicrobeswithinthegastrointestinaltract.Inaddition,
fishgastrointestinaltractexhibitsregionalspecializationalong
the rostral&ndash;caudal axis similar to the mammalian gut.
Thus,itmaybeexpectedthatthebacterialtaxonomiccomposition
ofthevariouspartsinfishwouldalsobedifferent.Inthepresent
work, next-generationsequencingwasusedinordertodescribe
thebacterialcommunity compositionalongthegutofEuropean
sea bass (Dicentrarchus labrax). Fish were administered with
diets containing different levels of macronutrients. Microbial
communitiesofthemainpartsofthegastrointestinaltract, pyloric
caeca,midgutandhindgut, werecharacterizedbysequencingofthe
16SrRNA genes. Theresultsshowauniquespatialdistributionofthe
microbiome compositionacrossthegut, whichisreinforcedbydiet
andphysiologicalconditions. Thesefindings, suggestingecological
nichesacrossthefishgastrointestinaltractandtheirfunctional
meaning, will be discussed in the context of host-microbiome
interactions. Theinterpretationofsuchresultsishighlycrucialfor
betterunderstandingofthefishgut &ndash;microbeinteractions.

A10.6 SYNERGISTIC OR
ANTAGONISTIC EFFECTS OF TWO
MATERNALLY-DERIVED EGG COMPONENTS
(ANTIBODIES AND TESTOSTERONE)

ON OFFSPRING PHENOTYPE

™ WEDNESDAY 6 JULY, 2016 ©® 10:15

@ 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, MEXICO)

©@ 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,
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mRNA, antioxidants) butmoststudieshavefocusedonsingleegg
components (mostoftenyolktestosterone, orcorticosterone),and
onshort-termeffects. Here we simultaneouslymanipulated two
eggcomponents, maternally-derived antibodies (MAb)andyolk
testosteronetoassesspotentialsynergisticorantagonisticeffects
onoffspringphenotype. Weusedlipopolysaccharidetreatment
togenerateasecondaryimmuneresponseinfemalezebrafinches
(Taeniopygiaguttata), whichproducedclutchesofeggswithhigh
(LPS-treated) orlow (control) MAb. We thenused a split design
manipulatingyolktestosteronewithinclutchesofhigh-andlow-
MAbeggsusinginovoegginjection. Weinvestigateda) short-term
effectsofexperimentalmanipulationofbotheggcomponentsat
30dayspost-hatchingonchickgrowthandimmunefunctionat
fledging,andb)long-termeffectsatsexualmaturity (>90dayspost-
hatching)onphenotypicqualityofi/males(sons)usingstandardise
matingtrials (courtship,songrate, etc);ii/females(daughters) by
measuringreproductivetraitsduringbreeding (eggsize, clutchsize
etc),andiii/ cell-mediatedandhumoralimmunityinbothsexes.

A10.7 CHANGES IN WAVELENGTH

OF LIGHT ALTERS GROWTH, GONADAL
RESPONSE, HORMONES AND BLOOD
PROFILE OF JAPANESE QUAIL,
COTURNIX JAPONICA

™ WEDNESDAY 6 JULY, 2016 ©® 11:00

@ SUNEETA YADAV (BANARAS HINDU UNIVERSITY,
INDIA), CHANDRA MOHINI CHATURVEDI (BANARAS
HINDU UNIVERSITY, INDIA)

© SUNEETA17BHU@GMAIL.COM

Lightcolourorwavelengthaffectsgrowthandreproductionreported
inmanyavianspeciesbutreportsarerareinjapanesequail. Further,
bloodparametersandhormonalchangesarenotwelldocumentedin
quail. Threeweekmalequailwereexposedto LEDlightof different
colours- White, Blue, Greenand Red- having 30 lux of intensity.
Control quailwere keptin White fluorescentlight (701ux). All 5
groupswerekeptinLD 16:8photoperiodandprovidedwithfood &
wateradlibitum. TheBody weightandcloacalgland volume were
recordedweeklyupto35weekofage. Statisticalanalysisshowed
that,afteroneweekexposure,birdsunderallcoloured LEDlight
hadhigherbody weightcomparedtothatofwhitelight. Aftertwo
weekexposure (5.5weekofage),greenLEDlighthadhigherweight
comparedtoothergroupsthatwasmaintainedupto12.5weekof
ageexceptat8.5and9.5weekagewhenitwaslowerthannormal
controlalthoughhigherthanothergroups. After12.5weekage,
weightofgreenlightquailwashigherthanothergroupsalthough
itwasnotsignificantly differentfromred group. This condition
wasmaintainedupto35weekofage. Atthisage,thecorticosterone
level,plasmatestosterone concentration,H/Lratio, WBC,RBC,
Hemoglobin, GSIandtesticularvolumeweremeasured. TheH/L
ratio, WBC,RBCandhemoglobinweremeasuredandwerefoundto
bealteredindifferentgroups.Ourfindingsconcludethatgreenand
redlightstimulatehighergrowth &reproductionwithoutstress.
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A10.8 THE USE OF NANOTECHNOLOGY
AND RNAI TO CONTROL AGRICULTURAL
PESTS: CNT-DSRNA IN TRIBOLIUM
BEETLES

™ WEDNESDAY 6 JULY, 2016 ©® 11:15

@ EWAN M CAMPBELL (UNIVERSITY OF ABERDEEN, UNITED
KINGDOM), ANDREA CAPORALI (UNIVERSITY OF EDINBURGH,
UNITED KINGDOM)

@ E.M.CAMPBELL@ABDN.AC.UK

Globalfoodsecuritydependsontheeffective controlofagricultural

pests. The current paradigm in pest control is increasingly

unsustainableduetoescalatingresistancetomultiplepesticide

classesalongsideuncertaintyovercollateralenvironmentalharm.
Twoemergingtechnologies; Carbonnanotubules (CNTs)andRNA
interference (RNAi), were combined to develop aninnovative

methodtocontrolthenumberonepestofstoredfood,andmodel

organism,theRedflourbeetle, Triboliumcastaneum.Systemicand

long-lastingdepletionoftargetgenetranscriptscanbeaccomplished

usingdsRNA atanystageof T. castaneum development. Themethod

ofdeliveryofdsRNA,however,iscriticalinthesilencingresponse.
dsRNA can be micro-injected, orally fed and transgenically

expressedinorganisms,butsilencingefficiencycanbepoorand

remainsachallenge towidespread adoption of this technology.
Wetested CNTs, functionalizedwithdsRNA,asanon-toxicdrug

delivery vector able to efficiently cross cellular membranesin

vivo.CNTs,functionalisedwithdsRNA,totargetthebeetlegene

transcript, Atubwereinjectedintolarvae.Relative Atub-mRNA
levelswerethenquantifiedusinggRT-PCR toestimateknockdownin

beetlelarvae.SignificantlyincreasedsilencingoftargetmRNAand

highermortalitywasseenin CNT-dsRNAinjectedlarvaecompared

withdsRNA-onlytreatments. Toxicityto CNTswasextremelylow,
asmeasuredby doseresponse assaysand qRT-PCR of apoptotic

stressfactors. TEMimagingindicatedhighlevelsof CNT-dsRNA
complexesinsidebeetlecells. TheseresultsindicatethatdsRNA-
functionalised CNTsareamenableaslowtoxicity, highefficiency
vectorstoenablegene-silencingandmortalityinagricultural pest
species.

A10.9 BIOPHYSICAL ANALYSIS OF
NEURAL CHANGES UNDERLYING MEMORY
IN AN INVERTEBRATE MODEL SYSTEM

™ WEDNESDAY 6 JULY, 2016 ©® 11:30

@& DANIEL PRICE (UNIVERSITY OF SUSSEX, UNITED KINGDOM),
FELIX KERN (UNIVERSITY OF SUSSEX, UNITED KINGDOM),
THOMAS NOWOTNY (UNIVERSITY OF SUSSEX, UNITED KINGDOM),
ILDIKO KEMENES (UNIVERSITY OF SUSSEX, UNITED KINGDOM)

@ DP290@SUSSEX.AC.UK

Thefeedingsystemofthe Pond Snail, Lymnaeastagnalis,isusedas
asimplemodeltounderstandtheneuralmechanismsofmemory.
Followingasinglepairingofaconditionalstimulus,amylacetate,
andanunconditional stimulus, sucrose,anassociativememory
is formed that lasts for weeks. Underlying this is a persistent
depolarisation of the cerebral giant cell (CGC), which plays an
importantroleinthemaintenanceoflongtermmemory.Further
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analysisrevealsnosignificantchangeinothercellularproperties,
such as firing frequency, action potential shape, excitability
ormembraneresistance. Acomputationalmodel ofthe CGChas
previously been created, based on Hodgkin-Huxley analysis of
ionicconductances. Thismodelpredictsthatanincreaseinthree
voltage-gated conductances, thepersistentsodiumcurrent (Inap),
thedelayedrectifier (Ix) andthehigh voltageactivatedcalcium
current (Inva),issufficienttomimictheexperimentally observed
depolarisation. Ouraimwastotestthispredictionusingthedynamic
clamp.Duringdualelectroderecordingsthethreevoltage-gated
conductancestakenfromthemodel, wereartificiallyaddedtothe
CGCsinnon-trainedsnails,tosimulatetheeffectsofconditioning.
Thisshowedthat,intheiroriginalform,themodelconductances
donotdepolarisethe CGC. Thereforemodifications weremadeto
themodel of Inap, and the maximum conductances of the three
model currents. Once thiswasdoneadepolarisationofthe CCG
couldbeachieved, withoutasignificantchangeinspikefrequency.
Thisshowstheimportanceofdynamicclampindirectlytesting
theoreticalmodelsonlivingneurons.

A10.10 FEEDBACK INTEGRATION
ON THE FLY — A MODEL FOR PHASE-
CODED LOCOMOTOR CONTROL

IN DROSOPHILA BY CYCLIC AND
GRADED NEURAL INPUTS

™ WEDNESDAY 6 JULY, 2016 ©® 13:50

@ JAN BARTUSSEK (UNIVERSITY OF ROSTOCK, GERMANY), FRITZ-
OLAF LEHMANN (UNIVERSITY OF ROSTOCK, GERMANY)

©@ JAN.BARTUSSEK@UNI-ROSTOCK.DE

Motor control in flying insects requires the integration of
different sensory modalities such as feedback from eyes and
mechanoreceptors. Theimpressiveaerial performance offlies,in
particular, depends on the temporal precise activation of wing
steeringmuscleswithinnarrowphasebandsofthestrokecycle.
Visualpathwaysfromthecompoundeyesprovide gradedneural
potentialsduringflightthatarefusedwith phase-codedneural
spikesfromproprioceptivepathways. Westudiedthisintegration
processonthelevel of motoneuronsthatdrivewingsteeringmuscles,
usinganumerical Hodgkin-Huxleymodelforneuronalfunction. All
inputsweremodelledaselectrical synapsesthattransmitgraded
potentialsfromthevisualinterneuronsandcyclicspiketrainsfrom
themechanoreceptors. Wescoredmotoneuronfiringfrequency
andthetimerelationshipbetweenwingbeatcycleandmotoneuron
spikeinitiation. Withinaphysiologicalrange of parameters, our
simulationshowsthatbothcyclicandtonicfeedbackcanmodulate
thetiming of motoneuron spiking. These phase shiftsalterthe
efficacy of muscle mechanical power output, in turn allowing
modulationof wingkinematicsandthusflightcontrol. Themodel
further implies that the impact of visual feedback on muscle
activationphasestronglydependsonthestrengthandtemporal
structureofthecyclicfeedback.Thisagreeswithexperimentaldata
andsuggestsadynamiccontrol of visuomotorgainbyproprioceptive
feedback. Collectively, ourfindingsadvance ourunderstandingof
rapidfeedbackintegrationduringlocomotionininsectsbysensory
feedbackyieldingdifferenttemporal structure.
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A10.11 LOCAL ANAESTHETIC?
THE SYSTEMIC EFFECT OF
SUBCUTANEOUS LIDOCAINE
IN THE AMERICAN BULLFROG -
LITHOBATES CATEBEIANUS

™ WEDNESDAY 6 JULY, 2016 ©® 14:05

@ CATHERINE J A WILLIAMS (AARHUS UNIVERSITY, DENMARK),
AAGE K O ALSTRUP (AARHUS UNIVERSITY HOSPITAL, DENMARK),
MADS F BERTELSEN (COPENHAGEN Z00, DENMARK), CLEO A
C LEITE (FEDERAL UNIVERSITY OF SAO CARLOS, BRAZIL),
TOBIAS WANG (AARHUS UNIVERSITY, DENMARK)

@ CATHERINE.WILLIAMS@BIOS.AU.DK

Sodiumchannelblockers, suchaslidocaine,arecommonlyused
local anaesthetics; preventing processing of noxious stimuli
(nociception),buttheireffectsonthecentralnervoussystemand
heartprecludetheiruseathigherdosestoinducegeneralanaesthesia
inmammals. Here we investigate the effects of subcutaneous
injection of lidocaine (5 or 50 mg kg ) in bullfrogs (Lithobates
catebeianus) onreflexes, gularrespirationandheartrate (handled
group,n=10)orbloodpressureandheartrateviaanarterialcatheter
(n=6).5mgkg*lidocainedidnotaffectreflexeswithinanhourof
injection,andcausednosignificantheartratechangeinthehandled
group,butwasassociatedwithareductioningularrespiratoryrate
(from99+7to77y7breathsmin™). Thehigherdoseoflidocaine
causedafurtherreductioninrespiratoryrate,nosignificantchange
inhandledheartrate,butledtoaprogressivelossofrightingreflex
(completelossby50min), palpebralreflex (n=8lossat70min),and
contralateral toe pinch withdrawal (complete loss by 70 min).
Reflexeswereregainedover4h.Systemicanaestheticeffectswere,
however, notassociatedwithanti-nociception,asaforcepspinch
testatthesiteofinjection provokedmovementattheheightofthe
systemiceffect (70min). Amphibiansareroutinely subjecttogeneral
anaesthesiaviaexposuretosodiumchannelblockerssuchasMS222
orbenzocaine,howevercautionshouldbeexercised whenusing
injectablelidocaineinamphibians,asitappearstodosedependently
suppressreflexes, withoutnecessarily preventingnociception.

A10.12 THE EFFECT OF AMBIENT
LIGHT ON VULNERABILITY TO
PHOTODAMAGE IN CRUSTACEAN EYES

™ WEDNESDAY 6 JULY, 2016 ©® 14:20

@& MARTTA VILJANEN (UNIVERSITY OF HELSINKI, FINLAND),
NOORA NEVALA (UNIVERSITY OF HELSINKI, FINLAND), MAGNUS
LINDSTROM (TVARMINNE ZOOLOGICAL STATION, FINLAND),
KRISTIAN DONNER (UNIVERSITY OF HELSINKI, FINLAND)

@ MARTTA.VILJANEN@HELSINKI.FI

Lightdamageisacommonchallengeinanimal eyes,and many
animalsadaptedtolivinginverydimlightconditionshaveeyes
thatarenotonlyextremelylight-sensitivebutasatrade-offalso
highly vulnerable. A possible mechanism and the dynamics of
photodamagewerestudiedinapopulationofopossumshrimpMysis
relicta, whichlivesin a very dark Finnish lake (Pa&j$%rvi) and
hasbeenshowntobebothverysensitivetolightandsusceptible
tolight-induceddamage. Oneremarkablefeature of Crustacean
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visionistheabilitytoremainfunctionaloverwiderangeoflight
intensities,whichisatleastpartlyduethebistable visual-pigment
system,wheremetarhodopsincanbereconvertedtorhodopsinby
short-wavelengthlight. Themysidsofourstudypopulationhavea
highretinoidcontentintheireyes,arguablytoensureefficientdark
regenerationandahigh concentrationofnativerhodopsinwhenthe
sparseandlong-wavelengthshiftedilluminationcannotsupport
photoreconversion of metarhodopsin torhodopsin. This might
lead toexcessivephotonabsorptionunderbrighterlightexposures,
producingfreeradicalsand causingproteinandfattyacid oxidation.
We thus hypothesized that the susceptibility to damage from
strongerlightexposurescanbedecreasedbylong-termacclimation
toslowlyincreasingredbackgroundlight,expectedtodrivethe
rhodopsin/metarhodopsinsteady-statetowardsmetarhodopsin.
Theresultswerebroadly consistentwiththehypothesis,although
somewhatcontradictory.

A10.13 GETTING A LEG UP:

USING ANIMAL-BORNE TECHNOLOGY TO
MONITOR OLFACTORY COMMUNICATION
IN CANIDS

™ WEDNESDAY 6 JULY, 2016 ©® 14:35

@ OWEN R BIDDER (UNIVERSITY OF VETERINARY MEDICINE
HANNOVER, GERMANY), FRANK ROSELL (UNIVERSITY COLLEGE
OF SOUTHEAST NORWAY, NORWAY)

© OWEN.BIDDER@TIHO-HANNOVER.DE

Scentmarkingisanimportant, widespread, butpoorlyunderstood
form of cheat-proof olfactory communication in mammals.
Currently, the majority of the literature available on olfactory
communicationthroughscentmarkingislimitedtocaptiveanimals
ortowildindividualsofrelatively fewspecies. Thisispartlybecause
methods forstudyingwild animal scent markingarelimited to
manualtrackingusingconspicuousfieldsigns,suchasthoseleft
insnow. Asaresult,theresearchinthisfieldishighlyconstrained;
oftenconfinedtoareasofsufficientsnowfall, whereconditionsthat
donottypifythenorm.Newmethodsareurgentlyrequiredsothat
researcherscanputthisimportantecologicalphenomenoninto
propercontextacrossarangeofspeciesandhabitats.Inthistalk,
wewillreportoneffortstodevelopanewmethodologyutilising
animal-borneaccelerometerstoautomaticallymonitorwhencanid
speciesadoptacharacteristicposturetoscentmark. Themethodis
illustratedontheeasilytrainedandhandleddomesticdog(Canis
lupus familiaris) but is applicable to all canids that adopt this
posture. Thus,themethodoffersanexcitingopportunitytostudy
theolfactorycommunicationofthisdiversetaxon, fromubiquitous
pestspeciesandurbancoloniserstocriticallyendangeredcanids.
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A10.14 INCREASED SENSITIVITY TO
PREDATOR CHEMOSIGNAL L-FELININE
IN MICE CORRELATED WITH ELEVATED
FOS-IMMUNOREACTIVITY IN THE
ACCESSORY OLFACTORY BULB

™ WEDNESDAY 6 JULY, 2016 ©® 14:50
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A10.15 OLFACTORY SENSITIVITY
OF THE SENEGALESE SOLE (SOLEA
SENEGALENSIS) TO CONSPECIFIC
URINE, AND ITS POTENTIAL ROLE
IN CHEMICAL COMMUNICATION

™ WEDNESDAY 6 JULY, 2016 ©® 15:05

@ VERAV VOZNESSENSKAYA (A.N.SEVERTZOV INSTITUTE OF
ECOLOGY EVOLUTION, RUSSIA), TATIANA K LAKTIONOVA
(A.N.SEVERTZOV INSTITUTE OF ECOLOGY EVOLUTION,
RUSSIA), ILYA G KVASHA (A.N.SEVERTZOV INSTITUTE OF
ECOLOGY EVOLUTION, RUSSIA), MARIA A KLYUCHNIKOVA
(A.N.SEVERTZOV INSTITUTE OF ECOLOGY EVOLUTION, RUSSIA)

@ VERAVOZNESSENSKAYA@GMAIL.COM

Chemosignal (L-felinine) fromdomesticcaturinemaybeusedbythe
housemousetorecognizepotential predators, theirphysiological
statusandmayaffecthormonalstatusandreproductive output
inmice (Voznessenskaya,2014). Currentstudyaimstoexamine
whetherearlyolfactoryexperience of micewithcatchemosignals
mayaffectsensitivitytotargetodorslaterinadulthoodandwhether
thesechangesinsensitivity correlated withneuralactivationin
olfactory bulbs. We measured olfactory thresholds (OT) to cat
urine/L-felinineusinginautomatedolfactometer (Knosys, USA).
Exposuresofmicetocatodor(urineorL-felinine)duringtwoweeks
aftereyesopen,significantlyloweredthe OTstocaturine (n=10,
p<0.05)aswellastoL-felinine (n=10,p<0.01)relativetocontrols.
Weperformedimmunohistochemicalstudiestoidentifyneural
substrateinvolvedinreceptionandanalysisofL-felinine. Mice
wereexposedintermittently (50%dutycycle)t00.05% L-felinine
(n=8)orcleanair(n=8)for45minutes. Sectionsof olfactorybulbs
werestained(c-Fos(4)sc-52,SantaCruzBiotechnology; AlexaFluor
®594, Lifetechnologies). SectionswereanalyzedusingFluorescence
Microscope (Keyence Bz-9000, Japan) with software. Werecorded
specificpatternofactivationinaccessoryolfactorybulb (AOB).
NeonatalexposurestoL-felinine (0.05%) causedsignificantincrease
innumberofFos-positivecellsin AOBinresponsetostimulation
with L-felinine (n=8,p<0.01) aswell werecorded anincrease of
activatedarea(n=8,p<0.001).SensitizationtoL-felinineinmice
correlatedwithelevated Fos-immunoreactivityin AOBinresponse
tostimulationwiththecompound.

SupportedRFBR grant 14-04-01150.

& PETER C HUBBARD (CENTRO DE CIENCIAS DO MAR, PORTUGAL),
ELVIRA FATSINI (IRTA, SPAIN), IGNACIO CARAZO (IRTA,
SPAIN), FRANCOIS CHAUVIGN (IRTA, SPAIN), MANUEL
MANCHADO (IFAPA, SPAIN), JOAN CERDA (IRTA, SPAIN),
NEIL J DUNCAN (IRTA, SPAIN)

©@ PHUBBARD@UALG.PT

Chemicalcommunicationismuchbetterunderstoodinfreshwater
thanmarinefish. The Senegalesesoleisamarineflatfishwherein

onebottleneckinaquacultureispoorreproductive performance

of captive-bredmales; theindustryreliesonwild-caughtbrood-
stock.Thisstudywasundertakentoassesswhetherchemical

communicationplaysaroleinreproductionand,ifso, whether
problemsinthissystemmay contributetothelackofreproductive

success. Urinewas collectedfromadultfish, wildand cultured,
during the spawning season (March to May), and tested for
olfactorypotencyusingtheelectro-olfactogram (EOG). Theeffect
ofmaturefemaleurineoncirculatingluteinizinghormone (LH)

levelswasalsotestedinadultfish. Conspecificurineprovedtobea

potentolfactory stimulusforbothimmatureandadultconspecifics,
evokinglarge-amplitude, concentration-dependent EOGresponses,
withthresholdsofdetectionaround1:10%. However, the formofthe

concentration-response curvesdependedonthesexandstateof
maturityofboththeurinedonorandthereceiver. Themajority of
olfactorypotencycouldbeextractedby C18solid-phasecartridges.
Furthermore, theolfactorypotencydifferedbetweenwild-caught

and captive-bredfish. Contrarytoexpectations,however,urine

fromwild-caughtfemaleswaslesspotentthanthatfromcaptive-
bred females. Urine from mature females evoked a slight, but

significant,increaseincirculating LHlevels 3and 30 minutes

afterexposure. Theseresultsstrongly suggestthaturine-released

odorantsplayaroleinreproductioninthe Senegalesesole,and that

afaultinthissystemmay contributetopoorreproductivesuccess

incaptive-bredfish.
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A10.16 DIFFERENCES IN

RENAL CAPACITY AND THE
CONCENTRATION OF COMPATIBLE
OSMOLITES ARE UNDERLYING THE
INTERSPECIFIC VARIATION IN
DROSOPHILACOLD TOLERANCE

™ WEDNESDAY 6 JULY, 2016 ©® 15:45

@ JOHANNES OVERGAARD (AARHUS UNIVERSITY, DENMARK), TRINE
OLSSON (AARHUS UNIVERSITY, DENMARK), ANDERS MALMENDAL
MALMENDAL (UNIVERSITY OF COPENHAGEN, DENMARK), HEATH A
MACMILLAN (AARHUS UNIVERSITY, DENMARK)
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A10.17 THE UNDERLYING MECHANISMS
THAT POWER THE OSMOREGULATORY
ACTIVE INTESTINE IN RAINBOW TROUT
MIGRATING TO SEAWATER

™ WEDNESDAY 6 JULY, 2016 ©® 16:00

@ JEROEN BRIJS (UNIVERSITY OF GOTHENBURG, SWEDEN), ERIK
SANDBLOM (UNIVERSITY OF GOTHENBURG, SWEDEN), ANDREAS
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SUNDH (UNIVERSITY OF GOTHENBURG, SWEDEN), CATHARINA
OLSSON (UNIVERSITY OF GOTHENBURG, SWEDEN), MICHAEL
AXELSSON (UNIVERSITY OF GOTHENBURG, SWEDEN), NICOLAS
PICHAUD (UNIVERSITY OF MONCTON, CANADA)
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@©@ JEROEN.BRIJS@BIOENV.GU.SE

Manyinsects,includingDrosophila, succumbtothephysiological
effects of chilling. At species-specific low temperatures these
insects enter a comatose state and lose the ability to maintain
extracellularionand waterhomeostasis. Overtime, transmembrane
ion-gradientsdissipateandmembranepotentialsdepolarizeleading
totheaccumulationofchillinjuries.Inaseriesofintegrativeand
comparative studies on five species of the genus Drosophilawe
havedemonstratedthatthe Malpighiantubulesofchillsusceptible
species lose Na* and K* selectivity at low temperatures. This
contributes to a loss of ion balance, most notably a deleterious
increaseinhemolymph [K*]. By contrast, thetubulesofchilltolerant
Drosophilacontinuetosecreteahigh[K*]andlow[Na*]primary
urineinthecoldallowingthemtomaintainiongradientsandthereby
avoidcoldinjury. Thesechilltolerantspeciesarealsocharacterized
bylowerhemolymph[Na*](beforeanycoldexposure)thantheir
chillsusceptibleconspecifics. Lowered hemolymph [Na*]limits
passivedriftofionsawayfromthehemolymphandiscorrelatedwith
preservationofextracellularwaterandionbalance.Inthesespecies,
wefindthathemolymphNa*isreplacedbyother ‘cryoprotective’
osmolytesthatmaintainosmolality. Togetherthesedatashowthat
coldadaptationinvolvesadaptationstopreventpassivedriftof
ionsduringcoldstress,butalsoadaptationsthatensurebalanced
temperature effects on active transport at low temperatures.
Together,theseadaptationsensurechilltolerantinsectspreserve
homeostasisandavoid coldstressinjuries.

Whenosmoregulatinginseawater, euryhaline teleostssuchas
rainbowtrout(Oncorhynchusmykiss)undergoarangeofpotentially
costlymetabolicmodificationstoorganssuchasthegills,kidneys
and intestine. Whilst previous studies have shown that hypo-
osmoregulatory processes facilitating the branchial excretion
ofionsincurametaboliccost,relativelylittleisknownaboutthe
metabolicprocessesdrivingthehypo-osmoregulatory functionsof
theintestine. Theintestinehasthepotentialtoincurasignificant
metaboliccostsincesomeofthemechanismsresponsibleforthe
absorptionofmonovalentions(critical fortheabsorptionof water)
require ATP (i.e.Na*/K'-ATPases).Inthisstudy wetransferred
rainbow trout to seawater and examined their osmotic status,
Na*/K*-ATPaseactivity,aswellaswholeanimalandintestinal
mitochondrial oxygenconsumptionduringa35-dayacclimation
period. Asexpected,plasmaosmolalityand[Na*] ofrainbowtrout
significantly increased upon exposure to seawater. The return
of osmotic homeostasis coincided with a substantial increase
inintestinal Na* /K" -ATPase activity. However, elevated Na*/
K*-ATPaseactivitywasnotcorrelatedwith standard metabolic
rate,statellorstatelllintestinalmitochondrialrespirationrates.
Sohowisthe ATPrequiredfortheionpumpsgenerated? Further
examinationrevealedthatinadditiontoanincreasedanaerobic
productionof ATP (i.e.increasedlactatedehydrogenaseactivity),
intestinal mitochondria also generate ATP more efficiently by
modifyingthecontributionofparticularcomplexes (i.e.increased
complexI-dependentmitochondrialrespiration)intheelectron
transportsystem. Theunderlyingmechanismstriggeringthis
switchareintriguingandwillbediscussedattheupcomingmeeting.
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A10.18 TISSUE SPECIFIC PATTERNS
OF ACID-BASE REGULATION DURING
THE POST-FEEDING ALKALINE TIDE
IN FISH
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@ ROD WWILSON (UNIVERSITY OF EXETER, UNITED KINGDOM),
MAURICIO A URBINA (UNIVERSIDAD DE CONCEPCION, CHILE),
ROBERT P ELLIS (UNIVERSITY OF EXETER, UNITED KINGDOM)

@ R.W.WILSONE@EX.AC.UK

Feedingcausesanalkalinetideingastricanimals(ariseinblood
pH and bicarbonate). This is caused by the equimolar export of
bicarbonateintotheblood fromthegastricglandcellstobalance
their secretion of acid into the stomach. Rainbow trout (15°C)
voluntaryfeedingona3 % (ofbodymass) meal,experiencedthe
largestalkalinetidefoundinanimals;+0.35pHunitsanddoubling
of plasma bicarbonate after 6 h, which took 2 days and 3 days,
respectively, toreturntopre-feedinglevels. Giventheubiquity of
feeding,thisisprobablythemostcommonandlong-lasting,butleast
studied, acid-basedisturbancefishexperience. Westudiedwhether
theintracellularacid-baseresponsesfollowedasimilarpatternin
threetissues;redbloodcells,liverandwhitemuscle. Asexpecteddue
togreaterbufferinginsidecells,intracellularpHi variationswere
smaller(<half)inallthesetissuescomparedtoblood,butwerehighly
variableintheirtiming. Peaksof alkalosis aftermealingestion
occurredat2hoursinerythrocytesandliver,6hinblood (pHe),and
24hinwhitemuscle.RecoveryofpHtook48hinbloodandmuscle,
butlongerinerythrocytes(72h). Thissuggestserythrocytesmay
activelyprolongintracellularalkalosistosupportblood oxygenation
andthemetabolicdemands ofdigestion. Intriguingly, liver pHi
recoveredfastest(24h),andactuallybecameacidoticfrom48-96h.
Thismayreflecttemporalchangesinhepatic-portalblood chemistry
afterfeeding(initiallybasefromthestomach,thenlateracidfrom
theintestine).
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A10.19 USING PERFUSED GILLS OF
OCTOPUS VULGARIS AND SEPIOTEUTHIS
LESSONIANA TO STUDY DIFFERENT
STRATEGIES OF AMMONIA REGULATION
WITH DIFFERENT LIFESTYLES

™ WEDNESDAY 6 JULY, 2016 ©® 16:30

@ PO-HSUAN SUNG (DEPARTMENT OF LIFE SCIENCE NATIONAL
TAIWAN UNIVERSITY, TAIWAN), MARIAN Y. HU (INSTITUTE
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UNIVERSITY OF MANITOBA, CANADA), MENG-WEI LIN
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UNIVERSITY, TAIWAN), JIUN-HONG CHEN (DEPARTMENT OF
LIFE SCIENCE NATIONAL TAIWAN UNIVERSITY, TAIWAN),
PUNG-PUNG HWANG (INSTITUTE OF CELLULAR AND ORGANISMIC
BIOLOGY ACADEMIA SINICA, TAIWAN), YUNG-CHE TSENG
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UNIVERSITY, TAIWAN)

©@ JIMMY-TWeHOTMAIL.COM

In the present study, we applied an in vitroperfused technic to
explore different ammonia regulation strategies in octopus (O.
vulgaris)andsquid(S. lessoniana) gillssincetheybehavediverse
lifestylesecologically. HerewereportedthatNH, " accumulation
canbeobservedinO. vulgarisgillsattheirbloodNH,* levellower
than300pMwhereasNH,* excretionoccurredatbloodNH, * level
exceeding300pM. Tocomparewith O. vulgarisgills, S. lessoniana
gillsaccumulated NH, * atrelative lowerlevels (< 100 u1M) and
excretedNH,* atbloodNH,*levelexceeding100uM.Inaddition,
alowerpH (pH7.2) perturbationwasfoundtosignificantincrease
NH,* excretionin 0. vulgaris gills,but notin S. lessoniana gills.
Consequently, theseresultsindicated that cephalopodgillsare
essentialexcretoryorgansmediatingNH," homeostasis. Andthe
NH,* capacityingillsvariesindifferentcephalopods,inferringthat
thisphysiologicalappearancemayreflecttheirdifferentlocomotion
andhabituations. Thepresentworkalsohighlighted thisperfusion
methodtobetterunderstand the physiological processinhighly
ammonotelicmollusks.

A10.20 FACING SALINITY CHANGES

IN THE INTERTIDAL ENVIRONMENT: A
PLATYHELMINTH&RSQUO;S STRATEGY
FOR PREPARING FOR OXIDATIVE STRESS

™ WEDNESDAY 6 JULY, 2016 ©® 16:45

@ GEORGINA A RIVERA-INGRAHAM (UNIVERSITE DE MONTPELLIER,
FRANCE), A NOMMICK (UNIVERSITE DE MONTPELLIER, FRANCE),
J H BLONDEAU-BIDET (UNIVERSITE DE MONTPELLIER, FRANCE),
JEHAN-HERVE LIGNOT (UNIVERSITE DE MONTPELLIER, FRANCE)

© JEHAN-HERVE.LIGNOT@UNIV-MONTP2.FR

Intertidalorganismsmustdaily copewithdrasticchangesintheir
environmentalconditions (temperature,oxygenation, salinity,
radiation...). Thisisusuallyaccompaniedbyincreased formation
inreactive oxygen (ROS) and nitrogen (RNS) species, which, if
notcontrolled,leadstooxidativestress.Intertidalorganismsare
usually capable to counteract these deleterious effects of ROS
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and RNS formation, through behavioral and/or physiological
mechanisms (e.g. enhanced production of antioxidants).
Macrostomumlignanoisusedtotestthishypothesiswhenexposed
toenvironmentalsalinitychanges. Animalsdemonstratedtobe
confortableinawiderangeofsalinities,rangingfromfreshwater
tohypersalineseawater (>60ppt). Energetically speaking, higher
salinitieswerethemostexpensive conditions, sincewedetected
anincreaseinmitochondrialdensityaccompaniedbyincreased
respirationrates. However,suchmodificationscomeattheprice
of an enhanced superoxide anion production (DHE staining),
which is likely associated with a high caspase 3 upregulation
(detectedbyRTqPCR).However,animalsarestillabletoliveathigh
environmentalsalinity,likely throughtheupregulationofseveral
mitochondrialantioxidants. However,animalsatlowsalinities
decreasetheirrespirationrates, havereducedactivityandenter
metabolicdepression, but,showanupregulation oftheir GST-pi.If
animalsatlowsalinityareindeedfacingmetabolicdepression (and,
thus, functionalhypoxia),thereturntoseawatermayresultinan
oxidativeburst,asithappensinfasting/re-feeding, hibernation/
arousalorischemia/re-perperfusionsituations. Thisincreasein
GST-picouldbeinterpretedasa ‘preparationforoxidativestress’
amechanismtofightthefreeradicalproductionthatoccursupon
returningtoseawater.

A10.21 THE EFFECTS OF L-CARNITINE
ON BLOOD AND TISSUE PARAMETERS
OF MALE RATS FED WITH DIFFERENT
LEVELS OF FISH OIL

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@ HALIL YAVUZ (SCIENTIFIC RESEARCH INSTITUTE OF SELCUK

UNIVERSITY, TURKEY), PROF. DR. FIRUZE KURTOGLU
(UNIVERSITY OF SELCUK FACULTY OF VETERINARY MEDICINE
DEPT OF BIOCHEMISTRY, TURKEY)

@ H_YAVUZ42@HOTMAIL.COM

Inthisstudy, effectsof L-carnitine (300mg/kg/day) applicated
intraperitoneally to male rats fed ration containing several
proportions of fish oils for 30 days on plasma l-carnitine, lipid
hydroperoxide (LPO), triglyceride,cholesterolandfattyacidlevels;
bodyweightvalues;plasmaandtissue(liverandmuscle) antioxidant
enzymes (SOD,CAT)andglutathione (GSH) wereinvestigated.
Asanimalmaterial, 72 Sprague-Dawleymaleratsthathave5-6
monthsofagewereusedinthestudy. Theresearchlastedfor60days.
Ratsweredividedinto6groupsineachbeof12ratsandwerefedin
standardratcagesadlibitum[s1]. Sixexperimental groupswere
formedinthestudyasfollows; 1-Control; 2-Fish0il (1%); 3-Fish oil
(5%);4-L-carnitine (300mg/kg/day),5-L-carnitine (300mg/kg/
day) plusfish0il (1%) 6-L-carnitine (300mg/kg/day) plusfishoil
(5%).PlasmaLPOlevelsshowedmeaningfuldeclinesincarnitine
supplementedgroupsincertainperiodscomparedtogroupsin2and
3whichfishoilsupplemented. Activitiesofenzymessignificantly
(P<0.001)increasedoncarnitinesupplementedgroupsespeciallythe
4thandShgroups.Inconclusion,itwasfoundthatcarnitineapplicated
by300mg/kg/daytoratsstatisticallyaffectedthebloodandtissue
parameters. [twasalsoevaluated;extra-carnitinemaydecrease
triglyceride levels and increase blood and tissue antioxidant,
whilelipid hydroperoxidelevelscanbedisplay controllingeffect
bycarnitineadministration.
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A10.22 THE EFFECTS OF VARIOUS
LEVELS OF BORON SUPPLEMENTATION
ON SOME PLASMA MINERAL AND
METABOLITES OF WETHERS
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OF SELCUK FACULTY OF VETERINARY MEDICINE DEPT OF
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OF SELCUK FACULTY OF VETERINARY MEDICINE DEPT OF ANIMAL
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Inthistrial, theeffectsofvariouslevels(0,15,30,45ppm)ofboron(B)
supplementationtothewethersdietonserumCa,P,Mg, glucose, ALP,
triglyceride, totalcholesterol,bloodureanitrogen,albuminandtotal
proteinlevelswereinvestigated. Atotalof32 merinomale wethers
8monthsagewereusedasanimalmaterials. Theseanimalswere
divided4 groupsconsisting8animalsineachandfedinindividual
cage.Tolimitthelocationdifferenceseachwetherplacedineach
groupwasdistributedrandomlyamongthedifferentcompartments
ofthecagesystem.Beforetheexperiment,allanimalswereweighed
andweregroupedinequalbodyweightmean. Thistrialwasmade
inUniversity of Selcuk, Veterinary Faculty Experimental Farm.
Theexperimentalperiodwas56days. Beforeexperimental period
performed15daysastrainingperiod. Asaboronsource,sodium
boratewasaddedtothediets.Boronwasnotsupplementedtothe
diets of control while trial groupsincluded 15,30 and 45 ppm B
respectively. Forplasmaanalysis,blood samples were takenfrom
theallwethersineachgroupbyvenajugularisintoheparinisedtubes
onthe 1%t 28" and 56" experimentaldaysand werecentrifuged.
PlasmaCa,Mg,P,glucose, ALP, triglyceride, totalcholesterol,blood
ureanitrogen,albuminandtotal proteinweredeterminedby UV
spectrophotometer. Boron additions significantly affected the
serumCaandALPvaluesatdifferentperiodsduringtheexperiment.
Inconclusion,boronmightbehavebeneficial effectsonsomeblood
parametersofwethers.
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A10.23 MOUSE (BALB/C NU) BREAST
TUMOR STRUCTURE AND NA*, K*-
ATPASE IMMUNOLOCALIZATION
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The4T1 celllineis alaboratory model usesin the tumors biology
studies. This cell line is very tumorigenic with high capacity
to metastasize in different organs. In order to investigate the
structureofthetumorandlocalizationofNa*,K'- ATPaseenzyme,
themouse (Balb/cnu) breast tumors (created via 4T1 cells) were
examined by histology and immunohistochemistry methods.
For Histological study, the sections (4pm) were stained with
hematoxylinandeosin,speciallgGaantibodyand FITCwerealso
usedforimmunohistochemistrystudy. Tumorstructureshowed
visible abnormalityin proliferation and high mitoticgenecityin
epithelialcells.Immunohistochemistryanalysisshowedsignificant
immunofluorescenceinthetumorcells,whichcouldbeobvioussign
ofabundanceofNa*,K*-ATPaseenzymes(asamarkerforsodium
potassiumpump). Thecurrentresultsshowedthattumorcellswere
richofsodiumpotassiumpumpintheirplasmamembrane.Previous
studiessuggestedthehigh geneexpressionlevelsofNa*,K'- ATPase
inhumanbreasttumors,whichisinaccordancewithresultsofcurrent
research. We concludedthatimmunohistochemicalstudyofNa*,
K*-ATPaseintumorcelllinescouldbeasanindexintumorstudies.

A10.24 COMPARATIVE ANALYSIS
OF BARRIER CHARACTERISTICS IN
RETINAL AND CEREBRAL VESSELS
OF ZEBRAFISH

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

& JIN HYOUNG KIM (SEOUL NATIONAL UNIVERSITY HOSPITAL,
KOREA (SOUTH)), JEONG HUN KIM (SEOUL NATIONAL
UNIVERSITY, KOREA (SOUTH))

@ STEPH25@SNU.AC.KR

The blood-neural barrier (BNB), including BBB and BRB, is
essentialforthephysiologicalintegrity of the CNSvessel, which
isformedbythe CNScapillaryendothelialcellswhichistypically
surroundedbyglial cellend-footprocesses. Zebrafishhaveemerged
asanadvantageousmodelforstudyingvasculardevelopmentand
characteristics. Hereweinvestigatedthebarriercharacteristics
of the retinal and cerebral vessel using flil-EGFP transgenic
zebrafish.First, theretinalvesselformationwasanalyzed.By7
dpf,theretinalvesselwasformedbetweenlensandretina, where
intercellularjunctional complexeswerealready presentbetween
endothelialcells. Interestingly, NG-2 expression,butnot GFAP,was
colocalizedwith EGFP-positivecellsoftheretinal vessel. Among
endothelialtightjunctionproteins, claudin-5wasexpressedon
EGFP-positivecellsoftheretinalvessel, whereasoccludinandZ0-1
werenotobservedonthevessel. Contrasttotheretinal vessel, the
cerebralvesselswascomposed of EGFP-positivecellssurrounded
by GFAP-positivecellsaswellasNG2-positivecells,wheretight
junctionproteinsof Z0-1,occludin,and claudin-5 werediffusely
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expresseson EGFP-positive cells.Inaddition, theretinal vessel

wassoleakythatamixtureoffluoresceintracers(2,000-kDaFITC-
dextran, 10-kDarhodamine-dextran,and350-DaDAPI)diffusely

infiltratedintoallretinallayers, whereasnoleakagewasobserved

inthe cerebral vessels. Ourresults suggest that, unlikeretinal

vesselsofhighervertebrates, theretinal vessel of zebrafishshows

insufficientcharacteristicstomeetafunctionalendothelium-based

CNSbarrier,whereasthecerebralvesselhastypicalcharacteristics

of CNSbarrier.

A10.25 BROWN FAT IN NEONATAL MICE
WOULD BE REDUCED BY INTRAVITREALLY
INJECTED ANTI-VEGF ANTIBODY
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& JEONG HUN KIM (SEOUL NATIONAL UNIVERSITY, KOREA
(SOUTH)), DONG HYUN JO (SEOUL NATIONAL UNIVERSITY,
KOREA (SOUTH)), SUNG WOOK PARK (SEOUL NATIONAL
UNIVERSITY, KOREA (SOUTH)), CHANG SIK CHO (SEOUL
NATIONAL UNIVERSITY, KOREA (SOUTH)), MICHAEL B POWNER
(UCL, UNITED KINGDOM), MARCUS FRUTTIGER (UCL, UNITED
KINGDOM), JIN HYOUNG KIM (SEOUL NATIONAL UNIVERSITY
HOSPITAL, KOREA (SOUTH))

@ STEPH25@SNU.AC.KR

Anti-vascularendothelialgrowthfactor (VEGF)agentsarethe

mainstay treatment for various angiogenesis-related retinal
diseases. Currently, bevacizumab, a recombinant humanized
anti-VEGF antibody, is trailedinretinopathy of prematurity, a

vasoproliferativeretinaldisorderinprematureinfants. However,
therisks of systemic complications afterintravitrealinjection

ofanti-VEGF antibodyininfantsarenotwellunderstood.Inthis

study,weshowthatintravitreallyinjectedanti-VEGF antibodyis

transportedintothesystemiccirculationintotheperipherywhereit
reducesbrownfatinneonatal C57BL/6mice. A considerableamount
ofanti-VEGF antibodywasdetectedinserumafterintravitreal

injection. Furthermore, in interscapular brown adipose tissue,
wefoundlipiddropletaccumulation,decreased VEGFlevels,loss

ofvascularnetwork,anddecreased expressionof mitochondria-
relatedgenes, PpargclaandUcpl,allof whicharecharacteristics

of ‘whitening’ ofbrownfat. Withincreasingageandbodyweight,
brownfatrestoreditsmorphologyandvascularity. Ourresultsshow
thatthereisatransient,butsignificantimpactofintravitreally
administered anti-VEGF antibody on brown adipose tissue in

neonatalmice.
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A10.26 NEPHRON STRUCTURE AND
IMMUNOLOCALIZATION OF NA*,K -
ATPASE IN THE KIDNEY OF MOUSE
(NUDE BALB /C)
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RAMAZAN BEHZADI (PASTEUR INSTITUTE OF IRAN, IRAN),
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©@ SURP78@GMAIL.COM

Nudemouseisusedfrequently asamodelinthe study of cancer
biology.Duetheimportanceoftherelationshipbetweensodium-
potassiumpumpandcancerbiology,thenephronstructureand
immunolocalizationofNa*,K*-ATPaseinthekidneywereexamined
inNudemouseusingofhistologicalandimmunohistochemistical
methods.Histological observationshowedthatthekidneyofthe
Nudemouseiscomposedoftwoparts: cortexandmedulla, thecortex
istheanalogueofthehumankidneycortexandthemedullaisthe
analogueofthehumankidneymedulla.Immunohistochemistry
photographs showed that the Na*,K* -ATPas fluorescent, as an
indicatorofthe presenceof sodium-potassiumpump, wasabsent
intheglumerolandinthedescendingloopofHenleh,andagood
fluorescentwasobservedinproximaltubule,thethickascending
loopofHenleh,distaltubulesandcollectingducts,respectively.
Given the importance role of Na* ,K* -ATPase in homeostasis,
thesepartsarethemostimportantsitesthattheenzymecanbe
consideredforstudiesofcancerbiology.Duetheimportanceofthe
sodium-potassiumpumpinthetreatmentstudiesofcancer,using
ofimmunohistochemical method for studding of changeinthe
intensityofNa*,K*-ATPaseforthemedicationsandtheirsideeffects
onfunctionofthekidneyseemsappropriate.

A10.27 UNRAVELLING
MECHANOTRANSDUCTION
IN THE LOCUST EAR
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@& BEN WARREN (UNIVERSITY OF LEICESTER, UNITED KINGDOM),
TOM MATHESON (UNIVERSITY OF LEICESTER, UNITED KINGDOM)

@ BW120@LE.AC.UK

Rhodopsin, thelight-transducingproteinthatunderpinsvision,
wasdiscovered65yearsago.Olfactoryandgustatorytransduction
channelshavenowalsobeenidentifiedand theoperationofthe
sensoryneuronsthemselveslargelyunderstood.Incontrast, the
identification of mechanosensory ion channels that underpin
thesensesoftouch,hearingandproprioceptionhasprovedmore
problematic. Mechanosensoryneuronsbearmultipletransduction
ionchannels,whoseexpressionisscarce,andfunctiondepends
on many other proteins. Stretch-sensitive neurons of insects
(so-called chordotonal organs), which form the most sensitive
mechanicaldetectorsinanimals,haveemergedasausefultoolto
identifycandidatemechanotransductionchannelsandunderstand
cellularmechanotransductioningeneral. Despite suchprogress, it
isnotknownhowmechanotransductionoperatesininsectstretch-

ANIMAL ABSTRACTS 135

sensitiveneuronsandtheidentity ofthemechanotransduction
channelsisstillunclear. Wehave developed whole-cellpatch-clamp
recordingsinthe Muller&rsquo;sorganofthelocustear. Wecan
acoustically stimulatethe earand,in conjunction with voltage
protocols and pharmacology, record the transduction current
and the resulting dendritic and axonal action potentials. The
elementaryeventsofmechanotransductionarequantalbumpsor
depolarisations(firstrecorded by Hill, 1983, ]. Comp Physiol. 152:475-
482),similartothoseinphotoreceptors, whichsummatetoproduce
agradedpotential. Thisgradedpotentialleadstovoltage-activated
dendriticspikes,whichpropagatethroughthesomatotheaxonspike
initiationzone. Wearebuildingthefirstquantitativedescription
ofmechanotransductioninstretch-sensitiveneuronsofinsects
withthegoalofidentifyingthemechanotransductionchannels.

A10.28 COMPARATIVE STUDY

OF EXTRA-RENAL ORGANS IN
CEPHALOPODS: NH,* HOMEOSTASIS
IN GILLS
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@ PO-HSUAN SUNG (DEPARTMENT OF LIFE SCIENCE NATIONAL
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WEIHRAUCH (DEPARTMENT OF BIOLOGICAL SCIENCES
UNIVERSITY OF MANITOBA, CANADA), MENG-WEI LIN
(DEPARTMENT OF LIFE SCIENCE NATIONAL TAIWAN NORMAL
UNIVERSITY, TAIWAN), JIUN-HONG CHEN (DEPARTMENT OF
LIFE SCIENCE NATIONAL TAIWAN UNIVERSITY, TAIWAN),
PUNG-PUNG HWANG (INSTITUTE OF CELLULAR AND ORGANISMIC
BIOLOGY ACADEMIA SINICA, TAIWAN), YUNG-CHE TSENG
(DEPARTMENT OF LIFE SCIENCE NATIONAL TAIWAN NORMAL
UNIVERSITY, TAIWAN)

© JIMMY-TW@HOTMAIL.COM

Cephalopodsarehighlyactive mollusksexcretingammoniaas
the major nitrogenous waste. In addition, these animals have
successfullyevolveddifferentlifestylestoaccommodate theirown
specificecologicalniches. Thereforeinthisstudy, wehypothesized
thatdifferentcephalopods(Octopusvulgaris,Sepiapharaonisand
Sepioteuthislessoniana)withdiverselocomotorycapacitiesmay
possessrespectivestrategiesformetabolicammoniaexcretion.
Althoughourperfusedworkshavealreadyprovethattheirgills
behave asanimportant extra-renal organ that areresponsible
foraccumulating and excreting NH, *; however, such bi-phasic
ammonia regulation in O. vulgaris was significantly different
fromthatinS. pharaonisandS. lessoniana.Ourfurtherperfusion
experiments also found that an extracellular acidosis only
significantlyincreaseNH,* excretionin 0. vulgaris. Thediverse
ammoniaregulationcapacitiesingillsmayreflecttheirlocomotion
appearancesamongdifferent species. Besides we conductedan
adenylylcyclaseinhibitorKH7thatapparentlydecreasedapical
NH," excretioningillsof 0. vulgarisandS. pharaoniswhichinferred
thatacAMP-dependentprocessinvolvingintheNH,* excretion
pathway.
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A10.29 PRE-ACCLIMATION TO
LOW AMMONIA IMPROVES AMMONIA
HANDLING IN COMMON CARP WHEN
EXPOSED SUBSEQUENTLY TO HIGH
ENVIRONMENTAL AMMONIA
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BLUST (UNIVERSITY OF ANTWERP, BELGIUM), GUDRUN DE BOECK
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We tested the hypothesis whether acclimation with low
concentration of ammonia can facilitate the fish to tolerate

subsequentsub-lethalammoniaexposurebyactivatingammonia

excretorypathways. Common carpwerepre-exposedto0.27mM

ammonia(~10%96hLCs,)for3,7and 14days. Thereafter,each

ofthesepre-exposedandparallel control (withoutpre-exposure)

groupswereexposedto1l.35mMhighenvironmentalammonia

(HEA,~50%96hLCso)for12hand48h.Resultsshowthatammonia

excretionrate (Jamm)wasstronglyinhibited (orevenreversed)in

controlgroup followingHEA.Oncontrary, pre-acclimated fish

(typically3and7days)wereabletomaintain Jamm atbasallevel.
Theefficientammoniaeffluxinpre-acclimatedfishwasassociated

withtheup-regulationofbranchialmRNA expressionofammonia

transporters and exchangers. Pre-acclimation stimulated the

expressionlevelof Rhcg-amRNA;significantup-regulationwas

recordedduringHEA exposureinpre-acclimated grouprelative

to the control-HEA exposed group. No positive effect of pre-
acclimationwasnotedforRhbg.Relativetocontrol, thetranscript
levelofNa*/H* exchangerswasremarkablyelevatedinammonia

pre-acclimatedfishandremainedhigherduringthe subsequent
HEAexposure.Similartrend wasnoted formRNA expression of
Na*/K*-ATPase,however,expressionlevelof H'-ATPaseremained

unchangedinalltheexperimental conditions.Inconclusion, our
studyclearlydemonstratesthatalthoughthepre-exposuretoalow
dosageofammoniadidnotinducethatmanymeasurableeffects

assuch,itimprovesthetolerancetosubsequenthighammonia

exposurethroughprimingmechanismsinammoniaexcretory
transcriptionalprocesses.

A10.30 DISRUPTION OF ION
BALANCE FOLLOWS DEATH IN COLD
STRESSED TROPICAL SHRIMP
(MACROBRACHIUM ROSENBERGII)
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@ LISAB JBRGENSEN (AARHUS UNIVERSITY, DENMARK),
JOHANNES OVERGAARD (AARHUS UNIVERSITY, DENMARK)

@ LISA.B.JOERGENSEN@GMAIL.COM

Thetolerancetolowtemperatureexposuresisofcriticalecological
importance to ectotherms and it is therefore also of interest to
understand the physiology determining their critical thermal
tolerance.Hereweevaluatetwopopularphysiologicalmodels oflow
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temperaturetoleranceinarthropodsusingthetropical freshwater
shrimp Macrobrachiumrosenbergii. One proposedmodelforthe
thermallimitsofaquaticarthropodsistheoxygen-andcapacity-
limitedthermaltolerance (OCLTT),wherethethermallimitisset
by afailure of oxygen transport or aerobic metabolism beyond
a temperature threshold. We are currently testing this model
by investigating whether hypothermia compromises oxygen
availability (causingadecreaseinblood oxygencontent)and/or
ifaerobicmetabolismiscompromisedatlowtemperature (causing
arise in anaerobic metabolites). An alternative physiological
explanation for the lower thermal tolerance hasrecently been
described for a number of insect species where cold exposure
disruptsionbalancethroughaprogressiveriseinextracellular [K*
Jthatcausesonsetofcoldinjuryanddeath. However wefound from
muscleandhemolymphsamplesthatadisruptionofionbalance
didonlyoccuraftertheonsetofcoldinjuryindicatingthatfailure
tomaintainionbalanceisnotthecause,butratheraconsequence
ofdeath.

A10.31 DELIMITATION OF THE TIME
SINCE DEATH BY ANALYSIS OF POST
MORTEM MUSCLE DEGRADATION

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@ BIANCA EHRENFELLNER (DEPARTMENT OF CELL BIOLOGY AND
PHYSIOLOGY UNIVERSITY OF SALZBURG, AUSTRIA), STEFAN
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UNIVERSITY OF SALZBURG, AUSTRIA), FABIO C. MONTICELLI
(DEPARTMENT OF FORENSIC MEDICINE AND FORENSIC
NEUROPSYCHIATRY UNIVERSITY OF SALZBURG, AUSTRIA),
PETER STEINBACHER (DEPARTMENT OF CELL BIOLOGY AND
PHYSIOLOGY UNIVERSITY OF SALZBURG, AUSTRIA)

© EHRENFELLNERBI@STUD.SBG.AC.AT

Estimationofthetimesincedeathplaysanindispensableroleinthe
resolutionofcriminalcases. Theawarenessoftheprecise timeof
deathgivesmanyfurtherexplanationsaboutthecircumstances
of death, validates a witness’s statement, assesses alibis and
thusnarrowsthefieldof suspects. Therearenumerousmethods
proposed for time of death estimation, but just a few of them
achievedpracticalimportance. Theavailablemethodsarestill
veryinaccurate,limitedtoshortpostmortemperiodsandarealso
highlydependentonseveralinfluencingfactors(e.g. temperature,
humidity, causeofdeath...). Thereforeitisnecessarytoimprove
andexpandtherangeofmethodssubstantially.Inthisstudywe
takeadvantageofthepostmortemdegradationprocessof human
skeletal muscle and correlate specific appearing degradation
productswithcertainpostmortemtimeperiods. Forthispurposewe
usedSDS-PAGEand Westernblottingtodeterminethedegradation
processofselectedproteins (troponin T, desmin, tropomyosin)
in muscle samples of 40 forensic cases. Additionally, casein
zymographywasperformedforanalysisofcalpainactivity. We
coulddemonstratepredictablecharacteristicalternationsinthe
proteinprofilesuntilthefirst 10dayspostmortem. Further,wealso
analyzedinfluencingfactors (temperature,BMI,age) thatarelikely
toaffectthedegradationprocess. Theobtainedresultsshowclearly
thepotential of postmortemproteindegradation forthe estimation
ofthetimesincedeath.
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A10.32 ACTIVE HEARING IS
NOT JUST FOR VERTEBRATES
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Manylineagesofanimalshavedevelopedhearing—whichisdefined
asabehaviouralresponsetowardsacousticstimuli. Thatearscan
bemorethanpassivereceptorsofimpendingsoundwaveswasfirst
discoveredinvertebrates.Sincethattime,activemechanisms-
defined as energy consuming feedback that increases either
specificityorperceivedloudnessofasignal-havebeenshownto
bepresentinsomearthropodsaswell. Therearethreedifferent
waysarthropodscanperceivesound:substrate-bornevibrations
best-knowninspiders,tympanalhearingasexemplifiedinlocusts,
andantennalhearingknownfromvariousfliesfromdrosophilato
differentmosquitoes. Beingsmallimposessevereconstraintson
performanceinanytypeofsensor. Nonethelessacousticsensors
innature,shapedbymillionsofyearsofevolutionfortheirtask,
canbehighlyacuteandsensitiveintermsofsignal-to-noiseratio,
miniaturizationandeffectiveness. Thereisstillsomedebateabout
whichmechanismandmodel conveysthebestexplanationforthe
amplification.Thisresearchbuildsonpreviousworkontheearsof
boththemosquitoandDrosophila,tocharacterizethefunction
andparametersofanotheranimallineagewithantennalhearing:
themidge (Chironomusplumosus). Theseearswillbeinvestigated
through3D-Laservibrometryexperimentscharacterisingthem
in relation to other antennal hearing organs. Later work will
investigatetheirearswithpCTbasedmorphologyandbehavioural
studies. From this a better understanding ofhow animals, and
humans,detectsound,aswellasinspirationthatcouldleadtonovel
typesofengineeredacousticsensorscouldbegained.

A10.33 V-TYPE H*-ATPASE AND

NA*/ K*_ATPASE CONTRIBUTIONS TO
K" AND H* TRANSPORT IN DROSOPHILA
GUT EPITHELIA

™ WEDNESDAY 6 JULY, 2016 POSTER SESSION

@ NATALIE MD’SILVA (MCMASTER UNIVERSITY, CANADA),
MICHAEL J O’DONNELL (MCMASTER UNIVERSITY, CANADA)
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K" and H* activity profiles along the caeca and midgut of third
instarDrosophilalarvaewerecharacterizedusingthe Scanning
Ion-Selective Electrode Technique (SIET). The presence of
V-type H* -ATPases and Na* / K* -ATPase was examined using
immunohistochemistryand ATPaseactivityassays. Theroles
oftransport ATPasesinenergizingiontransportacrossthelarval
gutwereinvestigatedusingblockerslikebafilomycin,a V-typeH*
ATPaseblocker,andouabain,aNa*/K*-ATPaseblocker.Blockers
wereappliedtothebasalmembrane,andionfluxesacrossthegut
weremeasuredby SIET beforeandafterapplicationoftheblockers.
Additionofbafilomycintothebasalmembraneledtoadecreasein
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protonabsorptionalongthecaecaandmidgutexceptthelargeflat
cellzoneofthemiddlemidgut (MMG (LFC)).Bafilomycinalsoledto
decreasedK* absorptionacrossthecaeca,theanteriormidgutand
coppercellsofthemiddlemidgut, suggesting proton-dependent
transportofK'. Protonabsorptionwasdecreasedbyacetazolamide,
indicatingcarbonicanhydraseactivityinallregionsexceptthe
anteriormidgut (AMG)and MMG (LFC). Additionofouabainledto
theincrease of K* absorptionalongthecaeca,the AMG,and MMG
(LEC),suggestingarolefortheNa*/K'-ATPaseintheseregions.
Immunohistochemicalevidenceand ATPaseactivityassaysalso
showthepresenceof V-typeH*-ATPasesandNa*/K*-ATPasealong
thecaecaandmidgut.

A10.34 OMEGA-3 POLYUNSATURATED
FATTY ACIDS RESCUE THE ABNORMAL
BEHAVIORS IN FMR1 KNOCK-OUT
ZEBRAFISH (DENIO RERIO)
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BIOCHEMICAL SCIENCE AND TECHNOLOGY NATIONAL CHIA-YI
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Fragile X syndrome (FXS) is a most generally hereditary form
of human mental retardation. It frequently induced by triplet
repeatexpansion (CGG) mutationinfragile Xmentalretardation
1 (fmrl) gene promoter, and resulted in absence of the fragile x
mental retardation protein (FMRP) expression. The common
symptoms of fragile X patients include learning disabilities,
inattention, hyperactivity, anxiety, autistic behaviors, social
impairments, as well as other behavioral abnormalities. Our
previousresultsdemonstratedthatthebehavioralabnormalities
in fmrl knock out zebrafish such as hyperactivity, abnormal
anxietylevel, avoidancelearningimpairment and autism-like
behavior. Therefore, weevaluated thepossibletherapeuticeffects
ofomega-3polyunsaturatedfattyacids (n-3PUFAs)onbehavioral
abnormalities in fmrl KO zebrafish. It is well-known that DHA
andEPA areessentialnutrients which canreduce themortality
of prematureborninfants,andtheyhavebeenprovedtoenhance
mentalfunctioninbothagingand Alzheimerpatients.Recently,
n-3PUFAssupplementationwasprovedtorescuethebehavioral
abnormalities in fmr1 KO mice. In our results indicated that a
reductionintotal PUFAsofthe fmr1 KO zebrafishbody wasfound.
Afterdweeksofn-3PUFAsdietarytreatmentmightpartiallyrescue
abnormalbehaviors,suchaselevatedanxietylevelandavoidance
learningimpairment. Wesuggested thatthelackof PUFAsmaylead
totheabnormalbehaviorsinfmrl KOzebrafish,andthen-3PUFAs
supplementationisapotentialtherapyagentfor FXSpatients.
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A10.35 METABOLIC RESPONSE OF
GREEN ABALONE JUVENILES (HALIOTIS
FULGENS: GASTROPODA) UNDER ACUTE
HYPOXIA AND HYPERCAPNIA
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The capability to sustain metabolic performance and energy
homeostasis is essential to tolerate adverse environmental
conditions, especiallyinspecieswithlimited movementcapacity,
suchastheabalone (Haliotisfulgens).Intheirnaturalenvironment,
abaloneregularly experiencehypoxia,hypercapniaandwarming
events,whichareexpectedtoincreaseinfrequencyandintensityin
thefuture. Toinvestigatetheeffectsofacute exposuretolowoxygen
andhighCO; atvarioustemperatures, weexposedabalonejuveniles
toatemperaturerampfrom18°Cto32°Catdailyincrementsof3°C,
underhypoxia(50%airsaturation),andhypercapnia(~1,000eatm
pCOz),bothindividuallyandin combination. Wemeasuredthe
rateof oxygen consumption (MO, )andmetabolicresponseofgill
using"HNMR spectroscopy. The MO, increased with temperature
undereitherhypoxiaorhypercapniaandreachedsimilarvaluesat
thewarmesttemperature; however, hypoxiaelicitedhigher MO,
atlower temperatures. Contrastingly, the combination of both
drivers produced adeclinein MO, atthe warmest temperature.
NMRrevealedthathypoxiaandhypercapniaindividuallyinduced
anaccumulationoffreeaminoacidsandanaerobicendproducts
atthewarmesttemperatures,suggestingproteindegradationto
fuelmetabolismandthatthecriticaltemperaturewassurpassed.
Undercombinedhypoxiaandhypercapnia,aminoacids,osmolytes
and anaerobic end products already increase at intermediate
temperatures, but decrease at warmer temperatures, which
correspondstothedropobservedin MO, . Theseresultssuggest
thatsimultaneouspresenceofhypoxiaandhypercapniahamper
theenergymetabolismandosmoticregulationloweringthecritical
temperaturecomparedtotheirindividualeffect.
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A10.36 EFFECT OF DIFFERENT
EXPOSURE REGIMES OF L-FELININE ON
ESTROUS CYCLES IN THE HOUSE MOUSE
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@ ILYAGKVASHA (A.N. SEVERTSOV INSTITUTE OF ECOLOGY
AND EVOLUTION, RUSSIA), TATIANA K LAKTIONOVA (A.N.
SEVERTSOV INSTITUTE OF ECOLOGY AND EVOLUTION, RUSSIA),
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Longhistoryofcoexistenceof domesticcat(Feliscatus)andthe
house mouse (Mus musculus) led to development of mutual
adaptations.L-felinineisauniqueaminoacidfoundintheurine
ofdomesticcatandselectmembersofFelidaefamily. Ourprevious
researchshowedthatL-felininemayplayaroleofchemicalsignal
for the house mouse. In current study we examined influence
of L-felinine on regulation of oestrous cycles in female mice.
Fecal estradiol levels were determined using ELISA technique
(Immunotech, Russia). Weused four groupsofmice (n=38) atage
ofthreemonthsandappliedthe same dose of L-felinine (0.05%; 50
&mu;l)indifferentregimes: (1) continuousactionduring 12days; (2)
applicationatregularintervalsfortwohoursdaily;(3) spontaneous
exposures;(4) control (water). Wecollectedfecalsamplesfromeach
femaleatthesametimeeachday.Estradiolbaselinewascalculated
individualy;concentrationsabovethebaselinewereconsideredas
abeginningoflutealphaseofoestrouscycle (DeBruinetal.2014).
ThedataobtainedindicatethatL-felininemayaffectthelength
of oestrous cycleinmice. The number of ovulationsin animals
under continuousexposuretoL-felininesignificantlyincreased
(p=0.00498,n=10). Atthesametimeweobserveddeclineinnumber
of cyclingfemalesingroup2(p=0.0233,n=9).For group 3we observed
onlyatendencytodecreaseinnumberofcyclingfemales (p=0.0578,
n=9).DifferentmodesofexposuretoL-felinine produceddifferent
effectonoestrouscyclesinmice.

SupportedbyRFBR 16-34-00872

A10.37 MUSCLE DEVELOPMENT AND
GROWTH IN THE BURBOT (LOTA LOTA)
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Myogenesis, particularly cellular patterning of trunk muscle
formation,andmusclegrowthinteleostfishisatopicofgreatinterest
forresearchersstudyingvertebratedevelopment. Thisworkhas
beenextremelyfruitfulinthemodelspecieszebrafish (Daniorerio),
butalsoinspeciesofeconomicinterest,suchassalmonidfish.By
contrast,muchlessisknownaboutmuscledevelopmentinspecies
inotherteleosttaxa.Thus,theaimofthepresentstudyistooutline
thedevelopmentand growthoftrunkmuscleintheburbot (Lota
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lota)-theonly gadiformfreshwaterfish.Immunolabelling for slow
andfastmyosinsandforproliferatingcellsaswellashistological
stainingmethodsareusedtoinvestigatethepatternsofmyotomal
myogenesisindifferentdevelopmentalstagesofburbotembryosand
larvae.Theobtainedresultscontributetoabetterunderstanding
ofthemechanismsbehind developmentalmusclepatterningin
fishingeneralandtheevolutionof differentbodyplansinteleosts.

A10.38 COLD ACCLIMATION IMPROVES
SURVIVAL AFTER CHILL COMA
THROUGH AUGMENTED ION REGULATIVE
CAPABILITIES IN THE MIGRATORY
LOCUST, LOCUSTA MIGRATORIA
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@ MADS.ANDERSEN@BIOS.AU.DK

Mostinsectshavetheabilitytoacclimatetochangesintemperature
suchthatthermalperformanceandtolerancetracksseasonaloreven
diurnaltemperaturevariation. Thisisalsotrueforthemigratory
locust, Locustamigratoria,whichmarkedly changesitsthermal
tolerancewhenacclimatedtoeitherhighorlowtemperature.Recent
studieshaveshownthatinsectcoldtoleranceiscloselytiedtothe
insect’s capacity for preserving extracellular ion homeostasis
duringcoldstress.Itis,however,notknownifandhowthermal
acclimationaffectshomeostaticcapacityinlocustfollowinghigh
orlowtemperatureacclimation.Inthepresentstudyweacclimated
locuststohigh(31°C)andlowtemperature (11°C)beforeexposing
themtoacoma-inducingcoldexposure (0°C) forupto48hours. We
findthatcoldacclimatedlocustshaveafasterrecoveryaftercold
exposureandthattheyexhibitahighersurvivalthantheirwarm
acclimatedconspecifics. Measurementsofintra-andextracellular
ion concentrations showed that particularly K* -balance is
disturbedduringcoldexposureandwefindthatthisdisturbance
is proportional to the thermal tolerance. Thus, cold acclimated
locustsarecharacterisedbyasmallerdisturbanceofionbalance
comparedtowarmacclimatedlocustsandasaconsequenceoftheir
improvedhomeostaticcapacitycoldacclimatedlocustsarebetter
abletomaintainmembranepotential during cold stress. Loss of
membranepotentialisknowntocausechillinjuryandapoptosis
andwearecurrentlyinvestigatinghowthermalacclimationaffect
theabilityoflocuststoavoidcellularapoptosis/necrosis.
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A10.39 DELAYED CHILL COMA RECOVERY
IS ASSOCIATED WITH DISTURBANCE OF
ION BALANCE IN LEPIDOPTERA
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Exposuretolowtemperatureinducesastateofchillcomaininsects
andchroniccoldstressisknowntocauseamassivedisturbance of
ionhomeostasis. Followingacoldstresstheinsectswillpotentially
recoverandtheunderlyingmechanismshavebeenassociated
withtheabilitytoreestablishionand waterhomeostasistoregain
membranepotentialandneuromuscularfunction.Inthisrespect
thetimerequiredtorecoverfromchillcomaisacommonmeasure
ofchilltolerance. Lepidopteraninsectspossesamarkedlydifferent
hemolymphioncompositionandrelyondifferentmechanismsto
maintainmembranepotentialanditisunknownifcoldinjuryis
alsorelatedtodisturbancesofionhomeostasisinthesespecies.
Herewereportthatdelayedchillcomarecoveryisalsoassociated
withdisturbancesofionhomeostasisinthreelepidopteraninsect
species Manducasexta(larvaeandadults), Bombyxmori(larvae)
and Heliconius cydno (adults). Wefound CCRT toincreaseafter
prolonged cold stress in all species/life stages investigated
andincreaseddurationof CCRT wasassociatedwithincreased
hemolymphK* concentrationin B. morianddepolarizationofthe
equilibriumpotentialsofK* (E; )inbothlarvaeand adults of M.
sextawhileatendencyofdepolarizationofE, wasalsofoundinH.
cydno.Theseresultsshowthatlepidopteraninsects,likepreviously
investigatedinsects,sufferfromdisturbancesinionhomeostasis
duringchillcomaandthatthesedisturbancesaffecttheirability
torecoverfromchill coma.

A10.40 PRESYNAPTIC SHAKING B
ISOFORM EXPRESSION ALTERS SYNAPTIC
COUPLING BETWEEN AUDITORY SENSORY
NEURONS AND THE GIANT FIBER OF
DROSOPHILA MELANOGASTER
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In a previous study we showed that the synapse between
auditory Johnston’s Organ neurons (JONs) and the giant fiber
(GF)isstructurallymixed,beingcomposed of Neurobiotin-(NB)
permeablegapjunctionsandchemicalsynapses. However,itisthe
electricalcomponentofthesynapsethatistheprimaryfunctional
one,andwehaveusedanRNAiknockdownapproach,alongwith
electrophysiology,todeterminethattheinnexin (invertebrate gap
junctional protein) Shaking B (ShakB)istheonethatisrequired
both pre- and post-synaptically for functional transmission at
thissynapse.Inaddition,anatomical studiesshowedthat ShakB
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knockdown prevented NB coupling between GF and JONs and
removedtheplaquesof ShakBproteinimmunoreactivitythatare
presentattheregionofcontact.SpecificshakBRNAilinesthatare
predictedtotargetthe ShakB(L),or ShakB(N),isoformsalonedid
notreducethesynapticstrength,implyingthatitisShakB(N+16)
thatisrequiredin the presynaptic neurons. Overexpression of
ShakB(N+16)inJONscausedtheformationofectopicdyecoupling,
includingtheaddition of LY couplingwhere there wasnonebefore.
Conversely, expressionofthe ‘wrong’isoform,ShakB(N),inthe
presynaptic neurons inhibited dye coupling. We are currently
investigatingthepossibilitythatgapjunctionproteinsmayhave
aninstructiveroleinsynaptictargetchoice.

A10.41 ACTIVATION OF ENDOGENOUS
RETINOIC ACID SIGNALING IS
ESSENTIAL FOR SURVIVAL OF
RETINAL GANGLION CELLS AFTER
OPTIC NERVE INJURY
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Retinoicacid (RA)isimportantduringdevelopment,inneuronal
plasticity, and also in peripheral nervous system regeneration.
Hereweusethefrogvisualsystemasamodeltoinvestigatethe
changesinRAsignalingthattakeplaceafteraxonalinjurytothe
centralnervoussystem.Immunocytochemistrywasusedtolocalize
differentcomponentsofRAsignalingwithinsectionsoftheretina
andoptictectum,namely,theenzymeretinaldehydedehydrogenase
(RALDH),andtheretinoicacidreceptors(RARs). Allthecomponents
of RAsignalingwerepresentatlowtomoderatelevelsinretinas
andtectaofcontrol,unoperatedanimals.Inretina,soonafteroptic
nerveinjury,therewasalargeincreaseinRALDHandalsoalarge
increaseinretinalganglioncell (RGC)RAR expression. Weapplied
antagonists of RA signaling intraocularly and quantified the
effectsonRGCsurvivalsixweeksafteraxotomy, usingaretrograde
fluorescenttracertolabeltheneurons.InhibitionofendogenousRA
signalingsignificantlydecreasedRGCsurvival,reducingitbyabout
50%.Inhibitionof RAsynthesisandRARactivityalsoabolished
theaxotomy-inducedactivationoftheErksignalingpathway. We
concludethattheactivationof RAsignalingisanessentialstepinthe
survivalofRGCsafteraxotomy. Furtherstudyofthemechanisms
involved in this process will help to understand the potential
therapeuticvalueofretinoicacidtotreatnerveinjury.

Grants: RE Blanco: NIH-GM 093869 and RCMI-G12RR03051,
Confocalgrants:NSF-DBI-0115825and DoD-52680LS-ISP
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A10.42 ADAPTATION OF STANDARDIZED
TEST TO ASSESS OLFACTORY FUNCTION
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Recently new arguments were raised against classic theory
assigning humans to microsmatics, i.e. mammals with poorly
developed olfaction and insignificant role of smell (Shepherd,
2004; Lundstrom, Olsson, 2010). Despite having less olfactory
receptorsthandogsandmice (Niimura,Nei,2005), humansasany
mammalrespondtoolfactory conspecificbodyodors. Comparative
behavioralresearchcarriedoutondifferentmammalianspecies
andhumans, showedthatsensitivitytoodorsisnotdirectlyrelated
toreceptorpoolsizeandneuroanatomicalsubstrate (Laskaetal,
2015). Currently, there are no standardized tests in Russia for
quantitativeassessmentofhumanolfactoryfunction, whichslow
downthedevelopmentoftheresearchinthisarea. Apartfromthe
obviouspracticalvalue,thedevelopmentofsuchatestwillallowto
comparethedataforRussianpopulationwithothers.Inaimtoadopt
theUniversity of Pennsylvania SmellIdentification Test (UPSIT)
forRussianpopulationwetestedmorethan250healthysubjectsof
differentagelivinginmegapolisandintheruralarea. Averagescores
of correctanswersoutof40odorsamplesingroupone (age 18-60)
were34,73+2,29and 33.08y 3.12forMoscowrespondentsandrural
areapeopleaccordingly;ingroup2(60ageandolder)-28,22+3,35
forMoscowinhabitantsand27,36y3,70forpeoplefromruralregion.
Average UPSITscoreforcontrolgroupwas33.08+2.87. Thecriterion
forinclusioncertainodorantsintotestis 75% ofindentifiability.
Basedonthecriteriawereplacedodorantsinthetestandreviewed
scoringinstructions.

Supported RSF16-15-10312

A10.43 EFFECT OF INCUBATION
TEMPERATURE ON BODY GROWTH
AND MUSCLE DEVELOPMENT IN
TWO ECOTYPES OF WHITEFISH
COREGONUS LAVARETUS
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Severallakesaroundtheworldareinhabited by ecotypepairsof
teleostfishthatdifferinhabitatutilisation,spawningbehaviour
andmaximumsize (dwarftypeandregulartype).Suchecotype
pairsprovide well-suitedmodel systemsforstudy ofintraspecific
phenotypical diversification. Here, we present data that
demonstratethatthermalimprinting,thethermalexperiencein




ANNUAL MAIN MEETING BRIGHTON 2016

embryoniclife,aidsthesegregationofsmallandlargeformswithin
anecotypepairof whitefishCoregonuslavaretus. Batchesoffish
ofeachformwerekeptat2°and6°untilhatchingandsubjectedto
similarthermaltreatmentafterwards.Resultsdemonstrateclearly
thatfishoftheregularformaremuchsmallerwhenimprintedat
thermalconditionstypicalforthespawningsites ofthedwarfform
(6°C)thanwhenimprintedattheconditionsusually experienced
at their own spawning sites (2°C). Surprisingly, the fish of the
dwarfformexhibitasimilarresponsepatterntothermalhistory
(2°-fishmuch larger than 6a-fish), indicating thatin their case,
normal spawning site temperature (6°C) is indeed likely to act
as a growth limiting factor. In addition, immunolabelling was
performed to quantitatively examine Pax7+ muscle precursor
cellsincludingsuchthataremitoticallyactive (Pax7+/H3P+)or
haveentereddifferentiation (Pax7+/MEF2+).Resultsdemonstrate
thatincubationtemperaturehasanimportantinfluenceonthe
proliferation/differentiation balance of such cells in the two
ecotypes. This is of major significance to aspects of ecological
developmentalbiology, fisheriesbiologyandfromtheevolutionary
perspective.

A10.44 CASTING NETS - CATCHING
NEUTROPHILS IN THE ACT
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Neutrophil extracellular traps (NETs) are meshworks of
extracellular DNA decorated with microbicidal and cytotoxic
proteins. NETs are formed by polymorphonuclear neutrophils
duringaspecialformofcelldeathtermed NETosis.Evidencehas
accumulated that NETosis is a basal mechanism of vertebrate
innateimmuneresponsewhichalsocontributestoinflammation
andtissuedamageinvariousdiseases. NETscomprise complex
threedimensionalreticularstructuresof DNAfilamentsofvarying
thicknessdowntofullydecondensateddoublehelixstrands,often
forming a continuous meshwork of wide expanse. Neutrophils
cancastlargeareasof NETsbycrawlingduring NET releasebut
theexactprocessbywhichnumerousneutrophilsinteracttoform
extendedlayersofinterwoven NETsishardlyunderstood. Tofurther
investigatethis,weemployedacombinationoflightandelectron
microscopicmethodsincludingimmunolocalisationtechniques
toanalyseinvitroNET formationbehaviourof humanneutrophils
isolatedfromperipheralbloodand of murineneutrophilsfrombone
marrow. Qurresultssuggestamodelinwhichattheonsetof NET
shedding, NET strands are preferably adhered to NET strands
alreadypresent,ortomicro-obstaclesofotherkind. Adheredstrands
arethenelongatedbythecells’ crawlingaway fromtheirinitial
positions. Physical contactofelongated NET strands with cells
inearlystagesof NET formationorwithnon-NET-formingcellsis
frequent. Weproposethatactivemutual physicalcontactbetween
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NET-formingcellsservestosupportthesuccessiveinitiationof
NETreleaseandthegeneration ofextended multidirectional NET
deposits.

A10.45 EXTRACORPOREAL SHOCK
WAVE THERAPY ACCELERATES SKELETAL
MUSCLE REGENERATION
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Mammalianskeletalmuscletissueexhibitsaremarkableability to
adapttophysiologicalstressorssuchasexerciseormuscledamage.
Particularlyinprofessionalsports,theregenerative capacity of
skeletalmuscletissueisamajorissue,asmusclelesionsareamong
themostcommonsports-relatedinjuriesinathletesand optimal
treatment still remains obscure. To support regeneration and
speeduprecovery,extracorporeal shockwavetherapy (ESWT)
couldbeapromisingapproachasitgainedincreasingimportance
intissueregenerationinvariousmedicalfields.Ithasbeenshown
thatESWTup-regulatestheexpressionofseveralgrowthfactors,
leading to proliferation and differentiation of various stem/
progenitorcellsandtoincreasedblood supply. The presentstudy
demonstratesacceleratedregenerationofacutelyinjured skeletal
muscletissue.Muscleregenerationwasinducedbyastandardised
cardiotoxininjuryinrathindlimbs,andregenerationprocesses
wereinvestigatedand comparedinESWT treatedand untreated
animals. Muscle samples wereanalyzed by histomorphometry,
immunohistochemistryandwesternblottingwithregardtofibre
size,nuclearcontent,recruitmentofsatellite cellsandblood supply.
Therapyresultedinsignificantlyincreasedfibresizeandmyonuclear
contentaswellasinsignificantlyenhancedexpressionlevelsofpax?7,
myoD, myogeninandCD31,indicatingaccelerated proliferation
anddifferentiationratesofsatellitecellsaswellasincreased blood
supplyfollowing ESWT.




ANNUAL MAIN MEETING BRIGHTON 2016

A10.46 ALFAXALONE ANAESTHESIA
IN THE BALL PYTHON (PYTHON REGIUS)
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Injectableanaesthesiaiswell-establishedinreptilesandfacilitates
the sedation of wild-captured animals, induction of surgical
anaesthesiaandsedationforhandlingofpotentiallydangerous,
andinsomecasesvenomous,animals. However,vascularaccess
insnakesischallenging, makingitpreferabletouseaninduction
agentthatprovidesinnocuousanaesthesiauponintramuscular
administration. Thus, we investigated alfaxalone as an
intramuscularinductionagentforsnakes. Alfaxaloneisasynthetic
neuroactivesteroidthatproducessedationandmusclerelaxation
andcanbeadministeredsafelyintravascularlyorintramuscularly.
Innocuous anaesthetic induction, when it was delivered
intramuscularly, has been reported in several reptile species,
includingturtles, tortoisesandiguanas, howeverthereislittle
evidenceoftheuseofalfaxaloneinsnakes.Sixballpythons (Python
regius)wereeachadministeredthreedoses(10,20and30mg/kg)and
thequalityofanaesthesiawasassessed. Thetimetolossofrighting
reflexandmuscletone,alongsiderespirationrateandtheabilityto
intubatewithanendotrachealtubewererecorded.Preliminary
resultsindicatedthatover-stimulationbytestingreflexesatshort
timeintervalsledtovariableinductiontimesandhypersensitivity
inthesnout,somuscletonewasassessedeverytwominutesand
rightingreflexeveryfourminutes. Wealsoassessedthepotential for
analgesiaprovidedbytheanaestheticusingmechanicalstimulation
withapinchtothetailtipwithforceps.Ouraimwastodetermine
anappropriatedoseofalfaxalonetoallowendotrachealintubation,
whichwouldfacilitatemaintenanceofsurigicalanaesthesiawith
otheragents, forexampleinhalantanaesthetics.
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A10.47 THE PHYSIOLOGICAL EFFECTS
OF MORPHINE IN THE SOUTH AMERICAN
RATTLESNAKE CROTALUS DURISSUS
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Althoughmorphinerepresentsthe gold-standard foranalgesia
inmammals, an effective opioidremainstobe demonstratedin
snakes;noreliableanti-nociceptiveeffect wasreportedforthermal
nociceptive stimulationin corn snakes, and morphine does not
appeartoexertsignificantanalgesiauponsubcutaneouscapsaicin
injectionsinballpythons.Herewereportthephysiologicaleffects
of morphinein Crotalus durissus &ndash; the South American
Rattlesnake. Arterial catheters were placed under isoflurane
anaesthesia and local bupivacaine with either intramuscular
morphineat10mgkg? orsaline. Cathetersalloweddetermination
ofheartrate,meanarterialbloodpressureandplasmacorticosterone
concentration. Morphine administration atinduction caused a
tendencytowardstachycardiathroughoutsurgeryandrecovery.
Corticosterone concentration also tended to be higher in the
morphine-treatedsnakes (morphine,0hr[corticosterone] 479+
187ngml?,48hr[corticosterone] 410w 175ngml?),whilethecontrol
groupshowedtheexpectedtendencyforpostoperativedecreasein
corticosterone concentrations(control,0hr[corticosterone] 410
+175ngml?,48hr[corticosterone] 211y 121 ngml*). Therewasa
significanttachycardiainsnakeswhenmorphinewasadministered
postoperatively;withheartratesof38+11beatsmin!inmorphine
and22\y7beatsmin?incontrolsnakesat7hoursafterintramuscular
administration. Thiscorroboratespreviousfindingsinballpythons.
Inconclusion,morphineat 10mgkg® didnotreduce heartrateor
plasma corticosterone in South American rattle snakes when
administered pre-operatively,andwasassociatedwithasignificant
tachycardiawhenadministeredatrest.
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A10.48 MOLECULAR AND
NEUROANATOMICAL CHARACTERIZATION
OF VASOPRESSIN/OXYTOCIN-TYPE
SIGNALLING IN AN ECHINODERM
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Vasopressin/Oxytocin (VP/OT)-type peptides are a bilaterian
familyofneuropeptidesthatexerteffectsviaco-evolved G-protein
coupled receptors. Studies on vertebrates and protostomian
invertebrates have revealed roles for VP/OT signalling in
osmoregulation, reproduction and social behaviour. However,
littleisknownabout VP/OT-typesignallingin deuterostomian
invertebratesthatoccupyan&ldquo;intermediate&rdquo; position
inanimalphylogeny.

Wehaveidentifieda VP/OT-typeneuropeptide (asterotocin)in
thestarfishAsteriasrubensbycloningacDNAencodingitsprecursor
anddetectionofthematureneuropeptideinnerveextractsusing
LC-MS-MS.WehavealsoidentifiedanA.rubensVP/OT-typereceptor
thatisactivatedbyasterotocinwhenheterologously expressedin
CHOcells.

UsingmRNAinsituhybridizationandimmunocytochemistry
(withnovelantibodies),analysisoftheexpressionofasterotocin
anditsreceptorinA.rubensrevealedexpressionintheectoneural
epitheliallayerofthecircumoralnerveringandradialnervecords,
with stained processesintheunderlyingneuropile. Asterotocin-
expressingcellswerealsoobservedinthetubefeet,bodywalland
cardiacstomach,andimmunostained processesarepresentinthe
basalnerveringofthetubefoot,thesub-epithelialnerveplexusofthe
bodywallandthebasiepithelialnerveplexusofthecardiacstomach.

Consistentwiththeexpressionofasterotocinanditsreceptor
in the cardiac stomach, pharmacological studies reveal that
asterotocin triggers cardiac stomach relaxation (in vitro) and
eversion (invivo)instarfish. Furthermore,ourdataindicatethat
asterotocinmayexerttheseeffectsbytriggeringneuralrelease of
anothersignalingmolecule,whichthenactsasamusclerelaxant.
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A10.49 INFLUENCING FACTORS ON
POST MORTEM PROTEIN DEGRADATION
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Timesincedeathestimation (TDE)isacrucialaspectinforensic
routine work. Available methods, however, all exhibit several
restrictions on behalf of applicability. We lately presented a
promising new TDE approach on the basis of skeletal muscle
proteindegradationinananimalmodel,aswellasinhumantissue.
Furthermore,thismethodwasrecently deployedtogaintimesince
deathdatainactualforensiccases,inwhichallothermethodsfailed.
However,certain aspects such as environmental influencing
factorsremaintobedeterminedtoachieveabroadapplicability of
thisapproachinforensicroutinework. Theaimofthe presentwork
istoinvestigatetheroleofthemostimportantinfluencingfactor
i.e.temperature.Forthispurpose weexposedsacrificedmiceto
varyingenvironmental conditions,anddissectedmuscletissueat
specificpointsoftimepostmortem.Sampleswerethenanalysedon
proteindegradationbymeansof SDS-PAGEand WesternBlotting
andcomparedtoeachother. Wediscussourresultsincontextwith
datafromactualforensiccasesandfurtherdescribetheusefulness
oftheapplicationofaccumulateddegreedays (ADD),asacombined
measureoftimeandtemperatureintimesincedeathestimation.
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A10.50 TRANSCRANIAL MOTOR CORTEX
EVOKED POTENTIAL ATTENUATION IN
THE WISTAR RAT
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Transcranialelectricalstimulationofthemotorcortexisawidely
usedtechniquetoevokepotentialsinthespinalcord, peripheral
nervesandskeletalmuscles. Thetechniqueisusedtomonitorspinal
cordintegrityduringsurgerythatcanpotentiallycausepermanent
disablingdamage. Thus,reliablerecordingof stimulationresponses
isvitally important. Owing to the nature of recording nervous
activity,wherelowsignalamplitudecancausedifficultiesdetecting
activity,signalaveragingisusedtoimprovesignal/noiseratios,i.e.
repeatingthesequenceofstimulationandmeasurementanumberof
timesandaveragingtheindividualrecordings. Thisapproachrelies
ontheassumptionofnearperfectsignalreproducibilitybetween
recordings. Wereport, usingtranscranialstimulationof themotor
cortexinthe Wistarrat, thatstimulationratehighlyaffectsboth
signalamplitudeandsignal complexity.Fasterstimulationrates
drastically reduce the amplitude and complexity of resulting
evokedpotentialsmeasuredinthefemoralnerve, whereasslower
ratesimprovethem.Prolongedfaststimulationcanevenleadto
completeablationof stimulationresponses. Thisdiscovery could
haveramificationsforhowevokedpotentialstudiesofhigherbrain
centersandneuralnetworksingeneralarecarriedout. Weproposea
hypothesisofadequaterepolarizationtimeafterstimulationinorder
tomaintainstimulusresponsefidelity.Itseemsplausiblethatthis
adequaterepolarizationtimeincreases,asneuralnetworkssizeand
complexityincreases,asisthecaseifonemovesfromratstohumans.
Enhancingevokedmotorcortexpotentials’detectability couldlower
theriskofspinalcorddamageduringsurgery.
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We observed previously that lactating golden hamsters
(Mesocricetus auratus) were significantly limited in their
reproductiveperformanceatelevatedambienttemperaturesof
30°Cincomparisonto5°C. Whatmeasurescanbeundertakento
enablelactatingfemalestogetridofexcessivelyproducedheat? Fur
removalmaybeoneeasyandrelativelynon-invasivemeasureto
manipulatethermoregulationsowesetouttocompareenergyintake,
milkproductionandjuvenilegrowthinshavedandunshavedgolden
hamsters.Byshaving,thermalconductanceandthusheatlossis
maximisedandheatflowbetweenfemalesandtheirenvironment
ismanipulatedwhilethethermal conditionsofthe pupsremain
stable.Experimentsinvolvingshavedfemalessofarturnedoutto
beinconclusivesonewmodelsystemsandexperimentsidentifying
theimportanceoffurinsulationonmaternalpeakenergybudgets
areneeded. Also,weaimtounderstand whydifferentstrainsof
laboratoryanimalsmightbedifferentially constrainedbyheat.
Throughoutthreeweeksoflactation, weassessedtimecoursesof
bodyweights,subcutaneousbodytemperatures,energyintakes
aswellaslittersizesandlitterweightsofshavedhamstermothers
andunshavedcontrols.Firstresultsrevealalreadythatshavingof
femalesledtoanincreaseinpupgrowth:theiryoungwere22.3%
heavierthanpupsofunshavedmothersatthetimeofpeaklactation
andeven90.4%heavieratthetime ofweaning. OQurresultspointto
anefficientmanipulationtoboostmilk production.
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Fishmove freelythroughthe waterand mustnavigateinthree
dimensions. Asenseofdepthwouldofferasubstantialadaptive
benefittofishduringthree-dimensionalnavigation. Hydrostatic
pressureprovidesaglobalcuethatvarieslinearlywithdepth, so
itshouldbestraightforward,inprinciple, foran Actinopterygii
fishtoquantifyitsdepthfromameasurementofabsolutepressure
usingitsgas-filledswim-bladder. However,ithasbeenassumedthat
Actinopterygiifishcannotsenseabsolutedepthusingpressure;the
maindisputebeingthatthevolumeofgasinsidetheswim-bladderis
variedtoregulateneutralbuoyancy,soitcannotactasalong-term
steadyreference.Recenttheoreticalworkproposesthatabsolute
depthmightbederivedduringverticalmovementbycombininga
measurementofspeedwithameasurementofthefractionalrate of
changeinswim-bladdervolume.Hereweprovidethefirstempirical
evidencethat Actinopterygiifishcanlocalisetheirabsolutedepth
withremarkable precisionrelying exclusively ontheir sense of
pressure. Wefoundthatthe Mexicantetra, Astyanaxmexicanus,
accurately learnt the depth of a food reward using absolute
pressurealone.Further,whenweexperimentallymanipulatedthe
surroundingpressure, fishshifted theirsearchaccordinglywithhigh
accuracy.Ourresultsrevealapreviouslyunidentified function of
theswim-bladderin Actinopterygiifishandhighlightnewsensory
informationthatfishareusingduringnavigation.

Althoughfish ofthe genus Carassiusare capable ofrecovering
fromprolonged anoxia exposureandsubsequentreoxygenation,
theyexperiencetissuedamage,includinginthebrain. However,
it remains unknown if the brain damage induced by anoxia-
reoxygenationaltersbehaviourordisruptsmentalacuity. We
examinedifanoxia-reoxygenationnegativelyaffected theability
of 21°C-acclimated goldfish tolearn and recall a classical fear-
avoidance conditionedresponse. Thelatency (i.e.,responsetime)
tofearstimulusinpre-conditionedfishwasdecreasedby22%1h
aftera6hanoxiaexposure,butthenincreasedby47%after24hof
reoxygenation.Bycontrast, thefearstimulusavoidancesuccess
ratewasnotaffectedbyanoxia-reoxygenation. Goldfishexposed
toanoxiaandthenconditioned commencingat24hpost-anoxia
exposureexhibiteda70%lowerfearstimulusavoidancerateatthe
onsetoftrainingcomparedtofishthatwereconditionedwithout
prioranoxiaexposure.Fishexposedtoanoxiapriortotrainingalso
required 1.8-t03.4-timeslonger (15 days) tobecome conditioned
comparedtofishthathadnotbeenexposedtoanoxia(4-8days).
Combined, ourfindingsrevealthatlearningandrecollection of
afear-avoidance conditioned responseis disrupted by anoxia-
reoxygenationingoldfish.Researchiscontinuingtodetermineif
theseverityofthealteredbehaviourandmentalacuityinresponse
toanoxia-reoxygenationiscorrelatedwiththeextentofbrain
damageexperienced.
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NUCLEOTIDES: THE MITOCHONDRION
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Background

Gene duplication, an ubiquitous biological phenomenon, is
arguablythemajordriverofevolutionandcontributortogenetic
robustness and is epitomised by the recently identified type
11T (lambda) interferons (IFNLs), a group of small homologous
cytokines encoded by a gene cluster located within a ~55kbp
regiononthelongarmofchromosome 19.IFNLsarefunctionally
similartotypelinterferons,buttheiractivitiesarerestricted by
receptorspecificitytocellsofepithelialorigin. Theyhaveattracted
considerableinterestsinceseveralgenome-wideassociationstudies
revealedthatsinglenucleotidepolymorphismsintheirnon-coding
regionsstronglyinfluencebothspontaneousandtreatment-induced
clearanceofsomeviralinfectionsaswellasinfluencingseverity of
sterileinflammatoryresponses.IFNLsclearly playpivotalrolesin
inflammationandimmunity,butmanyaspectsoftheirregulation
andfunctionremainunexplored.

Methodsand Aims

Variousfreelyaccessible genomicsandbioinformaticsresources
wereusedtoinvestigatethephylogenyandstructureoftheIFNL
locus andits productsin an attempt to discover more about the
evolutionandbiological effectsofvariation.

Resultsand Conclusions
Early duplication of an ancestral type I interferon produced a
primordial IFNL gene, further duplications of which generated

IFNL2andIFNL3.ThephylogenyIFNL4 generemainsenigmatic.

SmalldifferencesinIFNLgeneandtranscriptstructurepredict
differencesinturnoverrates.Overall, theresultssupporttheidea
thatIFNLgenesare ‘modern’genesthatarestillactivelyevolving
inresponsetoenvironmentalpressure.

@ TIM.SHAW@MH.ORG.AU

Introduction
HighlyOrganized Tolerance (HOT)isaconceptualframework for
studyingcomplexnetworks,essentialcharacteristicsof whichare
meta-stability,robustnessandtheabilitytoself-regulate. Such
networkscopeeasilywithenvironmentalfluctuationsunlessthey
areverylargeand ‘unexpected’. Engineeredandevolvednetworks
dependonappropriately coupled andregulated power supplies for
optimalperformance.
Mitochondria,theorganellesthatgeneratemostcells’ power
byoxidativephosphorylation, provideaplatformforintegrationof
thesignalsthatcontrolvitalreactionsaswellastheenergyneeded
fortheirexecution.Inmulticellularorganisms,individualcells
powerrequirementsvaryenormously,dependingonmanyfactors
thatincludedevelopmentalstage,nutrientavailabilityandionic
microenvironment. Mitochondriaproducethesignallingmolecule
superoxideasaby-product. Ofrespiration, whichisalsorequired
togenerate UMP,thecommonpyrimidine precursor. Regulated
nucleotide supplyisessentialforaplethoraoffunctionsincluding
mitochondrialmaintenance.

AimandMethods

Production of an electronic model of mitochondrial nucleotide
metabolism using and design concepts from synthetic biology
appliedtobioinformaticsdata.

’

Resultsand Conclusion
Wedesignedasimplifiedelectronicmodel consistentwithavailable
data to show that (1) except under ‘unexpectedly’ stressful
conditions, the mitochondrial reserve capacity for nucleotide
supply exceeds demand and (2) flux through the mitochondrial
HOTnetworkisnormallyrepressedbynegativefeedbackwhichif
removedbeyondacriticalperiodwillresultinnetworkfailure. Gene
duplicationandalternativeprocessingofgeneproductsensures
thatsuitableproteincomponentsareavailabletomaintainfunction
underdifferent ‘expected’ conditions.
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Thedevelopmentofbreedingprogramsforaquacultureandthe
preservation of biodiversityjustify the creation of cryo-banks
where samples of semen and embryos are preserved. Moreover,
thedevelopmentofgenomicsopensnewopportunitiestoimprove
theunderstanding of therelationship between phenotype and
genotype. Thisresearchrequiresbiologicalresourcesandtools
allowinggametestorage. Ashort-termstorageprotocolforscallop
(Pectenmaximus) spermwasdesigned, whichpermittedamean
spermmotilityinexcessof20%after64hstorage. Theeffectsof
thecontainer, thediluent, thedilutionandtheantibioticonsperm
motilitywereinvestigated.Resultsindicate variation of sperm
storagecapacityinrelationwithanimals’origin (hatcheryorwild)
aswellashighinter-individualvariability. Thefirstexperimenton
scalloplarvaecryopreservationwascarried outsuccessfully. After
72hpost-thawing, survivalranged from 65%t095%. Structural
integrity ofnumerouslarvaewas,however,impaired. After 10days
rearingsurvivalrateofthecryopreservedlarvaewaslessthan1%,
while47+8%inthecontrol.
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Anthropogenic pressure and climate change put southern
populationsofthree-spinedsticklebacks (Gasterosteusaculeatus
L.) atrisk. This is especially relevant for the mesohaline and
freshwaterpopulationslivingalongthenorthern Mediterranean
coast with an anticipated conflict for habitat and resources
betweenthesepopulations.

To initiate this study, individuals from the Rhone delta
(mesohaline population) were sampled and acclimated for at
leasttwoweeksinfreshwater (FW;5%o),brackishwater (BW;
15%o0),and seawater (SW;30%o). Toexplore theirhydromineral
mechanisms, blood osmotic pressure and gill Na*/K*-ATPase
(NKA) gene expression of the ala and alb isoforms were
determined. Furthermore,the NKA proteinexpressioninthegill
ionocytesandtheremodellingofthesecellswereinvestigated
throughNKAimmunolabelling.

Bloodosmolalities of FW-,BW-and SW-fishweresignificantly
different. Branchial NKA ala and alb expressions were also
differentwithlessNKAalbinFWthaninSW.Ionocytesin FW-
fishgillsweredlocatedalongthelamellaeandattheirbase, whereas,
inSW-fish,thesecellsarerestrictedtogillfilaments.lonocytes
appearedelongatedin FW-fishbutpossessaroundshapein SW-fish.
Finally,electronmicroscopyrevealedthreedifferenttypesofapical
structuresfortheseionocytes:honeycomb-likestructureanddome
shapeinFW,ordeeplyencryptedinSW.

Therefore, ionocyte morphology and NKA expression are
salinity-dependent. Thisremodellingmustbedirectlylinkedto
thephysiologicalhomeostaticstatusreachedbythefish.Italso
highlights that this Mediterranean mesohaline stickleback
populationscanrapidlyacclimatetodifferentsalinity conditions
andcaneasilymigratetofreshwater.






