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Al PHYSIOLOGICAL MECHANISMS
OF AQUATIC TOXICOLOGY

ORGANISED BY: TAMZIN BLEWETT (UNIVERSITY OF ALBERTA, CANADA)
AND GREG GOSS (UNIVERSITY OF ALBERTA, CANADA)

A1.1 QUANTITATION AND CAUSALITY
OF PROTEOME DYNAMICS IN FISH
EXPOSED TO ENVIRONMENTAL STRESS

™ MONDAY 3 JULY, 2017 ® 09:00

& DIETMAR KULTZ (UC DAVIS, UNITED STATES)

@ DKUELTZ@UCDAVIS.EDU

Fish have evolved to thrive in highly diverse aquatic habitats,
includingextremeenvironmentsthatarecharacterizedbylarge
fluctuationsofsalinity, temperature,andpH. Speciesinhabiting
suchstressfulenvironmentsareconsideredeury-tolerantbecause
they are capable of utilizing a conserved set of stress response
mechanisms for acclimation and adaptation to environmental
challenges. Many of these responses are also utilized when fish
encounternoveltypesofstressorssuchasanthropogenicpollutants
and toxicants. To better understand the biological mechanisms
associated with such complex stress responses, analyses that
provide molecular resolution of dynamic proteomes at system-
widescalesarerequired. Proteinsarethefunctionalandstructural
workhorsesofallcells, tissues,andorganisms. Theyrepresentthe
targetsofalmostallpharmaceuticaldrugs. Theabundances,covalent
modificationstatesandcell/tissuecompartmentationofproteins
arehighlydynamicandcontext-dependent. Therefore, proteins
areexcellentindicatorsofthebiological condition ofcells, tissues,
andorganisms.Recentadvancesinbiologicalmassspectrometry
andcomputersciencehaveenabled quantification ofthousands of
specificproteinssimultaneouslyataccuracyandreproducibility
superiortoimmunoblottingapproaches. Thispresentationoutlines
theconstructionanduseofhyperreactionmonitoring(HRM)mass
spectrometryassaylibrariesforquantitationof proteomedynamics
duringstressacclimationandadaptationofeury-tolerantfish.Data
onthreespinesticklebacksinhabitinghighlydiverseenvironments
illustrate how HRM proteomics empowers protein regulatory
networkconstruction. Furthermore, HRM proteomicsisideal for
scoringmolecularphenotypescausedby CRISPR genomeediting
of stressresponsegenes.

A1.2 POLYSTYRENE NANOBEADS
ENHANCE POLYCYLIC AROMATIC
HYDROCARBON GENOTOXICITY
IN AN IN VITRO FISH MODEL

™ MONDAY 3 JULY, 2017 © 09:40

& NICOLAS BURY (UNIVERSITY OF SUFFOLK, UNITED
KINGDOM), DANIEL BUSSOLARO (UNIVERSIDADE FEDERAL
DO PARANA, BRAZIL), STEPHANIE WRIGHT (KING’S COLLEGE
LONDON, UNITED KINGDOM), KRISTIN SCHIRMER (EAWAG,
SWITZERLAND), VOLKER ARLT (KING’S COLLEGE LONDON,
UNITED KINGDOM)

@ N.BURY@UOS.AC.UK

Microscopic plastic particles - microplastics - are a ubiquitous
contaminantinaquaticenvironments, whichpotentiallyexistat
thenanoscale. Theybindhydrophobicchemicals,suchaspolycyclic
aromatichydrocarbons(PAHs),alteringtheirenvironmentalfate,
aswellasinteractionswithbiota. Usingrainbowtroutintestine
(RTgutGC) and gill (RTgill-W1) cell lines, the present study
investigates the effects of polystyrene micro-(MB) (4 pm) and
nanobeads(NB)(0.22pm)onthecyto-andgenotoxicity oftwoPAHs,
benzo[a]pyrene(BaP)and3-nitrobenzanthrone (3-NBA)over48
hrs.Usingthe AlamarBluebioassaytoassesscytotoxicity, PAHs
(0.1,1and 10pM)decreasedcellviabilityby 10-20%at 10pMinboth
celllines,whereasMBsandNBs(1,000-10,000particles/ml)were
non-toxic. Genotoxicitywasassessedusingthe Cometassayanda
measureofoxidative DNA damage viatheformamidopyrimidine
DNA-glycosylase (FPG)-modified Comet assay. In the gill cell
lineonlyminorincreases(1-4%)inDNA damagewereseeninall
treatments. ThegutcelllineDNA damageincreasedto8%forBaP
and 15% for 3-NBA, with a greater induction of oxidative DNA
damage. Themostdramaticresultwasinthepresenceofboth0.22pm
NBsand10pM3-NBA,withoxidative DNAdamagereaching69%.
Thiswasnotobservedforthe4pmMBs. Resultsshowthepresence
of plasticNBsenhancesgenotoxicityof 3-NBA, causingasignificant
increaseinDNA damageintheintestinecellline.Dietaryexposure
tothismixtureofcontaminantsmaybeofgreaterconcernthan
respiratorypathwaysinaquaticspecies.
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A1.3 MECHANISMS OF RESPONSE
TO ESTROGENIC ENDOCRINE
DISRUPTORS DIFFER IN THE MODEL
FISH, THE ESTUARINE KILLIFISH
FUNDULUS HETEROCLITUS

™ MONDAY 3 JULY, 2017 ©® 09:55
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A1.4 MANGROVES AS BIOFILTERS:
THE OTHER SIDE OF THE COIN
WITH MANGROVE CRABS BEING
DIFFERENTIALLY AFFECTED BY
WASTEWATER RELEASE

™ MONDAY 3 JULY, 2017 ©® 10:25

& DEBORAH MACLATCHY (WILFRID LAURIER UNIVERSITY,
CANADA), THIVIYA KANAGASABESAN (WILFRID LAURIER
UNIVERSITY, CANADA), TAMZIN BLEWETT (MCMASTER
UNIVERSITY, CANADA), ESTEBAN GILLIO MEINA (WILFRID
LAURIER UNIVERSITY, CANADA), IBRAHIM CHEHADE (WILFRID
LAURIER UNIVERSITY, CANADA), THIJS BOSKER (UNIVERSITY
OF NEW BRUNSWICK, CANADA), ANDREA LISTER (WILFRID
LAURIER UNIVERSITY, CANADA)

@ DMACLATCHY@WLU.CA

Differentreproductiveresponsestotheenvironmental estrogen
17a-ethinylestradiol (EE;) havebeen observed across common
modelteleosts.Inthefreshwaterzebrafish (Daniorerio) andfathead
minnow (Pimephalespromelas) exposureofadultstolowlevelsof
EE; (lessthan25ng/L)causessignificantreductionsinthenumber
ofeggsspawnedandplasmasteroidlevels. However, EE;exposure
forthreeweeksat 10-foldhigherconcentrationsdoesnotinhibit
spawning in an estuarine killifish, the mummichog (Fundulus
heteroclitus);mummichogplasmasteroidsalsodecreasetoalesser
degreeduringEE; exposure. Despitedifferencesinplasmasteroids
and spawning levels, EE; consistently induces vitellogeninin
males and gonadal sexreversalin embryos of all three species.
Environmentalsalinityhasbeeneliminatedasafactorinuptake
andeffectsof EE; inmummichog. EE; accumulatesdifferentially
(andprimarilyinliverand gallbladder)inmummichogcompared
withothercommonmodelteleostsindicatingonepotentialkey
physiologicaldifference(i.e.,clearance). Gonadal gene expression
ofluteinizinghormonereceptor (LHr) hasbeenproposedasarobust
estrogen-responsiveendpointinfish;however,inkillifish,invitro
exposureofmaturingoocytesto0-250nMof EE.for24hshowedno
differenceinexpressionof LHr.Investigation of gene expression
throughouttheoocytematurationcycleof selected steroidogenic
enzymesandgonadotropinandestrogenreceptorsdemonstrated
differential patterns exist between Kkillifish and other studied
fish species. Further understanding of gonadal physiology in
mummichogiskeytodeterminingwhyresponsesatthelevel of
eggproductionandplasmasteroidsvary.

& DIMITRI THEUERKAUFF (UNIVERSITY OF MONTPELLIER,
FRANCE), JEHAN-HERVE LIGNOT (UNIVERSITY OF
MONTPELLIER, FRANCE)

© DIMITRI-CZ@HOTMAIL.COM

Mangroves forest are increasingly used as bioremediation
tool for wastewater (WW) treatment in tropical countries. If
mangrove trees benefit from this nutrient load, the impact on
the associated macrofauna is unclear. In Mayotte (Comoros
archipelago), a pilot study started in 2007 involving the
discharge of domestic effluent following primary treatment.
We investigated the effects of this WW on physiological
parametersofthreekey-engineeringmangrovecrabs: Ucaurvillei,
Neosarmatiummeinertiand Perisesarmaguttatum. WW consists
ofacocktailof contaminants(containingnotablyhighammonia
levels)andcouldinduceasalinitystress (seawatertofreshwater).
TheO;consumptionrateofsubmergedandemergedcrabsandtheir
osmoregulatoryresponsewereinvestigated. ForU.urvillei, theeffect
of WW exposureontheredoxmetabolism (antioxidantcontentand
reactiveoxygenandnitrogenspeciesformation) wasalsoevaluated.
ResultsshowedthatU.urvilleiis physiologically tuned forlow
salinitybutexposuretoOpptinduceshighmortality.N.meinertiand
P. guttatumare stronger hyper/hypo osmoregulators. WW
exposureinducesaburstin O, consumptionratefor N. meinerti
and U. urvillei but a metabolic depression for P. guttatum that
breathesnormallyinairafteracuteexposure. WW alsoinduces
ROSproductioninU.urvilleibutdoesnotimpairosmoregulatory
capacity compared to low salinity. However, for N. meinerti,
the osmoregulatory capacity is affected by WW exposure.
Thisdifferentialvulnerabilitytowards WWamongmangrovecrab
speciesmustbeconsideredinordertoprovideadequateconservation
measureswhenmangrovesareusedasbiofilteringsystem.




ANNUAL MEETING GOTHENBURG 2017

A1.5 EXAMINING THE EFFECTS OF
SHORT-TERM ATRAZINE EXPOSURE ON
A NON-TARGET SPECIES, THE RAINBOW
DARTER (ETHEOSTOMA CAERULEUM)

™ MONDAY 3 JULY, 2017 ©® 10:40

& DAVID THOMPSON (NORTHERN KENTUCKY UNIVERSITY,
UNITED STATES), ANDREW NAGEL (NORTHERN KENTUCKY
UNIVERSITY, UNITED STATES)

@ THOMPSONE1@NKU.EDU

The herbicide atrazine has been shown to have adverse effects
onnon-targetspecies,includingfeminizationinmales.Rainbow
darters (Etheostomacaeruleum)areapollutantsensitivespecies
offreshwaterfishcommonlyfoundintheKentuckyand OhioRiver
watersheds of the Midwestern US, where agricultural atrazine
useiscommon. Followingsevendayexposuresto0,0.1,3,and 10
ppbatrazine,potentialendocrinedisruptioninrainbowdarters
was examined via analysis of: gonad-somatic index (GSI) and
liver-somaticindex (LSI); gonadal concentrations ofestradiol (E2)
andtestosterone (T); hepaticexpression of vitellogenin (VTG);
andgonadalexpressionofaromatase (CYP19a). Resultsindicate
statisticalcomparisonstocontrols.

A1.6 BUILDING THE FISH INTESTINE
IN VITRO - STUDIES ON BARRIER
FUNCTION WITH THE RAINBOW TROUT
CELL LINE, RTgutGC

™ MONDAY 3 JULY, 2017 ©® 14:00

@ KRISTIN SCHIRMER (EAWAG, SWITZERLAND), NADINE BRAMAZ
(EAWAG, SWITZERLAND), CAROLINE DRIESCHNER (EAWAG,
SWITZERLAND), MARK GEPPERT (ETH ZURICH, SWITZERLAND),
MATTEO MINGHETTI (OKLAHOMA STATE UNIVERSITY, UNITED
STATES), HANNAH SCHUG (EAWAG, SWITZERLAND)

@ KRISTIN.SCHIRMER@EAWAG.CH

Theintestineoffishisamultifunctionalorgan:linedbyonlyasingle
layer of specialized epithelial cells, it has various physiological
rolesincludingnutrientabsorptionandionregulation. [tmoreover
comprisesanimportantbarrierforenvironmentaltoxicants. Thus
far,knowledgeofthefishintestineislimitedlargelytoinvivoor
exvivoinvestigations. Recently, however, afishintestinal cell
line,RTgutGC,wasestablished, originatingfromarainbowtrout
(Oncorhynchusmykiss).Inordertoexploitthe opportunitiesarising
fromRTgutGC cells forexploringfishintestinal physiology and
toxicology, weestablished culture of these cellsoncommercially
available, as well as on newly designed, ultra-thin aluminium,
membranes. Thesemembranesserveassupportinordertobuilda
two-compartmentsysteminwhichonecompartmentrepresentsthe
gutlumenandtheothertheinterior,bloodfacingside. Withinthree
weeksofculture, RTgutGCcellsshow epithelialfeaturesby forming
tight junctions and desmosomes between adjacent cells. Cells
developatransepithelialelectricalresistance comparabletoinvivo
measuredvalues, reflectingtheleakynatureofthefishintestine.
Immunocytochemistryrevealsevidenceofpolarization,suchas
basolaterallocalizationof Na*/K*- ATPaseandapicallocalizationof
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thetightjunctionproteinZ0-1.0Onthisbackground, weworktoward
differentapplicationsofthissystemincludinga)theassessment
of molecularresponsesunderlying saltwater adaptation;b) the
quantificationof permeationofchemicalsandparticlesacrossthe
intestinallayerasproxyforintestinaluptakeandc)non-invasive
monitoringoftheviability ofthecellsonaluminiummembranes
basedonimpedancespectroscopy.

A1.7 EFFECTS OF CRUDE OIL
EXPOSURE ON THE PELAGIC MAHI-
MAHI (CORYPHAENA HIPPURUS), FROM
MOLECULAR ENDPOINTS THROUGH
HABITAT UTILIZATION OF WILD FISH

™ MONDAY 3 JULY, 2017 ©® 14:40

& MARTIN GROSELL (RSMAS UNIVERSITY OF MIAMI, UNITED
STATES), ELVIS GENBO (UNIVERSITY OF CALIFORNIA
RIVERSIDE, UNITED STATES), RACHAEL HEUER (RSMAS
UNIVERSITY OF MIAMI, UNITED STATES), GEORGINA COX
(RSMAS UNIVERSITY OF MIAMI, UNITED STATES), JOHN
STIEGLITZ (RSMAS UNIVERSITY OF MIAMI, UNITED STATES),
DEREK NELSON (UNIVERSITY OF NORTH TEXAS, UNITED
STATES), LELA SCHLENKER (RSMAS UNIVERSITY OF MIAMI,
UNITED STATES), DAN SCHLENK (UNIVERSITY OF CALIFORNIA
RIVERSIDE, UNITED STATES), DANE CROSSLEY (UNIVERSITY
OF NORTH TEXAS, UNITED STATES), DAN BENETTI (RSMAS
UNIVERSITY OF MIAMI, UNITED STATES)

©@ MGROSELLE@RSMAS.MIAMI.EDU

Crude oil is toxic to cardiac development in early life stages of
freshwater and marine teleosts. However, more recently, later
lifestageshavealsobeenshowntobehighlysensitivetocrudeoil
exposure.RNAseqgexperimentsrevealed,amongothertargets,
thatcardiaccalciumsignalingwasimpactedduringoilexposure.
Subsequentexperimentsonisolatedventricularmyocytesfrom
mahishowedsubstantiallyreduced sarcomereshortening, effects
thatappearmorepronouncedathigherstimulationfrequencies.
Reducedsarcomereshorteningiscongruentwithareductionin
cardiacoutputnotedinoil-exposedadultmahi. Thesecellandorgan
levelfindingsultimately explainsimpairmentstoperformancein
intactanimals,includingreducedmaximaloxygenuptake,aerobic
scope,andU,;;inadultmahiexposedfor24hoursto~10pg>PAH 1.
Reductioninthese performance metrics could be catastrophic
formahigiventheirlifehistorystrategies. Theyhave someofthe
highestgrowthandreproductive outputratesofanymarinefish,
havethehighestinsitucardiacpoweroutputofanyfishmeasured
todate (13mW g! Mv))andamongthehighestabsolutesustained
swimspeeds(130cm s),rivaledonlybycertainsalmonids. Pop-up
satellitetaggedmahiinthesouth Atlanticdisplay extensivediurnal
verticalmovements,longdistancemigrationsof~100kmday’,
andspanawidetemperaturerange (A 10°C). Thus,impactsofoil
exposureoncardiacperformanceislikelytoalterhabitatutilization,
migrations,spawning,andsurvivalofwildmahi. Thisresearchwas
madepossiblebyagrantfrom GoMRI(GrantNo: SA-1520).
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A1.8 CARDIORESPIRATORY

AND METABOLIC PERFORMANCE
IMPAIRMENTS IN ZEBRAFISH
(DANIO RERIO) FOLLOWING ACUTE
HYDRAULIC FRACTURING FLOWBACK
AND PRODUCED WATER EXPOSURE

™ MONDAY 3 JULY, 2017 ©® 14:55

@ ERIK J FOLKERTS (UNIVERSITY OF ALBERTA, CANADA),
TAMZIN A BLEWETT (UNIVERSITY OF ALBERTA, CANADA),
YUHE HE (UNIVERSITY OF ALBERTA, CANADA), GREG G GOSS
(UNIVERSITY OF ALBERTA, CANADA)

@ EFOLKERT@UALBERTA.CA

Flowbackandproduced water (FPW)fromhorizontalhydraulic
fracturing activities is an emerging toxicological concern in
North America. Althoughsalinitydominatesmuchofthetoxicity
observed, otherinorganic (e.g. metals, radionuclides, etc.) and
organic(e.g.polyaromatichydrocarbons)contaminantsfoundin
FPW canaffectmultiplephysiologicalmechanismsandinducean
array oftoxicologicalresponsesinexposedorganisms. Thecurrent
study analyzing acute embryonic zebrafish (Danio rerio) FPW
exposuresinvestigated cardiotoxicresponsesandalteredmetabolic
performance.Zebrafishembryos (24 hpf) wereacutely exposed
to0 2.5% and 5% FPW solutions for 24 or 48 hrs. Developmental
deformitiesanalyzedat120hpfdeterminedthat2.5%,48 hrFPW
exposures significantly increased pericardial edema, yolk-sac
edema, and tail/spine curvatures. Embryonic basal metabolic
ratesmeasuredat48,72,96,and 120hpfweresignificantlyreduced
followingall FPW exposures. Tolinklowered embryonicmetabolic
rates after FPW exposure to cardiovascular functioning, gPCR
analysisofcardiomyocyteelectrogenicand developmental genes,
including atp2a2a and nkx2.5, revealed significantly altered
embryonictranscriptexpressionfollowing FPW exposure. Finally,
todetermineiftheseembryonicFPWinducedsub-lethaleffects
persistedtolaterlifestages, swimperformance (Ui measuredin
bodylengths/s)andswimmingmetaboliccapacity (factorialaerobic
scope; F-AS)ofjuvenilezebrafish (60 dpfexposedasembryosfor
24or48h)wasanalyzed. FPWexposuresignificantly decreased
bothjuvenilefish Ui and F-AS values. Our study confirmsthe
cardiovascularsystemasanendpointforFPWtoxicityand validates
metabolicimpairmentasapotential toxicological consequence of
FPWexposure.
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A1.9 IMPACTS OF OIL EXPOSURE ON
MAHI-MAHI (CORYPHAENA HIPPURUS)
EMBRYOS - METABOLIC COSTS AND
BUOYANCY CONTROL

™ MONDAY 3 JULY, 2017 ©® 15:10

& CHRISTINA PASPARAKIS (ROSENSTIEL SCHOOL OF MARINE
AND ATMOSPHERIC SCIENCE, UNITED STATES), LAUREN E
SWEET (UNIVERSITY OF NORTH TEXAS, UNITED STATES),
JOHN D STIEGLITZ (ROSENSTIEL SCHOOL OF MARINE AND
ATMOSPHERIC SCIENCE, UNITED STATES), DANIEL BENETTI
(ROSENSTIEL SCHOOL OF MARINE AND ATMOSPHERIC SCIENCE,
UNITED STATES), CONRAD T CASENTE (ROSENSTIEL SCHOOL
OF MARINE AND ATMOSPHERIC SCIENCE, UNITED STATES),
AARON P ROBERTS (ROSENSTIEL SCHOOL OF MARINE AND
ATMOSPHERIC SCIENCE, UNITED STATES), MARTIN GROSELL
(ROSENSTIEL SCHOOL OF MARINE AND ATMOSPHERIC SCIENCE,
UNITED STATES)

@ CPASPARAKIS@RSMAS.MIAMI.EDU

TheDeepwater Horizonoil spill coincided withthe spawningwindow
ofmanyecologicallyandeconomicallyimportantfishspecies. Aside
fromtheacutemortalityelicitedbythisevent,additionalsublethal
effectsmayhavesubtleyetecologicallysignificantconsequenceson
populationsofpelagicfishesasawhole.Inparticular, the control of
embryonicbuoyancyiscriticaltoearlysurvival,asitaidsingrowth
anddispersalbypositioningnewlyhatchedlarvaeinoptimalprey-
predatorfieldsandfacilitatingdispersalthroughoceancurrents.
Wefoundthatco-exposuretoenvironmentallyrelevantstressors
suchashightemperatureand UV-radiation,inconcertwithoil,affect
theinductionanddurationofnegativebuoyancyinmahiembryos.
Inadditiontotheearlyonsetofnegativebuoyancy,oil-and UV-
exposedembryoshadelevatedratesofoxygenconsumption(~10
fold)andincreasedyolksacdepletion comparedtocontrolembryos
atthesamedevelopmentalstage. Thedeleteriouseffectsofoil-and
UV-exposure were enhanced at high temperature, suggesting
thesestressorsinteractinawaytointerferewithhatch, survival
anddispersalinpelagicspecies. Themechanismsbehindembryonic
buoyancycontrolarenotfullyunderstood,butourfindingssuggest
thatregulationofammoniaexcretionmayfine-tunespecificgravity.
ResponsestoUVradiationdemonstratethatbuoyancycontrolin
pelagicfishembryosmaybemuchmoredynamicthanpreviously
thought. Thisresearchwasmadepossiblebyagrantfrom The Gulfof
MexicoResearchlnitiative. GrantNo: SA-1520; Name: Relationship
of Effectsof Cardiac Outcomesinfishfor Validation of Ecological
Risk(RECOVER).
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A1.14 HOW CAN STUDIES OF
PHARMACEUTICALS IN THE
ENVIRONMENT SUPPORT BASIC
AND APPLIED PHYSIOLOGY AND
TOXICOLOGY RESEARCH?

™ MONDAY 3 JULY, 2017 ©® 16:10

@ BRYAN W BROOKS (BAYLOR UNIVERSITY, UNITED STATES)

@ BRYAN_BROOKS@BAYLOR.EDU

Thefaceoftheplanetischangingwithmorepeoplenowlivingin
citiesthaneverbefore. Concentrating peoplealsoconcentrates
resource consumption,includingchemicaluse. Whenwestarted
studyingurbanwatersandassociatedcontaminantsofemerging
concern, very little was known about the bioaccumulation and
toxicology of human pharmaceuticals in the environment.
Fortunately,pharmacologyandtoxicologyinformationismore
readilyavailableforhumanpharmaceuticalsthanotherclasses
ofenvironmental contaminants,andnumerouspharmacological
targets appear functionally conserved across animals and
plants.Inaddition, somephysiologistshad previously employed
pharmaceuticals as positive or negative controls in basic
experimentalstudieswithplantsandanimals. Wehavefocused
oureffortstoward comparativelyunderstandingbioaccumulation
andaquatictoxicologypathwaysassociatedwithphysico-chemical
and biological properties of pharmaceutical classes, which
routinely differ from many historically studied environmental
organiccontaminants(e.g.,PCBs).Infact, weidentifiedhowmany
pharmaceuticalsarenotappropriatelyexaminedbyhistorically
developed predictive models and standardized toxicity testing
designs.Hereweexaminehow pharmaceuticals provide useful
model substances to test basic comparative hypotheses and to
advanceanunderstandingofdiversephysiologicalmechanisms
inaquatictoxicology.

A1.15 THE EFFECT OF

COPPER NANOPARTICLES ON
OLFACTION IN RAINBOW TROUT
(ONCORHYNCHUS MYKISS)

™ MONDAY 3 JULY, 2017 ©® 16:40

@ PARASTOO RAZMARA (UNIVERSITY OF LETHBRIDGE, CANADA),
EFFAT MOHADDES (UNIVERSITY OF LETHBRIDGE, CANADA),
EBRAHIM LARI (UNIVERSITY OF LETHBRIDGE, CANADA),
GREGORY PYLE (UNIVERSITY OF LETHBRIDGE, CANADA)

@ P.RAZMARAQULETH.CA

Fishrelyonolfactionfortheirsurvival,growth,andreproduction.
Metalcontaminants (e.g.copper) canimpairfisholfaction. Although
copperion(Cu?)hasdrawnthemostattentioninolfactorytoxicology
studies, theimpactofcoppernanoparticles (CuNPs) onfisholfactory
systemshasnotbeenwelldetermined. Toourknowledge, there
is only one study that has investigated toxicity of CuNPs in
fish olfactory-mediated behaviours, but neurophysiological
alterationofolfactorysensoryneuronshasnotyetbeenexamined.
The objective of this study was toinvestigate time-dependent
effectsof CuNPsand Cu? onolfactoryacuityofrainbowtroutusing
electro-olfactography (EOG). Toestablish CuNPsor Cu? induced
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olfactory-impairmentthresholds,inhibitoryconcentration (IC)
curvesweredetermined. Fishwereexposedtoageometricdilution
seriesofcontaminants (CuNPsor Cu?)for24hours,andfisholfactory
acuitywasmeasuredusing EOG. Afterwards, fishwereexposed
toCuNPsorCu? atconcentrationsknowntoimpairtheolfactory
systemby50% (322and6.811g/Lfor CuNPsand Cu? respectively)
fora24hor96hexposure period. Resultsrevealed that whilea
96hexposuretoCuNPscausesasignificantly greaterimpairmentof
fisholfactoryfunctionrelativeto24h,fisholfactoryacuitypartially
recoveredafter96hunder continuous Cu? exposure.Overthesame
exposureperiods, CuNPscauseprogressivedeteriorationofolfactory
acuity,whereasapartialolfactoryrecoverywasdocumentedfor
continuous Cu? exposure. Thepresent study strongly suggeststhe
mechanismoftoxicity causedby CuNPsisdistinctfromthatof Cu?.

A1.16 INDUCTION CAPABILITY

AND FUNCTIONALITY OF THE ARYL
HYDROCARBON RECEPTOR 2 (AhR2) IN
HIGH-ANTARCTIC NOTOTHENIOID FISH

™ MONDAY 3 JULY, 2017 ©® 16:55

@ ANNELI STROBEL (MAN-SOCIETY-ENVIRONMENT UNIVERSITY
OF BASEL, SWITZERLAND), ROGER LILLE-LANG@Y (DEPARTMENT
OF BIOLOGY UNIVERSITY OF BERGEN, NORWAY), PATRICIA
BURKHARDT-HOLM (MAN-SOCIETY-ENVIRONMENT UNIVERSITY
OF BASEL, SWITZERLAND), HELMUT SEGNER (CENTRE FOR FISH
AND WILDLIFE HEALTH UNIVERSITY OF BERNE, SWITZERLAND),
ANDERS GOKS@YR (DEPARTMENT OF BIOLOGY UNIVERSITY OF
BERGEN, NORWAY), ODD ANDRE KARLSEN (DEPARTMENT OF
BIOLOGY UNIVERSITY OF BERGEN, NORWAY)

© ANNELI.STROBEL@UNIBAS.CH

The Aryl hydrocarbon receptor (Ahr) pathway is a common
entrypointforthebiological activity of dioxin-like compounds.
Currently, no information exists on the presence and
functionality of the Ahr in Antarctic notothenioid fishes.

Several proteins have been lost in in Antarctic fish. We
aimed therefore toinvestigate if Antarctic notothenioids have
conserved a functional Ahr. Specifically, we identified and
cloned the Ahr2 sequence and tested its sensitivity to AhR
model-agonistsin vitrousing a luciferase reporter gene assay
in which COS7-cells were transfected to express the Ahr2
ligand binding domain of two notothenioid species. The red-
bloodedTrematomusloennbergiiand the white-bloodedChionodraco
hamatus, originating from the Weddell Sea, served as models.

We firstly demonstrated that Antarctic fish express Ahr2
inliver and found that the Ahr2 of both species was activated
by AhR agonists (e.g. Benzo(a)pyrene, 6-formylindolo[3,2-b]
carbazole (FICZ), beta-Naphtoflavone & dioxine-like PCBs) in
theligandbindingassay. Theactivationwassimilaroronly 50%
inthe Antarcticfishcomparedtotheresponseofthe Atlanticcod
(Gadusmorhua)ligand-bindingdomain, whichservedasreference.

Our study revealed that Ahr2 in (the investigated) Antarctic
fishhaveretainedtheability of beingligand-activated, and could
potentially induce the Ahr2-mediated toxicant metabolism.
Wethus concludethat Antarcticfishmighthavethe capabilityto
handleanthropogenicpollutants, yetdifferencesintheinduction
capability and thus xenobiotics metabolism rate may exist to
temperate zone fish.
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A1.17 PHYSIOLOGICAL EFFECTS
AND BIOMARKERS OF DILUTED
BITUMEN EXPOSURE IN EARLY
LIFE STAGE SOCKEYE SALMON

™ MONDAY 3 JULY, 2017 ©® 17:10
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A1.10 THE ULTIMATE TOXICOLOGICAL
MIXTURE: EFFECTS OF HYDRAULIC
FRACTURING FLUID ON MODEL
FRESHWATER SPECIES

™ TUESDAY 4 JULY, 2017 POSTER SESSION

@ SARAH L ALDERMAN (UNIVERSITY OF GUELPH, CANADA),
FENG LIN (SIMON FRASER UNIVERSITY, CANADA), LAURA
A DINDIA (UNIVERSITY OF GUELPH, CANADA), ANTHONY P
FARRELL (UNIVERSITY OF BRITISH COLUMBIA, CANADA),
CHRISTOPHER J KENNEDY (SIMON FRASER UNIVERSITY,
CANADA), TODD E GILLIS (UNIVERSITY OF GUELPH, CANADA)

@ ALDERMAN@UOGUELPH.CA

Canada has the world’s third largest crude oil reserve, most of
which is bitumen - a heavy, tar-like crude from the Alberta oil
sands. Extractedbitumenisdiluted (dilbit) topermitflow through
thousandsofkilometersofpipelinesthattraverse North America,
crossingnumerouswaterwaysincludingnatal streams of Pacific
salmon. Crudeoilexposureisparticularlytoxictoearlylifestage
fishandthedevelopingheart;thereforeaccidentaldilbitrelease
intosalmonhabitatcouldhaveamajorimpactonthesemigratory
fish. Weexposedsockeyesalmontodifferentconcentrationsofthe
water-soluble fraction of dilbitat two earlylife stages (embryos
andparr),andthenquantified physiologicalendpointsrelevantto
migrationandthedevelopmentofbio-monitoringtools. We found
thatswimmingperformanceandcardiachistologywereimpacted
infishexposedtodilbitasparr;butswimmingperformancewas
notaffectedinfishexposedtodilbitasembryosandthenraisedin
cleanwatertotheparrstage. Wequantifiedchangesintheserum
proteomefollowingdilbitexposureandidentified severalcandidate
biomarkersthatincreasedindependentofexposurelength (1wk
ordwk)orexercisetreatment.Inaddition,increasedabundances
of intracellular proteins, including contractile proteins, were
presentinserumfromexposedandexercisedparr,suggestingthat
dilbitexposureexacerbatesexercise-inducedtissuedamageand
may compromisetheabilityof salmontosustainandrecoverfrom
intenseexercise. Thisstudyprovidesinsightintodilbit toxicity
inasocioeconomicallyimportantfish.Supported by the National
Contaminants Advisory Group, Fisheriesand Oceans Canada.

& TAMZIN BLEWETT (UNIVERSITY OF ALBERTA, CANADA),
PERRINE DELOMPRE (UNIVERSITY OF ALBERTA, CANADA),
YUHE HE (UNIVERSITY OF ALBERTA, CANADA), ERIK
FOLKERTS (UNIVERSITY OF ALBERTA, CANADA), SHANNON
FLYNN (UNIVERSITY OF ALBERTA, CANADA), DANIEL ALESSI
(UNIVERSITY OF ALBERTA, CANADA), GREG GOSS (UNIVERSITY
OF ALBERTA, CANADA)

© TAMZIN@UALBERTA.CA

Hydraulic fracturing is an industrial process allowing for the
extractionofgasoroil. Tofracturetherocks,aproprietarymixof
chemicalsisinjectedunderhighpressure,whichlaterreturnstothe
surfaceasflowbackandproduced water (FPW).FPWisacomplex
chemicalmixtureconsistingoftracemetals,organiccompounds,
andoften,highlevelsofsalts. FPWtoxicity tothemodel freshwater
crustacean,Daphniamagna,wascharacterizedutilizingacute (48
hmedianlethalconcentrations;LCsy)and chronic(21d)exposures.
NeonatesexhibitedanLCso0f0.19% of full-strength FPW, making
themmoresensitivethanadults, whichdisplayedanLCs, value
0f0.75%. A decreaseinreproductionwasobserved, withamean
valueof18.5neonatesproducedperreplicateovera21-dchronic
exposureto0.04%FPW,significantlydecreasedfromtheaverage
of 64 neonates produced in controls. The time to first brood was
delayedinthehighestFPW (0.04%)treatment.Quantitative PCR
highlightedsignificantchangesinexpressionofgenesencoding
xenobioticmetabolism (cyp4)andmoulting (cut). Thisstudyisthe
firsttocharacterizechronicFPW toxicityandwillbeusedtohelp
understandtheimpacts,anddevelopenvironmentalmonitoring
andriskassessment,of FPW spills.

A1.11 EMERGING INSIGHTS IN
OIL TOXICITY: EVIDENCE OF NON-
CANONICAL IMPAIRMENT IN FISH

™ TUESDAY 4 JULY, 2017 POSTER SESSION

& ANDREW J ESBAUGH (UNIVERSITY OF TEXAS AT AUSTIN,
UNITED STATES)

@ A.ESBAUGH@AUSTIN.UTEXAS.EDU

Oilisapervasiveenvironmental contaminantinmarinesystems,
epitomizedbythe2010Deepwater Horizonoil spillthatreleased
over700millionlitresofcrudeoilintothe northern Gulfof Mexico.
Decades of research on oil toxicity has helped shape a scientific
consensusthatlethalandsub-lethaleffectsofoilexposurearethe
resultofimpaired cardiacdevelopmentandfunction, whichcanlead
toreducedcardiacoutput, aerobicscope,swimperformanceand
ultimatelyreduced growth,survivalandfitness. Ourrecentwork
relatedtotheDeepwater Horizonoil spill, whilealsodemonstrating
cardiotoxicity,hasbeguntorevealnovelnon-canonical toxicity
endpointsofecologicalsignificancethatareas,ormore,sensitive
than cardiotoxicity. Theseinclude observed impairmentinthe
developmentofbrainandvisionsystems,asevidencedbyhigh-
throughput transcriptomic data combined with morphological
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analysis. Acuteoilexposureinlaterlifestageanimalsalsoresulted
inalteredbehaviorsacrossavarietyofspeciesandexperimental
designs. Theseincludereducedsociabilityandthigmotaxis,aswell
asalteredsettlementandhabitatusagebehavior.Overall,these
observationsareconsistentwiththehypothesisthatoilexposure
reducesanti-predatorbehavior,likelythroughimpairedbrainand
sensoryfunction, whichcanhaveclearecological consequencesfor
affectedindividuals. Thesedatawillbe presentedinthe contextof
anoveladverse outcomespathwaythatcanbeusedtocomplement
existingframeworksspecifictooilinduced cardiacimpairment.

A1.11 EMERGING INSIGHTS IN
OIL TOXICITY: EVIDENCE OF NON-
CANONICAL IMPAIRMENT IN FISH

™ TUESDAY 4 JULY, 2017 POSTER SESSION

& ANDREW J ESBAUGH (UNIVERSITY OF TEXAS AT AUSTIN,
UNITED STATES)

@ A.ESBAUGH@AUSTIN.UTEXAS.EDU

Oilisapervasiveenvironmentalcontaminantinmarinesystems,
epitomizedbythe2010Deepwater Horizonoilspillthatreleased
over700millionlitresof crudeoilintothenorthern Gulfof Mexico.
Decades of research on oil toxicity has helped shape a scientific
consensusthatlethalandsub-lethal effectsofoilexposurearethe
resultofimpaired cardiacdevelopmentandfunction, whichcanlead
toreduced cardiacoutput,aerobicscope, swimperformanceand
ultimatelyreducedgrowth,survivalandfitness.Ourrecentwork
relatedtothe DeepwaterHorizonoil spill, whilealsodemonstrating
cardiotoxicity,hasbeguntorevealnovelnon-canonical toxicity
endpointsofecologicalsignificancethatareas,ormore, sensitive
than cardiotoxicity. Theseinclude observedimpairmentinthe
developmentofbrainandvisionsystems,asevidencedbyhigh-
throughput transcriptomic data combined with morphological
analysis. Acuteoilexposureinlaterlifestageanimalsalsoresulted
inalteredbehaviorsacrossavarietyofspeciesandexperimental
designs. Theseincludereducedsociabilityandthigmotaxis,aswell
asalteredsettlementandhabitatusagebehavior.Overall,these
observationsareconsistentwiththehypothesisthatoilexposure
reducesanti-predatorbehavior,likely throughimpairedbrainand
sensoryfunction,whichcanhaveclearecologicalconsequencesfor
affectedindividuals. Thesedatawillbepresentedinthecontextof
anoveladverseoutcomespathwaythatcanbeusedtocomplement
existingframeworksspecifictooilinduced cardiacimpairment.

ANIMAL ABSTRACTS 116

A1.12 TOXICITY OF OIL

SANDS PROCESS-AFFECTED

WATER ON FEEDING, RESPIRATORY
AND CIRCULATORY SYSTEMS OF
DAPHNIA MAGNA AND ORGANISM
LEVEL MANIFESTATIONS

™ TUESDAY 4 JULY, 2017 POSTER SESSION

@ EBRAHIM LARI (UNIVERSITY OF LETHBRIDGE, CANADA),
DYLAN STEINKEY (UNIVERSITY OF LETHBRIDGE, CANADA),
EFFAT MOHADDES (UNIVERSITY OF LETHBRIDGE, CANADA),
GREG G PYLE (UNIVERSITY OF LETHBRIDGE, CANADA)

@ E.LARIGULETH.CA

Oil sands process-affected water (OSPW), a byproduct of the
extractionofbitumeninthesurface-miningoilsandsindustry,
iscurrently storedinmassiveon-sitetailingsponds.Determining
the potential effects of OSPW on aquatic ecosystemsis of main
concerntooilsandscompaniesandlegislatorsconcernedaboutthe
reclamationofminingsites.Inthefirstphaseofthepresentstudy,
theacute(i.e.24h)andchronic(i.e. 10days) effects of OSPW onsome
fundamentalsurvivalendpoints (feeding, oxygenconsumption,
heartrate,andhemoglobin content) of Daphniamagnawas studied.
Theresultsoftheseexperimentsdemonstratedthat OSPWimpairs
thefeeding, reduces hemoglobin contentandincreases oxygen
consumptioninD. magna.However, 0SPW didnotaltertheheart
rateinexposedanimals. Theseresultssuggestthatexposureto
OSPWreducesenergyabsorptionandincreasesenergyexpenditure
inD.magna.Basedontheseresults,wehypothesisedthat OSPW
mightreducethefitnessof D.magna.Toinvestigatetheeffectsof
OSPW on fitness and population health, we examined growth,
reproductionandmacronutrientreservesof D. magnaafterchronic
exposureto OSPW. Theresultsoftheseexperimentsrevealed that
allthreemeasuredendpointsof the OSPW exposedanimalswere
impaired. The outcomesofthecurrentstudydemonstratedthat
OSPW affectsindividualsandpopulationof D. magnabyaltering
theenergybalance(i.e.intakeanddemand).
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A1.13 UPTAKE KINETICS AND
SUBCELLULAR COMPARTMENTALISATION
EXPLAIN LETHAL BUT NOT SUBLETHAL
EFFECTS OF CADMIUM IN TWO CLOSELY
RELATED AMPHIPOD SPECIES

™ TUESDAY 4 JULY, 2017 POSTER SESSION

@ LENA JAKOB (ALFRED WEGENER INSTITUTE HELMHOLTZ CENTRE
FOR POLAR AND MARINE RESEARCH, GERMANY), DARIA BEDULINA
(IRKUTSK STATE UNIVERSITY, RUSSIA), MICHAEL GINZBURG
(ALFRED WEGENER INSTITUTE HELMHOLTZ CENTRE FOR POLAR
AND MARINE RESEARCH, GERMANY), ZHANNA SHATILINA
(IRKUTSK STATE UNIVERSITY, RUSSIA), YULIA LUBYAGA
(IRKUTSK STATE UNIVERSITY, RUSSIA), EKATERINA MADYAROVA
(IRKUTSK STATE UNIVERSITY, RUSSIA), ANTON GURKOV
(IRKUTSK STATE UNIVERSITY, RUSSIA), MAXIM TIMOFEYEV
(IRKUTSK STATE UNIVERSITY, RUSSIA), HANS-OTTO PORTNER
(ALFRED WEGENER INSTITUTE HELMHOLTZ CENTRE FOR POLAR
AND MARINE RESEARCH, GERMANY), FRANZ JOSEF SARTORIS
(ALFRED WEGENER INSTITUTE HELMHOLTZ CENTRE FOR POLAR
AND MARINE RESEARCH, GERMANY), ROLF ALTENBURGER
(UFZ - HELMHOLTZ CENTRE FOR ENVIRONMENTAL RESEARCH,
GERMANY), TILL LUCKENBACH (UFZ - HELMHOLTZ CENTRE FOR
ENVIRONMENTAL RESEARCH, GERMANY)

@ LENA.JAKOB@AWI.DE

Thisstudyaimedtocomparethesensitivitytowaterborne cadmium
(Cd) of two closely related amphipod species endemic to Lake
Baikal. Both display different body sizes and concentrations of
cellularstressresponse (CSR) proteins. Higher Cduptakeratesby
Eulimnogammarus cyaneusthanby Eulimnogammarusverrucosus
(individual weight: 20-44 and 418-942 mg, respectively) in
concentration-mortality-studies (4 week; 6°C) explained that
lethalconcentrationswerelowerinE. cyaneusthaninE. verrucosus.
WhenexposedtoaCdconcentrationinducing 1% of mortality (LC1;
E.cyaneus:18nMandE. verrucosus:115nM), themetalsensitive
tissue fractions of Cd (MSF) were similar in E. verrucosus and
E.cyaneus(0.2620.07and0.25+0.06 pggfreshweight?,respectively).
Inaccordancewiththehigherconstitutiveconcentrationof CSR
proteinsinE. cyaneusthaninE. verrucosus,more Cdwasbiologically
detoxified in the former species (E. cyaneus =0.83+0.13 and E.
verrucosus=0.66+0.1ngg(freshweight)!).LC1exposureinduced
decreasedrespiration and ventilationrates (by 15to 38%) atall
samplingtimepointsonlyinE. verrucosusbutnotinE. cyaneus.The
physiologicaltraitofdepressedmetabolism, whichhasevolvedto
endureadverseconditionsintheshort-term, mightturndetrimental
duringpersistentexposuretotoxicants.
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A1.18 EVOLUTION AND EXPRESSION
OF THE METAL RESPONSE IN THE
ASIAN LANCELET
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& THOMAS SORGER (ROGER WILLIAMS UNIVERSITY, UNITED
STATES), LEA KABLIK (ROGER WILLIAMS UNIVERSITY, UNITED
STATES), CHRIS MATERNA (ROGER WILLIAMS UNIVERSITY,
UNITED STATES), ALICE CHAN (CITY UNIVERSITY OF HONG
KONG, HONG KONG), PAUL SHIN (CITY UNIVERSITY OF HONG
KONG, UNITED STATES)

@ TSORGER@RWU.EDU

Lancelets are basal chordates found in shallow, coastal
habitats that are highly susceptible to ocean warming
and pollution. In vertebrates and invertebrates exposed
to trace metals, metal-activated transcription factor 1
(MTF1) induces the expression of metallothionein (Mth).
We investigated (a) the evolution of these proteins in three
Branchiostoma species and (b) their role in the response of the
Asian lancelet, B. belcheri, to the trace metals Cd, Ni and Cr.
(@) TheMTF1genesinB. belcheri, B.lanceolatumandB. floridae
encode6C;H,-typezincfingers,sameasthedomainarchitecture
invertebrates.Bayesianphylogeny confirmsthebasalposition of
cephalochordatesandindicatesthatMTFlinthe Asianlancelet
divergedearliestfromtheancestralchordategene. (b) Exposure
for72hto100ppbCdorNiledtosignificantincreasesinMth/actin
mRNA (35-foldand 24-fold, respectively)andMTF1/actinmRNA
(75-foldand 22-fold, respectively). The orderofactivity of these
metals, Cd>Ni>Cr=Control, correspondstothepredicted ability
oftheirhydratedionstocompeteforazincbindingsite (p<0.01).
Thusthe AsianlanceletgenomeencodesaconservedMTF1,and
lowconcentrationsof CdorNicauseasignificantinductionof Mth
mRNA.Regardingthesurprisingincreasein MTF1expression,the
promoterregionsinboththe Asianlanceletandzebrafishappearto
lackaconservedmetalresponseelement (MRE),soupregulationby
metalsofthistranscriptionfactormayreflectanincreaseinmRNA
stability,ratherthananincreaseindenovotranscription.




ANNUAL MEETING GOTHENBURG 2017

A1.19 PRIMARILY CULTURED GILL
EPITHELIA AS PROTOTYPES FOR
ASSESSING FISH RESPONSE TO HEAVY
METAL EXPOSURE
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@ KAFILAT A BAWA-ALLAH (UNIVERSITY OF LAGOS, NIGERIA),
ADEBAYO A OTITOLOJU (UNIVERSITY OF LAGOS, NIGERIA),
JOSEPH K SALIU (UNIVERSITY OF LAGOS, NIGERIA),

NIC RBURY (KINGS COLLEGE LONDON, UNITED KINGDOM),
LUCY C STOTT (KINGS COLLEGE LONDON, NIGERIA)

@ KBAWA-ALLAH@UNILAG.EDU.NG

This study investigated the use of primarily cultured gill cells
toassesschangesingill physiologyinresponse to heavy metal
exposure.Rainbowtrout (Oncorhynchusmykiss) gillepitheliawere
cultured onpermeablefilter supportsusingaDouble SeededInsert
(DSI)primary culturetechnique. Thecells,whicharetolerantto
freshwater application on the apical surface, were exposed to a
rangeofconcentrationsofzinc(Zn)[1-100uM],lead (Pb) [0.5-50
pM]andcadmium(Cd)[0.01-1.0uM]for24h. Theexpressionofheavy
metalresponsivegenesmetallothionein A (mtA)andB (mtB) were
quantifiedusingReverse Transcriptionquantitative Polymerase
ChainReaction(RT qPCR).ResultsshowedthatZnsignificantly (P
<0.05)enhancedtheexpressionofmtAandmtBintheculturedgill
epitheliawhilePbsignificantly (P<0.05)inhibitedthe expression
of mtA.Thesefindingscorroboratepreviousinvivostudieswhich
showed that increased production of metallothionein in fishis
associatedwithanincreaseininternal concentrationsof Cadmium,
Mercury (Hg), Copper (Cu)andZnonly. Theglobalcalltoreducethe
numberoffishusedintoxicologicalevaluationshasnecessitatedthe
needtodevelopinvitrosystemsasviablealternatives. Thisstudy
demonstratedthatprimarily culturedgillepitheliaiscapable of
detectingbioavailablemetalsinwaterandthusshowspromiseasa
surrogateforfishtoxicitytests.

A1.20 THE PHYSIOLOGICAL
EFFECTS OF POLYETHYLENE
MICROBEADS INGESTION IN
JUVENILE ORANGE-SPOTTED
GROUPER (EPINEPHELUS COIOIDES)

™ TUESDAY 4 JULY, 2017 POSTER SESSION

@& PEI-CHI CHUNG (NATIONAL TAIWAN OCEAN UNIVERSITY,
TAIWAN), YUNG-CHE TSENG (INSTITUTE OF CELLULAR
AND ORGANISMIC BIOLOGY ACADEMIA SINICA, TAIWAN),
YI TA SHAO (NATIONAL TAIWAN OCEAN UNIVERSITY, TAIWAN)

©@ DEPUIS1988@GMAIL.COM

Plasticparticleintheoceanisanemergingpollutionthataffect
aquatichabitatsglobally. Someofthemareverysmallthatcanbe
eatenbyalargerangeofanimals,includingfishes. However,the
physiologicalinfluence onfish thatingested those microscopic
particlesisstillunclear. Thisstudyaimedtoinvestigatethephysical
impactofpolyethylene (PE0.2-125um) microbeadsingestionin
juvenileorange-spotted grouper (Epinepheluscoioides). Tothisend,
treatmentfishwerefedwiththedietincluding 10"4fluorescent
microbeads per gram for two weeks. Theremainingbeads were
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searchedandcountedinthegastrointestinaltractandliverusing
fluorescentmicroscope. Furthermore, thepossiblestressandimmune
responseswereestimatedbythechangingintranscriptsofhead
kidneycypllal(P450scc)andstar(steroidogenicacuteregulator),
andhepaticlept(leptin) genes. Aswellas,theplasmaROSandcortisol
levelswillbedeterminedforthepossibleimmuneresponses.

A1.22 THE EFFECT OF THERMAL
PREHISTORY AND EXPOSURE REGIME
ON METAL TOXICITY TOLERANCE IN
ZEBRAFISH (DANIO RERIO)

™ TUESDAY 4 JULY, 2017 POSTER SESSION

& ALI PILEHVAR (UNIVERSITY OF ANTWERP, BELGIUM), RONNY
BLUST (UNIVERSITY OF ANTWERP, BELGIUM), KATHERINE
CORDERY (UNIVERSITY OF ANTWERP, BELGIUM)

©@ ALI.PILEHVAR@UANTWERPEN.BE

Temperatureisoneofthemostimportantenvironmentalfactors
drivingphysiologicalandecologicaldynamics. Althoughtheeffect
of temperature on energy metabolism and other physiological
processeshasbeensubjectofdetailedstudytheeffectoftemperature
onthesensitivityofenvironmentaltoxicantsispoorly documented.
Moreover, theeffectoftemperatureisgenerallynotconsideredinthe
settingofenvironmental quality standards.Inthisworkweexplore
theeffectoftemperatureacclimationandexposureontheuptake
andtoxicityof Cuand Cdandtheirmixturesinthezebrafish. Tothis
end,wehavedefined3mainscenariosincludingashorttemperature
treatment(1-4days)in17,22,25,32and34°Candsubsequentmetal
exposurefor10daysattheoptimaltemperature(Scenariol),the
samebutwitha28daystemperatureacclimation (Scenario2)anda
28daystemperatureacclimationfollowedbymetalexposureatthe
temperatureofacclimation(Scenario3). Theresultsshowedthat Cu
wasmuchmoretoxicthanCd. However,Cuand Cdtogethershowed
astrong synergistic effect. A shortlow temperature treatment
(Scenariol)appearstobeprotectivewhileashorthightemperature
treatmentincreasessensitivity.Incontrast,inScenarios2and3
highertemperaturesincreasethetoleranceagainstmetaltoxicity.
Althoughthetemperatureregimehadasignificanteffectonmetal
accumulation there was no clear relationship between metal
accumulationandtoxicity. Theresultsclearlyshowtheimportance
oftemperatureinmodulatingthetoxicologicaleffectsof metalsand
theirmixturesinthezebrafish.
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A1.23 ZINC TROPHIC TRANSFER IN
FISH: AN INTEGRATIVE ASSESSMENT
OF THE ROLE OF FOOD QUALITY,
FEEDING FREQUENCY AND
ENVIRONMENTAL CONDITIONS
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@ SIMON POUIL (UNIVERSITY OF LA ROCHELLE, FRANCE),
PACO BUSTAMANTE (UNIVERSITY OF LA ROCHELLE, FRANCE),
FRANCOIS OBERHANSLI (INTERNATIONAL ATOMIC ENERGY
AGENCY, MONACG), PETER SWARZENSKI (INTERNATIONAL ATOMIC
ENERGY AGENCY, MONACG), MARC METIAN (INTERNATIONAL
ATOMIC ENERGY AGENCY, MONACO)

@ SIMON.POUIL1@GMAIL.COM

Amechanisticapproachprovidesarealisticassessment of how
environmental factors impact the digestive physiology of fish,
whichmayhaveimplicationsfortrophictransferstudies. However,
onlyanintegrativeapproach canexperimentally confirmwhether
food compound assimilation is actually impacted by single or
multiplechangesinenvironmentalconditions(i.e.,bothabiotic
and bioticfactors). Zinc (Zn) ismainly acquired by fish through
foodingestion,anditstransferhasbeenintensivelyinvestigatedin
ecotoxicologicalstudiesasitisbothanessentialdietaryelementbut
canalsobetoxicathigherlevels.Inordertounderstandtheeffects
ofabioticandbioticfactorsontheZnassimilationefficiency (AE)
byfish,aseriesofexperimentalstudieshavebeencarriedoutusing
radiotracer techniques. After feeding with a ®*Zn-radiolabeled
foodsource,Zndepurationkinetics werefollowedindifferentfish
speciesandundervaryingexperimentalfactors,includingfood
typeandpHandtemperaturechanges.Resultsobtainedfromfive
setsofexperimentssuggestthatZnassimilationinfishissubject
tointer-specificdifferences.Inaddition,Zn AEforagivenspecies,
is mainly influenced by the type of food rather than by abiotic
factors. Thislimitedimpactofseawaterparameterson Zntrophic
transferisparticularlyimportantinthe contextof Zn physiologyor
ecotoxicologyinfishsubjectedtoexpectedglobalchangescenarios,
thatwillincludeacombinationofstressors.
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A1.24 PERSISTENT ORGANIC
POLLUTANTS IN LOW=- VS.
HIGH-ANTARCTIC NOTOTHENIOIDS
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& ANNELI STROBEL (MAN-SOCIETY-ENVIRONMENT UNIVERSITY
OF BASEL, SWITZERLAND), PETER SCHMID (EMPA LABORATORY
FOR ADVANCED ANALYTICAL TECHNOLOGIES, SWITZERLAND),
PATRICIA BURKHARDT-HOLM (MAN-SOCIETY-ENVIRONMENT
UNIVERSITY OF BASEL, SWITZERLAND), HELMUT SEGNER
(CENTRE FOR FISH AND WILDLIFE HEALTH UNIVERSITY OF
BERNE, SWITZERLAND), MARKUS ZENNEGG (EMPA LABORATORY
FOR ADVANCED ANALYTICAL TECHNOLOGIES, SWITZERLAND)

@ ANNELI.STROBEL@UNIBAS.CH

Ithasbeensuggested that High-Antarctic waters, remote from
humanactivities,areimpactedbyanthropogenicpollution,and
thatthelocalbiotaareaccumulatingthecontaminants. Atpresent,
nodataexistonpersistentorganicpollutant(POP)bodyburdens
for notothenioids inhabiting the High-Antarctic Weddell Sea.
Wedeterminedthepollutantloadinmuscletissue ofred-and white-
blooded (Trematomus loennbergii and Chionodraco hamatus,
respectively)fishfromthe WeddellSea. We compared thesedatato
ourpreviousmeasurements of POPsin Low-Antarcticnotothenioids.
We analysed concentrations of various organochlorine
pesticides (OCPs), polychlorinatedbiphenyls (indicator (i) PCBs,
dioxine-like (dl) PCBs and polybrominated diphenyl ethers
(PBDEs),andcalculated2,3,7,8-TCDDtoxicequivalents (TEQs).

Wedetectedlowerlevelsof B-HCHand 2 iPCBsin C. Hamatus
compared to T. loennbergii, and higher levels ¥ PBDEs (per
lipid weight) in T. loennbergii than in C. hamatus. Body
burdens were mostly similar to those of Low-Antarctic
fish, and not related to the trophic positions of the species.
The TEQs of the High-Antarctic species were similar inC.
hamatus,T. loennbergiiand the Low-Antarctic notothenioids.

ThevariationsweobservedinPOPlevelsbetweenandwithin
High-andLow-Antarcticnotothenioidsdidnotcorrespondtothe
samplingsite,ecologicaldifferencesortrophiclevelsofthespecies,
butmightratherberelatedtospeciesandmetaboliceffects. The
present findings suggest that fishes of High-Antarctic waters,
althoughthisareaismoreremoteandlessinfluencedbylocalhuman
activities,donotshowclearlylower POPbodyburdensthanfishes
fromLow-Antarcticwaters.
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A1.25 IMPACTS OF CRUDE OIL ON
CARDIOMYOCYTE FUNCTION IN THE
MAHI-MAHI (CORYPHAENA HIPPURUS)
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@ RACHAEL MHEUER (UNIVERSITY OF MIAMI-RSMAS, UNITED
STATES), HOLLY A SHIELS (UNIVERSITY OF MANCHESTER,
UNITED KINGDOM), GINA LJ GALLI (UNIVERSITY OF
MANCHESTER, UNITED KINGDOM), GEORGINA K COX
(UNIVERSITY OF MIAMI-RSMAS, UNITED STATES), JOHN D
STIEGLITZ (UNIVERSITY OF MIAMI-RSMAS, UNITED STATES),
DANIEL D BENETTI (UNIVERSITY OF MIAMI-RSMAS, UNITED
STATES), MARTIN GROSELL (UNIVERSITY OF MIAMI-RSMAS,
UNITED STATES), DANE A CROSSLEY II (UNIVERSITY OF NORTH
TEXAS, UNITED STATES)

©@ RHEUER@RSMAS.MIAMI.EDU

The Deepwater Horizon oil spill occurred in areas of the Gulf of
Mexicothatoverlapwiththehabitatofthemahi.Crudeoilhasbeen
demonstratedtohaveadverseimpactsoncardiovascularfunction
acrossmultiplelevelsofbiologicalorganization. Attheorganlevel,in
situpreparationshaverevealedthatcrudeoilcausesareductionin
cardiacoutputthatlikelyaccountsforreductionsinwhole-animal
performance,includingreducedmaximalsustained swimming
speedandreducedmaximalmetabolicrate.Onthisbackground, we
studiedtheunderlyingcausesofimpaired cardiovascularfunction
byexaminingtheimpactsofoilonmahicardiomyocytes. Atthe
cellular level of organization, excitation-contraction coupling
consists of three main events: (1) the generation of an action
potential, (2)anincreaseofintracellularcalcium, which causes(3)
cellularcontraction. Thefirsttwocomponentsofthiscyclehave
beenstudiedinpelagicfishbutdirectmeasurementofoilimpactson
contractilityhaveyettobereportedinoil-exposedteleostmyocytes.
Inthepresentstudy, ventricularcardiomyocyteswereperfusedwith
controlextracellularsalineorextracellularsalinecontainingone
ofthreelevelsofoil (3.2,7.2,15.4 Y PAH).Sarcomereshorteningand
otheraspectsofthecontractilityweremeasuredusinganlonOptix
real-timecellularrecordingsystem. Cellsexposedtooilexperienced
areductioninsarcomere shortening, animpact thatappearsto
be exacerbated at higher stimulation frequencies, supporting
observationsofreductionsin whole-animal performance. This
research was made possible by a grant from The Gulf of Mexico
ResearchInitiative. GrantNo: SA-1520.
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A1.26 DIFFERENTIAL EFFECTS OF
SUB-LETHAL COPPER AND NICKEL
CONCENTRATIONS ON OLFACTORY
SENSITIVITY IN THE MOZAMBIQUE
TILAPIA (OREOCHROMIS MOSSAMBICUS)
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& PETER C HUBBARD (CENTRO DE CIENCIAS DO MAR,
PORTUGAL), ADELINO VM CANARIO (CENTRO DE CIENCIAS
DO MAR, PORTUGAL)

©@ PHUBBARD@UALG.PT

Theolfactorysystemoffishisvitalformanybiological processes,
including chemical communication, predator avoidance and
food-search. Theintimate contactofolfactory sensoryneurones
withthemediummeansthattheyareparticularly vulnerableto
pollutants-suchasheavymetals-inthewater,evenatsub-lethal
concentrations. However, the mechanisms of toxicity are not
alwaysclear. Thecurrentstudyusedthenear-unique sigmoidal
concentration-response curve (as assessed by the electro-
olfactogram)ofthetilapiatoitssteroidal pheromone5a-pregnane-
3a,170,20B-triol-3a-glucuronatetodifferentiatebetweennon-
specificcytotoxicityanddirecteffectsonligand-receptoraffinity
of copper and nickel, two common anthropogenic toxicants in
freshwaterhabitats. Lowcopperconcentrations(3-100nM) caused
progressivereductioninthemaximumolfactoryresponse (Inax),
butapparentaffinity (ECso) and Hill co-efficient wereunaffected
(exceptat100nM copper). Incontrast,lownickel concentrations
(1-30pM) causedaprogressivereductioninreceptor-ligandaffinity
(increased apparent ECso, decreased Hill co-efficient) while the
I.x wasunaffected. Thus, copperreduces olfactory sensitivity
vianon-specificcytotoxicityand/orinterference witholfactory
transduction pathway(s), whereas nickel causes areduction of
affinity oftheolfactoryreceptorforitsligand, possiblybybindingto
theextracellularregionofthereceptorandcausingaconformational
changeintheligand-bindingdomain.Interestingly,relativelyhigh
concentrationsof NaCl(100mM;thetilapiaiseuryhaline) causeda
similarreductioninapparentreceptor-ligandaffinity, possiblyby
alteringthechargedistributionwithintheligand-bindingdomain.
Webelievethatthisexperimentalmodel willprove valuable for
examining G-proteincoupledreceptorfunctioninvivo.
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A1.27 STREAM-LINING THE
ADOPTION OF ENVIRONMENTAL
REGULATIONS ACROSS BIOMES:
THE IMPORTANCE OF FUNDAMENTAL
PHYSIOLOGICAL KNOWLEDGE

™ TUESDAY 4 JULY, 2017 POSTER SESSION

@& CHRIS GLOVER (ATHABASCA UNIVERSITY, CANADA)

@ CGLOVER@ATHABASCAU.CA

Fish are a large and diverse group, displaying a vast range of
physiological traits. Although their responses to toxicants are
shaped by their physiology, our mechanistic understanding of
this relationship (a key component of current environmental
protectionregulations),haslargelybeenrestrictedtoafew, Northern
Hemispherespecies. Usingthewidespread Southern Hemisphere
fishinanga(Galaxiasmaculatus), thetoxicmechanismsofarange
of environmental contaminants, including metals (e.g. copper,
zinc, nickel) and pharmaceuticals (e.g. diclofenac), have been
characterised.Ingeneral, mechanismsoftoxicityininangaare
conservedrelativetobetter-studiedspecies, confirmingthe general
principles underlying predictive approaches to environmental
protection. However,inangadisplay somesignificantdifferencesin
toxicresponses,whichmaybeattributedtotheirunusualphysiology.
This research highlights the importance of understanding
the fundamental biology of indigenous species when applying
environmentalregulationsacrossbiomes.

A1.28 THE INFLUENCE OF OIL
EXPOSURE ON SOCIAL INTERACTIONS
AND COMPETITION IN A MARINE TELEOST

™ TUESDAY 4 JULY, 2017 POSTER SESSION

@ ALEXIS J KHURSIGARA (UNIVERSITY OF TEXAS AT AUSTIN,
UNITED STATES), JACOB L JOHANSEN (UNIVERSITY OF TEXAS
AT AUSTIN, UNITED STATES), ANDREW J ESBAUGH (UNIVERSITY
OF TEXAS AT AUSTIN, UNITED STATES)

©@ AKHURSIGARAGUTEXAS.EDU

Inresource-limitedenvironments, fishestablishsocialhierarchiesin
whichsomefishbecomedominantwhileothersbecomesubordinate.
Dominantfishexperiencereducedsocialstresswhilemonopolising
resources, and have higher fitness and survival. Subordinate
fish experience chronic social stress that leads to a cascade of
physiological impairments that can contribute to ecological
death. Following the Deepwater Horizonoil spill, a number of
studiesonspeciesnativetothe Gulfof Mexicodemonstrated that
physiologicalindicessuchasaerobicscopeandswimperformance
arereducedfollowingexposuretolowconcentrationsofpolycyclic
aromatichydrocarbons (PAHs).Buildingonthesefindings,wehave
previouslyshownthatoilexposureresultsinsocial subordination
inadyadsetting.Basedonthisevidence, wehypothesisedthatoil
exposedindividualswouldbeatacompetitivedisadvantageinlarger
groupsettings, whichwouldresultinreducedgrowthandelevated
chronicstressindicators. Whilenodifferences were observedin
an8weekgrowthtestutilisingsatiatingfeedingregimes, when
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resourceswerelimited,individualsexposedtoenvironmentally
realistic concentrations of oil showed reduced specific growth
rate. Furthermore, thehighest exposure concentration showed
a significantly reduced standard metabolic rate. These data
demonstratethatthephysiologicalimpairmentsimposedbysub-
lethaloilexposurecanimpactdownstreamecological performance.

A1.30 INSIGHTS INTO THE
GENETIC BASIS OF DRUG
RESISTANCE OF THE SALMON LOUSE
(LEPEOPHTHEIRUS SALMONIS)

™ TUESDAY 4 JULY, 2017 POSTER SESSION

@ ARMIN STURM (UNIVERSITY OF STIRLING, UNITED KINGDOM),
GRETA CARMONA-ANTONANZAS (UNIVERSITY OF STIRLING,
UNITED KINGDOM), DAVID GUIDI (UNIVERSITY OF STIRLING,
UNITED KINGDOM), ROSS D HOUSTON (UNIVERSITY OF
EDINBURGH, UNITED KINGDOM), KARIM GHARBI (UNIVERSITY
OF EDINBURGH, UNITED KINGDOM), MICHAEL BEKAERT
(UNIVERSITY OF STIRLING, UNITED KINGDOM), JAMES E BRON
(UNIVERSITY OF STIRLING, UNITED KINGDOM)

@ ARMIN.STURM@STIR.AC.UK

Globally,insecticides areused widely for the control ofarthropod
diseasevectors,parasitesandphytophagouspests. However,long-
termuse of chemical control agents canresultin the evolution of
resistance.Caligidsealiceare copepodectoparasitesofmarinefish
causingsubstantialeconomiclossesinthecommercialmariculture
of Atlanticsalmon. Whilenon-chemicalmethodsareincreasingly
implemented for sea louse control, the salmon farming industry
stillrelieswidelyontreatmentswith veterinarydelousingagents.
However,resistancehasbeenreportedfordifferentanti-sealousedrugs
includingthemacrocycliclactoneemamectinbenzoate(EMB)andthe
pyrethroiddeltamethrin(DM). Theaimofthisstudywastoanalysethe
geneticbasisof EMBandDMresistanceofthecaligid Lepeophtheirus
salmonis(salmonlouse).Reciprocalcrosseswereperformedbetween
twoL. salmonisstrainsdiffering 10-foldinEMBand 140-foldin DM
susceptibility. F1siblingswerecrossedtoproduce F2parasites, which
werecharacterisedregardingtheirdrugsusceptibilitybeforebeing
sampledforDNAextraction.F2salmonliceshowedawiderangeof EMB
susceptibilitiesrangingfromfullysusceptibletofullyresistant. Double
digestrestrictionsite-associated DNA (ddRAD)sequencingwasused
forthediscoveryandgenotypingofgenome-widesinglenucleotide
polymorphisms(SNP).ThreeQTLregionsinvolvedinEMBresistance
wereidentified.Incontrast,infamiliesderivedfromaresistantPOdam
allF2animalswereDMresistantwhileinthereciprocalfamiliesonly
fewF2animalswereDMresistant. Theresultsprovideevidence of
rolesof maternallytransmittedfactorsinthepyrethroidresistance
ofL. salmonis.
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A1.31 RED AND BLUE, WHAT WILL
YOU DO?

™ TUESDAY 4 JULY, 2017 POSTER SESSION

@ ADISON K ADAMS (UNIVERSITY OF NORTH TEXAS, UNITED
STATES), WREN A BUSBY (UNIVERSITY OF NORTH TEXAS, UNITED
STATES), IONE HUNT VON HERBING (UNIVERSITY OF NORTH
TEXAS, UNITED STATES), BENNY GONZALEZ (UNIVERSITY OF
NORTH TEXAS, UNITED STATES)

@ ADISONADAMS@MY.UNT.EDU

Larval Red Drum (Sciaenops ocellatus) pass through a series of
developmentalstagespost-hatching. The “larvalstage”isdefined
fromthepointofhatchingtothe completeattainmentoffinray
counts(Kendall,1984). Oneoftheissueswithgrowinglarvalfishin
atanksetting,insteadof “inthewild”isthepossibility ofinfections
ontheeggs.Manyindustriesrinsetheeggsinantibioticsolution prior
toplacementinthetanks(Westerfield,M.2007). Thisisaproblem
becausefishbuildupintestinalmicrofaunafromtheirenvironment,
andstudieshaveshownhowimportantamorediversegutcolony
isin development (Hansen and Olafsen, 1999). With the use of
antibiotics,weareclearingthenaturallyoccurringbacteriafrom
theenvironment, whichleadstoadelayinthedevelopmentofthe
entericgutand “secondbrain” (Goldsteinetal.,2012). Thedelayed
developmentofthegut,canlead tonutritionaldeficiencies, which
canleadtodevelopmentaldelaysinboneandbonemuscleoffish
(Cahu,etal.,2003).Throughtwomethodsofstaining,usingalizarin
redandalcianblue, weareshowingthechangesindevelopmentin
bothcartilageandboneafterthetreatmentofeitherantibioticsor
probioticstill28daysposthatch. Also,determiningifthetwostains
canbeusedsequentially,orifanegativeinteractionbetweenthe
twostainsdisruptsthestainingofeithercartilage orbone. This
studywillhelpproduceamoreinclusivestainingprotocolforfuture
experimentsandhistologicalexaminations.

A1.32 THE CYTOCHROME P450
SUPERFAMILY OF THE SALMON LOUSE
(LEPEOPHTHEIRUS SALMONIS)

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@& ARMIN STURM (UNIVERSITY OF STIRLING, UNITED KINGDOM),
GRETA CARMONA-ANTONANZAS (UNIVERSITY OF STIRLING,
UNITED KINGDOM), JOSEPH L HUMBLE (UNIVERSITY OF
STIRLING, UNITED KINGDOM), MICHAEL BEKAERT (UNIVERSITY
OF STIRLING, UNITED KINGDOM), JAMES E BRON (UNIVERSITY
OF STIRLING, UNITED KINGDOM)

@ ARMIN.STURM@STIR.AC.UK

The superfamily of cytochrome P450 monooxygenases (CYPs)
consistsofheme-thiolateproteins, whichinarthropodsareinvolved
inthemetabolismofjuvenilehormonesandecdysteroids,aswellas
exogenouscompounds. Theoverexpressionof CYPsiscommonly
observedininsecticideresistance. Thesalmonlouse (Lepeophtheirus
salmonis)isanectoparasiteinfectingmarinesalmonidsandcausing
greateconomiclossesinindustrialsalmonfarming. Despitethe
increasingimplementation of non-chemicalsalmondelousing,
veterinary drugs are still used widely to control the parasite.
However,resistanceformationhasbeenreported, atleastlocally,
for most control agents. The aim of this study was to provide a
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surveyofthegenome-wide complement of CYPsin L. salmonisand
assesspotentialrolesof CYPSintheresistanceagainstveterinary
parasiticides. Homology searchesofthe L. salmonis genomeresulted
intheidentificationof27 CYPswhichwereassignedtothreeclans
accordingtothecurrentnomenclature. Comparedtothefree-living
copepod Paracyclopinanana,whichpossesses46 CYPs, L. salmonis
shows a markedly reduced number of CYP genes, which could
correlatetoitsparasiticlifestyleresultinginareducedexposure
toenvironmentaltoxicants.RT-gPCR wasusedtostudytranscript
abundanceof CYPsinadultmaleandpreadult-IIfemaleL.salmonisof
adrug-susceptiblestrainandamultiresistantstraincharacterised
bydecreasedsusceptibilitytopyrethroids, organophosphatesand
avermectins. Transcript abundance of different CYPs showed
sex differences or was enhanced following sublethal exposure
toanti-sealouseagents(deltamethrin,emamectinbenzoate) or
ecdysteroids.Incontrast,straindifferencesin CYPexpressionwere
lackingorcomparativelyminor.

A1.33 ECOTOXICOLOGICAL
ASSESSMENT OF NOVEL POTENTIAL
FORMICIDE: COMPARING IN VITRO AND
IN VIVO CYTOTOXIC AND GENOTOXIC
EFFECTS IN FISH HEPATOCYTES

™ TUESDAY 4 JULY, 2017 POSTER SESSION

& MARINA MBONOMO (FEDERAL UNIVERSITY OF SAO CARLOS,
BRAZIL), FELIPE ROCCO BLASCO (DEPARTMENT OF
PHYSIOLOGICAL SCIENCES, FEDERAL UNIVERSITY OF SAQ
CARLOS, SAO PAULO, BRAZIL), JOAO B FERNANDES (FEDERAL
UNIVERSITY OF SAO CARLOS, BRAZIL), MARISA N FERNANDES
(FEDERAL UNIVERSITY OF SAO CARLOS, BRAZIL)

@ BONOMO@UFSCAR.BR

Continuousinvestmentsforpestcontrol bringshighrelevanceto
developmentofenvironmentalcompoundstoreduceuseofpesticides
with high ecological impact. However, applied chemicals can be
indirectlyreleasedintolarger, ecologicallyimportantwaterbodies,
influencingsurroundingbiota. Thisstudyevaluatescytotoxicand
genotoxic effects of a novel potential pesticide (MgPhen(Hesp).)
throughinvitro (Daniorerio hepatocyte cellline ZF-L) and in vivo
(Prochiloduslineatushepatocytes) methodologies. A clearimpact
on ZF-L cell population was noted 24 h after MgPhen(Hesp).
exposure when evaluating confluence/morphology, cell density,
mitochondrial and lysosomal effects. Otherwise, increases
in apoptosis/necrosis mechanisms, LDH enzyme leakage,
membraneintegrity and DNA break damages were not observed.
Invivoanalysiswasalsoinconclusive,showingthatbreaksingenetic
materialwerenotaconsequenceof MgPhen(Hesp)., exposure.Onthe
otherhand,organintegritywasvisually compromisedwithincreases
inconcentrations. Therefore,observedeffectscouldbeeitheran
influence in several cellular compartments leading to viability
compromisingoractivationofnon-apoptoticmechanisms,involving
processessuchaslossofmitochondrialfunction,ultimatelyleading
tobioenergeticscrisisandcelldeath. Elucidatingpathwaysaffected
throughdifferentassaysisacrucialstep,sincedifferentexposure
conditionsmaynotexhibitsameeffectsinagiventargetbutcan
contributetoafinalcellularresponse.Particularlywhenhandling
withnovelchemicals,assessmentofcytologicalparameterscanbe
useasstarttounderstandmechanismsofcellularresponses. Thus,
furtherstudiesonlivercellsareextremelyimportanttopointout
integrationbetweeninvitroandinvivoresponses.
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A1.34 MITIGATION OF CHEMICAL
FLOCCULATION TOXICITY WITH A
PROPRIETARY MITIGATION AGENT

™ TUESDAY 4 JULY, 2017 POSTER SESSION
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A1.35 ALL OILED UP:
THE EFFECTS OF CRUDE OIL ON
CARDIOVASCULAR FUNCTION

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

& ALEXANDER M CLIFFORD (UNIVERSITY OF ALBERTA, CANADA),
EDYTA J JASINSKA (UNIVERSITY OF ALBERTA, CANADA),
G HANNA (UNIVERSITY OF ALBERTA, CANADA), GREG G GOSS
(UNIVERSITY OF ALBERTA, CANADA)

@ ACLIFFORD@UALBERTA.CA

Industrialoperationssuchasmining,roadbuildingandaggregate
washing result in high concentrations of suspended particles
(Total Suspended Solids; TSS)ineffluent waters. Tailing/settling
pondspromotesedimentationof TSSandpreventadverseeffects
of sedimentdepositioninaquaticenvironments. Useof chemical
coagulants/flocculantsimprovestheefficacy of TSS sedimentation;
however,theseflocculantsthemselveshavehightoxicpotentialat
verylowconcentrations(0.3-0.5mg/L)includinggilladherenceand
subsequentdamage. Arelativelynovel practiceistotreatflocculated
waterwithaproprietarymitigationagent(MA),eliminatingthe
toxicityofdischarged water. However,themechanismhasnotbeen
empiricallydemonstrated. Giventhatexposuretotheflocculent
causesgillagglomerationanddamage, wehypothesizedthatthe
mode of toxicity was via impairment of oxygen transport. We
exposedfingerlingtrout (Oncorhynchusmykiss)toeitherflocculant
(0.5mg/L),MA (0.75mg/L),oramixtureofthetwoandmeasured
O;consumptionovera48hperiod. Furthermore, weexcisedgill
forlight microcopy (LM) and plasma, brain and liver tissue for
analysisoftissuefuel (glucose/glycogen, ATP, phosphocreatine)
andmetabolites (lactate)toconfirmthemodeofflocculent toxicity
andverifythatmitigationcausesnoadversesub-lethal effects.
LMconfirmedflocculentgilladhesionanddamageintheflocculent
exposuregrout. Whenexposedtoflocculantalone, trout presented
~50%reductionin O,consumptioncomparedtobothpre-exposure
conditions and pairwise MA alone and in combination with
flocculent. Ourresultsdemonstratethemode oftoxicityof flocculant
exposureisviahypoxemiaanddemonstratetheefficacyofthe MA.

@ GEORGINA K COX (UNIVERSITY OF MIAMI, UNITED STATES),
DANE A CROSSLEY II (UNIVERSITY OF NORTH TEXAS,
UNITED STATES), RACHAEL M HEUER (UNIVERSITY OF MIAMI,
UNITED STATES), JOHN D STIEGLITZ (UNIVERSITY OF MIAMI,
UNITED STATES), DANIEL D BENETTI (UNIVERSITY OF MIAMI,
UNITED STATES), MARTIN GROSELL (UNIVERSITY OF MIAMI,
UNITED STATES)

© GEORGINA.COX@GMAIL.COM

Aqueous crude oil spills expose many fish species to varying
concentrations of dissolved polycyclic aromatic hydrocarbons
(PAH’s), toxic components of oil, which have numerous lethal
and sub-lethal effects. In particular, the heart is vulnerable to
PAHtoxicitywhichcausesdevelopmental cardiacabnormalities
andimpairedmyocytefunction. However, the cardiacresponses
ofadultfishtoacuteoilexposureremainpoorlyunderstood. The
aimofthecurrentstudy wastoassesscardiacfunctioninapelagic
fishspecies, the cobia(Rachycentroncanadum),followingacute
(24 hr) exposure to ecologically relevant levels of dissolved
PAH’s. Cardiac power output (CPO), the product of ventricle
pressure generation and volume output was used to quantify
cardiovascularperformanceusinganinsituheartpreparation.
Cardiovascularperformancewasvariedusingthe-adrenoceptor
agonistisoproterenol (ISO)andbycontrollingafterload pressures.
Asexpected, oil exposure adversely affected CPO with control
fishachievingmaximum CPO’s (4 mW g! Mv) greaterthanthat
of oilexposedfish (1mW g*! Mv)atISO concentrationsof 1x10-¢
M.However,saturationof3-adrenoceptorswithISO (1x10-5 M)
rescuedcardiacfunction. Thisindicatesthatinanaturalsetting
increasedplasmacatecholaminescould playacompensatoryrole
that may mitigate some adverse effects of oil exposure in vivo.

Thisresearch was made possible by a grant from The Gulf of
MexicoResearchlnitiative. GrantNo: SA-1520; Name: Relationship
of Effectsof Cardiac Outcomesinfishfor Validation of Ecological
Risk(RECOVER).
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A2 EFFECTS OF PHARMACEUTICALS
ON WILDLIFE - BRIDGING THE
GAP BETWEEN ECOTOXICOLOGY

AND ECOLOGY

ORGANISED BY: JOSEFIN SUNDIN (UPPSALA UNIVERSITY, SWEDEN)
AND MIRJAM AMCOFF (STOCKHOLM UNIVERSITY, SWEDEN)

SESSION SPONSORED BY: THE COMPANY OF BIOLOGISTS

A2.1 PHARMACEUTICALS IN WILDLIFE
- WHAT WE KNOW, WHAT WE DON’T KNOW,
AND SHOULD WE WORRY?

™ TUESDAY 4 JULY, 2017 ® 10:30

@& JUDIT E G SMITS (FACULTY OF VETERINARY MEDICINE
UNIVERSITY OF CALGARY, CANADA)

@ JUDIT.SMITS@UCALGARY.CA

Considering pharmaceuticals in the environment, concerns of
ecologistsand ecotoxicologistsexistonmultiplelevels,themost
obviousbeingbiological effectsonaquaticorganismssuchasfish,
shellfish,andtheorganismsonwhichtheyfeed. Humanmedications
almostinvariablyendupintheaquaticsystemthroughurinary
andfecalexcretionofprescriptionandrecreationaldrugs,aswell
as from improper disposal of unused drugs. There are also less
conspicuousroutesinwhichsuchcompoundsentertheterrestrial
environment.Incontrasttohumanpharmaceuticals, veterinary
medicationsendupprimarilyinsoilandground water, theterrestrial
ecosystem, contributingrelativelylesstosedimentsandsurface
water.Ecosystemimpactsandthreatsrelatedtohealthmanagement
oflivestockinthedevelopingregionsofthe world exist, although
theydiffer considerably fromthoseofthelarge-scaleswine, poultry
andbeefoperationsinthe ‘west’. Healthofanimalsandpeopleis
intricately woven into the classic ‘epidemiological triangle’ of
host(animal,human),agent (infectious, toxic),andenvironment.
Now consider that drugs are exclusively designed to interact
physiologically, atcellularand subcellularlevelsinanimals. The
powerfulcompaniescreatingthemtobenefitthefinancialhealth
oftheirinvestors, plusthehealthofanimalsand people,are,from
an environmental perspective, “innocent until proven guilty”
according to the US Consumer Products Regulations. Not only
isthis gravely problematic for ecosystemhealth, butit putsthe
entire “costofinaction” squarely ontowildlife, theenvironment,
and those of us working to decreasing environmental costs of
anthropogenicactivity.

A2.2 DETECTING ECOTOXICOLOGICAL
EFFECTS OF PSYCHIATRIC DRUGS

BY PREDATOR AVOIDANCE IN THREE-
SPINED STICKLEBACK

™ TUESDAY 4 JULY, 2017 ® 11:10

@ ERIKHOGLUND (NORWEGIAN INSTITUTE OF WATER RESEARCH
(NIVA), NORWAY), ASE ATLAND (NOPRWEGIAN INSTITUTE OF
WATER RESEARCH (NIVA), NORWAY)

©@ ERIK.HOGLUND@NIVA.NO

Recently,behaviouraleffectsofpsychiatricdrugs,inconcentrations
foundinmunicipalwastewaters,havebeenshowninfish. Predator
avoidanceiscloselyrelatedtofitnessandseemstoberegulatedwith
similarhormonalandneuralsystemsasthoseinvolvedinfearand
anxietyinhumans. Thus,methodsutilizingfearresponsesinfishhave
thepotentialtoreveal ecotoxicologicaleffectsofpharmaceuticals
and other compounds. Inthis study, weevaluatedifbehavioural
responsestovisualpredatorcuesinthree-spinedsticklebackcould
beappliedinhighflowthroughputecotoxicologicalassays.Fishwere
exposedtocitalopram,aselectiveserotoninreuptakeinhibitor,in
theconcentrationsof1.5and15pngl*for10and20days. Afterdrug
exposure,fishweremovedtoatestarenawhereindividualfishwas
exposedfortwovisual predator cues;ashadow frombeneathand
apassingseagullsilhouette,andanunfamiliarobject. Thevisual
predator cues elicited clearresponses, with a period of decreased
locomotoractivity after presentation of the stimulus. Moreover,
citalopramexposurewasreflectedinadosedependentsuppression
oftheresponsetotheseagullsilhouette,and asimilartrend was
observedinresponsetotheshadowfrombeneath. However,there
werenodruginduced effectinresponse tothe unfamiliar object.
This demonstrates that ecotoxicological effects of citalopram
inecologicalrelevantconcentrationscanbedetectedwithahigh
throughputbehaviouralassay. Moreover, thestimulispecificresponse
emphasizes the need for using ecologically relevant stimuli for
detectingecotoxicologicaleffectsofpsychiatricdrugs.




A2.3 INTRASPECIFIC VARIATION
IN TOLERANCE TO PSYCHOACTIVE
PHARMACEUTICALS IN ZEBRAFISH
(DANIO RERIO)

™ TUESDAY 4 JULY, 2017 ® 11:25
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A2.4 ECOLOGICAL EFFECTS

OF PHARMACEUTICALS IN THE
ENVIRONMENT - FROM LAB
EXPERIMENTS TO FIELD STUDIES

™ TUESDAY 4 JULY, 2017 ©® 11:40

@ LAURA VOSSEN (UPPSALA UNIVERSITY, SWEDEN), OLY SEN
SARMA (UPPSALA UNIVERSITY, SWEDEN), FREDRIK JUTFELT
(NORWEGIAN UNIVERSITY FOR SCIENCE AND TECHNOLOGY,
NORWAY), TOMAS BRODIN (UMEA UNIVERSITY, SWEDEN),
JERKER FICK (UMEA UNIVERSITY, SWEDEN), SVANTE WINBERG
(UPPSALA UNIVERSITY, SWEDEN)

@ LAURA.VOSSEN@NEURO.UU.SE

Environmental pollution by pharmaceuticals is increasingly
recognized as a major threat to aquatic ecosystems worldwide.
Amongstthemostprescribed pharmaceuticals globallyarethe
benzodiazepines (e.g. Valium), a class of psychoactive drugs
usedtotreatanxietyandinduce sedation. Benzodiazepinesare
highly stablein the environment, and their target, the GABAA
receptor,isevolutionarily conservedthroughoutthevertebrates.
Behaviouralchangeshavebeendescribedforjuvenile Eurasian
perch (Percafluviatilis)and Fathead minnows (Pimephalespromelas)
atenvironmental concentrations. Alsozebrafish (Daniorerio) show
increasedactivityand decreased anxietyafteracuteexposureto
thebenzodiazepineoxazepam.Interestingly,ourinitiallong-term
exposureexperimentssuggestthatzebrafishdisplay considerable
intraspecific variation in oxazepam tolerance. Provided this
tolerancehasageneticbasis,adaptation fromstanding genetic
variation couldin principle maintain fish populations. Here we
analysethephysiologicaland geneticbasisof oxazepamtolerance,
includingcortisolmeasurements, concentrationsof monoamine
neurotransmitters as well as mRNA expression of the GABA A
receptor subunits and enzymes involved in the metabolism
of oxazepam. We then correlate the physiological and genetic
measurementswithabehaviouralmeasureof oxazepamtolerance.
Theresultswillshedlightonthepotentialforintraspecificvariation
tomitigatetheeffectsofbenzodiazepinepollution.

& TOMAS BRODIN (UMEA UNIVERSITY, SWEDEN), JONATAN
KLAMINDER (UMEA UNIVERSITY, SWEDEN), GUSTAV HELLSTROM
(SLU, SWEDEN), ANNELIE LAGESSON (UMEA UNIVERSITY,
SWEDEN), MICAEL JONSSON (UMEA UNIVERSITY, SWEDEN),
JERKER FICK (UMEA UNIVERSITY, SWEDEN)

©@ TOMAS.BRODINeUMU.SE

Humans consume more pharmaceuticals than ever and
consumptionissettorise. Asaconsequence,increasingamounts
of pharmaceuticals are released into waterways worldwide
with virtually no knowledge of how they might affect aquatic
ecosystems. Some conspicuous effects of these emerging
contaminantsarealreadyevidentincludingthefeminization of
fishbycontraceptiveresidue. However,recentwork suggeststhat
important effects of pharmaceuticalsinaquatic environments
are much more widespread than currently believed, and that
theseeffectsmayresultinmajorchangesinspeciesinteractions,
population survival and ecosystem functioning. In several
earlierlaboratorystudies, wehaveshownthatconcentrationsof
pharmaceuticalspresentlyfoundin waterwaysalterimportant
behaviouraltraitsinbothaquaticmacroinvertebratesandfish,
andthatthisinturnaffectsbothfeedingefficiencyandpredation
risk. Theseresultssuggestthatpharmaceutical contamination
of aquatic environments may change species interactions, in
particular predator-prey interactions, with severe ecosystem-
effectsaspotential consequence.Recentlyourresearchfocushas
turned towards realistic large-scale studiesin lakes and rivers
usingacoustictelemetrytotestiffindingsfromthelabalsoholdin
naturalsettings. Theoverallfindingofthestudiessuggeststhat
effectsofpharmaceutical contaminationofnaturalsystemsmight
bemuchmorewidespreadthanwepredictbased onconventional
ecotoxicological tests. Our results highlight the importance of
validating lab-results with field-studies, since the increased
complexity of real ecosystems can produce unexpected effects
ofcontamination.
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A2.5 THE USE OF AN IN VITRO FISH
GILL MODEL TO BETTER UNDERSTAND
THE FACTORS THAT INFLUENCE
FRESHWATER PHARMACEUTICAL UPTAKE

™ TUESDAY 4 JULY, 2017 ® 12:10

@ ELISABETH D CHANG (KING'S COLLEGE LONDON, UNITED
KINGDOM), STEWART OWEN (ASTRAZENECA, UNITED
KINGDOM), CHRISTER HOGSTRAND (KING’S COLLEGE LONDON,
UNITED KINGDOM), NIC BURY (UNIVERSITY OF SUFFOLK,
UNITED KINGDOM)

@ ELISABETH.CHANG@KCL.AC.UK

Pharmaceuticals are becoming increasingly prevalentin the
environment. Toenablepolicymakers, regulatorsandindustry
to prioritise compound, or classes of compounds, that may
requireamanagementstrategyitisnecessarytoidentifythose
pharmaceuticals that pose a potential environmental risk. A
component of risk evaluation requires studies using fish with
bioaccumulation forming part of this assessment. There is
movetofindalternativestowholeanimaltestingaspartofthe
3Rs (refinement, reduction and replacement) agenda. Current
in silico models of organic compound uptake in fish are based
primarilyonlipophilic,neutral compounds; these modelsmay
notbeapplicabletopolarorionisablecompounds.Itisestimated
that70% of pharmaceuticalsareionisable compoundsandtheform
theytakeisdependentontheiraciddissociationconstant (pKa)
andpHofthesurroundingwater. Empiricaldataisnecessaryto
developmodelsofuptake ofionisablecompounds. Aprimaryfish
gillcellculturesystemhasshownsignificantpromiseasaninvitro
replacementmodel systemforwholefishcompounduptakestudies
aswellasenvironmentalmonitoring. The current presentation will
presentsomeofthisdatawithaspecificfocusontherelationship
betweentheuptakeofthepharmaceuticaland variouschemical
parameterssuchasLogK,w,Log$S,LogD,andpKa.

A2.6 NOT ONLY FISH - INVERTEBRATES
IN PHARMACEUTICAL ECOTOXICOLOGY

™ TUESDAY 4 JULY, 2017 ©® 12:25

@ JOHAN FAHLMAN (DEPARMENT OF ECOLOGY AND ENVIRONMENTAL
SCIENCE, UMU, SWEDEN), JERKER FICK (DEPARTMENT OF
CHEMISTRY, UMU, SWEDEN), MICAEL JONSSON (DEPARTMENT
OF ECOLOGY AND ENVIRONMENTAL SCIENCE, UMU, SWEDEN),
TOMAS BRODIN (DEPARTMENT OF ECOLOGY AND ENVIRONMENTAL
SCIENCE, UMU, SWEDEN), JOHAN LIDMAN (DEPARTMENT OF
ECOLOGY AND ENVIRONMENTAL SCIENCE, UMU, SWEDEN),
JONATAN KLAMINDER (DEPARTMENT OF ECOLOGY AND
ENVIRONMENTAL SCIENCE, UMU, SWEDEN)

@ JOHAN.FAHLMANeUMU.SE

Themajorityofallanimalsareinvertebrates. Still, ourknowledge
about uptake and effects of pharmaceuticalsininvertebrates
livingincontaminatedecosystemsislimited. This presentation
synthesizeourrecentfindingsfrom:1)field monitoringassays
of wild insects living in contaminated environments; 2) field
manipulationexperiments;and3)behavioural effectstudies. Our
analysesofaquaticandterrestrialinvertebrates (N=342)living
in, or adjacent to, effluent contaminated streams in Australia
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revealthatmorethan60differenttypesofactivepharmaceutical
compoundsareoccurringindetectable concentrationsintheir
tissues, sometime evenin ‘pristine’ systems. Inthis assay we
alsofoundthatsurprisinglyhightissue concentrations where
morethan10oftheanalysesdrugsoccurinconcentrationsabove
lug/g.Inacontrolled wholeecosystemmanipulationexperiment,
wefoundthatthefood-webtransferofpharmaceuticals-aroute
of exposure that is difficult to mimic in artificial laboratory
experiments - can be a substantial source drugs and induce
increasingtissueconcentrationsininvertebratesdespitelarge
reductionsinwaterconcentrations. Ourlaboratoryeffectstudies
indicatethatbehaviouralanddevelopmental effectscanarise
amonginsects(Zygopteraand Chironomidae,respectively) when
tissueconcentrationsof somedrugs (i.e. Fexofenadine) comparable
to field conditions are generated in laboratory environments.
Moreover,theselattertestalsorevealsomeunexplainedeffects
onimportantecosystemprocessesinvolvingnutrient (carbon
andnitrogen) cycling. Thelattermotivates our planned whole
lakeexperiments.

A2.7 LEARNED LESSONS FROM
WILDLIFE TOXICOLOGY TO
IMPROVE THE RISK ASSESSMENT
OF PHARMACEUTICALS

™ TUESDAY 4 JULY, 2017 © 13:40

@ RAFAEL MATEO (UNIVERSITY OF CASTILLA-LA MANCHA, SPAIN)

@ RAFAEL.MATEO@UCLM.ES

Thesevereimpactofdiclofenaconpopulationsof Asianvultures
has emphasized the need of improving the risk assessment of
veterinary drugs. Despite this, diclofenac has been recently
approvedforveterinarypracticein Europeignoringthatinsome
regionslivestock carcassesareconsumedbyavianscavengers.
Ongoingstudiesconfirmtheriskofexposuretodiclofenacandother
non-steroidalanti-inflammatorydrugslikeflunixnin European
vultures.Otherveterinarytreatmentssuchastopicalantiparasitics
areasignificantsource of exposuretoneurotoxiccompoundsin
theendangeredbearded vultureinSpain. Asmuchas71% oflamb
feetcollectedatslaughterhousesandusedtofeedbearded vultures
atfeedingstationscontainresiduesofantiparasitics, especially
diazinon.Riskassessmentofthisanticholinesterasecompound
revealsthepossibilityofadverseeffectsonthermoregulationthat
canberelevantinaspeciesthatbreedsathighaltitudes.Exposureto
antibioticsinvulturesinthelberianPeninsulahasbeenstudiedand
fluoroquinolonesandotherfamiliesofantibioticshavebeendetected
in 15% of plasma samples of griffon vultures. However, further
researchisrequiredtoassesstheireffectsonavianscavengers.
Finally,birdsscavengingoncarcassesofanimalseuthanizedwith
barbiturates alsobecome poisoned. Arigorousrisk assessment
of veterinary drugs must take into account the possibility that
carcassesoftreatedanimalsareconsumedbywildlife. Theuse of
alternativeslesstoxicforscavengersandtheimplementationof
othermeasurestoreducetheriskofexposurewillrequireoftheactive
involvementofveterinarypractitioners.
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A2.8 IN SILICO APPROACHES
TO PREDICTING THE EFFECTS
OF PHARMACEUTICALS ON
ENVIRONMENTAL SPECIES

™ TUESDAY 4 JULY, 2017 ® 14:20

@ JUDITH C MADDEN (LIVERPOOL JOHN MOORES UNIVERSITY,
UNITED KINGDOM), CLAIRE M ELLISON (LIVERPOOL JOHN
MOORES UNIVERSITY, UNITED KINGDOM), MARK TD CRONIN
(LIVERPOOL JOHN MOORES UNIVERSITY, UNITED KINGDOM)

@ J.MADDEN@LJMU.AC.UK

Improvementsinanalyticalmethodshaveledtogreaterawareness,
andconcern,regardingactivepharmaceuticalingredients (APIs)
intheenvironment.Duetoascarcityof consistentdata,relatively
little is known about potential effects of these compounds on
environmentalspecies. Developmentofpredictiveinsilicotoolsis
thereforeakeyrequirementforestimatingpotentialenvironmental
effects for those APIs with data gaps. Whilst many predictive
models for environmental toxicity have been published, these
havepredominantlybeendeveloped forindustrial compounds,
hence their applicability to APIs needs to be established ornew
modelsdevelopedcoveringappropriatechemical space. Differences
betweenthetwo groupsof chemicalsrequire consideration, for
example, APIsaredesignedtobepharmacologicallyactiveandthe
majorityareionisablewhereastheconverseistrueforindustrial
compounds. Animportantinitiativeinthisareaisthe EUIMIiPIE
project(acollaborationofpharmaceuticalindustries, SMEsand
academia)thataimstodevelopaframeworktosupportintelligent
testing of APIsin development and to prioritise legacy APIs for
environmentalriskassessmentand/or (bio)monitoring. Recent
effortsinthedevelopmentofinsilicomodelsforpredictingacute
toxicitytoenvironmentalspecies,focussingontheirapplicability
domaininrelationto APIs,arediscussed.

A2.9 REVERSIBLE BEHAVIOURAL
ALTERATIONS IN BURBOT, LOTA LOTA,
FROM EXPOSURE TO THE ANXIOLYTIC
DRUG OXAZEPAM

™ TUESDAY 4 JULY, 2017 ©® 14:50

& JOSEFIN SUNDIN (UPPSALA UNIVERSITY, SWEDEN),
FREDRIK JUTFELT (NORWEGIAN UNIVERSITY OF SCIENCE AND
TECHNOLOGY, NORWAY), JERKER FICK (UMEA UNIVERSITY,
SWEDEN), MAGNUS THORLACIUS (UMEA UNIVERSITY, SWEDEN),
TOMAS BRODIN (UMEA UNIVERSITY, SWEDEN)

©@ JOSEFINeTEAMSUNDIN.SE

Onegroupofpharmaceuticalsthatarefrequentlydetectedinthe
environmentareanxiolyticdrugs,i.e.,pharmaceuticalsusedto
treatanxiety,suchasantidepressants. Themostcommonlyused
anxiolyticdrugsgloballyarebenzodiazepines.Benzodiazepines
persist in wastewater effluent and can be found at high
concentrationsintreatedeffluent. Further, severalbenzodiazepines
are resistant to photodegradation, enabling them to persist in
theenvironment.Benzodiazepinesaredesignedtoalterhuman
behaviourbybindingto GABA-receptors, whicharefoundinawide
rangeofanimalsincludingallvertebrates. Weinvestigated theeffect

ANIMAL ABSTRACTS 127

ofthebenzodiazepine oxazepamonbehaviourusingtheburbot,Lota
lota. Wefoundthatswimmingactivity,diurnalaswellasnocturnal,
wasaffectedbyoxazepam. Therewasalsoaneffectonboldness, with
fishexposedtohighlevelsofoxazepamspendingmoretimehiding
thanthecontrolfish. Interestingly, theeffectsof oxazepamwereno
longerdetectiblewhenthefishweretestedagainafterbeingkeptin
waterwithoutdrugsforfivedays. Ourresultssuggestthateffects
of pharmaceuticals may bereversible, if the exposure duration
isrelativelyshortandtheanimalhavethepossibilitytomoveto
cleanwater.

A2.10 SEX, STRESS AND FOOD:
IMPACTS OF ANTIDEPRESSANTS
IN THE ENVIRONMENT ON BIRDS

™ TUESDAY 4 JULY, 2017 ® 16:00

& KATHRYN ARNOLD (UNIVERSITY OF YORK)

@ KATHRYN.ARNOLD@YORK.AC.UK

Birdsareexposedtohumanpharmaceuticalswhentheyforageon
invertebratesatsewagetreatmentplantsandonsewagefertilised
fields,buttheimpactsremainlargelyunknown. Antidepressants
are both heavily prescribed and persistent in the environment.
Consequently, we experimentally investigated the effects of
environmentallyrelevantdosesoftheantidepressantfluoxetine
(Prozac) on starling Sturnus vulgaris courtship traits. Chronic
exposure to low concentrations of fluoxetine altered the rate of
developmentofbreedingcolourationinfemales.Inmatechoicetrials,
exposuretofluoxetinedidnotseemtoaltermaleattractiveness,but
reducedfemaleattractiveness. Appetiteandthermoregulation of
fluoxetinetreatedbirdswerealsosignificantlynegativelyaffected
comparedwith controls. Hormonalandbehaviouralmechanisms
fortheseeffectswerethenexplored. Ourresultsappeartomirror
common side effects of fluoxetine in humans namely sexual
dysfunction, vasoconstriction and appetite changes. If such
disruptiontofemalecourtshiptraitsandbehaviours,forexample,
observedhereweretooccurinwildbirdsthenitcouldreducebreeding
successandcontributetoobservedpopulationdeclines.
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A2.11 PREDICTING THE PERSISTENCE
OF PHARMACEUTICALS IN COMPLEX
AQUATIC ECOSYSTEMS

™ TUESDAY 4 JULY, 2017 ©® 16:30

& JONATAN KLAMINDER (UMEA UNIVERSITY, SWEDEN)

@ JONATAN.KLAMINDER@UMU.SE

The incomplete removal of pharmaceuticals from wastewater
plants was firstreported more than 50 years ago. Since then an
increasingnumberof studieshaverevealed thepresenceof excreted
pharmaceutical in surface waters - especially after the 1990s
whennewtechniquesfacilitated detectionofthese contaminants
in complex environmental matrices. Persistence of individual
pharmaceuticalsisakeypropertywhendoingenvironmentalrisk
assessments. Buthow representative are simplified laboratory
experimentsforestimatingdissipationratesinmorecomplexand
naturalecosystems? Thispresentation willdiscussenvironmental
processes,oftenlackinginlaboratoryenvironments, whichcan
explain why common methodological approaches sometimes
greatlyunderestimatethepersistenceofactivepharmaceutical
substancesinnaturalaquaticenvironments.IwillalsoexplainwhyI
thinkcurrentresearchonthepersistence ofpharmaceuticalsinsuch
environmentsislaggingfarbehindotherfieldswithinecotoxicology.

A2.12 ENVIRONMENTAL RISK
ASSESSMENT OF ACTIVE
PHARMACEUTICAL INGREDIENTS

USED IN HUMAN MEDICINAL PRODUCTS:
EUROPE-WIDE VARIATION IN

RISK QUOTIENT

™ TUESDAY 4 JULY, 2017 POSTER SESSION

@ STEWART OWEN (ASTRAZENECA, UNITED KINGDOM), LINA
GUNNARSSON (UNIVERSITY OF EXETER, UNITED KINGDOM),
JASON SNAPE (ASTRAZENECA, UNITED KINGDOM), KATHY
HUTCHINSON (ASTRAZENECA, UNITED KINGDOM), BAS
VERBRUGGEN (UNIVERSITY OF EXETER, UNITED KINGDOM),
DEAN LEVERETT (WCA ENVIRONMENT, UNITED KINGDOM),
BECKY MARKS (WCA ENVIRONMENT, UNITED KINGDOM),
CHARLES TYLER (UNIVERSITY OF EXETER, UNITED KINGDOM)

@ STEWART.OWEN@ASTRAZENECA.COM

Pharmaceuticals undergo regulatory environmental risk
assessments (ERAs)thatestimatethepotentialenvironmental
impact on a product-by-product basis rather than a substance-
by-substancebasis.Inthecaseswhereanactivepharmaceutical
ingredient (API), or substance, is used to treat multiple clinical
diseases,thereisthepotentialtounder-estimateenvironmental
impact. Here we determine the total substance or APIrisk. We
have: 1) Identified and collected published no observed effect
concentrations (NOECs) for available APIs (excluding anti-
infectives and anti-parasitic products); 2) Collated human
consumption dataforeach ofthese APIsin European Countries
wheretheseproductsarelicencedforuse;3) Conductedaworstcase
exposureassessment(predictedenvironmental concentration;
PEC)andestimatedthetotalriskposedbyeach API;4) Analysedthe
variabilityintheriskquotients (RQs) foreach APIacrossEurope.
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Usingatotal PECbasedapproach, wedeterminethatformost APIs
(>95%)theyposeloworinsignificantenvironmentalriskbased
onthestandardecotoxicologydataavailable. ThehighestRQsare
associatedwithendocrineactive APIsthathavehighpotency-e.g.
ethinyloestradiol. WealsoshowRQsforthesame APIcanbehighly
variablebetweenEuropean countries.

A2.13 FISH ON STEROIDS:

HOW DOES 17B-TRENBOLONE AFFECT
NON-REPRODUCTIVE BEHAVIOR

IN MOSQUITOFISH?

™ TUESDAY 4 JULY, 2017 POSTER SESSION

@ ANNELIE LAGESSON (DEPARTMENT OF ECOLOGY AND
ENVIRONMENTAL SCIENCE, UMEA UNIVERSITY, SWEDEN),
MINNA SAARISTO (SCHOOL OF BIOLOGICAL SCIENCES, MONASH
UNIVERSITY, AUSTRALIA), TOMAS BRODIN (DEPARTMENT OF
ECOLOGY AND ENVIRONMENTAL SCIENCE, SWEDEN), JERKER
FICK (DEPARTMENT OF CHEMISTRY, UMEA UNIVERSITY,
SWEDEN), JAKE MARTIN (SCHOOL OF BIOLOGICAL SCIENCES,
MONASH UNIVERSITY, AUSTRALIA), JONATAN KLAMINDER
(DEPARTMENT OF ECOLOGY AND ENVIRONMENTAL SCIENCE,
SWEDEN), BOB WONG (SCHOOL OF BIOLOGICAL SCIENCES,
MONASH UNIVERSITY, AUSTRALIA)

@ ANNELIE.LAGESSONeUMU.SE

Trenboloneacetate,anendocrinedisruptingchemical (EDC),is
aheavilyusedgrowthpromoterinagriculture (beefproduction)
inmany parts of the world, among them USA and Australia. Its
metabolite 17b-trenbolone (hereafterreferredtoastrenbolone)is
extremelystableinanimalwasteandentersaquaticenvironments
throughdirectdischargeoflivestockurineand manure orrunoff
from feedlots. Studies have shown that trenbolone can affect
morphological and physiological endpoints in fish and also
disruptreproductivebehaviours.Sofarhowever,littleisknown
abouthowitmayaffectothertypesofbehaviourinfish. Theaim
ofthisstudywastotesthowshort-term(21-day) exposuretoan
environmentallyrelevant concentrationoftrenbolone (10ng/L)
affectsanti-predatorbehaviour,activityand explorationbehaviour
ofthe easternmosquitofish (Gambusiaholbrooki)intwodifferent
temperatures, 20 and 30°C. The anti-predator behaviour was
assayedbysubjectingthefishtoasimulated predatorstrike,and
theactivityandexplorationbehaviourwereassayedinamazetrial.
Resultsoftrenboloneexposure,temperatureandtheirinteractionon
behaviouralendpointswillbepresented.Inaddition, tissue samples
weretakenoverthecourseoftheexposureperiod(12h,16h,24h,
48h,3d-7d,11d,20d)toexplorebioconcentrationoftrenbolone.
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A3 CLIMATE CHANGE AND
AQUATIC LIFE: EFFECTS OF
MULTIPLE DRIVERS, FROM
MOLECULES TO POPULATIONS

ORGANISED BY: LUCY TURNER (PLYMOUTH UNIVERSITY, UK)
AND MANUELA TRUEBANO GARCIA (PLYMOUTH UNIVERSITY, UK)

A3.1 INTRASPECIFIC VARIATION
IN THERMAL TOLERANCE, HYPOXIA
TOLERANCE, AND METABOLIC RATE:
IMPLICATIONS FOR ORGANISMAL
RESPONSES TO CLIMATE CHANGE

™ TUESDAY 4 JULY, 2017 ® 10:30

@ PATRICIA M SCHULTE (UNIVERSITY OF BRITISH COLUMBIA,
CANADA), TIMOTHY M HEALY (UNIVERSITY OF BRITISH
COLUMBIA, CANADA)

@ PSCHULTE@ZOOLOGY.UBC.CA

Functionaland geneticassociationsamongtraitscaninfluence
aspecies’ capacityforadaptationtoenvironmentalchange. For
aquaticorganisms,upperthermaltoleranceandhypoxiatolerance
aretraitsthatmayaffectsensitivity toclimatechange,andtheory
predictsthatthesetraitsmaybepositivelyassociated. Totestthis
prediction, weassessedthethermalandhypoxiatolerancesof~1,200
Atlantickillifish, Fundulus heteroclitus,frompopulationsacross
intraspecificcontactzonesbetweentwosubspeciesthatdifferin
criticalthermalmaxima (CTmax), metabolicrate,andtimetolossof
equilibriuminhypoxia(LOEy,). Consistentwiththepossibilityofa
functionalassociationbetweenthermalandhypoxiatolerance,the
morethermallytolerantsubspeciesisalsomoretolerantofhypoxia,
andhasalowermetabolicrate. However,amongpopulationsthermal
tolerancevarieslinearlywithlatitude whereashypoxiatolerance
exhibitssteepphenotypicbreaksacrossbothcontactzones,and
amongcontactzoneindividuals CTnax and LOEs,arenotcorrelated.
Theseresultssuggestthat CTmaxand LOEsy, arenotfunctionally
associatedinthisspecies,andthatanygeneticbasesforvariation
inthesetraitsarelikelyindependent. Asaresult,ratesofadaptive
changeinthesetraitsasaresultofclimatechangewilllikelyneither
beexpeditednorbehinderedduetotraitassociations.

A3.2 THE ROLE OF REVERSIBLE
PLASTICITY UNDER TEMPERATURE
AND PH STRESS IN LOCALLY ADAPTED
PHYLLAPLYSIA TAYLORI POPULATIONS

™ TUESDAY 4 JULY, 2017 ©® 11:10

@ RICHELLE L TANNER (UNIVERSITY OF CALIFORNIA BERKELEY,
UNITED STATES), JONATHON H STILLMAN (UNIVERSITY OF
CALIFORNIA BERKELEY, UNITED STATES)

© RTANNER@BERKELEY.EDU

NearshoreeelgrasshabitatsalongthePacificcoastof North America
play animportant role in erosion control, fish and invertebrate
development,andlocalized oceanacidificationbuffering. Akey
grazerintheseintertidalecosystemsis Phyllaplysiataylori,asea
hare,living onthe Zosteramarina eelgrassblades, thatfeedson
epiphytic algae, diatoms, and bryozoans, keeping blades clean
forincreased photosynthesis and growth. P. taylorihave direct
development, evident in ecological surveys indicating limited
dispersalpotentialthatcouldleadtoreduced geneflowbetween
populations. Physiological measures of metabolic rate, critical
thermalmaximum,andacclimationresponseratioweredetermined
acrosspopulationswithnoevidentpatternbetweenacclimation
temperatures or before/after a heat shock. Evidence of local
adaptationinthermalplasticitytraitsisstrong,asthepopulation
characteristics measured did not scale latitudinally or with
ecologicalandenvironmental characteristics. Thesepopulations
aresubjecttofluctuationsintemperatureandpHinnature,which
were examinedin thelaboratoryin one population under three
simulatedregimes:stress(future conditions),ambient(current),and
constant. TheeffectsofpHasanaddedstressorwereinvestigated
underthesamephysiologicalmeasuresofmetabolicrateasabove
tolookforadditiveorsynergisticeffects. Performancecurveswere
estimatedtofurtherunderstandhowreversibleplasticityplaysa
roleinthesepopulations’differencesinthermaltoleranceunder
multiplestressors. SinceP. tayloriplaysalargeroleinmaintaining
eelgrasshealth,understandingtheselocaldifferencesinplasticity
willhavesignificantimplicationsforpromotingeelgrassrestoration
effortsunderfutureclimaticregimes.
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A3.3 TEMPERATURE AND UV-B
RADIATION: INTERACTIVE EFFECTS
ON SURVIVAL, GROWTH AND DNA
REPAIR MECHANISMS

™ TUESDAY 4 JULY, 2017 ©® 11:25
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A3.4 IMPORTANCE OF FRAMING CLIMATE
CHANGE BIOLOGY IN AN ECOLOGICALLY
RELEVANT CONTEXT: INSIGHTS FROM
THE ROCKY INTERTIDAL

™ TUESDAY 4 JULY, 2017 © 11:40

@ CRAIG E FRANKLIN (THE UNIVERSITY OF QUEENSLAND,
AUSTRALIA), SAMUEL MORISON (THE UNIVERSITY OF
QUEENSLAND, AUSTRALIA), REBECCA L CRAMP (THE
UNIVERSITY OF QUEENSLAND, AUSTRALIA),

LESLEY A ALTON (MONASH UNIVERSITY, AUSTRALIA)

@ C.FRANKLINeUQ.EDU.AU

Amphibiansareattheforefrontofaglobalbiodiversitycrisis. Of
concernarepopulationdeclinesthathaveoccurredinareaswith
littleornodiscerniblehumaninterference. Thesenear-pristineareas
haveincludedmontaneregionsin Australiaand Central America.
Ultraviolet-Bradiation (UVBR)hasbeenimplicatedinthesedeclines
andmayhaveresultedfromasynergisticinteractionbetweenhigher
UVlevelsandcoolertemperaturesthatoccurathigheraltitudes.
Attemptingtoprovideamechanisticexplanationforamphibian
declinesathighaltitudesrequiresagreaterunderstandingof UVBR
anditsimpactsonamphibianphysiology. UV-Bradiationcanaffect
DNAstructureresultingintheformationofcyclobutanepyrimidine
dimers (CPDs)and pyrimidine (6-4) pyrimidone photoproducts
(6-4PPs)whichcreatelesionsinthe DNA strandsthatinterrupt
replicationand cancausemutationsorcellapoptosis. Torepairthis
DNA damage, mostorganismsutilise DNArepairmechanisms,the
mostefficientof whichisenzymaticphotoreactivation. Nucleotide
excisionrepair(NER)isalsoutilisedtorepair DNA damage, though
ismoreenergetically costly. Inthisstudyweexamined theeffects
oftemperaturesontheUVBR-associated DNAdamage, DNArepair
rates,photolyasegeneexpression. Wehypothesisedthatindividuals
exposedtoUVBRatlowertemperatureswouldhaveslowerrepair
ratesthanindividualsexposedathighertemperatures,resultingin
accumulateddamageandeffectsofgrowthandsurvival.

@ ANNE E TODGHAM (UNIVERSITY OF CALIFORNIA DAVIS,
UNITED STATES)

© TODGHAM@UCDAVIS.EDU

Our capacity to predict the effects of global change on marine
ecosystemsrequiresthatwe considerthecomplexityof current
andfutureenvironmentalconditions. Single stressorexperiments
commonly fail to accurately capture the tolerance of species to
environmentalchangeasorganismsliveincomplex, multivariate
environments.Inadditiontoexamininghoworganismsrespond
tomultiple co-occurringstressors,otheraspectsofenvironmental
change such as timing (e.g. serial exposures, duration) and
variability (e.g. predictable vs. stochastic, magnitude) may be
importantcomponentsofenvironmental complexitystructuring
anorganism’sresponsetochange.InthistalkIwillprovideexamples
of how incorporating environmental complexity in intertidal
physiologyresearchhasbroadenedourunderstandingofstress
tolerancemechanismsinlimpets. Thehopeistoinitiatediscussions
ofhowwe,asaresearchcommunity,canbestdesignmultiplestressor
experimentsthataremostrelevanttoourspeciesofinterestbutalso
allowforcomparativeanalysesofresiliencetochange.

A3.5 CONSEQUENCES OF OCEAN
ACIDIFICATION COMBINED WITH
HYPOXIA OR MANGANESE ON DIFFERENT
LIFE STAGES AND ORGANISATION
LEVELS OF THE NORWAY LOBSTER

™ TUESDAY 4 JULY, 2017 ©® 12:10

& ANNA-SARA KRANG (IVL SWEDISH ENVIRONMENTAL RESEARCH
INSTITUTE, SWEDEN), HANNAH K STYF (SWECO ENVIRONMENT
AB, SWEDEN), BODIL HERNROTH (KRISTIANSTAD UNIVERSITY,
SWEDEN), SUSANNE P BADEN (UNIVERSITY OF GOTHENBURG,
SWEDEN), FREDRIK JUTFELT (NORWEGIAN UNIVERSITY OF
SCIENCE AND TECHNOLOGY, NORWAY), JONAS MATTSSON
(UNIVERSITY OF GOTHENBURG, SWEDEN), SUSANNE P
ERIKSSON (UNIVERSITY OF GOTHENBURG, SWEDEN)

© ANNA-SARA.KRANGEIVL.SE

Oceanacidification (OA)isofgreatconcerntomarinebiota, yetwe
knowverylittleofthecombined effectswithotherenvironmental
stressors such as spread of oxygen depleted areas. The Norway
lobster, Nephrops norvegicus, is one of the commercially most
importantfisheryspeciesin Europe.Itinhabitscoastalsoftbottom
sedimentssubjectedtoperiodichypoxia. Hypoxiainturninfers
increased bioavailability of the heavy metal manganese that
normallyisboundthesediment.Inthiscomprehensivestudy, we
investigatedpossibleinteractionsbetweenlonger-termexposure
toelevatedpCO; atconcentrationspostulatedby2100,and more
short-termexposuretohypoxiaormanganeseondifferentlifestages
oftheNorwaylobster. Wedemonstratesevereimpactsatdifferent




organisationlevels;fromsuppressedimmuneresponsetobacterial
infection, toeffectsonembryonicheartrate, respiration, foraging
behaviourand CO, avoidance. Clearly, therearerisksofgreatimpact
onlobsterconditionandbiomassatthesefuturestressscenarios.
However, our results also demonstrate that susceptibility vary
greatlybetweenlifestagesandorganisationlevels.Nevertheless,
thecombinationofstressorsoftenhadthemostsevereffects,implying
futurestudiesoninteractionswithpollutantsandnaturalvariables
tobetterpredicttheinfluence OAwillhaveonmarineorganisms.

A3.6 LINKING PHYSIOLOGICAL
EFFECTS OF CLIMATE CHANGE STRESSORS
WITH EFFECTIVE CONSERVATION:
LESSONS FROM AN ENDANGERED FISH

™ TUESDAY 4 JULY, 2017 ©® 12:25

@ NANN A FANGUE (UNIVERSITY OF CALIFORNIA DAVIS,
UNITED STATES), LISA M KOMOROSKE (UNIVERSITY OF
MASSACHUSETTS AMHERST, UNITED STATES), KEN M JEFFRIES
(UNIVERSITY OF MANITOBA, CANADA), RICHARD E CONNON
(UNIVERSITY OF CALIFORNIA DAVIS, UNITED STATES)

©@ NAFANGUE@UCDAVIS.EDU

Sincetheimplementationofthe USFederal Endangered Species
Act (ESA), no listed fish species has gone extinct. However,
approximately 80% of freshwater fishes are facing extinction
over the next 100 years, and in California, native freshwater
and anadromous fishes reflect this trend. For effective species
conservationandmanagement, definingsuitablehabitatforfishesis
offundamentalimportance, yettranslatingphysiologicalmeasures
of performanceintoimplementableregulatorynumericcriteria
remainsdifficult. InthistalkIwillhighlightavariety ofapproaches
thatwehaveusedtounderstandthephysiologicalandbehavioral
responsesofaCaliforniaendemic,endangeredfish, the Delta Smelt
(DS,Hypomesustranspacificus). Importantly,theabundanceof
DShasreachedahistoriclowwithazeroabundanceindexreturned
in2015derivedfromonlyahandful offishcollectedthatyear. Our
studieshavespannedlifestage, biologicallevelsoforganization,
incorporatedsingleand multipleecologically-relevantstressors,
andintegratedthesedatawithpredictiveregionalglobalclimate
models. Takentogether, ourrecent workdemonstrates thatthe
integrationoffunctionalandmechanisticstudieswithecosystem-
basedmanagementcanbeachievedtobestinformconservationand
restorationstrategies.Itisthecase,however,thatextinctionisan
eventualityforDSunlessboldinterveningstepsaretaken,informed
byscienceandmotivatedbyhumanwill. Barrierstorecoverywill
bediscussed.
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A3.7 PREDICTING EVOLUTIONARY
RESPONSES OF REEF FISHES TO CLIMATE
CHANGE: PROGRESS AND CHALLENGES

™ TUESDAY 4 JULY, 2017 © 13:40

& PHILIP MUNDAY (JAMES COOK UNIVERSITY, AUSTRALIA)

©@ PHILIP.MUNDAYeJCU.EDU.AU

Manyshort-termexperimentshavedemonstrated the potential
impactsofoceanwarmingandacidificationonmarineorganisms.
However, longer-termexperimentsareneededtotestthecapacity
foracclimationandadaptationtothesestressors. InthistalkIwill
describeuniquemultigenerationalexperimentsbeingusedtotest
theeffectsof warmingandacidification on coralreeffishesand
exploretheircapacityforacclimationandadaptation. Thesesame
experimentsarebeingcoupled withmodernmolecularapproaches
tounderstandthemechanismsunderlyingphenotypicresponsesto
warmingandacidification,andthemechanismsbywhichadaptive
responses occur within and between generations. Our results
indicatethatthereislimited capacityforreversibleacclimation
toelevatedtemperatureinadultreeffishes,butexposuretohigher
temperaturesduringearlylifecaninducebeneficialdevelopmental
plasticity that improves performance at higher temperatures
laterinlife. Parentalandmultigenerationalexposuretoelevated
temperaturescanhavefurtherbeneficialeffectsontheperformance
offishathighertemperatures,boththroughtransgenerational
plasticity and the presence of heritable genetic variation.
Nevertheless,therearelimitstothesebeneficialeffectsand major
experimentalchallengesremainindisentanglingvariousformsof
plasticity, themechanismsbywhichtheenvironmental conditions
experiencedinonegenerationinfluencetheperformanceoffuture
generations,andthe constraintsofmultiple climatechangestressors
onadaptiveresponses.
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A3.8 AN INTERPLAY BETWEEN
PLASTICITY, EPIGENETICS, AND
PARENTAL PHENOTYPE DETERMINES
IMPACTS OF OCEAN ACIDIFICATION
ON A REEF FISH

™ TUESDAY 4 JULY, 2017 ©® 14:20

@ CELIA SCHUNTER (KING ABDULLAH UNIVERSITY OF SCIENCE
AND TECHNOLOGY, SAUDI ARABIA), MEGAN WELCH (COLLEGE
OF MARINE AND ENVIRONMENTAL SCIENCES, JAMES COOK
UNIVERSITY, AUSTRALIA), GORAN E NILSSON (DEPARTMENT
OF BIOSCIENCES, UNIVERSITY OF OSLO, NORWAY), JODIE
L RUMMER (ARC CENTRE OF EXCELLENCE FOR CORAL REEF
STUDIES, JAMES COOK UNIVERSITY, AUSTRALIA), PHILIP
L MUNDAY (ARC CENTRE OF EXCELLENCE FOR CORAL REEF
STUDIES, JAMES COOK UNIVERSITY, AUSTRALIA), TIMOTHY
RAVASI (KING ABDULLAH UNIVERSITY OF SCIENCE AND
TECHNOLOGY, SAUDI ARABIA)

@ CELIASCHUNTER@GMAIL.COM

Theimpacts of ocean acidification will depend on the ability of
marineorganismstotolerate,acclimate,andeventuallyadaptto
changesinoceanchemistry. Hereweuseauniquetransgenerational
experimenttoshowthemolecularresponseofacoralreeffishto
near-future CO; conditions and determine how short-term,
developmentalandtransgenerationalresponsestoelevated CO, may
beinfluencedbyvariationinbehaviouraltoleranceintheparental
phenotype. Within-generationalresponsesingeneexpressionto
endofcenturypredicted CO;levelsindicatethataself-amplifying
circlein GABAergicneurotransmissionistriggered explaining
neurologicalandbehaviouralimpairments. Furthermore, epigenetic
regulatorgenesexhibitedawithin-generationspecificresponsewith
somedivergenceduetoparental phenotype.Importantly, wefind
arecoverypatternforthemajority of within-generationresponses
followingexposureofparentstohigh CO,conditions. Ourresults
showthatparental variationintolerance and cross-generation
exposure toelevated CO; are crucial factorsin determining the
responsetochangingoceanchemistry.
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A3.9 FISH ON ACID -

THE ECOPHYSIOLOGICAL CONSEQUENCES
OF OCEAN ACIDIFICATION AND WARMING
ON FISH

™ TUESDAY 4 JULY, 2017 ® 14:35

@ FELIXCMARK (ALFRED WEGENER INSTITUTE, GERMANY),
CONSORTIUM 4 MEMBERS BIOACID II (BMBF BIOACID,
GERMANY), CONSORTIUM 3 MEMBERS BIOACID III
(BMBF BIOACID, GERMANY)

@ FMARK@AWI.DE

Within the second and third phase of the German ocean
acidification research programme BIOACID (2012-2017) we
investigated how the combined effects of ocean acidification
and warming (OAW) affect different life stages and
interactions between Atlantic and Polar cod and their prey.

Objectivesincludedaddressingthequestionwhether OAW affects
interactingspeciesdifferentlyduetodivergent physiologicaloptima
andranges, expressedinthermaltolerancewindowsandassociated
performance capacities and phenologies of specific life stages.
Weaimedtoidentify fundamentalmechanismsbyunravelling
theconnectionsbetweenlevelsofbiologicalorganisation, from
genomic, moleculartocellular,individualand populationlevel.
Scopesforacclimation (physiologyandbehaviour)andadaptation
(evolution) that togetherdefine speciesresilience were studied
invariouslifestages (eggs,larvae,juveniles, adults) toidentify
themostsensitiveone(s). Functional determinantsofindividual
fitnesssuchasionandacid-baseregulation, mitochondrialenergy
metabolism,andimmuneresponse,aswellastheirdependence on
foodqualityandavailabilitywerealsoexamined.Iwillpresentan
overviewofourresultsandhowtheyareimplementedintofuture
projectionsofachangingoceanandidentify openquestionsthat
stillneedfurtherresearch.

A3.15 MULTI-OMICS APPROACHES TO
UNDERSTANDING RESPONSES TO CHANGE

™ TUESDAY 4 JULY, 2017 ©® 16:00

@ MELODY S CLARK (BRITISH ANTARCTIC SURVEY,
UNITED KINGDOM)

@ MSCL@BAS.AC.UK

Ourworldischangingandformanyreasonsweneedtobeableto
predictwhatourfutureecosystemswilllooklike. Buthowdoweeven
starttotacklesuchacomplexissue? Currentlytherearearangeof
differentapproachestakenincludingtheaposterioriidentification
of how communities have changed in particular habitats over
timecorrelatedwithchangingenvironmental conditionsandthe
evaluationofgeneticdifferencesbetweenaspeciesorcloselyrelated
speciesindifferinghabitats (oftenalongalatitudinalgradient).Both
oftheseareveryusefulretrospectiveevaluationsofresponsesunder
natural conditions. Analternativeand morereal-timepredictive
approachisthatofexperimentalmanipulationinthelaboratory.
Thisapproachisoftenaccusedofnotbeingrealisticintermsofthe
ratesatwhichenvironmentalchangeisapplied,butitdoesallow
forcarefully controlled conditionstoevaluatebetweenspecies’
differences and the cellular mechanismsunderlyingresilience
orsensitivity.Italsoenablesthedetailedevaluationofalimited




ANNUAL MEETING GOTHENBURG 2017

numberof “model” environmentalorganismsandtheextrapolation
oftheseresultstothefarmorenumerousnon-tractablespecies. The
mainquestioniswhydosomespeciesfailandothersthrive,butalso
howmanyspeciesdoweneedtopredictchangeinanecosystem?
InthistalkIwilldiscussrecentresultsusingarange of ‘Omics’
approachestounderstandcellularresponsestochangeinmarine
species,theadvantagesofthisvariedapproachinnon-modelspecies
andhowthesecanbeusedtobenefitfuturebiodiversitypredictions.

A3.16 PHENOMIC RESPONSES OF
AQUATIC EMBRYOS TO ENVIRONMENTAL
CHANGE: APPLICATION OF A NOVEL
TECHNOLOGY

™ TUESDAY 4 JULY, 2017 ©® 16:30

@ OLIVER TILLS (PLYMOUTH UNIVERSITY, UNITED KINGDOM),
JOHN SPICER (PLYMOUTH UNIVERSITY, UNITED KINGDOM),
ANDREW GRIMMER (PLYMOUTH UNIVERSITY, UNITED KINGDOM),
SIMONE MARINI (INSTITUTE OF MARINE SCIENCE (ISMAR),
NATIONAL RESEARCH COUNCIL OF ITALY, ITALY), SIMON
RUNDLE (PLYMOUTH UNIVERSITY, UNITED KINGDOM)

@ OLIVER.TILLS@PLYMOUTH.AC.UK

Description of complexphenome-level (anorganisms? observable
characteristics)responsesofdevelopingorganismsisinherently
challenging,owingbothtothedynamicnatureof development
andthehigh-dimensionality of traitmeasurements (rates, timings,
distances,durationsetc). Such acapability would significantly
benefitourunderstandingoforganismalformandfunctionand
leadtoadvancesinourinterpretationandintegrationofmolecular-
levelresponses. We have developed an automated platform for
phenomicsinaquaticembryosthatcombineshardwarefortime-
lapsebioimagingandanalytical softwareforquantificationand
integration of both physiological and morphological traits. The
platformishighly versatile and describes phenomes with high
temporalandspatialresolutionandinawaythatisimpracticalto
domanually. Here,wepresent:i)howthistechnologyhasbeenused
tomeasureresponsesofmolluscandcrustaceanembryostoshort-
andlong-termexposurestoelevatedtemperatures;andii) thenovel
insightsthatthisapproachhasrevealedofthe complexresponsesof
embryosintermsoftheircombinedmorphologicalandphysiological,
sub-lethalandlethal,responses. Thiscapabilityisinvaluablefor
describingthe complexresponsesoforganismstomultiplestressors.
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A3.17 WILL FISHES BE SMALLER
IN A WARMER FUTURE?

™ TUESDAY 4 JULY, 2017 ©® 16:45

& GORAN E NILSSON (UNIVERSITY OF OSLO, NORWAY),
SJANNIE LEFEVRE (UNIVERSITY OF OSLO, NORWAY),
DAVID J MCKENZIE (UNIVERSITY OF MONTPELLIER, FRANCE)

@ G.E.NILSSONeIBV.UIO.NO

Inrecentyearssomeinfluentialstudiesprojectingthefutureaverage
bodysizeoffisheshave claimedthatfishwillbecomesmallerwhen
thewatertemperaturesrise.Several of thesestudiesarebased on
falsephysiologicalassumptionsregardingthescalingofgillsin
relationtobodymass,aswellasthescalingofmetabolicrateinfishes.
Itisremarkablethattheseassumptionshavebeenwidelyacceptedin
fisheriesscience,sincetheyareeasytodisproveboththeoretically
andbyexaminingavailabledata (Lefevreetal.,2017). Thereare
also claims that Bergmann’s rule (originally postulating that
endothermicanimalsbecomelargerincolderareastocompensate
fortheheatlosstotheenvironment)alsoappliestofish, withouta
plausiblemechanism.Infact,thelargestsharks,raysandteleosts
occurintropicalwaters. Somestudiesofbodysizeinfishpopulations
overrecent years have argued that fishes are indeed becoming
smallerduetoglobalwarming,buttheinterpretationofthedatais
complicatedbyissuessuchasfishinginducedselectionfavouring
smaller body sizes. So, if there are no theoretical or empirical
evidencefortheexistence of physiologicalmechanismsthatwill
bringdownthebodysizeoffishesastemperaturesrise,arethere
anyreasonstobelievethatfisheswillbesmallerinawarmerfuture?

A3.10 RELATIONSHIP BETWEEN
THERMAL TOLERANCE AND HYPOXIA
TOLERANCE IN AMAZONIAN FISHES

™ TUESDAY 4 JULY, 2017 POSTER SESSION

& ELLENH JUNG (UNIVERSITY OF BRITISH COLUMBIA, CANADA),
ADALBERTO L VAL (BRAZILIAN NATIONAL INSTITUTE FOR
RESEARCH OF THE AMAZON, BRAZIL), COLIN J BRAUNER
(UNIVERSITY OF BRITISH COLUMBIA, CANADA)

©@ JUNGeZOOLOGY.UBC.CA

The Amazon contains 20% oftheworld’sfreshwaterfishspecies
thatarepredictedtoexperienceanincreaseintemperaturebyup
to4’Cwithinthenextcentury.Increaseintemperaturewilllikely
be associated with an increase in the frequency, duration, and
magnitudeofhypoxicevents,creatinganevengreaterchallenge.
However, littleis known about theinfluence of these combined
factorsaswellastheeffectofacclimationtoelevatedtemperature
onthisrelationship, whichisimportant to understand in order
toaccuratelypredictthe potentialimpactofclimatechange. To
addressthis, weconductedacutethermaltolerance (CTMax)and
hypoxiatolerance (air saturation atloss of equilibrium) assays
in 21 species that spanned a broad phylogeneticrange. We also
investigated theeffectofacuteandchronictemperatureincreases
onthose parameters. In fish at ambient temperature (31°C), we
foundapositiverelationshipbetweenthetwo, wherefishthathad
greaterupperthermallimit weremoretoleranttoseverehypoxia.
Infishacutelytransferredto330r35°C,therewasareductionin
hypoxiatolerance, whileacclimationtothosesametemperatures
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partiallymitigated thateffect.Inaddition,acclimationsignificantly
increasedtheir CTMax,howevermostspeciesfailedtosurvivein
thehighesttreatmentof 35°C. Hyperoxia(anaturaloccurrence
inthedaywhentemperatureishighest)increasedacutethermal
tolerance.Overall, resultsindicatethatafairly simpleassaymaybe
usedtoidentifyspeciesatriskinthechangingenvironmentofthe
Amazon. (Supportedby CNPq/FAPEAMINCTADAPTA)

A3.11 OCEAN ACIDIFICATION ALTERS
PREDATOR AND PREY BEHAVIOUR IN
INVERTEBRATES: JUMPING SNAILS,
TROPHIC INTERACTIONS AND
NEUROTRANSMITTERS

™ TUESDAY 4 JULY, 2017 POSTER SESSION

@ SUE-ANN WATSON (JAMES COOK UNIVERSITY, AUSTRALIA),
SJANNIE LEFEVRE (UNIVERSITY OF OSLO, NORWAY), JENNIFER
B FIELDS (PITZER COLLEGE, UNITED STATES), PAOLO DOMENICI
(ISTITUTO PER L’AMBIENTE MARINO COSTIERO, ITALY), GGRAN
E NILSSON (UNIVERSITY OF OSLO, NORWAY), PHILIP L MUNDAY
(JAMES COOK UNIVERSITY, AUSTRALIA)

@ SUEANN.WATSONeJCU.EDU.AU

Oceanacidificationposesarangeofthreatstomarineinvertebrates
includingreducedgrowthandcalcification. However, the potential
effects of rising carbon dioxide (CO;) on marine invertebrate
behaviour are largely unknown. Marine conch snails have a
modified foot and operculum allowing them toleap backwards
rapidlywhenfacedwithapredator, suchasavenomousconesnail.
Wehabituatedhumpbacked conchpreyandconesnailpredatorsto
control (~400patm)andelevated (~970patm) seawater CO.during
twostudiesatLizardIsland Research Stationonthe GreatBarrier
Reefandexaminedtheirbehaviours. Weshowthat projected end-of-
century CO.levelsimpairkeybehavioursofmarineinvertebrates,
including behaviours involved in predator-prey interactions.
Elevated-CO;halvedthenumberofpreysnailsthatjumpedfrom
thepredator,increasedtheirlatencytojumpandalteredtheirescape
trajectory. Physicalabilitytojumpwasnotaffectedbyelevated-CO,
indicatinginsteadthatdecisionmakingwasimpaired.Inpredators,
elevated-CO.increasedactivitymorethanthreefold, butreduced
predationrate.Prey snails weretreated with gabazine,a GABA
receptorantagonistofvertebrateandsomeinvertebratenervous
systems. Gabazine treatment fully restored normal behaviour,
indicatingapotentialinterference ofneurotransmitterreceptor
functionbyelevated-CO;ininvertebrates,aspreviouslyobserved
inmarinefishes. Thealterationof fundamentalpredationandescape
behavioursofinvertebratesandfishesatprojectednear-future CO,
levelscoulddisruptspeciesinteractions,communitystructureand
foodwebstabilitywith potentially far-reachingimplications for
marineecosystems.
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A3.12 SURVIVAL AND SALINITY
TOLERANCE LIMITS IN THE SNAIL
THEODOXUS FLUVIATILIS: FRESHWATER
VS. BRACKISH WATER LINEAGES

™ TUESDAY 4 JULY, 2017 POSTER SESSION

& AMANDA A WIESENTHAL (ERNST MORITZ ARNDT- UNIVERSITY
GREIFSWALD, GERMANY), CHRISTIAN MULLER (ERNST
MORITZ ARNDT-UNIVERSITY GREIFSWALD, GERMANY),
JAN-PETER HILDEBRANDT (ERNST MORITZ ARNDT-UNIVERSITY
GREIFSWALD, GERMANY)

© AMANDA.WIESENTHAL@GMAIL.COM

It is commonly accepted that there are morphological and
physiologicaldifferencesbetweenspeciesofthe genus Theodoxus
(Gastropoda: Neritidae) butwhenit comestodifferenceswithinthe
widelydistributedspecies T. fluviatilistherearestillopenquestions.
Thisspecieshasformedregionalsubgroups (lineages)innorthern
Germanythatappearseparateineitherfreshorbrackishwater,
yet,accordingtoliterature,areindistinguishablebymorphology,
anatomy or mtRNA markers. Tolerance towards challenging
salinitiesinanimalsfromtheselineages,however,isdistinct. The
question, whetherthe observeddifferenceinsalinitytolerance
isanewly developed trait or a derived feature from freshwater
individuals that has shifted due to local adaptation after re-
colonisationoftheBalticsea,remains.Inthisstudyphysiological
limitstosalinity stressandrange shiftabilities were compared
betweenindividualsfromfresh-andbrackishwaterlineagesin
a 20-day common garden experiment and acclimation regime.
Resultsshowedthatthelineagesdifferintheirtolerancetowards
highandlowsalinitylevels.Brackishwateranimalsstruggledin
freshwaterbutperformedmuchbetterthanfreshwaterindividuals
whendirectlytransferredintohighsalinities (20%o). Afterslowly
acclimatising the animals to their challenging salinities, both
lineagesachievedarangeshiftinreactionnormsandwereableto
survivesalinitylevelsotherwiselethaltothem.Evenwiththis
shift freshwater animals were not able to tolerate salinities as
highasbrackishwateranimalscould. Theseresultsindicatethat
phenotypicplasticityaswellasgeneticadaptationmaydetermine
osmotoleranceinthelineages.
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A3.13 PHYSIOLOGICAL AND LIFE
HISTORY CHALLENGES IN A CHANGING
OCEAN: WHAT MULTIGENERATIONAL
EXPERIMENTS CAN REVEAL FOR
MARINE METAZOANS

™ TUESDAY 4 JULY, 2017 POSTER SESSION
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A3.14 DAILY CYCLIC HYPOXIA
IMPROVES PALAEMON VARIANS’
SURVIVAL WHEN EXPOSED TO ACUTE
COPPER TOXICITY AND WHEN EXPOSED
TO THERMAL STRESS

™ TUESDAY 4 JULY, 2017 POSTER SESSION

& GLORIA MASSAMBA N'SIALA (UNIVERSITE DU QUEBEC A
RIMOUSKI, CANADA), EMMA M GIBBIN (ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE, SWITZERLAND), LEELA J
CHAKRAVARTI (JAMES COOK UNIVERSITY, AUSTRALIA),
MICHAEL D JARROLD (JAMES COOK UNIVERSITY, AUSTRALIA),
FELIX CHRISTEN (UNIVERSITE DU QUEBEC A RIMOUSKI,
CANADA), PIERRE BLIER (UNIVERSITE DU QUEBEC A
RIMOUSKI, CANADA), PIERO CALOSI (UNIVERSITE DU QUEBEC
A RIMOUSKI, CANADA)

@ MASSAMBA.GLORIA@GMAIL.COM

Oceanwarmingandacidificationareconcomitantclimatedrivers
thatarecurrentlythreateningthesurvivalof marinespecies. How
specieswillrespondtothesechangesdependsontheirphenotypic
plasticityandtheirpotential foradaptation.Littleisknownabout
themechanismsthatgoverntheseinteractionsorhowglobalchange
willinfluencetheserelationshipsacrossmultiplegenerations. To
testthis, weexposedthemodelmarinepolychaete Ophryotrocha
labronicatoconditionssimulatingoceanwarmingandacidification,
inisolationandincombinationoverfivegenerationstoidentify: (i)
howmultipleversussingleclimatechangedriversaltertheshape
of therelationship betweenlife history and physiology; (ii) the
mechanisticlinkbetweenlife-historyandphysiology; (iii) whether
changesinphenotypesareplasticoradaptive. Twojuvenile (growth
rate;survivaltosexualmaturity) andtwoadult (meanreproductive
body size; fecundity) life-history traits were measured in each
generation,aswellasthreephysiological (cellularROS content,
mitochondrial density; mitochondrialcapacity)traits. Wefound
that exposure to warming alone caused increases in: juvenile
growth,ROSandmitochondrialdensity,anddecreasesin:mean
reproductivebodysize,fecundityandfluctuationsinmitochondrial
capacity,relativetocontrol conditions. Whileexposuretoocean
acidification alone had only minor effects on juvenile growth.
Remarkably, singlestressorrepresentedabiggerchallengethan
whenbothstressorswerepresent, suggestingthatoceanwarming
andacidificationactasopposingvectorsofstresstoenhancethis
species’potentialforacclimationacrossmultiplegenerations.

@ LUCA PERUZZA (NATIONAL OCEANOGRAPHY CENTRE
SOUTHAMPTON, UNITED KINGDOM), ALASTAIR BROWN
(NATIONAL OCEANOGRAPHY CENTRE SOUTHAMPTON, UNITED
KINGDOM), SVEN THATJE (NATIONAL OCEANOGRAPHY CENTRE
SOUTHAMPTON, UNITED KINGDOM), CHRIS HAUTON (NATIONAL
OCEANOGRAPHY CENTRE SOUTHAMPTON, UNITED KINGDOM)

@ LUCA.PERUZZA@SOTON.AC.UK

Shallow-waterenvironmentsaregenerally characterizedbyhigh
speciesnumberandgreatproductivity. Thesesamehabitatsare
alsomorevulnerabletoclimatechange (i.e. watertemperature,
hypoxia) and pollution (i.e. pesticides, industrial wastes). The
molecular, physiologicaland ecological effects of single stressors
exposureshavebeenwidely studiedonnumerousspeciesandtaxa,
buttheeffectsof multipledriversarestillnotwellcharacterized
andhavepreviouslyshowncomplexandunexpectedinteractive
effects. Todeterminetheecophysiologicalimplicationsof hypoxia,
coupledwithtemperature orcopper,onshallow-watercrustaceans,
weinitially performeda28-day experimentby mimicking,ona
dailybase,oxygenfluctuationsdowntothecriticaloxygenpartial
pressure (peit) forourmodel species, the ditch shrimp, Palaemon
varians. Subsequentlyanimalswerechallengedeitherforcritical
thermalmaximum (CTm.x) orforacute coppertoxicity (S5and30mg
Cu? /L).Theinteraction of hypoxia with temperature or copper
alteredtheexpressionofkeygenesinvolvedinshockresponseand
detoxification.Survivalratewasalsoaffected, withunexpected
results: CTmax wassignificantlyhigherinanimalsthatexperienced
hypoxia,incomparisontocontrols (t-test,p-value=0.015). Animals
keptinhypoxiaandsubsequentlyexposedto30mgCu? /Lhada
significantlyhighersurvivalratethananimalsexposedtocopper
butnottohypoxia(Log-ranktest,p-value=0.04).Cyclichypoxia
inducesmorphologicalchangesinthegillsinPvarians,byincreasing
lamellar’slengthand surface area. Hence, those changeslikely
enhance animal’s survival to thermal stress and toxicants and
are identified as an antagonistic effects between hypoxia and
copperpollution.
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A3.18 NEAR-FUTURE CARBON DIOXIDE
LEVELS IMPAIR THE OLFACTORY SYSTEM
OF EUROPEAN SEA BASS

™ TUESDAY 4 JULY, 2017 POSTER SESSION

& COSIMA S PORTEUS (UNIVERSITY OF EXETER, UNITED
KINGDOM), PETER C HUBBARD (CENTRO DE CIENCIAS DO
MAR, PORTUGAL), TAMSYN M UREN WEBSTER (SWANSEA
UNIVERSITY, UNITED KINGDOM), RONNY VAN AERLE (CENTRE
FOR ENVIRONMENT FISHERIES AND AQUACULTURE SCIENCE
(CEFAS), UNITED KINGDOM), ADELINO V M CANARIO (CENTRO
DE CIENCIAS DO MAR, PORTUGAL), EDUARDA M SANTOS
(UNIVERSITY OF EXETER, UNITED KINGDOM), ROD W WILSON
(UNIVERSITY OF EXETER, UNITED KINGDOM)

@ C.S.PORTEUS@EXETER.AC.UK

Thesurvivalofmarinefishesexposedtoelevatednear-future CO,
levelsisthreatenedbytheiralteredresponsestosensorycues.Here,
wedemonstrateanovelphysiologicalandmolecularmechanism
basedintheolfactorysystemwhichhelpsexplainalteredbehaviour
causedbyelevated CO..Electrophysiologyandhighthroughput
sequencing were combined with behavioural experiments to
investigatetheeffectsofelevated CO; ontheolfactorysystemof
Europeanseabass (Dicentrarchuslabrax),aneconomicallyimportant
species.ltwasestimatedthatinelevated CO, (~1000patm)fishneed
tobeupto64%closertoanodoursourcefordetection,comparedwith
current CO; levels,decreasingtheirchancesofescapingpredators.
Thesefindingscorrelatedwithasuppressioninthetranscription of
genesinvolvedinsynapticstrength, cellexcitability,andlearning/
memoryinresponsetoelevated CO,exposure. Ournovelfindings
contrastwiththepreviouslyproposedbrain-basedmechanismand
demonstratethatbotholfactoryandbrainfunctionare compromised
by elevated CO; in the oceans, with potentially major negative
impactsonfishglobally.

A3.19 DIFFERENT LEVELS OF
REDUCED OXYGEN ELICIT DIFFERENT
PHYSIOLOGICAL AND TRANSCRIPTOMIC
MECHANISMS IN THE BRACKISHWATER
AMPHIPOD, GAMMARUS CHEVREUXI

™ TUESDAY 4 JULY, 2017 POSTER SESSION

@ MICHAEL H COLLINS (PLYMOUTH UNIVERSITY, UNITED
KINGDOM), OLIVER TILLS (PLYMOUTH UNIVERSITY, UNITED
KINGDOM), JOHN I SPICER (PLYMOUTH UNIVERSITY, UNITED
KINGDOM), LUCY M TURNER (PLYMOUTH UNIVERSITY,

UNITED KINGDOM), MELODY S CLARK (BRITISH ANTARCTIC
SURVEY, UNITED KINGDOM), MANUELA TRUEBANO (PLYMOUTH
UNIVERSITY, UNITED KINGDOM)

@ MICHAEL.COLLINS@PLYMOUTH.AC.UK

Whilst the physiological responses of marine invertebrates to
reductionsinenvironmental oxygenarerelativelywelldocumented,
theunderlyingmolecularmechanismsremainlargelyunknown,
particularly in sensitive taxa like crustaceans. This study
investigatedthephysiologicaland transcriptomicresponsesto
differentdegreesofexposureto7daysofhypoxia(20and40%air
saturation) ofthebrackishwateramphipod Gammaruschevreuxi.

ANIMAL ABSTRACTS 136

Whileamphipodswereoxyregulatorsatbothhypoxialevels,there
werereductionsinaerobicscopewhichincreasedwithincreasing
severityofhypoxia. At40%therewasanincreaseintheexpression
of metabolicgenes,oxygentransportersandcellulardefencesfrom
whichitcouldbeinferredthatthiswasaresponsetothemetabolic
challengeposedbylow oxygen. However, there was adramatic
reversalat20% withwidespread downregulationofgenesinvolved
inmetabolismandproteinsynthesis. Thiscouldbeinterpretedeither
asaphysiologicallyimpairedstateunderseverehypoxiaorasan
energyconservationstrategyandpossibly transitiontowardsfuture
hypometabolism.

A3.20 INDIVIDUAL REPEATABILITY
OF THERMAL TOLERANCE IN ZEBRAFISH
AT OPTIMAL AND WARM ACCLIMATED
TEMPERATURES: A FOUNDATION

FOR EVOLUTION

™ TUESDAY 4 JULY, 2017 POSTER SESSION

& RACHAEL MORGAN (NORWEGIAN UNIVERSITY OF SCIENCE
AND TECHNOLOGY, NORWAY), METTE H FINNGEN (NORWEGIAN
UNIVERSITY OF SCIENCE AND TECHNOLOGY, NORWAY),
FREDRIK JUTFELT (NORWEGIAN UNIVERSITY OF SCIENCE
AND TECHNOLOGY, NORWAY)

© RACHAEL.MORGAN@NTNU.NO

Toaddresswhetherthermaltolerancecanevolveinvertebrates,
wefirstneedtoestablishthatthereareintraspecificdifferences
inthermaltolerance, whichareconsistentwithinanindividual.
Therefore, zebrafish (Danio rerio) were exposed to four acute
thermalchallenges,oneweekapart,andindividualrepeatability
of thermal tolerance (critical thermal maxima, CT,,) was
estimated. Additionally, theeffectof warmacclimationon CT,.x
was investigated by exposing fish to 34°C prior to the first trial
(warmacclimated)and comparingthemwithfishat28°C (optimal
temperature). Fishat 34°Chad ahigherinitial CT.. thanfishat
28°C(p<0.01),with CTy'srangingfrom41.2-43.2°Ccomparedto
39.3-41.4°Cfortheoptimal temperaturegroup. Thisindicatesthat
short-termacclimationsignificantlyincreasesthermaltolerance.
Warmacclimatedfishshowedthehighestindividualrepeatability
between challenges (r=0.79, 95% C.1.0.48-0.89). Repeatability
wasalsorelativelyhighin28°Cfish (r=0.54,95%C.1.0.21-0.77).As
CTuincreasedfromthefirsttrialtothesecond(optimal: +0.41°C,
p=0.01;acclimated: +0.11°Cp=0.02) differencesinrepeatabilitymay
resultfrom ‘optimaltemperature’individualsrespondingdifferently
tothefirst CTmax, whereasacclimatedfishwereprimedforathermal
challenge. Thisshowsthatthermaltoleranceconsistentlyvaries
betweenindividuals,ishighlyrepeatable,andmayprovide grounds
forselection.
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A3.21 CHRONIC WARM EXPOSURE
IMPAIRS GROWTH PERFORMANCE AND
REDUCES THERMAL SAFETY MARGINS IN
THE NEW ZEALAND COMMON TRIPLEFIN
FISH (FORSTERYGION LAPILLUM)

™ TUESDAY 4 JULY, 2017 POSTER SESSION

@ TRISTAN J MCARLEY (THE UNIVERSITY OF AUCKLAND,
NEW ZEALAND), ANTHONY J R HICKEY (THE UNIVERSITY
OF AUCKLAND, NEW ZEALAND), NEILL A HERBERT
(THE UNIVERSITY OF AUCKLAND, NEW ZEALAND)

@ TMCAOO8@AUCKLANDUNI.AC.NZ

Fishspecieswhichoccupybothintertidalandsubtidalhabitatsfacea
dualchallengefromclimateinducedwarmingastheywillbe exposed
tobothchronicallyelevated ambient temperatures and greater
extremesofacutetemperaturechange. Asseatemperaturesriseit
hasbeenproposedthatwholeanimalperformancewillbeimpaired
throughoxygencapacitylimitedthermaltolerance (OCLTT,reduced
aerobicmetabolicscope-MS)and,onanacutescale,thermalsafety
marginswillbereduced duetolimited plasticityinupperthermal
tolerance limits. Using the New Zealand common triplefin fish
(Forsterygionlapillum),thisstudy addressedhowperformancein
termsofgrowthandmetabolism (MS)andupperthermaltolerance
limitswouldbeaffectedbychronicexposure (12weeks)toelevated
temperature.Inagreementwiththe OCLT Thypothesischronic
exposuretoelevatedtemperaturesignificantlyreduced growth
performanceand MS.However,despitetheprospectofimpaired
growthperformanceunderwarmerfuturesummertimeconditions
anannualgrowthmodelrevealedthatelevated temperatureswould
onlyshiftthetimingofhighgrowthpotentialandnottheoverall
annualgrowthrate. Whiletheupperthermaltolerance(i.e.critical
thermalmaxima)increasedmarginallywithchronicexposureto
warmertemperaturesandwasassociated with depressedmetabolic
ratesduringacutethermalramping,upperthermaltolerancedid
not differ between present and predicted future summertime
temperatures. This suggests that warming may progressively
decreasethermalsafetymarginsforhardygeneralist speciesand
couldlimittheavailablehabitatrange ofintertidalpopulations.

ANIMAL ABSTRACTS 137

A3.22 DOES DEVELOPMENT AFFECT THE
HEAT SHOCK RESPONSE OF THE GREEN
SEA URCHIN PSAMMECHINUS MILIARIS?
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& ALESSANDRO CAVALLO (BRITISH ANTARCTIC SURVEY,
UNITED KINGDOM), MELODY S CLARK (BRITISH ANTARCTIC
SURVEY, UNITED KINGDOM), COLEEN C SUCKLING (SCHOOL OF
OCEAN SCIENCES BANGOR UNIVERSITY, UNITED KINGDOM),
CLARA L MACKENZIE (CENTRE FOR MARINE BIODIVERSITY
AND BIOTECHNOLOGY HERIOT-WATT UNIVERSITY, UNITED
KINGDOM), ELISHA SLATER (SCHOOL OF OCEAN SCIENCES
BANGOR UNIVERSITY, UNITED KINGDOM), MICHAEL A S
THORNE (BRITISH ANTARCTIC SURVEY, UNITED KINGDOM),
ANDREW J DAVIES (SCHOOL OF OCEAN SCIENCES BANGOR
UNIVERSITY, UNITED KINGDOM), LLOYD S PECK (BRITISH
ANTARCTIC SURVEY, UNITED KINGDOM)

© ALESSANDRO.CAVALLO@STUDENTS.PLYMOUTH.AC.UK

Temperature’subiquitouseffectsonbiological processesencompass
alllevelsofbiologicalorganisation.Inordertomakepredictionson
howorganismswillbeimpactedbyglobalwarming,itiscrucialto
knowhowtheirmolecularmachineryworksunderdifferent thermal
regimes. Temperatemarineinvertebratesareusefulmodelsbecause
theyarenaturally subjected to wide temperature fluctuations,
andtheyoftenundergoanimportantecologicaltransitionfroma
planktoniclarvalexistencetoabenthicone.Larvalstagesareoften
consideredtobethemostvulnerable,however,relativelylittleis
known about how temperature fluctuations affect these early
developmentalstages.Inlightofthis,thepresentstudyinvestigated
the molecular response to heat shock in the green sea urchin
Psammechinusmiliarisatdifferenttimesinearly development. This
wascomparedtotheresponseinadultanimalsinordertoidentifyif
thedevelopmentalstageofthelarvaeimpactedtheirability tomount
aneffectiveheatshockresponse. Theexperimentexposedanimals
(larvaeandadults)toaone-hourheatshockat25°C. Theexpression
ofnineheatshockproteingeneswasusedasaproxymeasurefor
theresponsetocellularstress,consideringtheimportantandwell-
studiedroleof HSPsinthisbiological process. Theseresultswillbe
discussedalongsidethosefromarecentparallelexperimentonthe
effectsofacidifiedseawateronlarvaeofthesamespecies,allowing
foraninter-stressorcomparison oftheirmolecularresponsesto
changingenvironmental conditions.
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A3.23 THE EPIGENETIC LANDSCAPE
OF TRANSGENERATIONAL ACCLIMATION
TO OCEAN WARMING
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(ARC CENTRE OF EXCELLENCE FOR CORAL REEF STUDIES JAMES
COOK UNIVERSITY, AUSTRALIA), JENNIFER M DONELSON (ARC
CENTRE OF EXCELLENCE FOR CORAL REEF STUDIES JAMES
COOK UNIVERSITY, AUSTRALIA), PHILIP L MUNDAY (ARC
CENTRE OF EXCELLENCE FOR CORAL REEF STUDIES JAMES COOK
UNIVERSITY, AUSTRALIA)

@ TIMOTHY.RAVASIE@KAUST.EDU.SA

Epigeneticinheritance is a potential mechanism by which the
environment experienced in one generation can influence the
performance of future generations in the same environment.
Rapidclimatechangethreatensthesurvivalof manyorganisms;
however,recentstudiesshowthatsomespeciescanadjusttoclimate
relatedstresswhenbothparentsandtheiroffspringexperiencethe
sameenvironmentalchange.Inmytalk,Iwilldiscussourlatest
researchthatbymeanofanintegrativegenomicsanalysis,identified
molecularpathwaysresponsiblefortransgenerationalacclimation
torisingoceantemperaturesofthecoralreeffish Acanthochromis
polyacanthus and shown that selective genomic-wide DNA
methylationservesasacentralepigeneticinheritancemechanism
mediatingtransgenerationalacclimationtoclimatechange.

A3.24 INFLUENCE OF CHOLINERGIC
INHIBITION OF HEART RATE ON
THERMAL TOLERANCE IN THE ROACH,
RUTILUS RUTILUS
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@& ANDREAS EKSTROM (UNIVERSITY OF GOTHENBURG, SWEDEN),
ERIK SANDBLOM (UNIVERSITY OF GOTHENBURG, SWEDEN)

@ ANDREAS.EKSTROM@BIOENV.GU.SE

Decliningvenous(i.e.,luminal) oxygensupplytotheheartduring
warminghasbeenproposedtoresultincardiacfailureandtoset
thecritical thermalmaximum (CTmax) infish speciesthatlacka
coronarycirculation. However, cholinergicinhibitionofheartrate
mayenhancecardiacfunctionatextremehightemperaturesby
increasingdiastoleandimprovecardiacoxygenationbyreducing
myocardialdiffusiondistancesandincreasethetimeforoxygen
diffusion.Here,wetestedthishypothesisinroach (Rutilusrutilus),
afish speciesin which the heartis solely dependent on luminal
oxygenation.Heartrateincreasedwithacutewarming(3°C h')in
bothcontrolfish (saline)andinroachtreatedwiththecholinergic
blocker atropine sulphate (1.2mg kg™'). While heart rate was
consistentlyelevatedacrosstemperaturesinatropinizedfish, the
differenceinheartratebetweentreatmentgroupsincreasedwith
warmingindicatinganincreasingcholinergictoneintheuntreated
fishathightemperatures. However,contrarytoourhypothesis,
cholinergicblockadedidnotaffect CTmaxorthetemperature where
heartratefailed. Thissuggeststhattheincreasedcholinergictone
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withwarminghadnoadaptivebenefitsforacutethermaltolerance
orcardiovascularperformanceinroachatthequickheatingrates
employedhere. Beingarelativelyhypoxiatolerantspecies, theroach
heartmayhaveaconsiderableanaerobiccapacitythatcanbuffer
short-termmyocardial oxygenshortage. Thus, theadaptivebenefits
of cholinergicinhibition ofheartrateoncardiacoxygenationand
thermaltolerancecouldbemorepronouncedatslowerheatingrates
ase.g., glycogenstoresaredepleted.

A3.25 COMBINED EFFECTS OF OCEAN
ACIDIFICATION AND TEMPERATURE ON
THE SWIMMING CAPACITY OF EUROPEAN
SEA BASS LARVAE

™ TUESDAY 4 JULY, 2017 POSTER SESSION
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CLAIREAUX (UNIVERSITE DE BRETAGNE OCCIDENTALE,
FRANCE), SARAH HOWALD (ALFRED WEGENER INSTITUT,
GERMANY), JOSE-LUIS ZAMBONINO (IFREMER, FRANCE),
FELIX C MARK (ALFRED WEGENER INSTITUT, GERMANY),
MYRON A PECK (HAMBURG UNIVERSITY, GERMANY)

@ LOUISE.COMINASSI@GMAIL.COM

Swimmingcapacityisakeydeterminateof Darwinianfitnessasit
influencesanumber offundamentalattributes of performances,
including the ability to acquire food, and to avoid predators.
Swimmingabilityisalsoanintegratedmarkerofthefunctioning
ofavarietyofinterlinked physiologicalfunctionsthatcontribute
tolocomotion. Forthatreason, swimming capacityis generally
considered a good indicator of fish health and impairments
of swimming due to climate-driven changes in temperature
and pH (ocean acidification) will, thus, have far-reaching
consequences for fish populations. We examined the effects of
oceanacidificationandwarming (OAW) ongrowth,development
(e.g., morphology, ossification) and critical swimming speed
(Ucrit) of Europeanseabass (Dicentrarchuslabrax)larvae.Since
2 days post hatch (dph), larvae were exposed to a combination
ofthreelevels of pCO,(400,800,1200patm; pH8.1,7.8,7.6) and
two temperatures (15, 20°C). Larval stage duration was 35%
longer at 15°C (60 days) compared to 20°C (45 days). Thermal
effectsongrowthanddevelopmentwerestrongerthanthose of
pCO:levelsalthoughtherateofossificationwashigherathigher
pCO.. Swimming capacity increased rapidly with larval size.
However, forlarvaerearedat20°C, Ucritreachedaplateauaround
13mminstandardlength,resultinginlower Ucrit atmetamorphosis
(3.5 cm.s™) compare to 15°C-reared larvae (6.3 cm.s?). Overall,
ourdatasuggestthatswimmingcapacityinEuropeanseabassis
impactedbytemperatureduringlarvaldevelopmentbutnotbypCO,.
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A3.26 HEAT-INDUCED ANEMONE
BLEACHING INCREASES THE OXYGEN
DEMANDS OF SYMBIONT ANEMONEFISH
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S KILLEN (UNIVERSITY OF GLASGOW, UNITED KINGDOM),
RICARDO BELDADE (CRIOBE USR 3278 EPHE-CNRS-UPVD PSL
RESEARCH UNIVERSITY, FRENCH POLYNESIA)

@ TOMMY.NORIN@GLASGOW.AC.UK

Increased ocean temperatures are causing mass bleaching of
anemonesand coralsinthetropicsworldwide. Thisheat-induced
loss of algal symbionts directly affects anemones or corals
physiologically,butthedamagemayalsocascadeontootheranimal
symbionts. We collected wild juvenile orange-fin anemonefish
(Amphiprionchrysopterus)fromaroundtheislandofMoorea, French
Polynesia,andmaintainedthefishindividuallyat28°C (ambient
seawatertemperature)inaquariawitheitherbleachedorunbleached
magnificentseaanemones (Heteractismagnifica) fortwoweeks
beforemeasuringthe oxygenuptakeratesofthefish (ameasure
oftheirmetabolicrates) whileinthe presence oftheirrespective
anemonetreatments(n=10pertreatment). Allofresting,night-time,
andday-timeoxygenuptakeratesweresignificantlyhigherby 19,
19,and 23%,respectively, forfishlivingonbleached comparedto
unbleachedanemones. Furthermore, totaloxygenuptakeduringthe
19hmetabolicratetrialswas31%higherforfishlivingonbleached
anemones. Thesesignificantlyhigheroxygendemandssuggest
thattheanemonefishwereuncomfortableorstressedinableached
anemonehost,whichmayhavenegativeeffectsonthefishthrough
theincreasedmetaboliccostsincurredwithpotentialimpactson
otherimportantlife-historytraits.

A3.27 THERMAL SENSITIVITY OF
MITOCHONDRIAL ELECTRON TRANSPORT
CHAIN ENZYMES IN WILD AND CAPTIVE
BRED BROWN TROUT, SALMO TRUTTA
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@ BASTIEN THOMAS (UNIVERSITY OF POITIERS, FRANCE),
HOLLY ALICE SHIELS (THE UNIVERSITY OF MANCHESTER,
UNITED KINGDOM), GINA L J GALLI (THE UNIVERSITY OF
MANCHESTER, UNITED KINGDOM)

@ BASTIENTHOMAS1@GMAIL.COM

Recentevidencesuggestsmitochondrialdysfunctionisintimately
involvedinsettingthethermalrangethatectothermscantolerate,
possiblyprovidingasimplepredictorofthelikely effectsofclimate
change.Mostoftheseinvestigationshaveusedfarmedfish, whose
physiology and metabolic capacity is significantly different to
wild fish. To ensurereliable predictions, itis essential to collect
informationfromwildpopulations. Browntroutarecold-adapted
and especially vulnerable to climate change, but nothing is
knownaboutmitochondrialfunctioninthisspecies. Tothisend,
wehaveinvestigatedthethermalsensitivity ofenzymesinthe
mitochondrialelectrontransportchainfromwildandcaptivebred
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browntrout. Tissuewasharvested fromboth groupsandfrozenin
liquidnitrogenforlateranalysis. Tissuehomogenateswereprepared
andenzymaticactivityofcitratesynthaseand ComplexesI-Vofthe
electrontransportchainweremeasuredatarangeoftemperatures
with a spectrophotometer. Complex activity increased with
temperatureupuntilathreshold,atwhichpoint,enzymaticactivity
declined. Earlyresultssuggestthebreakpointtemperatureislower
inwildtroutcomparedtocaptivebred. Theseresultssuggestcaptive
bredtroutarenotsuitablesurrogatesforinvestigatingtheeffectsof
climatechangeonmetabolicpropertiesofwild trout.

A3.28 EFFECTS OF TEMPERATURE
AND SALINITY ON THE SURVIVAL AND
PHYSIOLOGY OF BALTIC MYTILUS SP.
EARLY LIFE-STAGES
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HELMHOLTZ CENTRE FOR OCEAN RESEARCH KIEL, GERMANY)
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Lowsalinity conditionsofbrackishcoastalsystemsrepresenta
challenginghabitatformarineorganisms.IntheBalticSea,one
ofthelargestbrackishwaterbodiesoftheworld,anthropogenic
induced climate change is expected to decrease salinity and
elevatewatertemperature. Populations of Mytilussp.inhabiting
the southern and eastern coasts of the Baltic are found at the
lowerlimitoftheirsalinitytolerancerange. Thisstudyaimedto
understandhowchangesinsalinityand temperature corresponding
toyear 2100 scenarios act on early life-stages of Baltic Mytilus.
Mussels were collected from Ahrenshoop, Germany (salinity
=11psu) and spawnedinlaboratory. Larvae were submitted to
treatments combining different levels of salinity (11, 9 and 7
psu) and temperature (12 and 15°C). Rates of survival, growth
andsettlementwerestronglyreducedatsalinitiesof 9and 7psu.
Increasedtemperature (15°C) alleviated the negative effects of
lowsalinity. Larvae could delaymetamorphosisupto67daysin
adversesalinity conditions of 7 psu. Respirationrate increased
withdecreasingsalinitiesof 9and 7 psuand asynergisticeffect
ofincreased temperature was observed. Larval clearancerates
decreasedatlowsalinitytreatments. Theseeffectsledtoasteep
reductioninscopeforgrowthwithreducedsalinity. Concluding,
future abiotic conditions in the Baltic Sea likely represent a
bottleneck for survival and development of Mytilus sp. larvae,
potentiallyredefiningdistributionlimits of mussel populationsin
thisarea.Thiswouldhavefarreachingconsequencesforbenthic
ecosystemsinthecentralBalticSea.
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A3.29 OXYGEN TRANSPORT SYSTEM
FROM MOLECULAR TO FUNCTIONAL
LEVEL; DIFFERENCES BETWEEN
THERMALLY HIGH AND LOW TOLERANT
EUROPEAN SEABASS
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Oneofthekeyfeaturesoffishrespondingtoenvironmentalchanges
isadjustingrespiratoryandcirculatory system. Therefore,complete
understanding of the function of oxygen transport system is
necessaryforpredicting,e.g.,howfishcandealwithclimatechange.
Toadvancethisunderstanding, we compared seabass that had
significantlydifferentcriticalthermalmaxima (CTmax; measured
byheatingthewaterfrom15to30°Cin2handfrom30°Cto34°Cin
4h).621Europeanseabassweretestedfor CTm.xandtheextreme
individuals (time forlosing equilibrium 2.5+0.03h [untolerant]
vs.5.0+0.03h[highlytolerant]) wereselected forfurthertesting
after athree-weekrecovery. Fish were subjected to heat shock
(warming15—28°Cwithin1.5h)andsampledbeforeandafterthe
shock.Highlytolerantindividualshadlargerventricles, higher
maximumheartrate, higherventricularCa?-ATPaseandlactate
dehydrogenaseactivitiesascomparedtountolerantindividuals
indicating higher blood pumping capacity. The lengths of gill
secondarylamellaeandcapillarydensitiesof muscleweresimilar
in the groups. However, the untolerant individuals had bigger
myocyteswithlowermyoglobinlevelthanthehighlytolerantones
indicatinglimited oxygenextractioncapacityinmuscularlevel.
Theuntolerantindividualsalsohadhigherliveroxidativestress
enzymeactivities (gluthathione peroxidaseandreductase and
glucose-6-phosphate-dehydrogenase) suggestingamoreserious
disturbance of redox balance by heat stress thanin the highly
tolerantspecimens. Asconclusion, themoleculardifferencesin
cardiomyocyteleveltranslatetofunctional differenceswhichmay
havearoleindeterminingtheupperthermaltoleranceoffish.
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A3.30 CHANGES IN METABOLOME AND
MITOCHONDRIAL RESPIRATION IN
EUROPEAN SEA BASS HEARTS UNDER OAW

™ TUESDAY 4 JULY, 2017 POSTER SESSION

@ SARAH HOWALD (ALFRED-WEGENER-INSTITUTE BREMERHAVEN,
GERMANY), SARAH KEMPF (ALFRED-WEGENER-INSTITUTE
BREMERHAVEN, GERMANY), HANNA SCHEUFFELE (ALFRED-
WEGENER-INSTITUTE BREMERHAVEN, GERMANY), GUY
CLAIREAUX (UNIVERSITE DE BRETAGNE OCCIDENTALE,
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Rising temperatures and atmospheric pCO; lead to a warmer
and more acidic ocean and therefore to the need to predict how
marineectothermspecieswillcope withfutureoceanconditions.
TheEuropeanseabassDicentrarchuslabraxisaneconomically
important species inhabiting temperate coastal waters of the
MediterraneanandNorth Atlantic. Weraisedseabasslarvaeuntil
juvenilestageintwotemperatureconditions(ambientandambient
plus5°C) combined withthreeacidification conditions (400,800
and1200patmCO;). Themetabolicfingerprintsofthejuvenilefish
showeddecreasesinaminoacidandosmolyte concentrationswith
increasingtemperature,exceptforanincreaseinLeucine.Energy
reservemetabolites,aswellasstressindicatorswerenotalteredby
changingtemperature,whilehypercapnialedtoadecreasein ADP
andATP.Organicacidswerenotalteredbyexperimental conditions.
The changes in amino acid concentration under hypercapnia
andincreasedtemperaturemightindicateanincreaseinprotein
catabolism.However,nosignsofincreasedanaerobicmetabolism
ordecreasedenergyreserveswereobserved. Whilethemetabolome
wasalteredduetoacidification, therespiratorycapacityofheart
mitochondria was not changed due to acidification. However,
increasingacclimationtemperatureledtodecreasingmitochondrial
efficiency,reflectedbydecreasesin OXPHOS capacity, complexIV
respirationandtotal ETS (electrontransportsystem)respiration.
Nevertheless,protonleakwasevenmoredecreasedwithincreasing
temperature,whichledtoanincreaseinrespiratorycontrolratio
(RCR+).Inconclusionthe Europeanseabassmightcopewellwith
increasingoceanacidification, whilerisingtemperatures could
loweritsfitness.
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A3.31 IMPACT OF OCEAN
ACIDIFICATION ON THE EARLY
DEVELOPMENT AND SHELL
MINERALIZATION OF THE EUROPEAN
ABALONE (HALIOTIS TUBERCULATA)
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Oceanacidificationisamajorglobalstressorthatleadstosubstantial
changesinseawatercarbonatechemistry, withpotentialsignificant
consequencesforcalcifyingorganisms. Marine shelledmolluscs
areecologically and economicallyimportant species providing
essential ecosystem services and food sources. Because they
use calcium carbonate (CaCOs ) to produce shells, molluscs are
amongthemostvulnerableinvertebratestooceanacidification,
withearlydevelopmentalstagesbeingparticularly sensitiveto
pHchanges. Early development and shell formation have been
extensivelystudiedinH.tuberculata,showingthattheprimary
shell is mostly composed of amorphous CaCOs, followed by a
gradually crystallizationunderaragonite. Sincearagoniteismore
susceptibletodissolution comparedtocalcite, theabalone shell
providesarelevantmodeltostudytheimpactofoceanacidification.

This study investigated the effects of CO,—induced ocean
acidification on the European abalone Haliotis tuberculata,
a commercially important gastropod species.Larval and
juvenile abalones, obtained from controlled fertilization held
at the hatchery France-Haliotis, were submitted to a range of
decreasedpHs(8.1t07.6) overthedevelopmentcycle. Biological
responseswereevaluatedbymeasuringsurvival,development,
growth index and shell calcification. Polarized and SEM
microscopy were used to assess whether lowering the pH had
an influence on shell morphology and microstructure. Qur
resultsevidenced that oceanacidificationnegativelyimpacted
abalonedevelopmentanddisruptedtheshellformationprocess.

Since these biological effects were observed for pH values
expectedby2100,oceanacidificationmayhavepotentialnegative
consequences for abalone recruitment and persistence of wild
populationsinanearfuture.
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A3.32 INTERTIDAL OYSTERS REACH
THEIR PHYSIOLOGICAL LIMIT IN A
FUTURE HIGH CO, WORLD
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Sessilemarinemolluscslivingintheintertidalzone experience
periodsofinternalacidosiswhenexposedtoair (emersion) during
lowtide.Relativetoothermarineorganisms, molluscshavebeen
identified as vulnerable to future ocean acidification, however,
paradoxicallyithasalsobeenshownthatmolluscsexposedtohigh
CO;environmentsaremoreresilientcomparedtothosemolluscs
naive of CO; exposure. Two competing hypotheses were tested
usinganovelexperimentaldesignincorporatingtidalsimulations
topredictthefutureintertidallimitofoystersinahigh CO,world;
eitherhigh-shoreoysterswillbemoretolerantofelevatedpCO,
becauseoftheirregularacidosis,orelevatedpCO, willcausehigh-
shoreoysterstoreachtheirlimit. Sydneyrockoysters,Saccostrea
glomerata, werecollectedfromthehigh-intertidaland subtidal
areasoftheshoreandexposedinanorthogonaldesign,toeitheran
intertidalorsubtidaltreatmentatambientorelevatedpCO,,and
physiological variablesweremeasured. The combinedtreatment
oftidalemersionandelevatedpCO.interacted synergisticallyto
reducethepHeofoysters,increase PeCO,,and standardmetabolic
rate.Oystersinanintertidaltreatmentalsohadlowercondition
andgrowth. Oystersshowedahighdegreeofplasticity,andlittle
evidencewasfoundthatintertidaloystersweremoreresilientthan
subtidaloysters.Itisconcludedthatinahigh CO,world theupper
verticallimitofoysterdistributionontheshoremaybereduced.
Theseresultssuggestthatpreviousstudiesonintertidalorganisms
whichlacktidalsimulations,mayhaveunderestimatedtheeffects
ofelevatedpCO..
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A3.33 LESSONS FROM TWO HIGH
CO, WORLDS: FUTURE OCEANS AND
INTENSIVE AQUACULTURE
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Exponentially rising CO; is a global concern, driving climate
changeand causingacidification ofbothmarineandfreshwater
environments. Physiologists have long known CO, directly
affects acid-base and ion regulation, respiratory and metabolic
function. More recently, many studies have demonstrated
that elevated CO, projected for end of this century (e.g. 800-
1,000 patm) has additional, previously unforeseen, effects on
sensoryandnervoussystemfunctionsoffishandinvertebrates,
negatively impacting behaviour, fitness, and survival.
Despite this, elevated CO; is also intimately associated
with intensive aquaculture. Production demand and stocking
density can elevate CO; levels beyond 10,000 patm in many
production systems. Understanding potential physiological
implications of these extreme CO, conditions is thus crucial
for the optimisation of intensive aquaculture practises, and
ultimately for ensuring this sector is able to sustainably
intensify production to meet the increasing global demand.
WhilsthighCO.isofrelevancetobothintensiveaquaculture
andaquaticacidification, traditionally thesetwoconnectedfields
haveremaineddisparate. Wehighlighttheimportanceofbringing
thesecommunitiestogether,andofdelineatingapathwayforpositive
interactionthatcandirectfutureresearchformutualbenefit. This
inturnwillimproveunderstandingofthenegativeimpactsof CO.,
aswell as enable the optimisation of aquaculture practices and
animalwelfare. Thefuturechallengeofmanagingdiseaseinglobal
aquacultureandthedevelopmentofsuccessfulmitigationstrategies
arecrucialtosupportanexpandingandsustainableindustrytowards
2050,understanding of theimpactof water quality on organism
physiologyisimperativetoenablethisprocess.
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A3.34 NO EVIDENCE THAT ELEVATED
CO, AFFECTS BEHAVIOURAL
LATERALIZATION, ACTIVITY,
AGGRESSION OR MONOAMINE
NEUROTRANSMITTER LEVELS IN

THE THREE-SPINED STICKLEBACK
(GASTEROSTEUS ACULEATUS)
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Exposuretonear-future CO,concentrationshasbeenreportedto
cause behavioural disruptions in marine teleost fish, including
hyperactivity,changesinbehaviourallateralizationandperhaps
moststrikingly, attractiontopredatorodour. Thesechangeshave
beenhypothesizedtoresultfromareversalinthefunctionofthe
maininhibitoryneurotransmitterinvertebrates, GABA. Treatment
withthe GABA Areceptorantagonistgabazinehasbeenshownto
restorethebehaviourof CO;affectedfish. However,inthesestudies
gabazinedidnotaffectbehaviourundercontrol CO,. Weinvestigated
whetherthegabazineconcentrationusedinmoststudies (4mg/Lfor
30minutes)affectedlocomotoryactivity,incomparisontobotha
lower(0.8mg/L)andahigher(40mg/L)dose. Wealsotestedactivity,
anxietyandlateralizationafterexposuretocontrol (450patm)or
elevated (1000patm)pCO,,usinghighsamplesizesandautomated
tracking software.Finally, wequantified territorialaggression,
notpreviouslyinvestigatedin CO;exposurestudies,andanalysed
monoamineneurotransmitterlevelsthatareinvolvedinaggressive
behaviourandareunderthecontrolof GABA.Ourresultssuggestthat
themostcommonlyusedgabazinedoseistoolowtoaffectbehaviour
inthethree-spinedstickleback,whereasatentimeshigherdose
induceshyperactivity. Noneofthebehavioursinvestigated,orthe
monoamineneurotransmitterlevels, differedsignificantlybetween
COzexposuregroups.

A3.35 TOWARDS UNDERSTANDING
SUB LETHAL EFFECTS OF CLIMATE
CHANGE ON MARINE CRUSTACEANS

™ TUESDAY 4 JULY, 2017 POSTER SESSION

& HANNAH WOOD (UNIVERSITY OF GOTHENBURG, SWEDEN),
SUSANNE P ERIKSSON (UNIVERSITY OF GOTHENBURG, SWEDEN)

©@ HANNAH.WOOD@BIOENV.GU.SE

Theinteraction of climate related environmental stressors and
thesubsequenteffectsonmarinespeciespresentsamajorthreat
tofuturebiodiversitywithinouroceans. Here wepresentresults
onhow avariety of climate stressors, alone and in combination,
impactuponthehealthandfitnessofmarinecrustacean. Thiswork
encompassescomparativestudiesattheindividualandpopulation
level,and climatestressorsincluding oceanacidification, ocean
warmingandhypoxia.
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A3.36 THERMAL SENSITIVITY

AT CONSTANT TEMPERATURES DOES
NOT PREDICT RESPONSES UNDER
VARYING TEMPERATURES

™ TUESDAY 4 JULY, 2017 POSTER SESSION
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A3.37 FROM THE MITOCHONDRIA TO
THE INDIVIDUAL: HOW TEMPERATURE
INFLUENCES PERFORMANCES IN
JUVENILE SEA BASS

™ TUESDAY 4 JULY, 2017 POSTER SESSION

@ KATIE E MARSHALL (UNIVERSITY OF OKLAHOMA, UNITED
STATES), KATHRYN M ANDERSON (UNIVERSITY OF BRITISH
COLUMBIA, CANADA), JOEY R BERNHARDT (UNIVERSITY OF
BRITISH COLUMBIA, CANADA), NORAH E BROWN (UNIVERSITY
OF BRITISH COLUMBIA, CANADA), JACOB K DYTNERSKI (HONG
KONG UNIVERSITY, CHINA), KELSEY L FLYNN (UNIVERSITY
OF BRITISH COLUMBIA, CANADA), HELEN GURNEY-SMITH
(VANCOUVER ISLAND UNIVERSITY, CANADA), CASSANDRA A
KONECNY (UNIVERSITY OF BRITISH COLUMBIA, CANADA),
CHRISTOPHER DG HARLEY (UNIVERSITY OF BRITISH
COLUMBIA, CANADA)

@ KEMARSHALLe@OU.EDU

Predictingtheeffectsofclimatechangeonorganisms’physiology,
fitness, and potential geographical distributionrelies on a clear
understandingoftheeffectsoftemperatureonfitnessmeasures.
Whileorganismsliveinenvironmentsthatregularly fluctuatein
temperature, moststudiesontemperaturesensitivityhavefocused
ontheeffectsof constanttemperatureconditions, whichmayhave
verydifferentphysiological effects.Inthisstudywe comparedthe
responsesofthebaymussel Mytilustrossulusfrom Tofino, British
Columbia (outercoast)and Port Moody, British Columbia (innercoast)
toeithersixweeksof constanttemperatureacclimationat6,12,or
18°Cortotemperaturesthatregularlyfluctuatedbetween6and 18°C
(withameanof12°C).Inadiversesuiteoffitnessmeasures (feeding
andheartrate,growthrate,survival,andbyssalthread production),
we found that responses to variable temperatures were always
significantlydifferentthantoconstanttemperatureacclimation.
Inparticular,growthratesandsurvivalunderfluctuating conditions
weresignificantlyelevated comparedtoallconstant conditions.
Inaddition,eachpopulationshoweduniqueresponsestothermal
acclimation, withmusselsfrom Tofinobeinggenerallylesssensitive
totemperaturethanthemusselsfromPort Moody. Theseresults
suggest that projections of species responses to climate change
basedonexperimentsinvolvingconstanttemperaturesarelikely
toinadequately capturethe complexity ofresponsesundermore
natural, fluctuatingconditions.

@ CHRISTEL LEFRANGOIS (UNIVERSITY OF LA ROCHELLE-
LIENSS UMR 7266, FRANCE), LOIC TEULIER (UNIVERSITY OF
LYON 1- LEHNA UMR 5023, FRANCE), MARIE VAGNER (CNRS LA
ROCHELLE- LIENSS UMR 7266, FRANCE), DAMIEN ROUSSEL
(UNIVERSITY OF LYON 1- LEHNA UMR 5023, FRANCE), QUENTIN
TERNON (UNIVERSITY OF LA ROCHELLE- LIENSS UMR 7266,
FRANCE), CAROLINE ROMESTAING (UNIVERSITY OF LYON 1-
LEHNA UMR 5023, FRANCE), EMANUEL DUBILLOT (UNIVERSITY
OF LA ROCHELLE- LIENSS UMR 7266, FRANCE), YAN VOITURON
(UNIVERSITY OF LYON 1- LEHNA UMR 5023, FRANCE)

@ CLEFRANC@UNIV-LR.FR

Theaimofourstudywastoinvestigatethelinksbetweenindividual
performance (in terms of swimming and aerobic scope) and
mitochondrialbioenergeticsinfish,sincemitochondriaareessential
organellesresponsibleforthegenerationofchemicalenergyinthe
formof ATP. Weexploredtheselinksinjuvenileofseabassacclimated
tothreedifferenttemperatures. Thetemperatureswerechosenin
regardstothetemperature consideredasoptimalintermofaerobic
scopeforthisspecies:22°Castheoptimallevel, 18and26°Cassub-
andsus-optimalconditions,respectively. Oxygenconsumptionwas
measuredinrestingandactiveindividualsduringastep-protocol
swimming test. Concomitantly, swimming performance was
assessedineachindividualthrough Uy, theswimmingspeedfrom
whichthefishpresentsburstandglideswimmingmodeassociatedto
recruitmentofwhiteanaerobicmuscles,aswellas Ui, theswimming
speed at which the fish get exhausted. Afterwards, red muscles
were collectedin eachindividual and bioenergetics parameters
wereinvestigatedusinghighresolutionrespirometers. Oxidative
phosphorylation activity atdifferent states, ATP synthesisand
mitochondrialefficiency weremeasuredbythiswayinbothmuscle
fibersandisolatedmitochondria. Thebioenergetics signatureat
thesesub-individuallevelsandfishperformanceswereanalyzedin
regardsofthetemperature.Inaddition,inter-individual variability
inperformancewillbediscussedinrelationtothepatternobserved
atthemuscleandthemitochondriallevels.
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A3.38 LARVAE VS JUVENILES:
UNDERSTANDING IMPLICATIONS OF
GLOBAL CHANGE THROUGHOUT THE
EARLY LIFE STAGES OF THE AMERICAN
LOBSTER HOMARUS AMERICANUS

™ TUESDAY 4 JULY, 2017 POSTER SESSION

& FANNY NOISETTE (UNIVERSITE DU QUEBEC A RIMOUSKI,
CANADA), MATHILDE CHEMEL (UNIVERSITE DU QUEBEC
A RIMOUSKI, CANADA), SARAH PIEDALUE (UNIVERSITE
DU QUEBEC A RIMOUSKI, CANADA), KAYLA MENU-COUREY
(UNIVERSITE DU QUEBEC A RIMOUSKI, CANADA), DOUNIA
DAOUD (HOMARUS INC, CANADA), TAMMY BLAIR (SAINT
ANDREWS BIOLOGICAL STATION DFO, CANADA), KUMIKO
AZETSU-SCOTT (DALHOUSIE UNIVERSITY, BEDFORD
INSTITUTE FOR OCEANOGRAPHY DFO, CANADA), PIERO CALOSI
(UNIVERSITE DU QUEBEC A RIMOUSKI, CANADA)

@ FANNY.NOISETTE@LIVE.FR

Marinespecieswithcomplexlifecycleareconsideredamongthe
most sensitive to the global change because they face various
environmentalchallengesbyoccupyingdifferenthabitatsandgo
throughcomplexmetamorphoses. Amongthedifferentglobalchange
drivers,theongoingdecreaseinoceanpH (i.e.oceanacidification
(OA))representsapotentialthreattomarineectotherms.Living
anddevelopingunderlowpH/elevatedpCO; conditionscanexert
negativeimpactsonfundamentalfunctionssuchasrespiration,
cellularmaintenanceandrepair,developmentandcalcification.
Thus, investigating the physiological responses of developing
marine calcifying invertebrates with complex life cycles is
particularly important to define marine biodiversity responses
to global changes. Among such species, the American lobsteris
oneofthemosteconomicallyimportantforthe Canadianfishing
industry. Wecharacterizedlifehistoryandphysiologicalresponses
oflobsterlarvaeandjuveniles(fivestages) exposed throughouttheir
entiredevelopmenttooneofsevenseawaterpH/pCO,conditions:
mimicking current, end-of-the-century, and extreme events/
industrialleakagesscenarios.OurresultsshowthatdecreaseinpH
globallydecreasesthesurvivalandcarapacecharacteristicsatall
stages.Interestingly,themetabolismofstagellllarvaeincreases
with the decrease in pH, maybe due to the challenge to undergo
organogenesis requirements before the metamorphosis under
stressful conditions. Altogether, ourresultssuggestthatpelagic
larvaearetoleranttoneither OAnorextremeeventswhilelifehistory
traitsofjuvenilesaremorenegativelyimpacted. Thissuggeststhat
carry-overor cumulative effectsmightaffectthe stagescloseto
metamorphosis,ultimatelyimpactingrecruitmentlevelandthe
lobsterindustry.
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A3.39 HYPOXIA TOLERANCE
UNAFFECTED BY INCREASED
ENVIRONMENTAL CO, IN ACTIVE SQUIDS

™ TUESDAY 4 JULY, 2017 POSTER SESSION

& MATTHEW A BIRK (UNIVERSITY OF SOUTH FLORIDA, UNITED
STATES), ERIN L MCLEAN (UNIVERSITY OF RHODE ISLAND,
UNITED STATES), BRAD A SEIBEL (UNIVERSITY OF SOUTH
FLORIDA, UNITED STATES)

@ MATTHEWABIRK@GMAIL.COM

AnthropogenicCO;emissionsareincreasingbothoceansurface
temperature and PCO,. There has been concern that these
environmental changes will impair the metabolic physiology
of squids due primarily totheirhigh metabolicneedsand highly
pH-sensitive blood pigments. Environmental hypoxia strains
oxygenacquisitionandthushypoxiatoleranceshouldserveasa
sensitiveindicator oftheimpactoftemperatureand CO;onoxygen
supplyand metabolism.Inthisstudy, aquaticrespirometrywas
utilized to examine the effect of experimental CO; conditions
andtemperatureontherespiration, metabolicrate,and hypoxia
toleranceoftwoactivesquidspecies:thejumbosquid,Dosidicus
gigas,andthelongfininshoresquid, Doryteuthispealeii. Wefound
thatincreasedtemperaturewithinthenaturalsurfacetemperature
range of Dosidicus gigas impaired their hypoxia tolerance and
may help explain their distribution patterns. However, CO; had
noeffectonmetabolicrateorhypoxiatoleranceineitherspecies.
Furthermore, weconsider oxygentransportparameters(e.g. Bohr
coefficient,bloodP50) fromtheliteratureandquantifyanestimate
of a “worst-case scenario” for the effect of anthropogenic CO,
emissionsonsquidhypoxiatolerance. Thisscenariodemonstrates
that the ineffectiveness of CO; found in this study is expected.
Finally, interspecificmechanisticand functional differencesin
theoxygentransportsystemsofthetwospeciesareexaminedto
highlighttheeffectoftheenvironmentonphysiologicalthresholds
andlimitations.
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A3.40 EFFECT OF HYPOXIA FOLLOWING
EXPOSURE TO HYDROCARBONS

ON THE ESCAPE PERFORMANCE

AND POLYCYCLIC AROMATIC
HYDROCARBONS BIOCONCENTRATIONS
IN A TELEOST FISH

™ TUESDAY 4 JULY, 2017 POSTER SESSION

& THOMAS MILINKOVITCH (ISTITUTO PER L’AMBIENTE MARINO
COSTIERO DEL CONSIGLIO NAZIONALE DELLE RICERCHE
(IAMC-CNR) ORISTANO, ITALY), STEPHANE LE FLOCH (CENTRE
DE DOCUMENTATION DE RECHERCHE ET D’EXPERIMENTATION
SUR LES POLLUTIONS ACCIDENTELLES DES EAUX, FRANCE),
STEFANO MARRAS (ISTITUTO PER L’AMBIENTE MARINO
COSTIERO DEL CONSIGLIO NAZIONALE DELLE RICERCHE
(IAMC-CNR) ORISTANO, ITALY), CAMILLE LACROIX (CENTRE
DE DOCUMENTATION DE RECHERCHE ET D’ EXPERIMENTATION
SUR LES POLLUTIONS ACCIDENTELLES DES EAUX, FRANCE),
MORGANE DANION (AGENCE NATIONALE DE SECURITE
SANITAIRE DE L’ALIMENTATION DE L’ENVIRONNEMENT ET DU
TRAVAIL, FRANCE), FABIO ANTOGNARELLI (ISTITUTO PER
L’AMBIENTE MARINO COSTIERO DEL CONSIGLIO NAZIONALE
DELLE RICERCHE (IAMC-CNR) ORISTANO, ITALY), PAOLO
DOMENICI (ISTITUTO PER L’AMBIENTE MARINO COSTIERO
DEL CONSIGLIO NAZIONALE DELLE RICERCHE (IAMC-CNR)
ORISTANO, ITALY)

@ T.MILINKOVITCH@HOTMAIL.FR

Amonganthropogenicpressuresofcoastalmarineecosystems,two
majorgrowingthreatsarerepresentedbyhypoxiaandoilpollution.
Thesetwomajorthreatsareparticularly presentsandcoexistin
marinecoastalecosystems. However, verylittleisknownabouttheir
interactiveeffectsonfishandothermarineorganisms. However,
inthe context of climate change, moreresearchisneeded onthe
impactofmultipledrivers. Thisworkprovidesnewinsightsintothe
effectsofhypoxiaonthetoxicologicalmechanismsofhydrocarbon
decontaminationandanevaluationoftheimpactofthesestressors
onlocomotorandbehavioral performanceswithinthecontextof
predator-preyinteractions. Theexperimentswereconductedon
ateleostfishspeciesofecologicaland economicimportance, the
seabassDicentrarchuslabrax.Polycyclicaromatichydrocarbons
(PAHs)concentrationsinfishliverweremeasured,and compared
to biliary metabolites levels after decontamination in hypoxia.
Ourresultsprovideinformationaboutthepotentialresilienceof
hypoxicecosystemsfollowingoilcontamination. Furthermore,
weinvestigatedtheeffectsofhypoxiaoncontaminatedindividuals
by measuring their ability to escape predators. Escaperesponse
performancewasassessedthroughseveralvariables:responsiveness
(i.e. the proportion of animals that responded to the startling
stimulation);responselatency;directionality (i.e. ‘away’ or ‘towards’
thestimulus); propulsiveperformance (i.e.distance covered, speed
andacceleration);maneuverability (i.e.turningradius, turningrate
andturningangle). Ourresultswillbediscussedwithinthe contextof
theecologicalsignificanceoftheeffectsofhypoxiaandhydrocarbon
contaminationonfishfunctionalintegrityandontheirvulnerability
topredation.
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A4 CHALLENGES IN THE
ANTHROPOCENE: ACID-BASE/ION
REGULATION AND CALCIFICATION
IN AQUATIC INVERTEBRATES

ORGANISED BY: DIRK WEIHRAUCH (UNIVERSITY OF MANITOBA, CANADA),
MARIAN HU (KIEL UNIVERSITY, GERMANY), KATI MICHALEK (SAMS, UK) AND
JAMES MORRIS (ROYAL BELGIAN INSTITUTE OF NATURAL SCIENCES,BELGIUM)

A4.1 DIGESTION AT PH 10:
ECO-DEVO OF ALKALINE DIGESTIVE
SYSTEMS IN MARINE LARVAE

™ THURSDAY 6 JULY, 2017 ©® 09:00

@& MEIKE STUMPP (CHRISTIAN-ALBRECHTS UNIVERSITY
KIEL, GERMANY)

@ MSTUMPP@ZOOLOGIE.UNI-KIEL.DE

Digestion is a fundamental process common to all metazoans.
Most Echinoderm larvae are planktotrophic and have a simple
tripartitedigestivesystem.Dependingonthespecies,Echinoderm
andHemichordatelarvaegeneratehighlyalkaline (pH8.5-10.4)
conditionsthrough ATP-consumingionregulatoryprocesses(Na*
K*—ATPase)intheirdigestivesystems. Theenergetically costly
regulation of gastric pH is beneficial for the breakdown of algal
proteinsbyproteasesandotherdigestiveenzymesandissuggested
tobecriticallyinvolvedinlarvalimmunity.Ithas, therefore,adouble
sidedroleasanenergysource (provisionofnutrients/protectionfrom
pathogens)andenergysink (maintenanceofalkalinepH)inlarval
life. Thefunctionality of thelarvalgutishighlyregulatedunder
environmentalfluctuations(e.g.pHandfood),and, consequently,
thealkalinegastricpHcanberegardedasakeytraitwithoutstanding
significanceforanimal-environmentinteractions.Usingmarine
larvae we developed highly tractable models to study the link
betweenenergeticsandkeytraitsthatsetthetolerancelimitsto
environmentalchange. Thisinformationwillhelpustounderstand
andpredictpatternsofsensitivity/resilienceofechinodermlarvae
infuturemarinehabitats.

A4.2 THE IMMINENT THREAT
OF FRESHWATER ACIDIFICATION
TO JUVENILE LIFE STAGES

OF CRUSTACEANS

™ THURSDAY 6 JULY, 2017 ® 09:40

@ ALEX R QUIJADA-RODRIGUEZ (UNIVERSITY OF MANITOBA,
CANADA), YUNG-CHE TSENG (ACADEMIA SINICA, TAIWAN),
POU-LONG KUAN (ACADEMIA SINICA, TAIWAN), PO-HSUAN
SUNG (ACADEMIA SINICA, TAIWAN), MAO-TING HSU
(ACADEMIA SINICA, TAIWAN), PUNG PUNG HWANG (ACADEMIA
SINICA, TAIWAN), DIRK WEIHRAUCH (UNIVERSITY OF
MANITOBA, CANADA)

@ UMQUIJAA@MYUMANITOBA.CA

Climatechangeisoccurringatanunprecedentedrateandpredicted
todrivechangesinpCO;ofbothmarineandfreshwatersystems
leading to aquatic acidification. Based on ocean acidification
studies, it is believed calcifying organism will be susceptible
to future CO, mediated acidification. However, the impacts of
CO;mediated freshwater acidification on freshwater calcifying
organismshavegonecompletelyunstudied.Inthepresentstudy,
we investigated the acclimation abilities of the Chinese mitten
crabEriocheirsinensistoCO, mediatedfreshwateracidification
through elevation of pCO; levels from pCO; levels of 100-390Pa
currentlyexperiencedintheirnativehabitattoapotentialfuture
level of 530Pa. We present data on hemolymph acid-base status
demonstratingoveraweekofhighpCO, treatment, pHe initially
declineswithaconcomitantincreaseinhemolymphpCO..However,
attheendoftheweekexposurethecrabsappeartofullycompensate
for acid distress partially through accumulation of hemolymph
bicarbonateandexcretionofacidequivalentsthroughtheanterior
gills.Coupledwith compensationof pH. we observedincreasesin
hemolymphammoniaandammoniaexcretionrates. Additionally,
fromametabolicandbehaviourstandpointreductionsinMO, were
observedandcoupledwithreducedlocomotoryactivity. Through
measurementofcarapacecalciumcontentwealsodemonstratelong-
termfreshwateracidificationleadstocarapacedecalcificationinthis
species. Theresultsofthisstudy suggestthatwhileacid-basestatus
canbecompensateditoccursatacostasbehaviour,metabolismand
calcificationappearnegativelyimpactedbyfreshwateracidification
andmayleadtodetrimentaleffectsinthisspecies.
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A4.3 COMPARATIVE STUDIES OF
AMMONIA REGULATION IN GILLS
OF CEPHALOPODS

™ THURSDAY 6 JULY, 2017 ® 09:55

@ YUNG-CHE TSENG (MARINE RESEARCH STATION INSTITUTE
OF CELLULAR AND ORGANISMIC BIOLOGY ACADEMIA SINICA,
TAIWAN), MARIAN Y HU (INSTITUTE OF PHYSIOLOGY,
UNIVERSITY OF KIEL, GERMANY), PO-HSUAN SUNG
(MARINE RESEARCH STATION INSTITUTE OF CELLULAR AND
ORGANISMIC BIOLOGY ACADEMIA SINICA, TAIWAN), MENG-
WEI LIN (INSTITUTE OF LIFE SCIENCE NATIONAL TAIWAN
UNIVERSITY, TAIWAN), DIRK WEIHRAUCH (DEPARTMENT OF
BIOLOGICAL SCIENCES, UNIVERSITY OF MANITOBA, CANADA)

@ YCTSENG@GATE.SINICA.EDU.TW

In contrast to terrestrial animals most aquatic species can
tolerate relatively higher blood NH4* concentrations despite its
potential toxicity. Although many aquatic species can excrete
NH,4* via specialized epithelia little information is available
regardingthemechanisticbasisfor NH, homeostasisinmolluscs.

Cephalopodshavesuccessfullyevolveddifferentlifestylesto
accommodatetheirownecologicalnichesinbenthicandpelagic
habitats. The cephalopod gill has proved torepresent the major
excretoryorganthuswe hypothesize that cephalopods evolved
diverse mechanisms forammonia regulation for their different
lifestyles. Wedevelopedanex-vivosystemtostudybranchial NH4*
transportinisolatedgillsofoctopus, cuttlefishandsquid. Thegills
inthreespeciespossessabi-phasicNH,*regulation.Inoctopusand
cuttlefishgills, NH,*isexcreted at blood NH,*levelshigherthan
300pMandincreasedviaammoniagenesisatNH,* levelslowerthan
300pM.Incontrast, squidgillsexcreted NH4*atblood NH,* level
higherthan100pMandaccumulated NH,* atblood NH," levelslower
than100pM.Furtherexperimentsobservedthatthemachineryof
H* secretioncoupled withNH,4* excretioncanbeonlyobservedin
octopusgills. Moreover,theratesof NH4*excretionwerehigherin
squidgillscomparedtotheothertwospecies. TheNH4*levelswere
higher(~300uM)inoctopusandcuttlefishblood comparedtothoseof
squid (~25uM). Theseresultsinferredthatthevariationsinammonia
homeostasisinthesethreecephalopodsareprobablylinkedtotheir
respectivelocomotory capacities.
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A4.4 VENTING OFF STRESS: WHOLE
ANIMAL AND BRANCHIAL ACID-BASE
REGULATORY CAPACITY OF THE
SHALLOW HYDROTHERMAL VENT CRAB,
XENOGRAPSUS TESTUDINATUS

™ THURSDAY 6 JULY, 2017 ©® 10:10

@ GARETT JP ALLEN (UNIVERSITY OF MANITOBA, CANADA),
POU-LONG KUAN (ACADEMIA SINICA, TAIWAN), PEI-HSUAN
CHOU (ACADEMIA SINICA, TAIWAN), YUNG-CHE TSENG
(ACADEMIA SINICA, TAIWAN), PUNG-PUNG HWANG (ACADEMIA
SINICA, TAIWAN), DIRK WEIHRAUCH (UNIVERSITY OF
MANITOBA, CANADA)

@ ALLENG3@MYUMANITOBA.CA

KueishanIsland, Taiwanishometooneofthemostacidicshallow
hydrothermal vent systems in the known ocean where certain
ventemissionsreachpH1.52,duetoamixtureofvolcanicgases,
and116°C. Areassurroundingventshavebeendocumented within
pH5.5-6.5 where temperatures exceed 30°C and are home to the
shallow hydrothermal vent crab, Xenograpsus testudinatus. X.
testudinatusisknowntomigratearound ventzones,abnormally
leavingvent-areas, whilstregularlyfeedinginclose proximityto
vent-openingsandthusmustbecapableofrapidacid-baseregulation.
Fourteen day acclimation of X. testudinatus to CO, — induced
acidification of seawater (30°C) topH6.50(control;2.7kPapCO;)
and5.50(treatment;24.6kPapCO;)wasperformedtodetermine
theorganismscapacityofacid-baseregulationinregardstopCO.,
HCOjz,andH*-equivalents. Controlcrabhemolymphwasstableat
pH7.47andmaintained approximately20mmoll* [HCO5],2.1kPa
pCO;,aswellasinterestinglyhighammonia (1.56 mmoll?). Acute
highpCO; exposurecausedsignificantacidificationofhemolymph
(ApH=-0.2)accompaniedbyrapidaccumulationofhemolymphHCOs5
(67mmoll?;24hours). WithinsevendaysofexposureX.testudinatus
fullycompensatedhemolymphpHwherecirculatingHCOj3 stabilized
at90mmoll?! (9.6kPapC0O,)andammoniaconcentrationdecreased
(1.26mmoll?). Perfusedgills of control-acclimated crabsindicated
asingle-passalkalinizationofperfusate (ApH=+0.35)andnet HCO3
loss. Alkalinizationwasnegligibleuponacuteexposureofgillsto
pH5.50(ApH=+0.04)linkedtoanincreasedlossof HCOs".
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A4.5 IT’S ALL ABOUT BALANCE:
ACID-BASE REGULATION IN
MARINE CRABS

™ THURSDAY 6 JULY, 2017 ® 10:55
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A4.6 HAEMOLYMPH PCO, AND TCO, IN
THE AQUATIC AND TERRESTRIAL LIFE
STAGES OF AESHNID DRAGONFLIES

™ THURSDAY 6 JULY, 2017 ® 10:55

@& SANDRA FEHSENFELD (UNIVERSITY OF BRITISH
COLUMBIA, CANADA), STEPHANIE HANS (UNIVERSITY
OF MANITOBA, CANADA), DIRK WEIHRAUCH (UNIVERSITY
OF MANITOBA, CANADA)

@ FEHSENFELD@ZOOLOGY.UBC.CA

Asoneofthelargestinvertebrategroupwithanestimatedmorethan
14,000species,aquaticdecapodcrustaceanscanbefoundvirtually
inallwaterbodiesaroundtheworld. Oftenencounteringahighly
variable and constantly changing environment (i.e. estuaries),
effective (physiological)mechanismsneedtobeinplaceallowing
these animals to acclimate to, and counteract, physiological
disturbances.Oneofthekeyprocessesensuringperformanceand
homeostasiswiththisrespectisacid-baseregulation.Likeother
aquaticanimals(i.e.fish,cephalopods), manydecapodcrustaceans
cancounteractdisturbancesofacid-basehomeostasisbyadjusting
hemolymphbicarbonatelevelsandtheexcretionofacidand/orbase
equivalentstosecurestableextra-andintracellularpH.Beingthe
majorsiteofiontransportprocessesincrustaceans,animportant
componentoftheseregulatorymechanismsisthegillepithelium
astheboundarylayer-andhence “translator”-betweentheoutside
andinsideoftheanimal.Exhibitingthefullrange of physiological
strategiesfrombeingosmo-conformerstobeinghighlyefficient
hypo-hyper-regulators,however,raisesthequestionofhowthese
mechanisms might vary with life strategy. In this talk, I will
present our current knowledge and understanding of acid-base
regulatorymechanismsindecapodcrustaceans.Furthermore,I
willdemonstratethecloselinkbetweenacid-baseandammonia
regulationbydiscussingimportantepithelialtransporters,including
thenewlyidentifiedhyperpolarization-activatedcyclicnucleotide-
gatedpotassiumchannel2(HCN2).

@ PHILIP G D MATTHEWS (UNIVERSITY OF BRITISH
COLUMBIA, CANADA), DANIEL J LEE (UNIVERSITY
OF BRITISH COLUMBIA, CANADA)

©@ PMATTHEWS@ZOOLOGY.UBC.CA

Dragonfliesbegintheirlivesasaquaticnymphsthatbreathewater
usingarectalgillbeforeemergingasanair-breathingimago (flying
adult)duringtheirfinalmolt. Whiletherespiratory consequences
ofawater-to-airtransitionhavebeenwellstudiedinvertebrates
andcrustaceans, therespiratorychangesthatdevelopmentally
amphibiousinsectsundergoarevirtuallyunknown.Inthisstudy,
totalCO; (TCO:)levelsweremeasuredusing samplesofhaemolymph
extractedfromwater-breathingaeshniddragonflynymphsandair-
breathingadults, whilefiberopticCO; sensorsimplanteddirectly
intothehaemocoelwereusedtomonitornymphhaemolymphPCO,
invivoover24h.Thesemeasurementswerealsorepeatedonafully
aquatic arthropod: the marbled crayfish (Procambarus fallax).
DragonflynymphshadaveryhighhaemolymphTCO; (14-21 mmol/L,
dependingondevelopmentalstage) comparedwithotherwater-
breathingarthropods,whilethewater-breathingfinalinstarhada
TCO;thatwasnotsignificantlydifferenttothatoftheair-breathing
adult.InternalPCO; inthehaemolymphofaquaticdragonflynymphs
wasvariable(~0.5-1.5kPa),buthigherthanthecrayfish,and could
bereducedbyhyperventilationduringhypoxiaexposure. Thus, the
CO; contentofdragonflynymphbloodappearsbehigherthanthat
recordedfromotherwater-breathinganimals,suggestingthattheir
reinvasionoftheaquaticenvironmentandunusualgasexchange
strategyseparatesthemfromancestrallywater-breathinganimals.

A4.7 BIOMINERALIZATION IN THE
SEA URCHIN LARVA: FROM ASSEMBLY
AND DEPOSITION IN SOFT TISSUES
TO FORMATION OF THE CRYSTALLINE
SKELETAL MATERIAL

™ THURSDAY 6 JULY, 2017 ® 13:50

@ LIAADDADI (WEIZMANN INSTITUTE OF SCIENCE, ISRAEL),
NETTA VIDAVSKY (WEIZMANN INSTITUTE OF SCIENCE, ISRAEL),
KEREN KAHIL (WEIZMANN INSTITUTE OF SCIENCE, ISRAEL),
STEVE WEINER (WEIZMANN INSTITUTE OF SCIENCE, ISRAEL)

©@ LIA.ADDADIG@WEIZMANN.AC.IL

A major challenge in biomineralization is to determine the
pathwaysbywhichionsaretransferred fromexternalsourcesto
themineralizationsite.Inseaurchinlarvae, wereconstructeda
pathwaythatcarriescalciumfromseawaterthroughthecellstothe
calciticspicules.Seawaterwithitscalciumpenetratesfirstintothe
bodycavity,andfromthereisincorporatedintothespicule-forming
cells(PMCs)bynon-specificendocytosis. Vesiclesand vacuoles,
someofwhichareinterconnectedtoformlargenetworksinsidethe
PMCs, haveopeningsthroughtheplasmamembranetotheseawater
containingbodycavity. Thevesicleshavecompositionsranging
fromessentiallyidenticaltoseawater,tocalcium-enriched,andto
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sodiumpoor compositions. Calciumcarbonateisinitially deposited
asamorphous20-40nmparticlesinsomeofthevesicles.Fromthere
theamorphouscalciumcarbonateparticlesaretransferredtothe
siteofspiculegrowth, wheretransformationintocalciteoccursby
nucleationfromoneparticletothenextinacomplexnetwork. Calcium
carbonateparticlesarealsoobservedintheepithelialcellsandin
filopodialnetworkscrossingthebodycavity,althoughtheirfate
isyetunknown. A calciumpathwayinvolvingdirect,non-specific
seawaterendocytosiswasobservedalsoinforaminifera,andmay
bewidespreadamongorganismsofotherphyla.

A4.8 CORAL CALCIFYING FLUID pH IS
MODULATED BY SEAWATER CARBONATE
CHEMISTRY NOT SOLELY SEAWATER pH

™ THURSDAY 6 JULY, 2017 ©® 14:30

@ ALEXANDER A VENN (CENTRE SCIENTIFIQUE DE MONACO,
MONACQ), STEEVE COMEAU (THE UNIVERSITY OF WESTERN
AUSTRALIA, AUSTRALIA), ERIC TAMBUTTE (CENTRE
SCIENTIFIQUE DE MONACO, MONACO), ROBERT C CARPENTER
(CALIFORNIA STATE UNIVERSITY, UNITED STATES), PETER
J EDMUNDS (CALIFORNIA STATE UNIVERSITY, MONACO),
NICHOLAS EVENSEN (UNIVERSITY OF QUEENSLAND,
AUSTRALIA), DENIS ALLEMAND (CENTRE SCIENTIFIQUE DE
MONACO, MONACG), CHRISTINE FERRIER-PAGES (CENTRE
SCIENTIFIQUE DE MONACO, MONACO), SYLVIE TAMBUTTE
(CENTRE SCIENTIFIQUE DE MONACO, MONACO)

@ AVENN@CENTRESCIENTIFIQUE.MC

ReefcoralcalcificationdependsonregulationofpHintheinternal
calcifyingfluidinwhichthe coral skeletonforms. However,little
is known about calcifying fluid pH (pHc) regulation, despite
its importance in determining the response of corals to ocean
acidification. Weconductedaninvestigationintotheresponseof
pHcrinthereefcoral Stylophorapistillatainseawatermaintained
at constant pH with manipulated carbonate chemistry to alter
dissolved inorganic carbon (DIC) concentration, and therefore
totalalkalinity (Ar). WealsoinvestigatedtheintracellularpH of
calcifying cells, photosynthesis, respiration, and calcification
rates under the same conditions. Our results show that despite
constantpHinthesurroundingseawater, pHcrissensitivetoshifits
incarbonatechemistryassociatedwithchangesin[DIC]and[Ax],
revealingthatseawaterpHisnotthesoledriverof pHCF.Notably,
whenwesynthesizeourresultswithpublisheddata, weidentify
linearrelationshipsof pHcr withtheseawater [DIC]/[H*]ratio, [Ar]/
[H*]ratio,and [CO3*]. Ourfindingscontributenewinsightintothe
mechanisms determining the sensitivity of coral calcification
tochangesinseawatercarbonatechemistry, whichisneededfor
predictingeffectsofenvironmentalchangeoncoralreefsandfor
robustinterpretationsofisotopicpaleoenvironmentalrecordsin
coralskeletons.
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A4.9 SODIUM CALCIUM EXCHANGER
(NCX) IN CORAL: A POTENTIAL ROLE
IN CALCIFICATION

™ THURSDAY 6 JULY, 2017 © 14:45

& MEGAN E BARRON (SCRIPPS INSTITUTION OF OCEANOGRAPHY,
UNIVERSITY OF CALIFORNIA SAN DIEGO, UNITED STATES),
ANGUS B THIES (SCRIPPS INSTITUTION OF OCEANOGRAPHY,
UNIVERSITY OF CALIFORNIA SAN DIEGO, UNITED STATES),
AMRO HAMDOUN (SCRIPPS INSTITUTION OF OCEANOGRAPHY,
UNIVERSITY OF CALIFORNIA SAN DIEGO, UNITED STATES),
JOSE A ESPINOZA (SCRIPPS INSTITUTION OF OCEANOGRAPHY,
UNIVERSITY OF CALIFORNIA SAN DIEGO, UNITED STATES),
MARTIN TRESGUERRES (SCRIPPS INSTITUTION OF
OCEANOGRAPHY, UNIVERSITY OF CALIFORNIA SAN DIEGO,
UNITED STATES)

©@ MEBARRON@UCSD.EDU

The mechanisms underlying calcification in corals are largely
unknown. Ithasnotyetbeendeterminedhow Ca?,anessential
component of corals’ CaCO; skeletons, is delivered to the
subcalicoblasitcmedium (SCM), thesiteofcalcification. A potential
candidateforCa*transportistheSodium CalciumExchanger (NCX),
anantiportermembrane proteinthatremoves one Ca? ionfrom
cellsinexchangeforthreeNa* ionsfromtheexternalmedium.In
mammals, different NCXisoformsparticipateindiversefunctions,
includinggeneral Ca?* homeostasis, musclecontraction,andalso
bone calcification by osteoblasts. The physiological role of NCX
isoformsislargelydeterminedbytheirsubcellularlocalization. We
identified mRNA transcriptsfortwoisoformsof NCX:NCX1and
NCX3,fromthestonycoral Acroporayongei. Sequencingindicates
thattheNCX3isoformundergoesalternativesplicingtoproduce
atleastfourdistinctproteins. Immunolocalizationusingcustom
antibodies designed against an NCX1 sequence from Acropora
digitifera, revealed that NCX1 was abundantinthe coral aboral
ectodermtissueof A.yongei,inbothcalicoblastic(calcifying)and
desmocytecells.Thenextessentialsteptoelucidate NCXfunctions
incoralistodetermineitssubcellularlocalization: presenceinthe
basolateralmembranewouldsuggestaroleinremoving Ca?, toxic
athighconcentrations,fromthetissue, whereaslocalizationinthe
apicalmembranewouldindicatearoleindelivering Ca?* tothe SCM
forcalcification. Characterizationofiontransportersincoraliskey
toimprovingmechanisticmodelsofcalcificationandpredicting
responsestoenvironmentalstressorssuchasoceanacidification.
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A4.10 SYMBIONT PHOTOSYNTHESIS IN
GIANT CLAMS IS STRONGLY PROMOTED
BY HOST H*-TRANSPORT

™ THURSDAY 6 JULY, 2017 ® 15:00

@& ERICJARMSTRONG (UNIVERSITY OF CALIFORNIA BERKELEY,
UNITED STATES), JONATHON H STILLMAN (UNIVERSITY OF
CALIFORNIA BERKELEY, UNITED STATES), MARTIN TRESGUERRES
(SCRIPPS INSTITUTION OF OCEANOGRAPHY, UNITED STATES)
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A4.11 MECHANISMS OF
BIOMINERALISATION IN THE MUSSEL:
WHAT WE KNOW AND WHAT WE STILL
NEED TO FIND OUT

™ THURSDAY 6 JULY, 2017 ©® 15:45

@ SUSAN FITZER (UNIVERSITY OF GLASGOW, UNITED KINGDOM)

@ SUSAN.FITZER@GLASGOW.AC.UK

@ ARMSTRONG@BERKELEY.EDU

Giantclams(genus Tridacna)arethelargestlivingbivalvesand,
like reef-building corals, secrete massive calcitic skeletons and
host symbiotic algae (zooxanthellae) from which they obtain a
significant portion of theirrespiratory carbon supply. However,
bothprocesses(biomineralizationandalgalphotosynthesis)require
mechanismsforcarbonconcentration. Incorals, vacuolar-type H*
-ATPases(VHAs)havebeenshowtoacidifythealgalsymbiosome,
increasingsymbiontphotosynthesis. Becausegiantclamsoccupy
similarhabitatsandperformsimilarbiochemicalfunctionstocorals,
wehypothesizedthat VHAsmayplayanalogousrolesintridacnid
tissues. Weassayedforthepresence,andinvestigatedthepotential
functionalrolesof VHAswithinvarioustissuesofthesmallgiant
clam (Tridacnamaxima). VHAswerepresentinalltissuesassayed
(gill,azooxanthellatebyssalmantle,andalgae-bearingsiphonal
mantle),butwere~3xmoreabundantinsiphonalmantlewherethey
werelocatedincloseproximitytoalgae-bearingtubulesandsitesof
calcification. Further, VHA contributiontoalgal photosynthesis
was substantial, with inhibition of VHASs reducing symbiont
photosyntheticproductionbynearly50%invitro. Algalproductivity
inlight-exposedmantleincreased overallenergyturn-overby~
100%,andtherefore VHA activitylikely confersstrongecological
andenergeticbenefitstothehostclam. Theseresultsconfirmthe
presenceof VHAsintridacnidclamsandsuggestthat,likeincorals,
theyplayanimportantfunctionalroleinalgalenergy generation,
potentiallysustainingmassivegrowthandpermittingtheevolution
ofgigantisminthe Tridacnalineage.

Globalclimatechangethreatenstheoceansasanthropogeniccarbon
dioxide causesoceanacidificationand warming. The amount of
carbonateavailableinthe oceansunderoceanacidification will
bereduced. Calcifyingorganisms, such as shellfish,arethoseat
mostriskfromsuchoceanacidification,ascarbonateisvitalinthe
biomineralisation of their calcium carbonate protective shells.
Thereisuncertaintybehindthemechanismsofcarbonateuptake,
carbonatecanbesourcedthroughtheenvironmentasdissolved
inorganiccarbonascarbonateorhydrogencarbonate. Molluscscan
alsoincorporatemetabolicallyderived carbonthrough CO,entering
theextrapallialfluidby diffusionfromthemantletissue. Theability
todifferentiate between these carbon sourcesisacrucial gapin
knowledgefordefiningthepathwaysinvolvedinbiomineralshell
production. Thisstudyexaminesthemineralspecificcarbonsource
androuteforshellproductionor ‘biomineralisationpathway’under
oceanacidificationandwarmingforthreemolluscspecies. Herel
presentdataforthemussel, Mytilusedulis,whichsuggeststhatocean
acidificationcanimplementafundamentalshiftinthecarbonsource
utilisedforbiomineralisation. Thisresearchhighlightsthereduced
capacityofmusselstobiomineralise,sourcingcarbonintheform
ofcarbonateratherthantissuebicarbonateproducedviaprotein
activity.Projectionsforoceanacidificationandreducedcarbonate
saturationlevelsmayprovedetrimentaltomusselshell production.
Knowledge ofthemineralspecificbiomineralisationpathways,in
combinationwiththeshellphysical properties, willenableaccurate
predictionsofthevulnerability of thesemolluscspeciestofuture
climatechange.

A4.12 BUILDING SHELLS
IN A CHANGING WORLD

™ THURSDAY 6 JULY, 2017 ©® 16:15

& MELODY S CLARK (BRITISH ANTARCTIC SURVEY,
UNITED KINGDOM)

@ MSCLeBAS.AC.UK

70%of ourplanetiscoveredbyoceans,whichhostanincrediblerange
ofbiodiversity,andasignificantsourceoffoodforthe World’sgrowing
population. Unfortunately,liketherestoftheplanet, thisblueworld
isincreasinglyaffectedbyglobalchange;itisbecomingwarmerand
isacidifying. Weknowthiswillaffecttheendemicfauna,buthow
willtheseblueecosystemschange? Marineinvertebrates,suchas
molluscsaresuggestedtobeparticularlyatrisk. Although, weknow
thatmolluscshavethecapacitytomodifytheshapeandthickness
oftheirshelldependingontheirhabitat,aswellasinresponseto
otherenvironmentalfactorssuchaswaveaction,icebergactivity
andalsothepresenceofpredators, wedonotknowexactlyhowthey
buildtheirshells. Whatarethemolecularpathwaysinvolvedandthe
costsofbuildingashell? Howdoesshellstructurevaryindifferent
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habitats? Whatistheinterplaybetweengeneticsandenvironment?
Whatgeneticvariabilityisthereindifferentpopulations:canwe
select for more robust shell builders? This talk, on behalf of 14
youngresearchersinthe EUMarie Curiefunded CACHE (Calcium
inaChangingEnvironment) ITN (grant:605051), willpresentan
overviewoftheresultsfromthepast3yearsfromwhereweconducted
researchintoallthesequestionsusingfourcommerciallyimportant
molluscs:thePacificoyster, thebluemussel, kingscallopsandsoft-
shelledclamsandalsoevaluatedshellwasteremediationandthe
consequencesofclimatechangefortheshellfishindustry.

A4.13 CACHE - CALCIUM IN
A CHANGING ENVIRONMENT

™ THURSDAY 6 JULY, 2017 ©® 16:30

@ KATI MICHALEK (SCOTTISH ASSOCIATION FOR MARINE
SCIENCE, UNITED KINGDOM), ALEXANDER VENTURA
(UNIVERSITY OF GOTHENBURG, SWEDEN), NADEGE ZAGHDOUDI-
ALLAN (CCMAR, PORTUGAL), LUCA TELESCA (UNIVERSITY OF
CAMBRIDGE, UNITED KINGDOM), TEJASWI YARRA (BRITISH
ANTARCTIC SURVEY, UNITED KINGDOM), TRYSTAN SANDERS
(GEOMAR, GERMANY), JAISON ARIVALAGAN (NATIONAL HISTORY
MUSEUM, FRANCE), KIRSIKKA SILLANPAA (UNIVERSITY OF
GOTHENBURG, SWEDEN), KIRTI RAMESH (GEOMAR, GERMANY),
DAVID VENDRAMI (UNIVERSITY OF BIELEFELD, GERMANY),
PHOEBE STEWART-SINCLAIR (SCOTTISH ASSOCIATION FOR
MARINE SCIENCE, UNITED KINGDOM), JAMES MORRIS (ROYAL
BELGIUM INSTITUTE OF NATURAL SCIENCES, BELGIUM), YAN
WANG-DUFFORT (ROYAL BELGIUM INSTITUTE OF NATURAL
SCIENCES, BELGIUM), MICHELE DE NOIA (UNIVERSITY OF
BIELEFELD, GERMANY), CARLOS CAURCEL (UNIVERSITY OF
EDINBURGH, UNITED KINGDOM)

@ KATI.MICHALEK@SAMS.AC.UK

With this Pecha Kucha event, we are delighted to summarise
present-dayresearchinthefieldof molluscshell productionand
biotechnologyinachangingworld. LaunchedinNovember2013
andrunningfor4years,the Marie CurieInitial Training Network
CACHE (Calcium in a Changing Environment; grant#605051)
broughttogether 15PhDstudentsandearlyresearchersfromall
over the world. CACHE comprises 10 partners from 6 European
countries,including SMEsandashellfishconsultancy, ensuring
multi-disciplinaryandappliedresearch. Usingmolluscspeciesof
commercialinterest (pacificoysters, bluemussels,kingscallops
and soft-shelled clams) we tackle complex biological questions
whileformingthebridgebetweenacademicresearchandindustrial
implementation.Speedpresentationsbyouryoungresearchers
willcoverquestionsrangingfromhowamolluscshellisproduced,
differencesinshell productioninvaryinghabitats, potential to
selectformorerobustshellbuilders,aswellastheuseofshell waste
forbiotechnological applications, toname only some of the work.
Thereforethis CACHEPechaKuchawillprovidethefull picture
necessarytounderstandhowshellbuildingandmollusccultivation
mightbeimpactedbyfuture climateconditions.
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A4.14 SCOTTISH BLUE MUSSELS -
EVIDENCE FOR CHANGE DOWN THE
CULTIVATION ROPE

™ THURSDAY 6 JULY, 2017 © 16:45

@ KATI MICHALEK (SCOTTISH ASSOCIATION FOR MARINE
SCIENCE, UNITED KINGDOM), KIM S LAST (SCOTTISH
ASSOCIATION FOR MARINE SCIENCE, UNITED KINGDOM),
THOMAS A WILDING (SCOTTISH ASSOCIATION FOR MARINE
SCIENCE, UNITED KINGDOM), DAVID GREEN (SCOTTISH
ASSOCIATION FOR MARINE SCIENCE, UNITED KINGDOM),
JOSEPH I HOFFMAN (UNIVERSITY OF BIELEFELD, GERMANY)

@ KATI.MICHALEK@SAMS.AC.UK

The Scottish blue mussel industry reached record production
valuesin2014of 7.7k tonnesbeingworth £9.2m, supporting the
local economy and employment. Mussel cultivation relies on
natural spat fall in habitats with pronounced environmental
variability,bothonsmallandlargetemporalandspatialscales. We
monitoredfluctuationsinkeyenvironmentaldrivers (temperature,
salinity,foodavailability, seawatercarbonatechemistry)andthe
correspondingquality ofthe culturedmussels (conditionindex,
meatyield)overoneyearandatdifferentdepthofcultivationat
amusselfarmonthewestcoastofScotland, UK. Whilstboththe
environment and mussel product quality varied seasonally as
expected,themostdramaticresponseswerewithdepthi.e.down
thelengthofamussel cultivationrope. Therangeinwatersalinity
ofnear-surfacegrownmusselsvaried from1.8t029.2PSUwithin
days,withfarlessvariationfordeepergrownmussels(27.0£3.7PSU
at7m).Seasonalandvertical fluctuationsintemperature, salinity
andfoodavailability,inparticular,werecloselyassociatedwith
themussels’productquality withmaximummeatyieldsachieved
inthetopmetersofthewatercolumnandduringsummermonths.
Inaddition, theshapeandstrengthofthemusselsshellswerefound
todifferdownacultivationrope, reflectingdifferencesinspecies
distribution (morefragileshelled M.trossulusinsurface waters),
stockingdensity (decreasingwithdepth)andprevailinghabitat
conditions(e.g.lowersalinityinsurfacewaters),allowingforthe
implementationofsuchdataforfarmmanagementpractices.
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A4.15 ADAPTATION POTENTIAL
TO OCEAN ACIDIFICATION IN
THE BLUE MUSSEL MYTILUS EDULIS

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@& ALEXANDER VENTURA (UNIVERSITY OF GOTHENBURG, SWEDEN)

@ ALEXANDER.VENTURA@BIOENV.GU.SE

Ocean acidification (OA) has the potential to impact marine
organisms. Speciesproducingcalciumcarbonatecanbeparticularly
sensitive. Theseincludebivalvemolluscs,manyofwhich, suchas
thebluemussel (Mytilusedulis),areofhighecologicaland economic
value. Populations’ acclimatisation and adaptation potentials
areoftendifficulttoinvestigateand comprehend, especially for
organismswithlonggenerationtimes. Howevertheseneedtobe
accountedforandarecrucialfortheunderstandingofenvironmental
changeimpacts. Theoverallaimofthepresentworkistoinvestigate
the adaptation potential to OA in the blue mussel M. edulis. The
projectisdividedintothreechapters: 1) Identification of seawater
aciditytolerancethresholdin M. edulislarvae (Venturaetal.,2016).
Ourresultssuggestconsiderablephenotypicplasticityoflarvae
withinnaturalrange of pH variability which may represent an
advantageforcopingwith OA.2)Investigationofheritabilityand
additivegeneticvarianceassociatedwithphenotypictraitsaffected
bymoreacidicwaters (ongoingwork).3) Analysisofinteraction
andpotentialevolutionarytrade-offsbetweenhigherseawater
acidityandotherenvironmentalstressors(i.e.decreasing seawater
salinity) (ongoingwork).

A4.16 AMTS IN INVERTEBRATES:
NEW PLAYERS IN AMMONIA TRANSPORT
AND ACID-BASE REGULATION

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ DIRK WEIHRAUCH (UNIVERSITY OF MANITOBA, CANADA),
AIDA ADLIMOGHADDAM (UNIVERSITY OF MANITOBA, CANADA),
ANDREW DONINI (YORK UNIVERSITY, CANADA)

@ DIRK.WEIHRAUCH@UMANITOBA.CA

Ammoniatransporters (AMTs)arethekeytransportersforthe
uptakeofammoniafromthesoilinplants (AMTs). Theyaredistantly
related to the Rh-glycoproteins however, in contrast to the Rh-
proteins,theyhavenotbeenshowntobeexpressedinvertebrate
animals. Mostinterestingly,numerousgenomeandtranscriptome
projectsrevealedthat AMTsareindeedexpressedininvertebrates.
Theiractualrolehereneedstobeexamined. AstudybytheZwiebel
group(2014)suggestedthatan AMTfrom Anophelesgambiae, when
expressedinoocytes,promotesaNH4*transport. Moreover, most
recentphysiological studiesbytheDoninigroupon Aedesagypti
larvaeshowedastrongdecreaseoftheammoniaexcretionrates
intheexcretoryanalpapillaewhenthe AMTwasknockeddown.
InthemarinepolychaeteEurythoecomplanata,three AMTswere
identified,allofthemhigherexpressedinthegillswhencompared
tothemainbody.Infact,branchial AMT4exhibited ca.8.5-times
highertranscriptlevelswhencomparedtothealphasubunitofthe
Na*/K*-ATPase. AMTfunctionishowevernotclear-cut. Forinstance,
outofthefour AMTsexpressedinC.elegansonlyonerespondedto
elevatedenvironmentalammonialevels. By contrast,exposure
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toahighorlowenvironmental pHtriggeredchangesintranscript
levelsinall AMTsexpressedinthenematode. Consequently,arole
inacid-baseregulationisassumed.

A4.17 RAD SEQUENCING RESOLVES
FINE-SCALE POPULATION STRUCTURE
IN A BENTHIC INVERTEBRATE:
IMPLICATIONS FOR UNDERSTANDING
PHENOTYPIC PLASTICITY

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

& DAVID LJ VENDRAMI (UNIVERSITY OF BIELEFELD, GERMANY),
LUCA TELESCA (UNIVERSITY OF CAMBRIDGE, UNITED
KINGDOM), HANNAH WEIGAND (UNIVERSITY OF DUISBURG-
ESSEN, GERMANY), MARTINA WEISS (UNIVERSITY OF
DUISBURG-ESSEN, GERMANY), KATIE FAWCETT (UNIVERSITY
OF BIELEFELD, GERMANY), KATRIN LEHMAN (UNIVERSITY OF
BIELEFELD, GERMANY), MELODY S CLARK (BRITISH ANTARCTIC
SURVEY, UNITED KINGDOM), FLORIAN LEESE (UNIVERSITY
OF DUISBURG-ESSEN, GERMANY), CARRIE MCMINN (AGRI-
FOOD AND BIOSCIENCES INSTITUTE, UNITED KINGDOM),
HEATHER MOORE (AGRI-FOOD AND BIOSCIENCES INSTITUTE,
UNITED KINGDOM), JOSEPH I HOFFMAN (UNIVERSITY OF
BIELEFELD, GERMANY)

©@ DAVID.VENDRAMI@STUDENT.UNIFE.IT

Thefieldofmolecularecologyistransitioningfromtheuseofsmall
panelsofclassicalgeneticmarkerssuchasmicrosatellitestomuch
largerpanelsof SNPsgeneratedbyapproacheslikeRADsequencing.
However,fewempiricalstudieshavedirectly comparedtheability
ofthesemethodstoresolvepopulationstructure. Thiscouldhave
implications forunderstanding phenotypic plasticity, asmany
previousstudiesofnaturalpopulationsmayhavelackedthe power
todetect geneticdifferences, especially over micro-geographic
scales. Wethereforecomparedtheability of microsatellitesand
RAD sequencing toresolve fine-scale population structureina
commercially important benthic invertebrate by genotyping
greatscallops (Pectenmaximus) fromnine populations around
Northernlrelandat 13microsatellitesand 10,539 SNPs. Theshells
werethensubjectedtomorphometricandcolouranalysisinorder
tocomparepatternsofphenotypicandgeneticvariation. Wefound
thatRADsequencingwassuperioratresolvingpopulationstructure,
yielding higher F: values and support for two distinct genetic
clusterswhereasonlyoneclustercouldbedetectedinaBayesian
analysisofthemicrosatellitedataset. Furthermore, appreciable
phenotypic variation was observed in size-independent shell
shapeand colouration,includingamonglocalitiesthatcouldnot
bedistinguishedfromoneanothergenetically, providing support
forthenotionthatthesetraitsarephenotypicallyplastic. Taken
together,ourresultssuggestthatRADsequencingisapowerful
approachforstudyingbothpopulationstructureandphenotypic
plasticityinnatural populations.
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A4.18 INSIGHTS INTO HOW
BIOMINERALIZATION IS REGULATED IN
THE MEDITERRANEAN AND BLUE MUSSEL

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@& NADEGE ZAGHDOUDI-ALLAN (CENTER OF MARINE SCIENCES
UNIVERISTY OF THE ALGARVE, PORTUGAL), DEBORAH POWER
(CENTER OF MARINE SCIENCES UNIVERISTY OF THE ALGARVE,
PORTUGAL), KRISTINA SUNDELL (GOTHENBURG
UNIVERSITY, SWEDEN)

@ NADEGEALLAN@GMAIL.COM

Biomineralizationisthephysiological processthroughwhichliving
organismsgeneratemineralizedstructures. Thesestructurescan
havemultiplefunctions,includingtissuesupport, protectionfrom
theexternalenvironment, feedingandsensing. Understanding
theunderlyingmechanismsofbiomineralizationandtheeffects
ofexternalstressarevitalforthemaintenance offoodsecurity,
ecologicalstabilityandasustainableshellfishindustry.Inthisstudy,
thebiomineralizationprocessinthe Mediterraneanand Bluemussel
wasinvestigated usingasuite oftechniques andfocused onthe
mantletissue. Transcriptomics wasusedtodeterminemantlegenes
regulatedalongtheshellfromtiptotip. Histologywascarriedout
tolookatthestructureacrossthemantletissue.Electrophysiology
wasusedtostudythepermeability ofthemantletissue.Resultsfrom
thesestudiesshowedthatthemantletissueisastructurallyand
functionally complexorgan.Itsstructureandfunctiondifferacross
thedifferentregionsofthetissueandthustheshell. Ourresultsgive
insightintothemechanismsusedbytheseanimalstoformtheir
outershell.
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A4.19 TRANSFORMATION AND
TRANSPORTATION OF SULFUR
COMPOUNDS IN GILLS OF
HYDROTHERMAL VENT CRAB
XENOGRAPSUS TESTUDINATUS
NEAR KUISHAN ISLAND, TAIWAN

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

& PEI-HSUAN CHOU (DEPARTMENT OF LIFE SCIENCE, NATIONAL
TAIWAN NORMAL UNIVERSITY, TAIWAN), PEI-CHEN HWANG
(MARINE RESEARCH STATION INSTITUTE OF CELLULAR AND
ORGANISMIC BIOLOGY ACADEMIA SINICA, TAIWAN), POU-LONG
KUAN (MARINE RESEARCH STATION INSTITUTE OF CELLULAR
AND ORGANISMIC BIOLOGY ACADEMIA SINICA, TAIWAN), YI-
TA SHAO (INSTITUTE OF MARINE BIOLOGY, NATIONAL TAIWAN
OCEAN UNIVERSITY, TAIWAN), GUAN-CHUNG WU (DEPARTMENT
OF AQUACULTURE, NATIONAL TAIWAN OCEAN UNIVERSITY,
TAIWAN), YUNG-CHE TSENG (MARINE RESEARCH STATION
INSTITUTE OF CELLULAR AND ORGANISMIC BIOLOGY ACADEMIA
SINICA, TAIWAN)

© SHERRY821030@YAHOO.COM.TW

Differentfromothermarineecosystems, theshallowhydrothermal
ventssystemofKueishanIsland offthecoastofTaiwancontains
highsulfurcompoundsduetothereleaseofsulfurparticlesfrom
dischargingleak. And highly sulfidic conditions would inhibit
cellularaerobicrespirationinorganisms. Tosurviveinthisextreme
habitats, ventassociated organisms, suchasendemiccrabspecies
Xenograpsus testudinatus, may show a range of physiological
featuretocopewithtoxicenvironment.Inthisstudy, wefoundthe
presenceofhypotaurineandthiotaurineintheirhemolymph,and
transcriptexpressionsoftaurinetransporter (TAUT)inthe3"<and
5thgillpairaresignificantlyhigherinnative sulfidicenvironment
thanthenonesulfur-treated counterparts. Theseresultsinferred
that X. testudinatus gills are capable to catabolize hypotaurine
and S* thussynthesizethiotaurinetoreduce cellulartoxicity.In
addition,relativehighlyexpressionsofsulfurtransport-related
transcript,solutecarrierfamily26 A11(SLC26A11),wasfoundin
nativeindividualsaswell.Itimpliesthatsulfidemaybeoxidized
tosulfatethentransportedby SLC26A11lingillepithelium,and
sulfur-induced Na*-K*-ATPaseupregulationmaybeinvolvedin
cellularhomeostasis. Accordingly, X.testudinatushave evolved
anefficientsulfurdetoxificationmechanismingill epitheliumto
minimize continuouslytoxicstressunderchallenginghydrothermal
ventsystem.
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A4.20 BLUE MUSSEL SHELL
SHAPE PLASTICITY AND
NATURAL ENVIRONMENTS:
A QUANTITATIVE APPROACH

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION
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A4.21 CROSSED-LAMELLAR
MICROSTRUCTURE OF MOLLUSK
SHELLS, NEW INSPIRATION OF
BIOMIMETIC MATERIAL

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ LUCA TELESCA (UNIVERSITY OF CAMBRIDGE, UNITED
KINGDOM), KATI MICHALEK (SCOTTISH ASSOCIATION FOR
MARINE SCIENCE, UNITED KINGDOM), TRYSTAN SANDERS
(GEOMAR HELMHOLTZ CENTRE FOR OCEAN RESEARCH,
GERMANY), LLOYD PECK (BRITISH ANTARCTIC SURVEY,
UNITED KINGDOM), ELIZABETH M HARPER (UNIVERSITY
OF CAMBRIDGE, UNITED KINGDOM)

@ LT401@CAM.AC.UK

Morphological variability represents an important direct
responseoforganismstoselectingenvironments. We showhow
geometricmorphometricsandgeneralized additivemixedmodels
(GAMMs)canprovideabetterunderstandingoftheenvironmental
responsiveness of Mytilus edulis form. Morphology of wild and
culturedbluemusselswasaccuratelyquantifiedandsignificant
relationships between shell shape and key environmental
parameters wereidentified. Evident trends of meanshape with
physicaldescriptors (watertemperatureandsalinity),depending
on the shell traits considered, were found; while, food supply
(chlorophyll-aconcentration) showed amarkedeffectonshapes
heterogeneity. The observed convergenceof M. edulismorphologies
toadverseconditions,indifferenthabitats,identifiedmussel shape
variationasamarkedresponsetoenvironmental stressorsand
explainedhowlocalfactorscanproducethedevelopmentofawide
rangeofforms. Ourfindingsillustratethattheuseofnoveltools
and complementarysystemscanallowtoidentifyfine-scaleshape
clinesandrevealpatternsinbivalveplasticity,inordertounderstand
morphologicalresponsestodifferenthabitats. Weshowhow shell
shape canrepresent a powerful indicator to better understand
response of marine communities and predict their changesina
rapidlychangingenvironment.

& YAN WANG-DUFFORT (ROYAL BELGIAN INSTITUTE OF NATURAL
SCIENCES, BELGIUM), THIERRY BACKELJAU (ROYAL BELGIAN
INSTITUTE OF NATURAL SCIENCES, BELGIUM), JAMES
MORRIS (ROYAL BELGIAN INSTITUTE OF NATURAL SCIENCES,
BELGIUM), GAUTHIER CHAPELLE (ROYAL BELGIAN INSTITUTE
OF NATURAL SCIENCES, BELGIUM)

© YWANGDUFFORT@NATURALSCIENCES.BE

Molluskshellsrepresentanimportantportionofthelargefamily
of biomaterials. By studying the shell microstructures, we
gain a better understanding of how mollusks have developed
exceptionally strong protective shells. The nacreous layer and
the crossed-lamellar (CL) layer have been shown to be several
ordersofmagnitudestrongerthantheirgeological counterparts,
aragonite. Alargenumberof proteinsareinvolvedinthecontrol
of biogenic mineral formation. The CL layer contains much
less organic matter compared with in nacre, less energy is
required for protein synthesis. This low energy-consuming
layeristhemost common type of mollusk shellmicrostructure.
We are interested in the comparison of hierarchical
architecturesandcrystallographicforminCLlayerandnacreous
layer, forgettingabetterinsightofbiogenicmineralevolution. The
potentialuseofourunderstandingofthemicrostructureinnovelbio-
inspiredandbiomimeticapplicationsmaybefeasiblefordeveloping
materialwithhighfracturetoughnessandlowcost.

A4.22 THE EFFECT OF CLIMATE
CHANGE ON THE PHYSIOLOGY OF THE
LOUISIANA RED SWAMP CRAYFISH
(PROCAMBARUS CLARKII)

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ ASHLEY TRIPP (UNIVERSITY OF MANITOBA, CANADA), ALEX
QUIJADA-RODRIGUEZ (UNIVERSITY OF MANITOBA, CANADA),
GARETT JP ALLEN (UNIVERSITY OF MANITOBA, CANADA),
GWANGSEOK R YOON (UNIVERSITY OF MANITOBA, CANADA),
DIRK WEIHRAUCH (UNIVERSITY OF MANITOBA, CANADA)

@ TRIPPA@MYUMANITOBA.CA

Asadirectresultofanthropogeniccarbonemissionsoceanand
freshwateracidityisincreasing, presentingarisk toimportant
ecologicalandeconomicspeciessuchasthefreshwatercrayfish,
Procambarus clarkii. Indigenous to Louisiana and found in the
Atchafalaya River Basin approximately 181 million dollars in
crayfish are harvested and commercially sold annually from
Louisianaalone,makingitthelargest contributortothecrayfish
industry within the United States. Although farmed crayfish
populations can be protected from the damaging effects of
acidification, the river basin populations, representing 90% of
theexport, areatrisktochanging water conditions. Increasing
temperaturehasbeenwellstudiedasafactorofclimatechangebut
thecombinedeffectoftemperatureandincreasingpCO, arenot well
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described, especiallyinunderstudied freshwatersystems.Inthis
study,changesinwholeanimalammoniaexcretion, hemolymph
chemistry and whole body metabolic rate were investigated,
undercontrolconditions (pH=8.04, Temp=24.1°C,pC0,=92.17Pa)
andasimulationofapotentialyear2100(pH=7.53, Temp=28.18°C,
pCO,=272.17Pa). Ammoniaexcretionratesofanimalsacclimated
to elevated pCO, for 7 days did not change but there was a
significantreduction of hemolymph pH, ascomparedtocontrols
(N=8)suggestinganacidosisandpotentiallyhamperedsecretion
of acid-base equivalents. The average mass specific metabolic
ratewassignificantlyhigherinelevatedpCO, exposedcrayfish
(202.2mg0./Kg/Hr)over controls (87.3mg0,/Kg/Hr)(N=8and
N=6,respectively).

A4.23 POPULATION GENETIC
STRUCTURE OF THE SOFT SHELL CLAM,
MYA ARENARIA, ALONG A EUROPEAN
LATITUDINAL GRADIENT

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

& MICHELE DE NOIA (UNIVERSITY OF BIELEFELD, GERMANY),
DAVID D VENDRAMI (UNIVERSITY OF BIELEFELD, GERMANY),
LUCA TELESCA (UNIVERSITY OF CAMBRIDGE, UNITED
KINGDOM), ELIZABETH HARPER (UNIVERSITY OF CAMBRIDGE,
UNITED KINGDOM), JOSEPH HOFFMANN (UNIVERSITY OF
BIELEFELD, GERMANY)

@ MICHELE_DN@HOTMAIL.IT

Myaarenaria(Linnaeus 1758)isasoftshellclamwidely distributed
across the North Hemisphere, along the Atlantic and Pacific
coasts.However,littleisknownaboutthe populationstructure of
thisspecies, particularlyinEurope whereitre-establisheditself
during the early Pliocene. We therefore collected a total of 257
clamsfrom9sitesacrossaEuropeanlatitudinal gradient, spanning
the Mediterranean Sea to Scotland. All of the individuals were
genotypedat12microsatellitesandthe COImitochondrialgene
wasalsoamplifiedforasubsetofrandomlyselectedsamplestoverify
thatthespecimenswereofthecorrectspecies. Wefoundevidence
of strong population structure thatis alsoreflected toacertain
extentinthemorphologyoftheshells. Wediscusstheimplications
of our results for understanding the population structure of
clamsandrelated speciesinrelationtopotential ecologicaland
environmentaldrivers.
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A4.24 MOLLUSC SHELLS ARE

A VALUABLE BIOMATERIAL,

NOT A NUISANCE WASTE PRODUCT
OF THE AQUACULTURE INDUSTRY

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

& JAMES PETER MORRIS (ROYAL BELGIAN INSTITUTE OF NATURAL
SCIENCES, BELGIUM), GAUTHIER CHAPELLE (INDEPENDENT
RESEARCHER, BELGIUM), THIERRY BACKELJAU (ROYAL
BELGIAN INSTITUTE OF NATURAL SCIENCES, BELGIUM)

@ JMORRIS@NATURALSCIENCES.BE

Shelledmolluscsareanimportantcomponentoftherapidly growing
globalaquaculturesector.Inachangingenvironment,andunder
increasingdemand, futuresustainabilityisakeyconsideration
for aquaculture, as a whole, moving forwards. One regularly
overlookedaspectofthemolluscaquacultureandseafoodindustries
is the generation of calcium carbonate shells as a by-product.
Typically,shellsareviewedbytheseindustriesasanuisancewaste
productanddisposed of, at cost,inlandfill. In contrast, calcium
carbonateisminedinvastquantitiesintheformoflimestone for
variousapplications. AspartoftheMarie Curie CACHEnetwork
(http://www.cache-itn.eu), this project explores existing and
novelusesofshellsasaby-productoftheaquacultureindustry.
Analysis shows that, with minimal processing, shells can be
turnedintoavaluableresourceforavarietyofapplications,from
simpleaggregatestourbanbio-filtersubstrates. Further,taking
anecosystemservicesapproach,shellshaveinherentvaluewithin
the marine system, and co-ordinated efforts toreturn shells to
themarineenvironmentfollowingfoodprocessingmayprovide
ahighlysustainableavenueforshellreuse.Insuchcases,whole
shellscanprovidethefoundationforbiogenicreefformationand
restoration,andcrushedorpowderedshellsmayhavevalueinfuture
aquaculture-basedcarbontradingsystems.
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A4.25 CALCIUM TRANSPORT IN THE
OUTER MANTLE EPITHELIUM OF THE
PACIFIC OYSTER, CRASSOSTREA GIGAS

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ KIRSIKKA SILLANPAA (DEPARTMENT OF BIOLOGICAL
AND ENVIRONMENTAL SCIENCES UNIVERSITY OF
GOTHENBURG, SWEDEN), KRISTINA SUNDELL (DEPARTMENT
OF BIOLOGICAL AND ENVIRONMENTAL SCIENCES UNIVERSITY
OF GOTHENBURG, SWEDEN)

@ KIRSIKKA.SILLANPAA@BIOENV.GU.SE

Bivalvesareaclassofmolluscscharacterisedbytheirprotective
calciumcarbonateshell. Tobuildandmaintaintheshell, marine
bivalves, suchas Crassostreagigas,needtotakeupcalciumfrom
the seawater. In order to be used as a shell component, calcium
is transported to the area of shell growth. The final part of the
transport occurs across the outer mantle epithelium (OME),
separatingtheshellfromtherestoftheanimal.Intheory,calcium
couldbetransportedacrossthe OMEeitherintra-orparacellularly
asfree,ioniccalcium,boundtoorganicorinorganicligands,bound
toproteinsand/orwithinvesiclesorhemolymph cells.Ionic Ca?
hasbeenfoundtobethemaincalciumspeciesinthehemolymphof
C.gigas.Thereforetheaimofthisstudywastoinvestigatetheionic
Ca?transportingsystemsthroughthe OMEofthisspecies. TheCa?
transportacrosstheepitheliumcanbeexecutedthroughcalcium
channels,plasmamembrane Ca?-ATPases(PMCA)and/orNa*/
Ca2*-exchangers. Ageneral ATPaseinhibitor, Vanadateandspecific
PMCAinhibitors, Caloxins, wereusedtoassesstheimportance of
PMCA-liketransportersin Ca?transportthroughthe OME.nvivo
Usingchambermethodologytogetherwithradiolabelled45-Ca
wasusedtomeasuretheCa? transportrateacrossthe OMEwith
andwithoutinhibitors. Vanadateand Caloxin-1c2inhibited Ca®
transportwhenaddedfromtheshellside. ThisindicatesthatPMCA-
liketransportersaresituatedintheshellfacingmembraneofthe
OMEandareparticipatinginthe Ca* transportacrossthe OME of
Crassostreagigas.
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A5 OSMOREGULATION AND
ACID-BASE BALANCE IN
AQUATIC ORGANISMS

ORGANISED BY: KEVIN BRIX (UNIVERSITY OF MIAMI, UNITED STATES),
ANDREW ESBAUGH (UNIVERSITY OF TEXAS, UNITED STATES) AND MARTIN
TRESGUERRES (SCRIPPS INSTITUTION OF OCEANOGRAPHY, UNITED STATES)

SESSION SPONSORED BY: LOLIGO SYSTEMS
|

A5.1 CARBONIC ANHYDRASE IN
THE IONOCYTES OF THE FISH GILL:
RESPONSES TO ACID-BASE CHALLENGES

™ MONDAY 3 JULY, 2017 ® 09:00

@ KATHLEEN GILMOUR (UNIVERSITY OF OTTAWA, CANADA)

@ KGILMOUR@UOTTAWA.CA

The ‘morphologicalmodel’ foracid-baseregulationinfreshwater
teleostfishwasproposedtoexplaindifferencesinthemorphology
ofthegillepitheliumthatweredetectedinresponsetoacid-base
disturbances. Inparticular, thesurfaceareaofthegillepithelium
occupied by mitochondrion-rich cells (MRCs) decreased in
rainbowtroutexperiencingsystemicacidosis,andincreasedin
fishexperiencingsystemicalkalosis. Atthetimethemodelwas
proposed, thediversity of freshwater MRCsorionocyteshadnotyet
beenrecognized-MRCswereconsideredtobefreshwater ‘chloride
cells’, base-secreting cells that wereresponsible for Cl- uptake.
Thus, decreasingchloridecell surfaceareawoulddecrease HCO,
lossduringacidosisandincreasedchloridecell surfaceareawould
increasebaseexcretionduringalkalosis, providingamorphological
componenttoacid-basecompensatoryresponses. Currentwork
exploringthediversityofionocytesinthegilloffreshwatertrout,
thedistributionofcarbonicanhydraseintheseionocytes,andthe
regulationofcarbonicanhydraseexpressioninresponsetoacid-base
disturbancesisprovidingadditionalinsightintothe ‘morphological
model’ ofacid-baseregulationinrainbowtrout.

A5.2 EXTENDING THE DOGFISH
MODEL OF CO, EXCRETION TO
THE GILLS AND BLOOD OF OTHER
CHONDRICHTHYAN FISHES

[™ MONDAY 3 JULY, 2017 ® 09:40

@ OLIVIAJMCMILLAN (UNIVERSITY OF BRITISH COLUMBIA,
CANADA), ANGELINA M DICHIERA (UNIVERSITY OF TEXAS AT
AUSTIN MARINE SCIENCE INSTITUTE, UNITED STATES), TILL
S HARTER (UNIVERSITY OF BRITISH COLUMBIA, CANADA),
MICHAEL SACKVILLE (UNIVERSITY OF BRITISH COLUMBIA,
CANADA), ANDREW J ESBAUGH (UNIVERSITY OF TEXAS AT
AUSTIN MARINE SCIENCE INSTITUTE, UNITED STATES), COLIN
J BRAUNER (UNIVERSITY OF BRITISH COLUMBIA, CANADA)

© MCMILLAN@ZOOLOGY.UBC.CA

Theenzymecarbonicanhydrase (CA)catalyzesthe conversion
of H*and HCOs- tocarbondioxide (CO;) and H,O andis essential
for CO; excretion. In most teleosts, membrane-bound plasma
accessibleCA (paCA)islackinginthegills,restrictingthisprocess
totheredbloodcell (RBC).Inthedogfish Squalus suckleyi,however,
theRBCandplasmacompartmentsappearequallyimportantfor
CO;excretionbecauseofpaCAatthegill,higherplasmabuffering
capacity,slowerRBCCA andtheabsenceofaplasmaCAinhibitor.
Thismodelof CO,excretionhasonlybeenthoroughlyinvestigated
indogfishandthisprojectinvestigateswhetheritalsoappliesmore
broadlytochondrichthyansasawhole.Blood sampleswerecollected
from 15 speciesand assessed for CA characteristicsand plasma
bufferingcapacityandgillsamples were collected from6 species
andassessedfor CAactivityassociatedwiththemicrosomalgill
fraction. Toaddresswhetherthis CAistrulyplasma-accessible,
immunohistochemicaltechniqueswereusedonfixedgilltissue
tovisualize the CA orientation. CA characteristics and plasma
bufferingcapacityinblood samples wereconsistent withthose of
S.suckleyi,andpaCAwasfoundinthegillsofblacktipreefsharks
(Carcharhinusmelanopterus), Atlanticstingrays (Dasyatis sabina)
andocellateriverstingrays (Potamotrygonmotoro). Theresults of
thisresearchsuggestthatthedogfishmodel of CO,excretionmay
berepresentative of chondrichthyanfishesingeneralandprovides
importantinformationregardinggeneralpatternsofgasexchange
andacid-basebalanceamongthisphylogeneticallydiversegroup.
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A5.3 PREFERENTIAL INTRACELLULAR
PH REGULATION IN VERTEBRATES

™ MONDAY 3 JULY, 2017 ©® 09:55

@ COLIN JBRAUNER (UNIVERSITY OF BRITISH COLUMBIA,
CANADA), RYAN B SHARTAU (UNIVERSITY OF BRITISH
COLUMBIA, CANADA), DAN W BAKER (VANCOUVER ISLAND
UNIVERSITY, CANADA)

@ BRAUNER@ZOOLOGY.UBC.CA

Acid-base regulation is a tightly regulated process and pH
disturbances are rapidly corrected to restore homeostasis. In
mostvertebratesinvestigatedtodate,acute (upto96h)exposure
toelevated environmental CO; (hypercarbia) resultsin arapid
reductioninbothblood pH (pHe) andintracellularpH (pHi)and pHi
recoversinconjunctionwithpHe compensation, called coupled pH
regulation. However,inafewspecies of extremely CO; tolerant
fishes,suchaswhitesturgeon,severehypercarbiaresultsinalarge,
uncompensatedreductioninpHe (insome casesexceeding 1 pH
unit);however,remarkably, thereisnochangeinpHiofheart,brain,
liverormuscle, termedpreferentialpHiregulation. Toinvestigate
thetimecourseofpreferential pHiregulation, weused31Pnuclear
magneticresonance (NMR)technologytomeasureheartpHiand
metabolitesinvivothroughoutthefirst90minutesofexposureto
severehypercarbia (pCO,=6kPa)inwhitesturgeon. HeartpHiwas
notsignificantlyreducedatanytime(measuredevery2.5minutes)
indicatingthatpreferentialpHiisveryrapid.Recentstudieson15
otherphylogeneticallydiversefishspeciesindicatethatpreferential
pHiregulationmaybearelatively widespread patternofacid-base
regulationin CO;tolerantfishesand weproposethatitrepresents
animportantadaptationintheevolutionofair-breathingandthe
transitionofvertebratesfromwatertoland.

A5.4 A PARADIGM SHIFT IN
VERTEBRATE ACID-BASE REGULATORY
STRATEGY: PREFERENTIAL
INTRACELLULAR PH REGULATION AS
A BROADLY USED STRATEGY OF PH
REGULATION AMONGST VERTEBRATES

™ MONDAY 3 JULY, 2017 ©® 10:25

@& RYAN B SHARTAU (UNIVERSITY OF BRITISH COLUMBIA,
CANADA), COLIN J BRAUNER (UNIVERSITY OF BRITISH
COLUMBIA, CANADA)

@ SHARTAU@ZOOLOGY.UBC.CA

Acid-basehomeostasisistightlyregulatedinvertebratesassmall
changesinpHalterproteinchargeandfunction,ultimatelyreducing
wholeanimalperformance.Insomeenvironmentsvertebratesmay
be subjected to high CO; (hypercarbia) partial pressure (PCO,),
leadingtoasevererespiratoryacidosis. Typically,blood pH (pH.)
is compensated, whichis coupled to tissue pH (pH;) regulation;
however, this process appearstobelimitedtoa PCO, 1 pHunit)
andcantolerate PCO; >3kPa;thereisindirect evidence for ppH;
inembryonicamniotes.ItisuncertainwhetherppHirepresentsa
commonvertebratestrategyintoleratinghigh CO,environments.
We hypothesize that vertebrates use ppH; to maintain pH
homeostasisduringsevereacuteacid-basedisturbances.Toaddress
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this,weinvestigatedthepresenceorabsenceof ppH;infishesand
embryonicamniotesduringexposuretosevereacutehypercarbia
bymeasuringpHe andpH; ofheart, brain,liverandmusclefollowing
CO; exposure. QurresultssuggestppHiisusedby >20fishesand two
speciesofamnioteembryos. Almostallspeciesinvestigated fully
protect pH;during acute CO; exposure of 6-15 kPa PCO; despite
severe pHereduction. The use of ppH;in phylogenically diverse
vertebratesrepresentsamarkedly differentstrategythancoupled
pHe/pHiregulationand weproposethatppH;isageneralstrategy
ofacid-baseregulationinembryonicvertebratesthatisretainedor
lostduringdevelopment.

A5.5 AIR-BREATHING CHANGES THE
PATTERN FOR TEMPERATURE INDUCED
PH REGULATION IN A BIMODAL
BREATHING TELEOST

™ MONDAY 3 JULY, 2017 ® 10:40

@ CHRISTIAN DAMSGAARD (AARHUS UNIVERSITY, DENMARK),
MIKKEL THY THOMSEN (AARHUS UNIVERSITY, DENMARK),
MARK BAYLEY (AARHUS UNIVERSITY, DENMARK), TOBIAS WANG
(AARHUS UNIVERSITY, DENMARK)

© CDAMSGE@GMAIL.COM

It is well-established that ectothermic vertebrates regulate a
lowerarterialpHwhentemperatureincreases. Typically, water-
breathersreducearterialpHbymeansofalteringplasma[HCOs]
whentemperaturerises, whilstair-breathersrelyonventilatory
adjustmentstoelevatearterial PCO,. However,littleemphasishas
beendevotedtounderstandhowbimodalbreathingvertebrates
achievetheirtemperature-induced pH-regulation.Inthiscontext,
theair-breathingcatfish Pangasianodonhypophthalmusrepresents
aninterestingpossibilitytounravelhowpHregulationisaffected
by water versus air-breathing pattern. P. hypophthalmus can
accommodate all gas exchange by its well-developed gills in
normoxicwater,butresorttoair-breathingbyvirtue of the swim-
bladderwhenexposedtoaquatichypoxia. Wethereforemeasured
acid-base statusin P. hypophthalmus as temperature rose from
20to35°Cineithernormoxicorseverelyhypoxicwater. Innormoxic
water, where P. hypophthalmus relied entirely on brancial gas
exchange, P. hypophthalmusexhibitedthetypicalteleostreduction
inplasma[HCOs]andarterialpHwhentemperaturerose. However,
whenforcedtorelyair-breathinginsevereaquatichypoxia, the
reductioninarterialpHwasachievedbyariseinarterial PCO,. We
proposethattheriseinPCO,reflectsapassiveconsequenceofthe
progressivetransitiontoair-breathingathighertemperatures,
andthatthisresponsematchesthenewregulatedpH.,andmerely
requires small adjustmentsin plasma [HCOs5-]. Thisis the first
experimentaldocumentationofanintraspecificshiftinthepattern
fortemperature-induced pH-regulation,andillustratesaremarkable
resemblancetotheevolutionarychangesintemperature-induced
pH-regulationthatoccurredduringterrestrializationof vertebrates.
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A5.6 ACID-BASE BALANCE IN THE
MAMMALIAN KIDNEY

™ MONDAY 3 JULY, 2017 ©® 14:00

@ SETH L ALPER (BETH ISRAEL DEACONESS MEDICAL CENTER,
UNITED STATES)

@ SALPER@BIDMC.HARVARD.EDU

Mammalsrelyprimarilyonthekidneysandthelungstomaintain
systemic pH of extracellular fluid between 7.35 and 7.45, with
intracellularpH generallyabout0.1-0.2pHunitslower (orhigher
in specialized acid-secreting cells). Maintenance of this pH
rangeisessentialtoneuronalandcardiovascularfunction,and
to homeostasis of enzymatic activity and integrity of signal
transduction.pHregulationisalsoessential fortheaxialmacro-
andmicroheterogeneity ofnormalepithelialandglandularfunction.
Thelungscontrolexhalationof CO,producedbymetabolism. The
~2millionnephronsofhumankidneysreabsorbnearlyallfiltered
bicarbonate (~4000mmolesperday),andactivelyexcretethenet
50-100mmolesof H* generatedbymetabolismofdietary sulfateand
phosphate. Thistalkwillreviewthemajorprotonandbicarbonate
transporters, theirintegrationinthefunctionofkidneyandgutand
thepathological consequencesoftheirlossoffunctionsecondary
to geneticinactivation. Type A acid-secretingintercalated cell
dysfunctioncausesdistalrenaltubularacidosis(dRTA).Recessive
humandRTAhasbeenlinkedtoloss-of-functionmutationsinthe B1
anda4subunitsofthevacuolarH'-ATPase. Recessiveanddominant
dRTAhavebeenlinkedtodistinctloss-of-functionmutationsin
theSLC4A1Cl/HCO;5 exchanger. Loss-of-functionmutationsin
NBCel/SLC4A4 causerecessive proximal tubularacidosis,and
loss-of-functionmutationsin CA2(carbonicanhydrase2) cause
mixedproximal-distaltubularacidosis. IntracellularpHregulation
isalteredincancercells,andthisdysregulationcanbetargetedfor
potentialtherapeuticbenefit.

A5.7 MOVING AROUND:

A NOVEL MECHANISM OF GLYCOGEN
TRANSLOCATION IN ELASMOBRANCH
ACID- AND BASE-SECRETING

GILL CELLS

™ MONDAY 3 JULY, 2017 ©® 14:40

& JINAE N ROA (SCRIPPS INSTITUTION OF OCEANOGRAPHY,
UNITED STATES), MARTIN TRESGUERRES (SCRIPPS
INSTITUTION OF OCEANOGRAPHY, UNITED STATES)

@ JNBROA@UCSD.EDU

In shark V'H* -ATPase (VHA)-rich base-secreting cells, VHA
translocationtothecellmembraneisregulatedlocallybytheacid-
basesensorsolubleadenylylcyclase(sAC).sACisalsopresentin
Na*/K*-ATPase (NKA)-rich cells, whereitlikely regulates acid
secretion.Bothacid-andbase-secretingcellsaremitochondrion-
rich(MR) cells;however, theenergy source forthose ATPasesis
unclear. We found that NKA- and VHA-rich MR cells were also
enrichedforglycogenandstudiedglycogenutilizationingillsfrom
starvedand24-hrpost-fedsharks,aswellasinisolatedgill cells
exposedtoextracellularalkalosis.Inacid-secretingcells, glycogen
abundancewaslowinstarvedsharksandhighinpost-fedsharks,
andtheoppositewastrueforbase-secretingcells. Thisindicated
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differentialenergyuseinthosetwocelltypesduringnetacidand
netbasesecretion,respectively. Glycogenutilizationinisolated
gillcellexperimentsmirroredlivesharkresults.Inaddition, we
foundthatglycogenintracellularlocalizationmirroredthatof NKA
andVHA.Inacid-secretingcells, glycogenwaspresentatthecell
membranetogetherwithNKA.Inbase-secretingcells, glycogen
waspresentinthecytoplasmandtranslocatedtothecellmembrane
togetherwithVHA duringacute (30min) extracellularalkalosis.
Furthermore,bothVHA andglycogentranslocationwasblockedby
thesAC-selectiveinhibitor KH7. Theseresultshighlightglycogen
asanenergysourceinacid-andbase-secretingcells,andreveal
anovelmechanismtoprovide metabolic fuel to VHA involving
rapidglycogentranslocationwithincells. Fundedby APS Porter
Fellowshipto]NRandNSFI0S#1354181toMT.

A5.8 THE PHYSIOLOGY OF THE
TAMBAQUI (COLOSSOMA MACROPOMUM)
AT PH 8.0

™ MONDAY 3 JULY, 2017 ® 14:55

& CHRIS MWOOD (UNIVERSITY OF BRITISH COLUMBIA,
CANADA), RICK GONZALEZ (UNIVERSITY OF SAN DIEGO,
UNITED STATES), ADALBERTO L VAL (INPA (AMAZON RESEARCH
INSTITUTE), BRAZIL)

@ wooDCM@ZOOLOGY.UBC.CA

The tambaqui is a model neotropical teleost which is of great
economic and cultural importance in artisanal fisheries and
commercial aquaculture. It thrives in ion-poor, often acidic
Amazonianwatersandexhibitsexcellentregulation of physiology
downtowaterpH4.0.Curiouslyhowever,itisreportedtoperform
poorlyinaquacultureatpH8.0,anonlyslightlyalkalinepHwhich
wouldbebenignformostfreshwaterfish.Ininitialexperiments, we
foundthatammoniaexcretionwasunchangedatpH’s4,5,6,and7,
butelevatedafter24hatpH8, exactlyoppositethepatternseenin
mostteleosts. Subsequentexperimentsdemonstratedthatonly
ammonia,andnotureaexcretionwasincreasedatpH8.0,andthat
theelevationwasproportionaltoageneralincreaseinMO,. There
wasanaccompanyingelevationinnetacidicequivalentexcretion
and/or basic equivalent uptake which occurred mainly at the
gills.NetNa*balancewaslittleaffected while Cl-balancebecame
negative,implicatingadisturbanceof CI- vsbaseexchangerather
thanNa* vsacidexchange. ArterialbloodpHincreased, reflecting
combined metabolic and respiratory alkaloses. We conclude
thataphysiologydesignedtofunctionwellatacidicpHperforms
inappropriatelyatmoderatelyalkalinepH.(FAPEAM, CNPq, Science
withoutBorders,INCT-ADAPTA,NSERCDiscovery).
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A5.9 THE DEVELOPMENT AND
PLASTICITY OF TWO KEY MECHANISMS IN
ACID EXCRETION IN A MARINE TELEOST

™ MONDAY 3 JULY, 2017 ©® 15:10

@ JOSHUA K LONTHAIR (THE UNIVERSITY OF TEXAS AT AUSTIN,
UNITED STATES), ANDREW J ESBAUGH (THE UNIVERSITY OF
TEXAS AT AUSTIN, UNITED STATES)

@ JLONTHAIR@UTEXAS.EDU

Theprominentmechanismsforapical H* excretionfollowingan
acid-basedisturbancearetheNa*/H*+ antiporters (NHEs)andthe
vacuolar-typeH* ATPase(VHA); however,thedegreetowhich
eachoftheseprocessesisutilisedinmarineteleostsisambiguous.
Similarly, thereislittleinformationaboutthedevelopmentand
plasticityof thesesystemsinearlylifestagemarineteleosts. This
studyattemptstodiscerntheontogenyandplasticity of theacid-
baseregulatorymechanisminreddrum (Sciaenopsocellatus). Here,
wepresentinformationonVHA,NHE2,andNHE3 attimepoints
throughout development and after exposure to elevated pCO..
We found that VHA expression was significantly upregulated
asearlylifedevelopmentprogressed, whilenodifferenceswere
foundforNHE2andNHES3. Significantup-regulationof NHE2was
observedin36hourpostfertilisationlarvaerearedat5000patm;
however,noeffectswereobservedonNHE2or VHA atany time
pointorpCO;.Confocalmicroscopy verifiedthepresence ofepithelial
ionocytesat36hourspostfertilisation,butfoundnosignificant
reductioninionocytedensityasdevelopmentprogressed,although
adecreasingtrendwasobserved. MolecularsupportforNHEand
VHA apical H* excretion willbe phenotypically anchored using
directmeasurementviathescanningionelectrodetechniqueand
transporter specific inhibitors. Broadly, determining whether
marinespeciesexhibitphenotypicplasticity ofapical H+excretion
mechanismsfollowinganacid-basedisturbancecanhelppredict
themagnitudeoftheimpactsofoceanacidification.

A5.15 ROLE OF PH REGULATION
IN CORAL CALCIFICATION

™ MONDAY 3 JULY, 2017 ©® 16:10

@& SYLVIE TAMBUTTE (CENTRE SCIENTIFIQUE DE MONACO, MONACO)

@ STAMBUTTE@CENTRESCIENTIFIQUE.MC

Precipitationofcalciumcarbonatedependsonphysico-chemical
parameters,notablytheconcentrationofcarbonate (COs%)inthe
solutioninwhichthereactionoccurs.pHdeterminestheequilibrium
betweendissolvedin organicspecies (DIC)includingcarbonate,
andis thus considered to be a key parameterin calcification. In
biologicalsystems, measurementsofpHatthesitesofcalcification
arefrequentlyincludedinmechanisticstudies.Incorals, thesite of
calcification, (referredtoastheextracellularcalcifyingmedium
(ECM)),isnotdirectlyincontactwithseawaterbutattheinterface
betweentissuesandskeleton. Untilrecently, mostofthedataon
pH were not directly obtained from measurementsin the ECM
butderivedfromindirectapproaches. Thesestudieshaveshown
thatpHintheECMisregulated above seawaterpHandthatthis
up-regulationisoneoftheparametersthatexplaintheresistance/
sensitivityof speciestooceanacidification. Usingwork performedin
mylaboratory,Iwillillustratehowinvivomeasurementsonthefirst
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stagesofcalcificationhaveallowedustoobtaindirectinformation
onpHintheECM,andalsointhecalcifyingcells.Iwillshowthat
underdifferentenvironmentalconditions,pHregulationinthe
ECMisakeyparameterdrivingcoralcalcification,butthatother
parameterssuchasconcentrationof DICandkineticsofreactions
betweenDICspeciesarealsoimportantforthecalcificationprocess.
Ourmolecularandphysiologicaldatasuggestthatcalcium ATPases
togetherwithbicarbonatetransportersandcarbonicanhydrases
arepartofthetoolkitusedbycoralstocalcify.

A5.16 CORAL CELL PHYSIOLOGY:

DISCOVERING NOVEL MECHANISMS
IN THE LABORATORY AND TESTING
THEIR RELEVANCE IN THE FIELD

™ MONDAY 3 JULY, 2017 ©® 16:40

& MARTIN TRESGUERRES (SCRIPPS INSTITUTION OF
OCEANOGRAPHY, UNITED STATES), MIKAYLA ORTEGA (SCRIPPS
INSTITUTION OF OCEANOGRAPHY, UNITED STATES), ANGUS
THIES (SCRIPPS INSTITUTION OF OCEANOGRAPHY, UNITED
STATES), MEGAN E BARRON (SCRIPPS INSTITUTION OF
OCEANOGRAPHY, UNITED STATES), DAVEY I KLINE (SCRIPPS
INSTITUTION OF OCEANOGRAPHY - SMITHSONIAN TRI,
UNITED STATES)

©@ MTRESGUERRES@UCSD.EDU

Reef-building corals provide the structure for some of the most

biodiverse ecosystems on earth. There is increasing concern

aboutpotentialnegativeeffectsofenvironmentalstressoncoral;

however, thelackofinformationaboutcoral’sessentialphysiological

processespreventsunderstandingandpredictingtheextentofthose

effectsbasedonmechanisticmodels. Wehave developedand/or
validated antibodies against several coral proteins potentially
involvedincalcificationand photosynthesis,includingNa*/K* -
ATPase,V-H"-ATPase,Na*/Ca% -exchangers,Rh-channels,Na*/
Hr-exchangers,plasmamembrane Ca? -ATPase, solubleadenylyl

cyclase, and slc4-HCOs. -transporters. Immunolocalization

of laboratory-reared Acropora yongei, Stylophora pistillata,
and Pocillopora damicornis revealed common and coral clade-
specific cellularlocalizations of those proteins, supporting the

existencemultiplemechanismsforiontransportforcalcification

and photosynthesis. To investigate the physiological roles of
those proteins and theirrelevance in coral reefs, we conducted

acombinationoffieldand experimentalaquariumexperiments

inBocasdel Toro (Panama) with wild Orbicella franski, Porites

porites and Acropora cervicornis. Preliminary results suggest
thatenvironmental conditionssuchaslight,pH/CO,,and organic

nutrient levels can have a significant effect on the abundance

and localization of ion-transporting proteins. These results

revealthepresenceofcoralspecies-specificcellularmechanisms

that might result in differential sensitivity to environmental

stress, and highlight the importance of understanding basic

coralcellphysiologyinmultiple coral speciesandunderdiverse

environmentalconditions. Fundedby NSFEF#1220641toMT,and

NSFOCE#1538495toDIKand MT.
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A5.17 BICARBONATE TRANSPORT
REGULATES INTRACELLULAR pH
CRITICAL FOR BIOMINERALIZATION
IN THE SEA URCHIN LARVA

™ MONDAY 3 JULY, 2017 ® 16:55
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A5.18 ELEVATED EXTRACELLULAR
PH FACILITATES EARLY SHELL
FORMATION UNDER OCEAN
ACIDIFICATION IN MUSSEL LARVAE

™ MONDAY 3 JULY, 2017 ©® 17:10

@ MARIAN Y HU (INSTITUTE OF PHYSIOLOGY UNIVERSITY
OF KIEL, GERMANY)

©@ M.HU@PHYSIOLOGIE.UNI-KIEL.DE

EfficientpHregulationisafundamentalrequisite ofallcalcifying
systems in animals and plants. Protons generated during
biomineralization need to be buffered and excreted to promote
further precipitation of CaCOs. The calcite endoskeleton of the
seaurchinlarvaisformedthroughintracellularprecipitation of
amorphousCaCOswithinvesiclesoftheprimarymesenchymecells
(PMCs).Todate,littleisknownaboutpHregulatorymechanisms
of PMCs and their role in calcification. Here, we demonstrate
theimportanceofaSLC4familytransporterintheaquisitionof
HCO;3 ,andintracellularpH (pH;)regulationof PMCs. Amongthe
four SLC4 family HCOs transporter genes foundin the genome
of Strongylocentrotus purpuratus, SpSlc4al0 is predominantly
expressedinPMCsandhighestmRNAlevelsweredetectedduring
denovoformationofthelarvalskeleton. Morphantslackingthis
HCO; transporterarecharacterizedby decreased PMC pH; and
impairedabilitytocompensateanintracellularacidosis. Theseacid-
baseregulatorydefectsareaccompaniedbydecreasedcalcification
andspiculedeformations. Pharmacological studiesunderlinethis
observationanddemonstrate DIDS sensitivepH;regulationin PMCs.
ReductionsinseawaterpH,resemblingoceanacidificationscenarios,
ledtoanincreasein SpSlc4alOexpression. This workidentified
andcharacterizedaHCOs transportmechanismcritical forpHi
homeostasisofthecalcifyingPMCsintheseaurchinembryo.Since
pHregulationisfundamentallylinkedtothebiological precipitation
of CaCOs,abetterunderstandingregardingacid-baseregulatory
mechanismsincalcifyingsystemswillberequiredtobroadenour
understandingregardingbiomineralizationstrategiesinanimals.

& KIRTI RAMESH (GEOMAR HELMHOLTZ CENTRE FOR OCEAN
RESEARCH, GERMANY), MARIAN Y HU (INSTITUTE OF
PHYSIOLOGY CHRISTIAN-ALBRECHTS-UNIVERSITY KIEL,
GERMANY), JORN THOMSEN (GEOMAR HELMHOLTZ CENTRE FOR
OCEAN RESEARCH, GERMANY), MARKUS BLEICH (INSTITUTE
OF PHYSIOLOGY CHRISTIAN-ALBRECHTS-UNIVERSITY KIEL,
GERMANY), FRANK MELZNER (GEOMAR HELMHOLTZ CENTRE FOR
OCEAN RESEARCH, GERMANY)

© KRAMESHe@GEOMAR.DE

Marine calcifiers are amongst the most vulnerable organisms to
environmentalstressduringtheirearlylifehistorystages. However,
limitedstudiesinvestigatedthemechanismsunderlyingtheirearly
calcification processes and impaired performance under stress
suchasoceanacidification. Workingwithlarvalstagesoftheblue
mussel, Mytilusedulis,weusedminiaturemicrosensorstostudypH,
carbonateandcalciumconcentrationsatthesiteof mineralization,
forthefirsttime.Using48hourpostfertilizationD-veligerstages,
weshowthatmussellarvaecanincreasepHand[CO3%]beneaththe
growingshell,leadingtoa~1.5-foldelevationincalciumcarbonate
saturationstate (Qa.rg) Whichtranslatesintoa?2.7 foldincreasein
carbonateprecipitationrate. Larvaeexposedtooceanacidification
exhibitacontinuousdropinpHand[COs?]attheextracellularsite
ofcalcification, whichcorrelateswithdecreasedshellgrowth,and,
eventually,shelldissolutionatpCO,>2000patm. Ourfindingshelp
explainwhy calcifyingbivalvelarvaecanformshellsundermoderate
acidification scenarios and provide a direct link between ocean
carbonatechemistryandlarvalcalcificationrateforthefirsttime.
Theprimarymechanismsofiontransportcontributingtoelevated
pHand[COz*]duringcalcificationhavebeeninvestigatedinRNAseq
analysesallowingustodevelopamodeloftheionregulatorynetwork
thatfacilitatesbiomineralisationintheseorganisms.
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A5.19 EXTREME EXTRACELLULAR
AMMONIUM ACCUMULATION IN

TROPICAL DIAPAUSING COPEPODS:
TRANSCRIPTOMIC AND METABOLOMIC
INSIGHTS INTO TOLERANCE MECHANISMS

™ THURSDAY 6 JULY, 2017 ©® 09:00

@ FRANK MELZNER (GEOMAR, GERMANY), RAINER KIKO
(GEOMAR, GERMANY), ANNA SCHUKAT (GEOMAR, GERMANY),
FRANZ - JOSEF SARTORIS (GEOMAR, GERMANY), HOLGER
AUEL (UNIVERSITY OF BREMEN, GERMANY), LARS KRAEMER
(ICMB KIEL, GERMANY), PHILIP ROSENSTIEL (ICMB KIEL,
GERMANY), GEORG POHNERT (UNIVERSITY OF JENA, GERMANY)

@ FMELZNER@GEOMAR.DE

Surprisingly little is known about physiological processes
underlyingmajorlifecycletransitionsinkeyzooplanktonspecies
such as copepods. Larval stages of the tropical marine copepod
(Calanoidescarinatus) candescendintodeeper, colderand hypoxic
layerswhenenvironmental conditionsarenotoptimalatthesurface
andenterdiapause. Duringdiapause, metabolicratesarereduced
by 80-90%, thus enablinganimalstosurvivelongperiodsfrom
endogenousreserves. Anotheradaptivemechanismaidinginenergy
conservationistheaccumulation ofextremelevelsofammonium
inextracellularfluids: studyingC. carinatusfromthe Namibian
upwellingsystem, wedetectammonium >100mM, mostlikelyin
ordertomaintainneutralbuoyancy. Weusedtranscriptomicand
metabolomicapproachestocomparediapausingvs.non-diapausing

copepodstolearnmoreaboutammoniumtolerancemechanisms.

Wedevelopedanovelinstrumenttofixcopepodsin500mdepth
directlyaftercapturewithaplanktonnettoobtainhighquality
transcriptomes. WhiletotalandmRNAlevelsweregreatlyreduced
duringdiapause,asuiteofca.300geneswasstronglyupregulated
during diapause, among them genes involved in ammonium
detoxification, theureacycleandammoniaandiontransport. We
alsodetected strongupregulationofhemerythrin-like sequences
during diapause. Metabolomic analysis revealed that a key
mechanismistheaccumulationofhighamountsof TMAOduring
diapause.However, contrarytoexpectations, concentrations of
glutamateandglutaminewereextremelylow.Insummary, wecan
provideafirstcomprehensive assessmentofdiapause physiology
thatshedssomelightonhowtosurviveammoniumconcentrations
novertebratewouldtolerate.

ANIMAL ABSTRACTS 162

A5.20 RELATIONSHIP BETWEEN
OXIDATIVE STRESS, AMMONIA
TOLERANCE AND BRAIN SWELLING IN
THE GOLDFISH (CARASSIUS AURATUS)

™ THURSDAY 6 JULY, 2017 ©® 09:30

@ MICHAEL P WILKIE (WILFRID LAURIER UNIVERSITY, CANADA),
DAVID LISSER (WILFRID LAURIER UNIVERSITY, CANADA),
PHILIP PHAM-HO (WILFRID LAURIER UNIVERSITY, CANADA),
ERIK DAROCZI (WILFRID LAURIER UNIVERSITY, CANADA),
OANA BIRCEANU (WILFRID LAURIER UNIVERSITY, CANADA)

@ MWILKIE@WLU.CA

Thegoldfishreadily withstandsprolongedanoxiaandexposure
tohighenvironmentalammonia (HEA).Inmammalssuchinsults
canleadtopotentiallyfatalbrainswelling. Inmammalsandfishes,
theunderlyingmechanismsofbrainswellingareunresolved, but
oxidativestressisknowntobeinvolvedininitiatingpost-anoxic-or
ammonia-inducedbraindamage. Todetermineifbrainswellingwas
relatedtooxidativestress, goldfishwereacutelyexposedtoHEA
(5 mmol L' NH, Cl) at two different acclimation temperatures
(14°C, 4°C). At 14°C, exposure to HEA for 72 h resulted in a
20% increase in brain water volume, which was indicative of
brain swelling. In addition, internal ammonia and glutamine
concentrationsweremarkedlyelevatedinthebrainandliver,and
therewasevidenceof oxidativedamageinbothtissues. However,
thebrain wasmore sensitive tooxidative stress,inwhichthere
wasa?2-foldincreaseinthiobarbituric-acidreactive substances
anda3-foldincreaseinproteincarbonylation. Greateractivities
ofcatalase, glutathioneperoxidase,and glutathionereductasein
thebrainsuggestedthatantioxidantcapacitywasupregulatedto
partiallyoffsetoxidativestressduringhyperammonemiaat 14°C.
Incontrast,acclimationtocolder (4°C) watercompletely attenuated
theoxidativestressresponsetoHEAinbothliverandbrain,and
therewasnochangeinbrainwatervolume, despitesimilarincreases
ininternalammoniaandglutamine. Thesefindingssuggestthat
ammonia-induced oxidativestressinitiatestheswellingofgoldfish
brainduringHEA, andthattheirhighantioxidantcapacityprevents
additionaldamage.

A5.21 IS AMMONIA EXCRETION
AFFECTED BY GILL VENTILATION IN
RAINBOW TROUT ONCORHYNCHUS MYKISS?

™ THURSDAY 6 JULY, 2017 ©® 09:45

& JUNHO EOM (UNIVERSITY OF BRITISH COLUMBIA,
CANADA), CHRISTOPHER M WOOD (UNIVERSITY OF
BRITISH COLUMBIA, CANADA)

© JUNE@ZOOLOGY.UBC.CA

Sinceammoniaistoxictofish,excretionofammoniathroughthe
gillsoccursataboutthesamerateasitsproduction,butthebranchial
transportmechanismshavelongbeencontroversial. Ammonia
movementhasbeenexplainedby simplediffusionof NHzalongPyus
gradientsand/orbyNH," diffusionand/orNa*/NH,4" exchangealong
electrochemicalgradients,suchthatchangesinventilatorywater
flowwouldnot affectammonia effluxacrossthe gills. However,
elevated plasma ammonia directly stimulates fish ventilation,
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whichraisesthequestion. Why dofishshowammonia-induced
hyperventilation? Thediffusion-limitationargumentwasmade
beforethediscoveryofrhesus(Rh)glycoproteinswhichserveas
ammoniaexcretion channels, greatlyincreasing gillammonia
permeability. Therefore,wehypothesizedthatammonia-induced
hyperventilationisusedforfacilitatingammoniaexcretionunder
circumstancesofammonialoading (e.g.feedingorexercise) when
branchial ammonia permeability is increased by upregulated
Rhproteinsinfishgills.Inordertotest ourhypothesis, weused
variationsinenvironmental O;levelstomanipulate ventilation
in trout studied under control or ammonia-loaded conditions?
i.e.hyperventilationinmoderate hypoxiaorhypoventilationin
moderatehyperoxia.Resultsindicatethatundercontrol conditions,
ammoniaexcretionwasinsensitivetochangesinventilation, but
afterthefishwereammonialoadedby NH,HCOsinfusionfor30+h,
increases in ventilation in ammonia-loaded fish elevated the
ammoniaexcretionrate, whiledecreasesinventilationreduced
theammoniaexcretionrate,inaccordwithourhypothesis. Further
researchonthemechanismsofammoniaexcretion,andthepossibly
involvementofRhproteins,isrequired (NSERCDiscovery).

A5.22 THE EFFECTS OF RHCGB
KNOCKOUT ON NA+ UPTAKE BY LARVAL
ZEBRAFISH (DANIO RERIQ)

™ THURSDAY 6 JULY, 2017 ©® 10:00

@& ALEX M ZIMMER (UNIVERSITY OF OTTAWA, CANADA),
RAYMOND W M KWONG (YORK UNIVERSITY, CANADA),
STEVE F PERRY (UNIVERSITY OF OTTAWA, CANADA)

@ AZIMMERGUOTTAWA.CA

ThemechanismsofNa* uptakebylarvalzebrafishhavebeenwell-
characterized, withmanystudiesdemonstratinganimportantrole
forNa*/H*-exchanger3b(NHE3Db).IntegraltoNHE3bfunctionin
lowNa*, freshwaterenvironmentsisthepresenceofthe Rhesus
glycoprotein Rhegb (formerly Rhegl), an ammonia channel
protein.Inasimplified view, theeffluxofammoniadownitspartial
pressure/electrochemical gradient is believed to facilitate the
influxofNa*againstitsconcentrationgradient.Inpreviouswork,
morpholinoknockdownofRhcgbledtoareductioninNa* uptake
by4dayspost-fertilization (dpf) zebrafishrearedinlowpH orlow
Na*; NHE3bfunctionwaslikelythermodynamicallylimitedinthe
absenceofRhcgbfacilitation. Toelaborateonthesefindings,an
rhcgbknockoutline of zebrafishwasdevelopedusingtheclustered
regularlyinterspacedpalindromicrepeats (CRISPR)/Cas9nuclease
system(1base-pairinsertioninexon1). Wild-typeandrhcgbmutant
larvaewererearedinnormal (pH8;800pmol/1Na*),lowpH (pH4;
800pmol/INa*),andlow Na+(pH8;50pumol/INa*) conditions.Based
onknockdownstudies, wehypothesizedthat rhcgbmutants would
havelowerNa*uptakeratesthanwild-typelarvaeat4dpfunder
lowpHandlowNa*conditions. However, rhcgbmutantlarvaehad
higherNa*uptakeratesthanwild-typesinnormalconditionsand
hadsimilaruptakeratestowild-typesinlowpHandlowNa*. These
preliminaryresultshighlightthepotentialdifferencesbetween
knockdownandknockoutapproachesandmayreflectcompensatory
changesinrhcgbknockoutnotobservedinresponsetoknockdown.
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A5.23 PROLACTIN IS A REGULATOR
CONTROLLING ACID SECRETION
FUNCTION IN ZEBRAFISH

™ THURSDAY 6 JULY, 2017 ® 10:15

@ PUNG-PUNG HWANG (INSTITUTE OF CELLULAR AND
ORGANISMIC BIOLOGY ACADEMIA SINICA, TAIWAN),
YING-JEY GUH (INSTITUTE OF CELLULAR AND ORGANISMIC
BIOLOGY ACADEMIA SINICA, TAIWAN)

© PPHWANG@GATE.SINICA.EDU.TW

Aquaticacidification causedbyindustrial pollutionandclimate
change has threatened the survival of aquatic animals. To
understand the primarylink between environmental changes
andphysiologicalresponses,theroleof neuroendocrinesystemin
acid-baseregulationunderpHdisturbanceinfishisanimportant
issue.Zebrafishhasbeenanemergingmodelfortheresearcheson
fishionicandacid-baseregulation. Agroupofionocyteswithspecific
iontransporterswasidentifiedasthemajorcellsresponsibleacid
secretionfunctioninzebrafish,andisotocin, cortisol,stanniocalcin,
andestrogen-relatedreceptorweredemonstratedtheiractionson
zebrafishbodyfluidacid-basehomeostasis. Recently, wefurther
identified prolactin (PRL) as another regulator involved in the
control of acid secretion function in zebrafish. While only the
expressionof PRLreceptora (PRLRa)wasstimulatedbyacidified
water (pH4)inadultgills,expressionsofbothPRLRaand-bwere
significantlyincreasedinpH4-treated zebrafishembryos.Loss of
functionexperimentsshowedthatkonckdown ofeitherreceptor
severelyimpairedacidsecretionfunctioninzebrafishembryonic
skinwhereacid-secretingionocytesaredeveloped. Loss-of-function
of either receptor decreased the cell density of acid-secreting
ionocyteswithconcomitantsuppressionintheexpressionofthe
relatediontransporters,suggestingthat PRLparticipatesinacid-
baseregulationthroughmodulatingthedifferentiationofionocytes.
Theexpressionof FOXI3aand GCM2, 2transcriptionfactorscontrol
ionocytesdifferentiation, wasdifferentially affectedbyknockdown
of PRLRaand-b,implyingthe 2receptors may mediate distinct
pathwaysofionocytesdifferentiation.
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A5.24 COMPENSATION FOR OCEAN
ACIDIFICATION RELEVANT CO,
EXPOSURE CAUSES BROAD DOWNSTREAM
CONSEQUENCES IN MARINE FISH

™ THURSDAY 6 JULY, 2017 ® 10:55
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A5.25 RESPONSIVENESS OF
ACID-BASE REGULATORS AND
EPIGENETIC REGULATION IN TELEOST
UNDER SEAWATER ACIDIFICATION

™ THURSDAY 6 JULY, 2017 ® 11:10

@ RACHAEL M HEUER (UNIVERSITY OF MIAMI-RSMAS, UNITED
STATES), MEGAN J WELCH (ARC CENTRE OF EXCELLENCE FOR
CORAL REEF STUDIES, JAMES COOK UNIVERSITY, AUSTRALIA),
JODIE L RUMMER (ARC CENTRE OF EXCELLENCE FOR CORAL REEF
STUDIES, JAMES COOK UNIVERSITY, AUSTRALIA), PHILIP
L MUNDAY (ARC CENTRE OF EXCELLENCE FOR CORAL REEF
STUDIES, JAMES COOK UNIVERSITY, AUSTRALIA), MARTIN
GROSELL (UNIVERSITY OF MIAMI-RSMAS, UNITED STATES)

@ PRHEUER@RSMAS.MIAMI.EDU

Marine fish arerenowned for their ability to cope with ambient
elevated CO,andreadily surviveexposures5-25timeshigherthan

what is predicted under near-future climate change scenarios.

Decades of foundational research has revealed that nearly all
fishrecoverinternalpHhomeostasisbyelevatingHCOs during
CO;-inducedacidosis. While effectively protectingpH, itisnow
believedthatsustainedelevationofpCO,andHCO3; mayleadtoa
varietyof secondarysub-lethalimpairments. Underthisunifying
hypothesis, wesetouttoexaminedownstreamconsequencesof
CO;compensationintwodifferent,butimportantphysiological
responses in marine fish: osmoregulation and neurosensory/
behaviour. Thegulftoadfish (Opsanusbeta)wasusedinthefirst
set of experiments to assess the impacts of 1900 patm CO; on
intestinaltransportphysiologyusingintact-animalandisolated
tissueusingchambertechniques.CO;exposurestimulated HCO3
lossthrough osmoregulatorypathwaysintheintestinethatwas
counterproductivetowhole-animalacid-basebalance,incurring
atissue metabolic cost that would increase baseline metabolic
demand. In the second experiment, avoidance behaviour and
brain/plasmaionchemistrywasmeasuredduring1900patm CO,

exposureinthespinydamselfish (Acanthochromispolyacanthus).

Damselfish exposed to CO; exhibited significant behavioural
disruptions and evidence of CO, compensationinthebrainand
the plasma. These results support the intriguing hypothesis
that CO, compensation alters ion gradients across neuronal
membranes, causingbehavioraldisruptions. Together, thiswork
demonstrates broad downstream impairments following CO,
exposure, suggesting CO, compensationprotectspHbutmaycome

atphysiological costs/tradeoffsthatimpactfitnessinfutureoceans.

& TZU-YEN LIU (INSTITUTE OF LIFE SCIENCE NATIONAL
TAIWAN NORMAL UNIVERSITY, TAIWAN), PEI-CHEN HWANG
(MARINE RESEARCH STATION INSTITUTE OF CELLULAR AND
ORGANISMIC BIOLOGY ACADEMIA SINICA, TAIWAN), YI-LING
CHOU (INSTITUTE OF CELLULAR AND ORGANISMIC BIOLOGY
ACADEMIA SINICA, TAIWAN), GUAN-CHUNG WU (DEPARTMENT
OF AQUACULTURE NATIONAL TAIWAN OCEAN UNIVERSITY,
TAIWAN), YUNG-CHE TSENG (MARINE RESEARCH STATION
INSTITUTE OF CELLULAR AND ORGANISMIC BIOLOGY ACADEMIA
SINICA, TAIWAN)

@ RW6526@GMAIL.COM

CO; -induced seawater acidification has been recognized
as an emerging abiotic stressor, potentially affecting
ecosystems? Biodiversity, concordance and functions.
Studies regarding the effects of acidification on marine
organisms have been primarily conducted in several species;
nevertheless, long-term transgenerational consequences
regarding seawater acidification is still an unclear issue.

In this study, we applied marine India medaka (Oryzias
melastigma) into CO; -induced acidic challenges. Growth
retardationinthismarinespeciesisnotassignificantasprevious
foundineuryhaline Japanesemedaka (Oryziaslatipes). Moreover,
transcripts levels of anion exchanger la (AEla), Na*/HCOj5
cotransportera(NBCa)andNa*/H*-exchanger2 (NHE2) wereup-
regulatedinlarvaeaswellasinadultgills/intestineunderacidic
perturbation. And themethylationlevelin AElapromoter was
significantlyincreasedin parental ovary of CO; -treated group.
However,ononehand, methylationlevelsofthosepromotersin
theCO;-treated F1offspringwerenotchanged.Ontheotherhands,
transcriptslevelsofacid-baseregulatorsandthe H* secretionability
werekeptonupregulatedin CO,-treatedF1offspring.Basedonabove
results,weinferredthattheparentmaypassthegeneticmessages
from the primary generation with epigenetic modifications;
therefore, theirprogenymightbe endowed withpossible capacities
tocopewith CO;-inducedperturbations.Inaddition,AE1la,NBCa
and NHE2 can effectively maintain intact homeostasis and be
used as markers of epigenetic memory for teleosts to cope with
seawateracidification.
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A5.26 OSMOREGULATION AND ACID-
BASE BALANCE IN TWO SPECIES

OF MARINE CRABS IN RESPONSE TO
ELEVATED CO, AND REDUCED SALINITY

™ THURSDAY 6 JULY, 2017 ©® 11:25

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

@ N.M.WHITELEY@BANGOR.AC.UK

Marinecrustaceansareunusualamongstmarineinvertebratesby
showingavarietyofresponsestosalinitychange;fromindependent
regulationofbodyfluidosmolaritytoconformity. Osmoregulators
tend to be good iono regulators, and are also less vulnerable to
elevatedpCO;levelsbecauseoftheircapacitytocompensateforacid-
basedisturbances (pH/PCO,/HCO;5 ) viamechanismsinthegills
responsibleforbothacid-baseandionhomeostasis. Little,however,
isknownaboutthecombined effects ofreducedsalinityand CO,-
inducedacidificationonacid-basebalance,althoughearlystudies
indicateadominanceofionregulationoveracid-baseadjustments. To
furtherinvestigatethislink, weexaminedacid-baseresponsesofthe
estuarinecrab, Carcinusmaenas,andthesubtidalediblecrab, Cancer
pagurus,exposedtodifferentlevelsof pCO; (ambient/1,000patm)and
salinity(S,25/33) foruptooneyear.Intheosmoregulatingspecies,
C.maenas,haemolymphacid-basebalancewasunaffectedbypCO.
or salinity. Haemolymph osmolality remained unchanged in
crabs held at S33, but fell before recovering in crabs held at S25.
Na*/H* ATPase(NKA)activityincreasedintheposteriorgillsat
S25,accompaniedbyanincreaseingeneexpressionforcytosolic
and membrane bound carbonic anhydrase, and NKA. In the
osmoconforming species, C. pagurus, acid-base balance was
influenced by both pCO; and salinity. Haemolymph osmolality
declinedatS25andremainedlow,andbranchial NKA activitiesand
geneexpressionforbothformsofcarbonicanhydrasewereunaffected.
Differencesinresponse, especially thereliance onion exchange
mechanisms, willbediscussedintermsofsurvivalprospects.
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A5.27 ENERGETIC COST OF
INTESTINAL ION TRANSPORT
PATHWAYS IN MARINE TELEOSTS

™ THURSDAY 6 JULY, 2017 ® 13:50

& MARTIN GROSELL (RSMAS UNIVERSITY OF MIAMI,
UNITED STATES)

@ MGROSELL@RSMAS.MIAMI.EDU

Anumberofstudieshaveattemptedtodeterminethemetaboliccost
ofosmoregulationinteleostfishbymeasuringstandardorresting
metabolicrateswiththeanticipationthatmetabolicdemandswould
belowestatisosmoticsalinities. However,thereisnoconsensus
amongthesestudiesandestimatesof osmoregulatory costsbased
onwhole animal metabolicratesrange froma 2-30% of resting
metabolic rates. Both interspecies differences and difficulties
indeterminingtruestandard metabolicratesnotinfluencedby
spontaneous activity/anxiety/stress contributes to thelack of
consensusinfield.Isolated osmoregulatory tissueshaverarely
beenemployedeventhoughtheyavoid problemsoforganismal
responses. The few studiesusingisolated tissues have focused
onthegillsand estimate costin the range of 2-4%, arange that
matchestheoretical considerations. Suchlowmetabolicdemands
arechallengingtocapturebymeasurementsofintactanimals. To
date,nostudieshaveattemptedtoquantifythemetabolicdemand
ofosmoregulatoryprocessesbythemarineteleostintestinedespite
its central role in osmoregulation. Multiple parallel Cl- uptake
pathwayswith different energetic efficiency are presentinthe
marineteleostintestinalepitheliumandsuggestsosmoregulatory
metabolicdemandscomparabletothatofthegilltissue. Theleast
expensive Cl'uptakepathwayisviaNKCC2consuming0.17 ATP/
Cl' whileanionexchangeviaSLC26a6isconsuming>1ATP/Cl yet,
marineteleostfishemploythe SLC26a6pathway extensively. The
theoreticalintestinalcontributiontomarineteleostosmoregulation
andtheseeminglyenergeticallyexpensivestrategy of employing
anionexchangewillbediscussed.
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A5.28 METABOLIC COSTS OF
OSMOREGULATION USING ISOLATED
TISSUE RESPIROMETRY IN THE GULF
TOADFISH (OPSANUS BETA)

™ THURSDAY 6 JULY, 2017 © 14:20

@& ALEXANDER G LITTLE (ROSENSTIEL SCHOOL OF MARINE
AND ATMOSPHERIC SCIENCE, CANADA), JOHN STIEGLITZ
(ROSENSTIEL SCHOOL OF MARINE AND ATMOSPHERIC SCIENCE,
UNITED STATES), MARTIN GROSELL (ROSENSTIEL SCHOOL OF
MARINE AND ATMOSPHERIC SCIENCE, UNITED STATES)

@ ALIT2851@UNI.SYDNEY.EDU.AU

Marine teleosts tolerate a wide range of salinities. At higher
salinities,osmoregulatorycontrolismaintainedbythedesalination
of ingested seawater in the esophagus, solute-coupled water
absorptionintheintestine,andexcretionofNa* and Cl atthegill.
Whilethecellularmechanismsthatdriveosmoregulationinthe
gastrointestinal tract are well-characterized, their metabolic
costshavebeendifficulttodetermineempirically. Thisisbecause
whole-animalrespirometrylacktheresolutionrequiredtoidentify
metabolicshiftsinsystemsthatultimatelyonlyaccountfor~2.5%
total body mass. However, the involvement of the Na*/K* - and
proton pumps, and their upregulation with salinity, suggests
theseosmoregulatoryprocessesareenergeticallyexpensive. We
thereforemeasured oxygenconsumptioninisolatedtissuesfrom
Gulftoadfish (Opsanusbeta)acclimatedto3differentsalinities:
9ppt(isosmotic), 33 ppt(seawater) and 60ppt (hypersaline). There
wasasignificantincreaseinoxygenconsumption(1.14pmolg*h?)
whenanteriorintestinal preparationsof 33 ppt-acclimatedfishwere
comparedwith9ppt-acclimatedfish (p<0.01). However,wefound
noevidencethatseawater-orhypersalinity-acclimationincreased
metabolicdemandsinisolatedesophagealpreparations. Comparing
metabolicdemandsassociatedwithosmoregulationinthegastro-
intestinaltractandestimatesofbranchialosmoregulatorycost
to whole animal metabolic rates reveal an overall metabolic
cost of osmoregulation of 7-8% of standard metabolic rate. By
determiningmetabolic costsassociatedwithosmoregulation, this
workisimportanttounderstandtradeoffsassociatedwithsalinity
acclimation (eg. digestiveefficiency),andmodelhow otherstressors
(eg.oceanacidificationandwarming) caninteracttounderminethe
acclimationresponse.
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A5.29 OSMOREGULATORY ROLE
OF THE GUT IN THE SEA LAMPREY
(PETROMYZON MARINUS)

™ THURSDAY 6 JULY, 2017 ©® 14:35

& ANDRE BARANY (UNIVERSITY OF CADIZ, SPAIN), CIARAN A
SHAUGHNESSY (UNIVERSITY OF MASSACHUSETTS, UNITED
STATES), JUAN M MANCERA (UNIVERSITY OF CADIZ, SPAIN),
JUAN FUENTES (UNIVERSITY OF ALGARVE, PORTUGAL),
STEPHEN D MCCORMICK (CONTE ANADROMOUS FISH RESEARCH
CENTER ONE MIGRATORY WAY USGS, UNITED STATES)

© ANDRE.BARANYRUIZ@ALUM.UCA.ES

Thepresentworkassessedosmoregulatorydifferencesfordifferent
intestinalregions(esophagus,anteriorintestine, posteriorintestine
and rectum) among ammocoetes (larvaes), transformants
(metamorphosingstages1to7)andfulltransformerssealamprey
(juveniles).Inaddition, freshwater(FW)-acclimated transformers
specimenswereacclimated for3weekstoseawater (SW, 35%o)and
severalosmoregulatoryparametersweremeasured: NKA activity,
drinkingwaterrates,intestinalwaterandchloridesabsorption,
expression of key ion-transporting proteins [Na*/K*-ATPase
(NKA), Na*/K*/2CI cotransporter (NKCC) and cystic fibrosis
transmembraneconductanceregulator (CFTR)].Intestinal NKA
activitywashigherinanteriorintestine comparedtoposterior. This
activityenhanceddramaticallyinmetamorphosisstages6andlater
foranteriorandposteriorintestine. However,nodifferencesinNKA
activityduringthattimewereobservedintheesophagus.Plasma
[CI'landmusclemoisture (%) of FW-werelowerthan SW-acclimated
juveniles at. Acclimation to SW significantly enhanced NKA
activityinposteriorintestinecomparedtoFWjuvenile. However,
NKAmRNA expressionlevelsshowedanegativecorrelationwith
salinity. ForNKCCand CFTRmRNA expressionlevelswefound
theirexpressionsignificantlyhigherinrectum, butinanycase
showed correlationwithsalinitychallenge.Drinkingrates were
ninefoldhigherinSWjuvenilesthaninFWammocoetesorjuveniles.
Moreover,theintestinalwaterabsorptioninanteriorintestinewas
similaramongFWand SWjuvenilesbutinboth groupsanterior
intestinehadsignificantly higherintestinalwaterabsorptionrates
comparedtoposterior.Inconclusionourresultsprovidenewinsights
intotheosmoregulatoryroleoftheintestinaltractinsealamprey
throughdevelopmentandsalinitychallenges.




ANNUAL MEETING GOTHENBURG 2017

A5.30 DO CHANGES IN GUT
MOTILITY REPRESENT AN
OSMOREGULATORY STRATEGY FOR
SALMONIDS MIGRATING TO SEA?

™ THURSDAY 6 JULY, 2017 ©® 14:50

& JEROEN BRIJS (UNIVERSITY OF GOTHENBURG, SWEDISH
UNIVERSITY OF AGRICULTURAL SCIENCES, SWEDEN), GRANT W
HENNIG (UNIVERSITY OF VERMONT, UNITED STATES), ALBIN
GRANS (SWEDISH UNIVERSITY OF AGRICULTURAL SCIENCES,
SWEDEN), ESMEE DEKENS (UTRECHT UNIVERSITY OF APPLIED
SCIENCES, NETHERLANDS), MICHAEL AXELSSON (UNIVERSITY
OF GOTHENBURG, SWEDEN), CATHARINA OLSSON (UNIVERSITY
OF GOTHENBURG, SWEDEN)

©@ JEROEN.BRIJS@BIOENV.GU.SE

Whenmovingfromfreshwatertoseawater,animmediateresponse
ofeuryhalineteleostsistostartdrinkingthesaltymedium,asthis
istheonlysourceof waterintheirnewdehydratingenvironment.
Tomaintainosmotichomeostasis,theimbibed seawatermustbe
desalinatedsothatintestinalionand waterabsorptioncanoccur.
Despitethepotentialbenefitsofincreasedmixingandtransportof
imbibed waterforincreasingtheefficiencyofabsorptiveprocesses,
theeffectof watersalinityonintestinalmotilityinteleostswas
unknown.Byqualitativelyandquantitatively describinginvivo
intestinal motility of euryhalinerainbow trout (Oncorhynchus
mykiss), this study demonstrates that in freshwater, the most
common motility pattern consisted of clusters of rhythmic,
posteriorly propagating contractions separated by periods of
quiescence. Thispatterncloselyresembledmammalianmigrating
motor complexes (MMCs). Following a transition to seawater,
imbibed seawater significantly distended the intestine, which
resultedinatwotothree-foldincreaseinthefrequency of MMCs,
as well as a substantial increase in ripple-type contractions.
Thesefindingsdemonstratethatintestinal contractileactivity
ofeuryhalineteleostsisdramaticallyincreaseduponexposureto
seawater,whichaidsinthemaintenanceof osmotichomeostasis
as increased drinking and mechanical perturbation of fluids
is necessary to optimize intestinal ion and water absorption.
Finally,thetemporalresponseofintestinalmotilityinrainbow
trouttransitioning fromfreshwatertoseawater coincided with
previouslydocumentedphysiologicalmodificationsassociatedwith
osmoregulationandmayprovidefurtherinsightontheunderlying
reasonsshapingthemigrationpatternsofsalmonids.
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A5.31 CARDIOVASCULAR
CONSEQUENCES OF OSMOREGULATION
IN FISH

™ THURSDAY 6 JULY, 2017 ©® 15:05

& ERIK SANDBLOM (UNIVERSITY OF GOTHENBURG, SWEDEN)

© ERIK.SANDBLOM@BIOENV.GU.SE

Seawater(SW)acclimationandadaptationinfishinvolvesdrinking
and gastrointestinal absorption of ions and water, along with
branchialandrenalexcretionofexcessionstomaintainosmotic
andionichomeostasis. Whilesuch processescanbeexpectedto
involvecardiovascularchanges, surprisinglylittleisknownabout
this.Thus,inaseriesofexperiments, weanalysedthehemodynamic
changesinrainbowtrout (Oncorhynchusmykiss)duringtransition
fromfreshwater (FW)toSW.FW acclimatedtroutexhibitedan
immediatedrinkingresponsewhenexposedto SW,whileblood flow
tothegastrointestinaltractgraduallyincreasedand doubled over
afourdayperiod. AfterSWacclimation (>6 wks.), gastrointestinal
blood flow and cardiac output were elevated by approximately
120%and 35%, respectively. Thiswasmediatedbyelevatedstroke
volumewhileheartratewasunchanged,andlikelyinvolvedregional
changes in vascular resistance. Further experiments showed
thatthe elevated SV was associated with compact myocardial
growthandincreasedcardiacfillingpressure,suggestingactive
reductionsinvenouscapacitancein SW. Troutin SW appearedto
havemaintainedscopeforincreasinggastrointestinalblood flow
aftergavagefeeding,butmoderatewarming(+6.5°C) compromised
SV indicating reduced myocardial contractility and thermal
toleranceof SWacclimatedtrout.Ourdatasuggestthatelevated
cardiacoutputandgastrointestinal perfusionarefundamentaland
integratedresponsesofeuryhalinefishesacclimatingtoSW. This
likely servesconvectionofabsorbed waterandionsforexcretionby
osmoregulatoryorgans,aswellastosupplyoxygenandnutrients
tothegut.
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A5.32 5-HYDROXYTRYPTAMINE
STIMULATES TRANSEPITHELIAL ION
TRANSPORT ACROSS THE GASTRIC
CAECUM OF MOSQUITO LARVAE:
EFFECTS OF REARING IN FRESH WATER
VERSUS BRACKISH WATER

™ THURSDAY 6 JULY, 2017 ©® 15:45

@& NATALIE M D’SILVA (MCMASTER UNIVERSITY, CANADA),
MICHAEL J O’DONNELL (MCMASTER UNIVERSITY, CANADA)

@ NATALIE.DSILVA@GMAIL.COM

LarvaeofAedesaegypti,theyellowfevervector,inhabitavariety
of aquatic habitats ranging from fresh water to brackish water.
Understandinglarvalphysiologyandhowtheyadapttodifferent
rearingsalinitiescanprovide thefoundation fordevelopment of
novellarvicides. Thisstudyfocusesonthelarvalgastriccaecum,
anorganthathaspreviously notbeen studied widely. We have
shownthattheregionalizationof VAandNKA,andtheir ATPase
activities,aredependentuponrearingsalinity. Wealsoprovidethe
firstmeasurementsofH*,K*,andNa* fluxesacrossthedistaland
proximalgastriccaecum,andhaveshownthattheydifferinthetwo
regionsconsistentwithpreviouslyreportedregionalizationofion
transporters. Thesefluxesdecreaseovertime,butwererestoredby
5-hydroxytryptamine (5-HT;1uM).Electrochemicalgradientsand
transepithelial potentialsforH*,Na* andK* arealsoalteredby5-HT.
Theinitialtransepithelialpotential of +29mV (lumen-positive)
decayedto+12mVwithin6-8minsandwasrestoredto+40mVby
5-HT.Thelumen-positive TEP andlowerpH of the caecallumen
contraststhelumen-negative TEPandhighlyalkalinepHofthe
adjacentanteriormidgut,indicatingthatthecaecumisfunctionally
distinct from the rest of the gut. Previous studies have shown
stimulationoftheanteriorandposteriormidgutiontransportof
freshwaterlarvaeby5-HT.Ourresultsshowthat5-HTisimportant
inthemaintenanceofiontransportacrossthegastriccaecumin
bothfreshwaterandbrackishwaterlarvae.

A5.33 EXERCISE, TEMPERATURE, AND
THE OSMORESPIRATORY COMPROMISE
IN THE DOGFISH SHARK SQUALUS
ACANTHIAS SUCKLEYI

™ THURSDAY 6 JULY, 2017 ©® 16:00

@& MARINA GIACOMIN (THE UNIVERSITY OF BRITISH COLUMBIA,
CANADA), PATRICIA SCHULTE (THE UNIVERSITY OF BRITISH
COLUMBIA, CANADA), CHRIS M WOOD (THE UNIVERSITY OF
BRITISH COLUMBIA, CANADA)

@ MAHHGIACOMIN@GMAIL.COM

Whenmetabolicdemandiselevated, fishupregulategillventilation
andperfusioninordertoincreaseoxygensupply. Thecharacteristics
ofthegillsthatmaximizegasexchange,suchaslargesurfacearea
andthindiffusiondistance,maybethesameasthosethatpromote
thediffusive exchange of solutes betweenblood and water. We
investigatedthepotential physiologicaltrade-offsatthegillsof
dogfishsharksafterexhaustiveexercise, whichelevatesmetabolic
oxygen demand. Oxygen consumption (MOy), gill ventilation
frequency and amplitude, in addition to ammonia, urea-N and
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diffusive waterfluxes (*H,O exchange)atthegillsweremeasured.
WhileMO; almostdoubledimmediately afterexercise, ventilation
rateandamplitude exhibitedonlymildincreases, suggestingthat
animalswereincreasingoxygenextractionefficiency. Ammonia
andurea-Nfluxeswereelevatedby2.2and 1.2fold,andreturned
topre-exerciselevelsaftertwohoursinrecovery, whilediffusive
waterfluxeswereunchangedafterexercise. Surprisingly,recovery
in hyperoxia (PO, = 310 Torr) did not seem to attenuate post-
exercisehyperventilation,ortheeffectsoftheosmorespiratory
compromiseintermsofammonia,urea-N,anddiffusivewaterfluxes.
Theseresultsarecomparedwithresponsesofthedogfishsharkto
elevatedtemperature,anotherstimulanttometabolicdemand. As
temperatureincreased, diffusivewaterfluxincreasedinparallelto
oxygenconsumption(MO,), whereasammoniaandurea-Nfluxes
appearedtobeindependentlyregulated. Again,hyperoxiadidnot
alleviatetheosmorespiratory compromise (NSERCDiscovery).

A5.34 ARE MEDITERRANEAN THREE-
SPINED STICKLEBACKS (GASTEROSTEUS
ACULEATUSL.) OF THE CAMARGUE
WETLANDS WITH CONTRASTED SALINITY
CONDITIONS MORPHOLOGICALLY AND
PHYSIOLOGICALLY DIFFERENT?

™ THURSDAY 6 JULY, 2017 ©® 16:15

& JEHAN-HERVE LIGNOT (UNIVERSITY OF MONTPELLIER,
FRANCE), KHALID H RIND (UNIVERSITY OF MONTPELLIER,
FRANCE), QUENTIN RODRIGUEZ-BARRUCG (UNIVERSITY OF
MONTPELLIER, FRANCE), DELPHINE NICOLAS (STATION
BIOLOGIQUE LA TOUR DU VALAT FRANCE, FRANCE)

@ JEHAN-HERVE.LIGNOT@UMONTPELLIER.FR

Salinity acclimation capacities of southern three-spined
sticklebacks (Gasterosteus aculeatusL.) living in different
saline habitats of the Camargue area (Rhone delta, northern
Mediterranean coast) were investigated. Individuals from
lagoons with different salinity ranges and from freshwater
canals were exposed to seawater (SW; 30 %o), brackish water
(BW; 15 %o), or freshwater (FW; 5 %o). Morpho-geometric
measurements of sub-adult fish sampled from 1994 to 2017
were determined from fish inhabiting in these different
habitats. Also, oxygen consumptionrates and osmoregulatory
parameters(branchialNa*/K*-ATPase, NKAactivityandgene
expressionofthealsubunitandalaandalbNKAisoforms,gill
ionocytesmorphology) weremeasured fromfishlivinginthree
contrasted habitats and after exposure to different salinities.
Atallthestudiedlocations,onlytheleirusmorphotypewas
observed with also limited morphological variations. No short-
termeffectofsalinity couldbedetected onoxygenconsumption
fromfresh,brackish,andsaltwaterfish.Intheseanimals,,gilINKA
activitywassalinity-dependentwithalsolessNKA albinFW-than
inSW-fish.IonocytesinFW-fishgillswerelocatedalongthelamellae
andattheirbase,whereasthesecellswererestrictedtogillfilaments
inSW-fish.Finally,electronmicroscopyrevealed threedifferent
typesofapicalstructuresfortheseionocytes:ahoneycomb-like
structureand adome shapein FW, and deeply encryptedin SW.
Therefore, sticklebacks of the Camargue area living in
contrasted saline conditions belong to a very homogenous
euryhaline populationand are not exposed to strong metabolic
demandsduetosalinitychanges.
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A5.35 CHARACTERIZATION OF
INTESTINAL OLEIC ACID UPTAKE
STRATEGIES IN THE PACIFIC HAGFISH
(EPTATRETUS STOUTII)

™ THURSDAY 6 JULY, 2017 ©® 16:30

@ ALYSSA WEINRAUCH (UNIVERSITY OF ALBERTA, CANADA),
GREG GOSS (UNIVERSITY OF ALBERTA, CANADA)
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A5.36 EURYHALINE MUMMICHOGS
EXPOSED TO SEAWATER AND
HYPERSALINE CONDITIONS AUGMENT
THE CATION-PERMEABLE PARACELLULAR
PATHWAY BY DIFFERENTIALLY
REGULATING CLAUDIN 10 ISOFORMS

™ THURSDAY 6 JULY, 2017 © 16:45

©@ WEINRAUC@UALBERTA.CA

Hagfish are basal craniates that occupy a unique feeding
niche. Previous enzymatic studies demonstrate preference for
carbohydrate-fuelled energy, with lipids used secondarily to
permitextendedperiodsoffooddeprivation.Indeed,hagfishhave
distinctive intracellular lipid micelles within multiple tissues
includingarchinephricduct, heartandintestine. Despitethisunique
morphologicalcharacteristic, fewstudiesexaminethenutritive
uptakestrategiesofthehagfish, withnopublishedaccountsonlipid
absorption. Thus,ouraimwastocharacterizethemechanismsof

intestinallipidabsorptioninPacifichagfish (Eptatretus stoutii).

Intestinalfluxstudieswereconducted with3H-oleicacid (OA)and
demonstratethepresenceofasaturabletransporter (Km=78.7, Vimax
=143)inthehindgut. Wedemonstrate significant post-prandial
up-regulationofthe OA transportandwillexamineexpressionand
functionusingpartialsequencesofaputativefattyacidtransport
protein(FATP)isolatedfromahagfishtranscriptome. Mammalian
modelssuggestinsulin-dependentrecruitment of specificFATP
isoformstoapical membranes. Toexaminetherole ofinsulinin
hagfish OA transport, we conductedintestinal flux studies 24h
followinginsulininjection. Whilemetabolic oxygenconsumption
increasedanddemonstratesmetaboliceffectsofinsulin, therewere
nosignificanteffectson OAtransport. Thisisthefirstexamination
oflipiduptakeinabasalmember (craniate) ofthe vertebratelineage
andisanovelcontributiontotheunderstandingoflipid transport
andtheevolutionoflipidacquisitionstrategiesinvertebrates.

& WILLIAM S MARSHALL (ST FRANCIS XAVIER UNIVERSITY,
CANADA), JASON P BREVES (SKIDMORE COLLEGE, UNITED
STATES), CHRISTIAN K TIPSMARK (UNIVERSITY OF ARKANSAS,
UNITED STATES), SCOTT P KELLY (YORK UNIVERSITY, CANADA),
GEORGE N ROBERTSON (ST FRANCIS XAVIER UNIVERSITY,
CANADA), PATRICIA M SCHULTE (UNIVERSITY OF BRITISH
COLUMBIA, CANADA)

©@ BMARSHAL@STFX.CA

Salt-secreting epithelia secrete Na® passively down an
electrochemical gradient via paracellular pathways uniquely
localized between ionocytes and accessory cells (Sardet et al.
J.CellBio.80:96-117,1979),but the protein composition of these
cation-selectiveleakyjunctionsisunknown. Wehypothesized
that members of the claudin 10 family could be key junctional
components,soeuryhalinemummichogs (Fundulus heteroclitus)
weretransferredfromfreshwater (FW)tofull-strengthseawater
(SW) and from SW to hypersaline conditions (2SW, 64 %o) to
measuretranscriptionalresponsesofclaudin (cldn-)10isoforms
andcftr(cysticfibrosistransmembrane conductanceregulatoranion
channel). TransferfromFWtoSWincreasedcftrmRNA abundance
3-foldand cldn-10d and-10e 2-fold, compared to FW-FW controls,
whilstcldn-10cand-10fmRNA abundancewasunchanged. Transfer
fromSWto2SWincreasedcftrmRNA abundance 3-foldand cldn-10e
2-foldbutalso-I0cand-10fincreased4-fold. Thesetranscriptional
responses to 2SW coincided with increased number of leaky
junctions (observed by TEM), compared with SW-SW controls.
Forbothtransfers,cldn-10eincreasedearly (24h) and transiently,
whileothercldn-10isoformsincreasedlater (3-7days)andremained
elevated. Changesincldn-10fand-10cappearlinked, consistent
with the tandem repeat locus in the Fundulus genome, whilst
mRNAencodingcldn-10eand-10d,alsotandemrepeats, seemed
independentlyregulated. We concludethatdifferentialregulation
of cldn-10isoformsiscriticaltocreateandmaintaincation-selective
leakyjunctionsinteleostfishgills.SupportedbyNSERC(WSM, SPK,
PMS), Skidmore Coll. (JPB)and NSF (CKT).
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A5.10 FUNCTIONAL DEVELOPMENT
OF PATHOGEN DEFENSE BY GASTRIC
ALKALIZATION IN A BASAL
DEUTEROSTOME

™ TUESDAY 4 JULY, 2017 POSTER SESSION

@ JIA-JIUN YAN (INSTITUTE OF CELLULAR AND ORGANISMIC
BIOLGY (ICOB) ACADEMIA SINICA, TAIWAN), MEIKE STUMPP
(GEOMAR HELMHOLTZ CENTER FOR OCEAN RESEARCH, GERMANY),
MARKUS BLEICH (INSTITUTE OF PHYSIOLOGY CHRISTIAN-
ALBRECHTS-UNIVERSITY KIEL, GERMANY), YI-HSIEN SU
(INSTITUTE OF CELLULAR AND ORGANISMIC BIOLGY (ICOB)
ACADEMIA SINICA, TAIWAN), MARIA I. ARNONE (STAZIONE
ZOOLOGICA ANTON DOHRN NAPOLI, ITALY), MARIAN Y. HU
(INSTITUTE OF PHYSIOLOGY CHRISTIAN- ALBRECHTS-
UNIVERSITY KIEL, GERMANY)

@ C1208940@GMAIL.COM

Sinceover100yearstheseaurchinembryohasbeenusedasamodel
organismforunderstandingtheearly developmentalbiology, gene
regulatory network and cell specification of deuterostomes. In
contrasttovertebratesthathavehighlyacidicstomach, thestomach
ofseaurchinlarvaeishighlyalkaline,reachingapHof9.5.Besides
aroleoffoodingestion, theevolutionaryadvantageofanalkaline
gutintheseaurchinlarvaremainsunknown. Usingvertebrate
systemsasaguidewehypothesizethatalkalinedigestivesystems
may also be the first step of innate pathogen defense in the sea
urchinlarva.Exposuretothemarinepathogenicbacterium (Vibrio
diazotrophicus)notonlyincreasedthenumberofimmunocytes
butalsoenhancedgastricalkalizationsignificantly. Furthermore,
theincreasedcapacityforgastricpHregulationisaccompaniedby
theup-regulationofasodiumhydrogenexchanger (nhe2), which
ishighlyexpressedinstomachepithelialcells. Thistransporter
hasbeensuggestedtobeinvolvedintheexportofprotonsfromthe
stomachcellsatthebasolateralside. Ourresultsoffertheevidence
thatinconvergencetovertebrates, thealkalinestomachofthesea
urchinlarvarepresentsanimportantmicrobialfilter forcontrolling
thegutmicrobiomeandgastrointestinalhealth.

A5.11 REGULATION OF BICARBONATE
SECRETION IN MARINE FISH INTESTINE
VIA THE CALCIUM SENSING RECEPTOR

™ TUESDAY 4 JULY, 2017 POSTER SESSION

@ SILVIA F GREGORIO (CCMAR-CENTRE OF MARINE SCIENCE,
PORTUGAL), JUAN FUENTES (CCMAR-CENTRE OF MARINE
SCIENCE, PORTUGAL)

@ SFGREGORIOGUALG.PT

Inmarinefish,highepithelialbicarbonatesecretionbytheintestine
generatesluminal carbonate precipitatesofdivalentcationsthat
playakeyroleinwaterandionhomeostasis. Therefore, thepresent
study was designed to expose the putative role for calcium and
the calcium sensing receptor (CaSR) in the regulation of HCOs.
secretion (BCS)intheintestine of the seabream (Sparusaurata
L.). Gastrointestinal fluids, blood plasma and intestinal tissue
werecollectedafterasinglemeal.Effectsontheexpressionofthe
CaSRintheintestinewereevaluatedbygPCRandanincreasein
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expression was observed in the anterior intestine in fed fish in
relation to unfed conditions. A parallelism to CaSR expression
wasobservedinintestinalfluid calciumconcentration.Inlight of
theseresults,intestinaltissuewasmountedin Ussingchambers
totest the putativeregulation of HCO3 secretionin vitrousing
the anterior intestine. BCS was sensitive to varying calcium
levelsinluminalsalineandtocalcimimeticcompoundsknown
toactivate/blocktheCaSRi.e. NPS2143andR-568. Aregulatory
role of calcium in intestinal HCOs secretion associated with
its availability in luminal fluids is proposed in the sea bream
intestine. It appears, that this physiological effect is mediated
by CaSR as shown by responsiveness to calcium levels and
calcimimetic compounds. Calcium availability related either
to salinity or feeding seems to play a key role in the regulation
of intestinal ion/acid base physiology mediated by the CaSR.

Funding:FCT Portugal PTDC/MAR-BIO/3034/2014 &SFRH/
BD/113363/2015toSE.

A5.12 THE EFFECT OF FRESH

WATER ION STRENGTH ON
EXTRACELLULAR ACID-BASE
REGULATION IN THE AIR-BREATHING
PANGASIANODON HYPOPHTHALMUS

™ TUESDAY 4 JULY, 2017 POSTER SESSION

@ CHARLES R HEWITT (UNIVERSITY OF AARHUS, DENMARK),
MIKKEL T THOMSEN (AARHUS UNIVERSITY, DENMARK),
CHRISTIAN DAMSGAARD (AARHUS UNIVERSITY, DENMARK),
MARK BAYLEY (AARHUS UNIVERSITY, DENMARK)

©@ CHARLIEHEWITT7@GMAIL.COM

Ithasbeensuggestedthatair-breathingfisharepoorregulators
of extracellular pH (pH.) during environmental hypercapnia.
Twohypotheseshavebeenforwardedtoexplainthistrend,seen
largelyin Amazonianspecies. Firstly,thatthegeneraldiminutive
gillsurfaceareatypicallyseeninair-breathingfish,impairstheir
capacity forbranchialion exchange and secondly, that therate
ofionexchangeforpH.-regulationislimitedbythelow counter-
ion concentration in some Amazonian tributaries. In contrast
tothistrend, theair-breathingstriped catfish (Pangasianodon
hypophthalmus), native to the Mekong river, is a capable pH.
regulator,abletoelevate [HCO3]to>40mM.Here, wetesttheeffectof
acclimationtolowwaterionstrengthonpHeregulation. TheMekong
riverhas10timestheionstrengthofthe Amazoniantributariesand
wehypothesisedthatthefishwouldbeunabletoeffectivelyregulate
atAmazonianionlevels.FishweregrownineithersoftMekongtype
water (110pS/cm)orhard Danishwater (660pS/cm), catheterised
andexposedtoaPCO; of22mmHgfor72hin Amazoniantypelow
ionwater (inpmol1*:Na*:15,Cl:16,K*:9,Ca?:9,Mg?":2)during
whichPCO; andacid-baserelevantionswereregularly sampled.In
contrasttoourhypothesis,both groupsshowednearcomplete pH.
regulationduringthehypercapnicinsultalthoughthesoftwater
acclimated groupshowedamorerapidresponse. Theseresultswill
bediscussedintermsofthetwohypotheses,previousfindingsand
thepossibleeffectsofacclimatisationontheanimals.
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A5.13 SOLUBLE ADENYLYL CYCLASE

IN TROUT RED BLOOD CELLS: CLONING,
CHARACTERIZATION, AND POTENTIAL
PHYSIOLOGICAL ROLES IN CO,/PH/
HCO,~ SENSING AND OXYGEN TRANSPORT

™ TUESDAY 4 JULY, 2017 POSTER SESSION

@& CRISTINA SALMERON (SCRIPPS INSTITUTION OF
OCEANOGRAPHY, UNIVERSITY OF CALIFORNIA SAN DIEGO,
UNITED STATES), ROB P ELLIS (UNIVERSITY OF EXETER,
UNITED KINGDOM), DANIEL MONTGOMERY (UNIVERSITY OF
EXETER, UNITED KINGDOM), ROD W WILSON (UNIVERSITY OF
EXETER, UNITED KINGDOM), MARTIN TRESGUERRES (SCRIPPS
INSTITUTION OF OCEANOGRAPHY, UNIVERSITY OF CALIFORNIA
SAN DIEGO, UNITED STATES)

@ CRSALMERONSALVADOR@UCSD.EDU

Solubleadenylylcyclase(sAC)isaCO./HCOs/pHsensingenzyme
thatproducestheubiquitoussignallingmolecule cAMP.Redblood
cells(RBCs)experienceextremechangesinCO,/HCOs/pHthat
jointlyregulateRBC’smainphysiologicalfunction:thetransportof
0;andCO; betweentherespiratorymediumandtissues.Intheory,
sACcouldregulatemanyof RBC’sphysiologicalmechanismsvia
PKA-dependent phosphorylation. However, sAC presence and
functioninvertebrateRBCshasnotyetbeencharacterized. Here,
wereportthecloningandbiochemicalcharacterizationofthefirst
sACfromabonyfish,therainbowtrout (Oncorhynchus mykiss)
(rtsAC).Using RT-PCR, wecloned a partial 610 bprtsACmRNA
sequencefromRBCs. Westernblottingusinganti-rtsACantibodies
revealedaspecific110kDaband,andimmunostaininglocalized
rtsACpredominantlyinthecytoplasm.Next,wecharacterized
cAMPproducingactivityintrout RBCs. Forskolin (10mM),apotent
agonistoftransmembraneadenylylcyclase (tmACs),activatedRBC
cAMPproduction~100-fold, whichwaspartiallyinhibitedbythe
tmACinhibitor, 2,5-dideoxyadenosine (DDA). However,incubation
of RBCsinelevated[HCOs]didnotaffectcAMPproduction,which
wasalsoinsensitivetothesACinhibitor KH7. We are currently
exploring the possibility that rtsAC in RBCs is activated by
external CO;ratherthan HCO5,aswellaspotentialrolesof RBC
rtsACinregulating O; uptakeanddeliveryduringdifferentacid/
baseconditions.SincesACandcAMPareevolutionarily conserved,
thesepotentialmechanismscouldberelevantforall vertebrates.
FundedbyaCompanyofBiologiststravelgrantJEBTF-161115to
CSandNSF-I0S#1354181toMT.
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A5.14 TEMPORAL CHANGES IN THE
KIDNEY TRANSCRIPTOME OF PACIFIC
SPINY DOGFISH FOLLOWING LOW
SALINITY EXPOSURE

™ TUESDAY 4 JULY, 2017 POSTER SESSION

& DYLANMCOLE (UNIVERSITY OF ALBERTA, CANADA),
JENNIFER ROACH (UNIVERSITY OF CALIFORNIA DAVIS,
UNITED STATES), ANDREW WHITEHEAD (UNIVERSITY
OF CALIFORNIA DAVIS, UNITED STATES), GREG G GOSS
(UNIVERSITY OF ALBERTA, CANADA)

© DCOLE@UALBERTA.CA

Salinityposesasignificantchallengetomanyaquaticorganisms,
including fishes. Many elasmobranch species are unable to
adapttochangesinsalinity (stenohaline), whileothersaremore
physiologicallyequippedtodealwithosmoticstresses (euryhaline).
Theextentofeuryhalinityisspeciesdependentandisspreadacross
severalelasmobranchtaxa.Interestingly,thecellularandmolecular
mechanismsthatpermiteuryhalinityinelasmobranchshavenot
beenfullyinvestigated. The Pacificspinydogfish, Squalussuckleyi,
isapartiallyeuryhalinesharkthatlargelyresidesinoceanwaters
buthasbeendocumentedinbrackishwatersof~21ppt.Previous
studiesusingdogfishhaveexaminedchangesinplasmaosmolytes,
specific gene expression through qPCR, and enzyme activity
throughbiochemicalassaysfollowinglowsalinity exposure (21
ppt). However,nowork hasbeendoneto capture the entirety of
changesingeneexpressionfollowinglowsalinityexposure. Here
wehaveemployedacomprehensive, RNA-seqapproachusingthe
IlluminaHiSeq4000toexaminethetemporalchangesinkidney
gene expression following low salinity exposure (21 ppt). The
kidneyisaprimaryosmoregulatoryorganinvolvedincontrolling
plasmaosmolytes(e.g.Na*,Cl',andurea).Kidney tissuewassampled
immediately followingexposureforOh,12h,and48htoallow for
analysisofshortandlongtermchanges. Thisisthefirststudyto
examinedifferentialgeneexpressioninanelasmobranch.
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A5.37 EFFECTS OF CHYTRID FUNGUS
BATRACHOCHYTRIUM DENDROBATIDIS ON
TIGHT JUNCTIONS IN AMPHIBIAN SKIN

™ TUESDAY 4 JULY, 2017 POSTER SESSION

& JULIA GAUBERG (THE UNIVERSITY OF QUEENSLAND,
AUSTRALIA), SCOTT P KELLY (YORK UNIVERSITY, CANADA),
NICHOLAS WU (THE UNIVERSITY OF QUEENSLAND, AUSTRALIA),
REBECCA L CRAMP (THE UNIVERSITY OF QUEENSLAND,
AUSTRALIA), CRAIG E FRANKLIN (THE UNIVERSITY OF
QUEENSLAND, AUSTRALIA)

@ JULIAGEE@MY.YORKU.CA

Amphibians are recognised as the most threatened class of
vertebrates on the planet, with nearly 30% of all species being
globallythreatened. Asubstantialcausalfactorinthisdeclineis
acutaneousinfection caused by thefungusBatrachochytrium
dendrobatidis (Bd). Bd disrupts the normal functioning of the
skinandcanleadtodeath oftheinfected animal. However, the
mechanismbehindhowthisoccursisstillpoorlyunderstood. It
hasbeensuggestedthatBddisruptscutaneousosmoticandionic
regulation,andrecentlyithasbeendemonstratedthat Bddisrupts
junctional componentsbetweenamphibianskincells. However,a
keyjunctionalcomponentthatcontrolsthebarrierpropertiesof
theskin, thetightjunction (T])complex,hasnotbeeninvestigated.
Severalstudiesdemonstratethat T]sareessentialforproperskin
functioninamphibiansandthattheyplayacriticalroleinpassive
ionmovementacrossthistissue.Inotherstudies,usingmammalian
models,fungiandfungaltoxinshavebeenshowntodisrupt TJsin
theskin.Butalinkbetweenfungalinfectionandthecontributionof
TJstothelossofskinintegrityinamphibianshasyettobeexamined.
Despitethis,thereisenoughinformationtohypothesisethat Bd
disruptsthemolecularcomponentsofthe T]complexinthe skinof
amphibiansinassociationwithinfection. Thisstudyisthefirstto
characterizethe T] genespresentintheskinofthegreentreefrog,
Litoriacaerulea,and examinetheeffectof BdinfectiononselectT]
genesintheskin.

A5.38 INTESTINAL RESPONSE TO HIGH
CO, IN THE EUROPEAN SEABASS

™ TUESDAY 4 JULY, 2017 POSTER SESSION

@& ALEXANDRA ALVES (CCMAR-CENTER OF MARINE SCIENCES,
PORTUGAL), SILVIA SF GREGORIO (CCMAR-CENTER OF MARINE
SCIENCES, PORTUGAL), RENATA C EGGER (CCMAR-CENTER
OF MARINE SCIENCES, PORTUGAL), IGNACIO RUIZ-JARABO
(CCMAR-CENTER OF MARINE SCIENCES, PORTUGAL), JUAN
FUENTES (CCMAR-CENTER OF MARINE SCIENCES, PORTUGAL)

@ ALCALVES@UALG.PT

OurcurrentknowledgeofmarinefishinhighpCO;environmentsis
stillscarce,includingboth physiologicalandendocrineresponses.
Therefore, here weinvestigated theimpactofhighpCO,(~1300
uatm)relevantto the future scenarios of ocean acidificationin
seabassjuveniles (Dicentrarchus labrax). The increase of pCO,
wasachievedby CO.injectionandcontrolleddaily,asotherwater
quality parameters. After 5 weeks, blood and intestinal fluids
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andtissue were sampled and analysed. Intestinal tissues were
collectedfromindividualfishandmountedin Ussing Chambers
ininvivolikeconditions, tomeasurebioelectricalparametersand
bicarbonatesecretion. OurresultsdemonstratedthathighpCO,
inseawateraffectedplasmaelectrolytesandenergeticsubstrates
inplasma, withincreased pH, osmolality, potassium and HCO3
concentration, paralleledby decreasedphosphorus, totalproteinand
glucoseconcentrations. HighpCO;inseawaterwaswithouteffect
ontheactivityofouabain-sensitive ATPaseandBafilomycin Al-
sensitive ATPaseactivitiesintheintestine. However,inintestinal
fluids, highpCO;inseawaterresultedina2.5-foldincreasein HCO3
and4-foldincreaseintheproductionofcarbonateaggregatesin
responsetohighCO.Theseresultsareinkeepingwiththe 3-fold
increase of bicarbonate secretion rates in response to high CO,
invivoasmeasuredbypH-Statinvitro. Takentogether,ourdata
exposesplasmaticeffectsofhighpCO;andaconsistentresponse
intheepithelial handling of bicarbonate aggregate production
in the intestine of sea bass in response to ocean acidification.

Funding:FCT Portugal PTDC/MAR-BI0/3034/2014 & SFRH/
BD/113363/2015toSE.

A5.39 SEAWATER ALKALINITY
MODULATES THE RESPONSE OF THE
SHORE CRAB CARCINUS MAENAS TO
OCEAN ACIDIFICATION

™ TUESDAY 4 JULY, 2017 POSTER SESSION

& BASTIAN MAUS (ALFRED-WEGENER-INSTITUTE HELMHOLTZ
CENTRE FOR POLAR AND MARINE RESEARCH, GERMANY),
CHRISTIAN BOCK (ALFRED-WEGENER-INSTITUTE HELMHOLTZ
CENTRE FOR POLAR AND MARINE RESEARCH, GERMANY), HANS
0 PORTNER (ALFRED-WEGENER-INSTITUTE HELMHOLTZ CENTRE
FOR POLAR AND MARINE RESEARCH, GERMANY)

@ BASTIAN.MAUS@AWI.DE

This study investigated the metabolic responses and capacity
for extra- and intracellular acid-base regulation in the shore
crab Carcinus maenas, subjected to various settings of water
physicochemistry for four weeks. Crabs were subjected to
elevatedwater PCO;,resemblingnearfutureoceanacidification,
combined with reduced water alkalinity at normal and
elevated PCO,. Organismal functions like MO and circulatory
performanceweremeasuredusingrespirometryandinvivoMRI,
respectively,usinganewlydevelopedsetup forsimultaneously
monitoringcardiovascularactivity,acid-baseandenergy status
inexperimentalanimalsunderfutureoceanconditions. Animal
acid-baseparametersandcellularenergystatuswereinvestigated
using*'P-NMRspectroscopy.Bloodsampleswereanalysedforion
concentrations,usingionchromatography. Wefoundthat C. maenas
wasabletomaintainextra-andintracellularpHunderallconditions,
elevating haemolymph bicarbonate levels under hypercapnia.
However, metabolic rates and blood flow were significantly
depressedunderhypercapniaatreducedwateralkalinity,compared
tohypercapniaatcontrolalkalinity. Theseeffectsseemedtodepend
onwateralkalinity,ratherthan PCO;or water pH, suggestinga
roleforambient carbonateandbicarbonatelevelsinwhole-animal
responses. Whiletheexactmechanismshavenotbeenidentified,
the findings demonstrate a need for integrative approaches to
investigationsofoceanacidificationimpacts.
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A5.40 LOCAL ADAPTATION OF THE
COMMON SEA STAR ASTERIAS RUBENS
TO DIFFERENT SALINITIES

™ TUESDAY 4 JULY, 2017 POSTER SESSION
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A5.41 THE TROPICAL CORALS’ pH
MICROENVIRONMENT EXAMINED UNDER
CHANGING SEAWATER pCO, CONDITIONS

™M TUESDAY 4 JULY, 2017 POSTER SESSION

@ LARA SCHMITTMANN (GEOMAR HELMHOLTZ CENTRE FOR OCEAN
RESEARCH KIEL, GERMANY), TRYSTAN SANDERS (GEOMAR
HELMHOLTZ CENTRE FOR OCEAN RESEARCH KIEL, GERMANY),
CHRISTIAN BOCK (ALFRED WEGENER INSTITUTE HELMHOLTZ
CENTRE FOR POLAR AND MARINE RESEARCH, GERMANY), FRANK
MELZNER (GEOMAR HELMHOLTZ CENTRE FOR OCEAN RESEARCH
KIEL, GERMANY)

@ LSCHMITTMANN@GEOMAR.DE

The brackish Baltic Sea is a challenging environment for
osmoconforming species such asthe common sea star Asterias
rubensandmechanismsofadaptationtolowsalinitiesareunknown.
Osmoconformersrelyoncompatibleorganicosmolytes(00)toadjust
theirintracellularosmolalitytothatofthesurroundingmedium
whilekeepinginorganicionconcentrationsstable. Thesalinityat
whichOOQaredepletedhasbeenproposeda ‘criticalsalinity’ (Seqit) at
whichfitnessbecomeszero. WehypothesizedthatScrit isshifted to
lowersalinitiesinBalticSea Asteriaspopulations. We conducteda
commongardenexperimentwithanimalsfromtheNorthSea (32
PSU)andtheBalticSea (16 PSU)toinvestigatetheeffectofchanging
salinitieson OO concentrationand composition. Growth, feeding
rateandrightingtime weremeasuredand 'H-NMR spectroscopy
wasusedtoquantifyintracellular 00.Highersalinitiesincreased
growthandfeedingratesignificantlyforbothpopulations.Righting
timewassignificantlyhigherin16 PSUandforanimalsfromthe
NorthSea.GlycinewasfoundtobethemainosmolyteinAsterias
rubensand contributesupto90%tothetotal OO pool. Osmolytes
that are differently utilized by the two populations are glycine,
lysine, methylamine, taurine, threonineandvaline. Asthetotal
OO concentrationishigherforindividualsfromtheNorth Sea, we
suggestthatseastarsfromtheBalticSeaarenotadaptedtolower
salinities viamodifaction ofthe OO poolsizebutviamodification
ofinorganicionconcentrations.

& MARLENE WALL (GEOMAR, GERMANY), GERTRAUD MARIA
SCHMIDT (ALFRED-WEGENER INSTITUT, GERMANY), KATHARINA
FABRICIUS (AUSTRALIAN INSTITUT OF MARINE SCIENCE,
AUSTRALIA), DIRK DE BEER (MAX-PLANCK INSTITUTE FOR
MARINE MICROBIOLOGY, GERMANY)

@ MWALL@GEOMAR.DE

We examined changes in the corals’ internal (calcifying fluid

betweentissueandskeletonandwithinthetissue)andexternal

(diffuseboundarylayer) microenvironmentusingmicrosensors.
Galaxeaspp.coralsculturedunderpresent-day conditionswere

consecutivelyexposedtotwoelevatedpCO, conditions (800patm

and1300patm),andinstantaneouschangesintheirinternaland

external environment monitored. The pH within the diffusive

boundarylayerdecreasedimmediatelywithincreasingseawater
pCO;. In contrast, the change in internal pH was not always

observed.IncaseswhereinternalpHdecreased, thischangewas

delayedandoftencoralsup-regulatedtheinternalpHtoremain

similartointernal pHvaluesmeasuredunderpresent-daypCO,.
Evenafter4weeksofincubationat3differentpCO.levels (present-
day,800patmand1300patm),illuminated coralsmaintainedahigh

internalpHirrespectiveofculturingconditions.Inthedark, the

internalpHwasalwaysslightlylowerthantheexternal seawater
pH.Darkcalcificationdecreased from0.18puMcm2h! (22% oflight
calcification) atpresent-day conditionstozerounderthehighest
pCO: condition. We conclude thattheexternal pHtogetherwiththe

capacityforinternalpHregulationaswellasthestrongdifferences

indark andlightinternal pH microenvironment will affect the

corals’responsetofutureelevated pCO; conditions. Animproved

understandingofdifferencesinlightanddarkpHmicroenvironment
as well as their effects on the holobionts’ metabolic processes

(photosynthesis, respiration, calcification) is critical to better
predicttheresponsesoftropicalcoralstoafuturehigh CO,world.
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A5.42 CELLULAR MECHANISM FOR
BIOMINERALIZATION IN THE OTHOLITH
SAC EPITHELIUM OF CALIFORNIA
YELLOWTAIL (SERIOLA DORSALIS)

™ TUESDAY 4 JULY, 2017 POSTER SESSION

@& GARFIELD T KWAN (SCRIPPS INSTITUTION OF OCEANOGRAPHY
UNIVERSITY OF CALIFORNIA SAN DIEGO, UNITED STATES),
TAYLOR R SMITH (UNIVERSITY OF CALIFORNIA SAN
DIEGO, UNITED STATES), MARTIN TRESGUERRES (SCRIPPS
INSTITUTION OF OCEANOGRAPHY UNIVERSITY OF CALIFORNIA
SAN DIEGO, UNITED STATES)

@ GKWANO9@GMAIL.COM

Otolithsarecalciumcarbonatestructuresbiomineralized within
endolymph-filledsacculeofteleostfish,andmediatehearingand
equilibrium functions. Recent studies found that exposure to
futurelevelsofelevated CO,/pHcanresultinsignificantincreases
inotolithsizeinsomefishspecies.However,thecellularmechanisms
forotolithbiomineralizationandtheirregulationremainpoorly
understood, and therefore the mechanistic basis for enlarged
otoliths are unknown. In other epithelia such as gill, intestine,
andkidney, mitochondrion-richcellswithNa*/K"-ATPase (NKA),
vacuolarH*-ATPase (VHA),and carbonicanhydrase (CA) play
majorrolesiniontransport,andsolubleadenylyl-cyclase (sAC)
actsasanacid-basesensingenzymethatregulatestheiractivity.
Inthepresentstudy, weinvestigatedthepresenceof NKA,VHA,
CA,andsACintheotolithsacepitheliumofCaliforniayellowtail
(Serioladorsalis)usingwesternblottingandimmunohistochemistry.
This work contributes mechanistic understanding of otolith
biomineralization,anessential steptounderstand why otoliths
significantly enlarge when teleost fish are exposed to future
CO./pHlevels.Futureworkwillinvestigatepotentialchangesinthe
abundance, activity,andintracellularlocalizationinfishexposed
toelevated CO;levels. GTKisfundedbyan NSF GRFP.
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A5.43 IS THE OSMORESPIRATORY
COMPROMISE LIMITING INVASIVE
SPECIES?

™ TUESDAY 4 JULY, 2017 POSTER SESSION

& PATRICIA G FERREIRA (CIIMAR - INTERDISCIPLINARY CENTRE
OF MARINE AND ENVIRONMENTAL RESEARCH, PORTUGAL),
HUGO FLAVIO (CIIMAR - INTERDISCIPLINARY CENTRE OF
MARINE AND ENVIRONMENTAL RESEARCH, PORTUGAL), HARRY
HACKING (DTU-AQUA - NATIONAL INSTITUTE OF AQUATIC
RESOURCES, DENMARK), JANET GENZ (UNIVERSITY OF WEST
GEORGIA, UNITED STATES), JONATHAN MARK WILSON
(CIIMAR - INTERDISCIPLINARY CENTRE OF MARINE AND
ENVIRONMENTAL RESEARCH, PORTUGAL), JANE BEHRENS
(DTU-AQUA - NATIONAL INSTITUTE OF AQUATIC RESOURCES,
DENMARK), JON SVENDSEN (DTU-AQUA - NATIONAL INSTITUTE
OF AQUATIC RESOURCES, DENMARK)

@©@ FERREIRAGPATRICIA@GMAIL.COM

The round goby (Neogobius melanostomus) is a benthic fish
native to the brackish waters of the Black and Caspian Seas;
however,ithasinvaded several brackish and freshwater areas
in North America and northern Europe. Notably, there are no
records of N. melanostomus in high salinity marine habitats
and the physiological mechanisms potentially constraining
the invasion into this environment are largely unknown.

The gills play major roles in gas exchange and ionic
regulationandithasbeenhypothesizedthatanosmorespiratory
compromise impacts performance of each process. The trade-
off of the large gill exchange capacity ideal for gas exchange
is greater passive ion fluxes. High ionic waters would result in
greater passive ion uptake that would require greater active
ion excretion. This osmoregulatory disturbance may interfere
with fish invasion by disrupting the regular activity of the
gills, thus modifying the usual physiological mechanisms.

Toexamineifthe osmorespiratory compromise could constrain
theinvasionof N.melanostomusintohighsalinity environments,
this study compared Na‘*/K* ATPase activity of metabolic
phenotypesexposedto0,15and 30pptwater). Additionally, we
examined variationintwoimportant MO, measures, standard
metabolicrate (SMR)and maximummetabolicrate(MMR) when
N.melanostomusisexposedtoincreasingwatersalinities. Fishwith
aninitiallyhigher MMR (atthecontrolsalinity-Oppt) arelikelyto
bemorechallengedbyenvironmentalstressorsthanfishwitha
lower MMR.Ourresultswillenableabetterunderstandingofthe
physiologicalmechanismsthatmayconstraininvasivespeciesin
theaquaticenvironment.




ANNUAL MEETING GOTHENBURG 2017

ANIMAL ABSTRACTS 175

A6 THE OBLIGATION OF
ACTIVITY - HOW DO ANIMALS
GET FIT AND WHAT TAKES
THEM OVER THE HILL?

ORGANISED BY: LEWIS HALSEY (UNIVERSITY OF ROEHAMPTON, UK)
AND SHAUN KILLEN (UNIVERSITY OF GLASGOW, UK)

A6.1 ‘FIT FOR PURPOSE’ - RAISING
THE QUESTION OF WHETHER AND HOW
WILD ANIMALS MAINTAIN OPTIMAL
PHYSICAL FITNESS

™ TUESDAY 4 JULY, 2017 ©® 10:30

@ LEWIS HALSEY (UNIVERSITY OF ROEHAMPTON,
UNITED KINGDOM)

@ L.HALSEY@ROEHAMPTON.AC.UK

I will raise and discuss the proposition that, similarly to
‘Westernised’ human populations, some animals undertake
insufficientinvoluntaryactivityto ‘keepfit’and thereforemust
supplementthiswithvoluntaryexercise; keepingfitmaybevital
forkeybehaviourssuchasescapingpredatorsandout-competing
conspecifics.Inturn,thetimeandenergy costsofsuchvoluntary
exercisecouldhaveimportantecologicalimplicationsforthese
species. Atleastsomeanimals,however,appeartobeableto ‘getfit’
withoutincreasingactivitylevels;aresuchadaptationsassociated
withlifehistoryand/orecology? Animalsthatknowwhenthey
need to be fit, e.g. for seasonal migrations, may be advantaged
by increasing their physical fitness levels endogenously at the
appropriatetime;thiswouldnegatespendingtimeandenergyon
extraphysicalactivitytoachievethesameends.Incontrast,some
speciesthatmaybeadvantagedfromgreaterphysicalfitnessunder
certainunpredictablesituationssuchasduringperiodswhenthe
landscapeisparticularlydemandingtotraverseorwhenpredators
have become more abundant. These animals may tailor their
physicalfitnesstotheparticularneedsofthemoment, allowingtheir
fitnesstobeshapedbythespecificendogenousdemandsthattheir
bodiesexperience.

A6.2 DO BAR-HEADED GEESE TRAIN
FOR HIGH ALTITUDE FLIGHTS?

™ TUESDAY 4 JULY, 2017 ©® 11:10

& LUCY A HAWKES (UNIVERSITY OF EXETER, UNITED
KINGDOM), NYAMBAYAR BATBAYAR (WILDLIFE SCIENCE
AND CONSERVATION CENTRE, MONGOLIA), PATRICK J
BUTLER (UNIVERSITY OF BIRMINGHAM, UNITED KINGDOM),
BEVERLEY CHUA (UNIVERSITY OF BRITISH COLUMBIA,
CANADA), PETER B FRAPPELL (UNIVERSITY OF TASMANIA,
AUSTRALIA), JESSICA UMEIR (NASA, UNITED STATES),
WILLIAM K MILSOM (UNIVERSITY OF BRITISH COLUMBIA,
CANADA), TSEVEENMYADAG NATSAGDORJ (WILDLIFE SCIENCE
AND CONSERVATION CENTRE, MONGOLIA), NICOLE PARR
(UNIVERSITY OF EXETER, UNITED KINGDOM), GRAHAM R
SCOTT (MCMASTER UNIVERSITY, CANADA), JOHN Y TAKEKAWA
(AUDUBON CALIFORNIA, UNITED STATES), MARTIN WIKELSKI
(MAX PLANCK INSTITUTE FOR ORNITHOLOGY, GERMANY),
MATTHEW J WITT (UNIVERSITY OF EXETER, UNITED STATES),
CHARLES M BISHOP (BANGOR UNIVERSITY, UNITED KINGDOM)

© L.HAWKES@EXETER.AC.UK

Exerciseathighaltitudeisextremelychallenging,largelydueto
hypobarichypoxia (low oxygenlevels brought about by low air
pressure). Studiesofhumansatextremehighaltitudes on Mount
Everesthavedemonstratedprecipitousdeclinesinblood oxygen
contentabove8,400metres,andconsequently, veryfewhumans
havereachedthesummitofMountEverestwithoutsupplemental
oxygen and only do so after considerable acclimatisation and
training. Bar-headed geese (Anserindicus) are renowned high
altitudemigrants,andalthoughtheyappeartominimisealtitude
duringmigrationwherepossible, theymustflyoverthe Tibetan
Plateau (mean altitude 4,500 metres) for much of their annual
migration. Thisrequiresconsiderablecardiovasculareffort,but
nostudyhasassessedtheextenttowhichbar-headed geesemay
trainpriortomigrationathighaltitudes. Usingimplantedloggers
thatrecordedheartrate,acceleration, pressureandtemperature,
wefindnoevidenceoftrainingformigrationinbar-headed geese.
Geeseshowednosignificantchangeinsummedactivityperday
ormaximalactivityperday. Therewasalsonosignificantchange
inmaximum heartrate per day or minimumresting heartrate,
whichmaybeevidenceofanincreaseincardiacstroke volumeifall
othervariablesweretoremainthesame. Wediscussthestrategies
usedbybar-headedgeeseinthecontextoftrainingundertakenby
humanmountaineerswhenpreparingforhighaltitude,notingthe
differencesbetweentheirrespectivecardiovascularphysiology.
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A6.3 OUTRUNNING INFECTION:
INTERACTIONS AND TRADE-OFFS
BETWEEN IMMUNITY AND
PHYSICAL PERFORMANCE

™ TUESDAY 4 JULY, 2017 ® 11:40

& SIMON BABAYAN (UNIVERSITY OF GLASGOW, UNITED KINGDOM)

@ SIMON.BABAYAN@GLASGOW.AC.UK

Throughout the animal kingdom, physical activityis essential
for survival: from foraging to occasional explosive exercise
during predator-prey interactions, getting fit and staying fit is
essential. Benefitsofphysicalactivitycanbemoresubtletoo,as
regularexerciseisoftenencouragedforimprovinggeneralhealth,
includingreducingsusceptibility toseasonalinfections.Indeed,
moderate activity, by increasing the expression of cellular and
humoralimmunityandbalancinghormonesecretion,leadstolower
incidenceandseverity ofupperrespiratorytractinfectionsand
betterresponsestoimmunisation. However, whileacute strenuous
exerciseisreportedtoincreasetheexpressionofpro-inflammatory
cytokines,whichmayhelpfightpathogensintheshortterm,itis
alsosuspectedofimpairingcellularresponsesand thusresistanceto
infection. Conversely,theimmuneresponsetoinfectioncanaffect
physicalfitness:infectioninducessicknessbehaviour,leadingto
weightlossandlowlocomotoractivity.Indeed,asickindividual
usuallygetseatenbeforetheinfectionkillsit. Takingalifehistory
viewcanhelpdisentanglethesecomplexinteractions:bothskeletal
musclesandtheimmune systemrequire proteinand energy for
growth, maintenance,andresponsivenesstoexternalstressors,and
bothsometimesexerttissuedamagerequiringrepair. Consequently,
allocationtrade-offsoperatebothwithinandbetweenimmune
responsesandphysicalactivity, especiallyunderlimitedresource
availability. Thus,optimalimmunologicalandphysical performance
willdependontheintensity,duration,andfrequencyofthephysical
activityandontheimmunologicalchallengesfaced, withinthe
constraintsofavailablenutritionalresources.

A6.4 ANIMALS, ACTIVITY
AND IMMUNOLOGY

™ TUESDAY 4 JULY, 2017 ® 12:10

@ KEVIN D MATSON (WAGENINGEN UNIVERSITY, NETHERLANDS)

@ KEVIN.MATSONE@WUR.NL

Human-healthauthoritiesfrequentlyemphasize theimportance of
movementandexercise. Forexample,theU.S.CentersforDisease
Control and Prevention proclaim on their website, “Only a few
lifestylechoiceshaveaslargeanimpactonyourhealthasphysical
activity”.Ifonelookstonature,manywildanimalsappear,atleast
fromahumanperspective, toengageinexactlythistypeofactive
lifestyle.Butwheredoanimalsactuallyfallalongthespectrum
fromcouchpotatotoeliteathlete? Andwhatarethe consequences
of activityin different species’ Generally speaking, the impact
of activity, and potentially voluntary exercise, onthe health of
animalsispoorlyunderstood,andonephysiologicalsystemripe
forinvestigationistheimmunesystem. Therapidlyexpandingfield
ofexerciseimmunology,abranchofbiomedicalsciencefocusedon
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humans, hasalready demonstratedadiversity ofeffectsofexercise
onimmunefunctionanddiseaseresistanceandsusceptibility. These
effectscanrangefrombeneficialtodetrimental,dependingonthe
circumstances. Usingasimilarframeworktostudyanimalsthatare
moving,exercising,orotherwisephysicallyexertingthemselves
mightprovidenewinsightsintotherelationshipsbetweenanimal
movementandmigrationanddiseaseresistanceandsusceptibility.

A6.5 EXERCISING AT THE EDGE:
WHEN IS EXERCISE COSTLY?

™ TUESDAY 4 JULY, 2017 ©® 13:40

@ CARL SOULSBURY (UNIVERSITY OF LINCOLN,
UNITED KINGDOM)

@ CSOULSBURY@LINCOLN.AC.UK

Animalsoftenperformenergetically-costlybehavioursaspartof
sexualdisplay. Theamountandtimingoftheseactivitiescanbeused
byfemalesassignalsofmalequalityandcanactassexually-selected
traits. Thecostsoftheseactivitiescanbeconsiderableandmayplay
acrucialroleindeterminingindividuallifehistory strategies.In
particular, toomuch exercise may lead to subsequent costs and
reduced survival. Balancing the benefits of highinvestmentin
exerciserelativetothepotentialfuture costsisthereforecritical.
UsingthelekkingblackgrouseLyrurustetrixasanexample,Ishow
theprimarydeterminantsofwhenmalesstarttoexercise, what
determinestheirpeakinvestmentandthefactorsthatcauseexercise
tobecometoocostly.

A6.6 THE EFFECT OF WATER
DEPTH ON CANINE HEART RATE
DURING UNDERWATER TREADMILL
(UWTM) EXERCISE

™ TUESDAY 4 JULY, 2017 © 14:20

& JAMES A SWANSON (HARTPURY COLLEGE UNIVERSITY CENTRE,
UNITED KINGDOM), CATHRYN JORDAN (JOHN WILEY AND SONS,
UNITED KINGDOM), ALISON P WILLS (HARTPURY COLLEGE
UNIVERSITY CENTRE, UNITED KINGDOM)

© JAMES.SWANSON@HARTPURY.AC.UK

Hydrotherapyenhancesinjuryrehabilitationindogs.Determining
theeffectof water depthon HR (ameasure of exerciseintensity
andsuitability) duringUWTM couldhelpdevelopinjury specific
protocols. Eight dogs, acclimatised to UWTM exercise and HR
monitoring, performedfour, 2.5 minute,depthorderrandomised
walksatfourdifferentdepths,ontwoseparateoccasions.Dogswere
acclimatisedtoroomand watertemperaturebeforeexercise. HR
wasrecordedevery5secondsusingaPolar810imonitor. Sessions
werevideoedtoidentifystart/endpointsandvalidatereadings.
Treadmillspeedremainedconstant. Withincreasingwaterdepth:
a.)HRincreased,butnotsignificantly (X?(3)=3.179,P=0.365);b.)
Mean HR showed significant (if minimal) absolute differences
(X2(3)=17.919, P=0.000), and HR plateaued; c.) Minimum HR
significantly increased (X?(3) =41.174, P=0.000), contributing
tosignificantreductionsinrange (X?(3)=17.209,P=0.001),and
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inter-quartilerange (X2(3)=13.176,P=0.004). Thisstudy supports
previousresearchshowingthatwithexercise,increasedmuscle
Oxygenrequirementislargelymetthroughincreasedstroke volume
(followingtheFrank-Starlinglaw),notsignificantincreasesinHR.
Also,thatduetobuoyancyeffects,exerciseremainssub-maximal
andHRplateaus,withincreasingwaterdepth.Itwasdifficultto
control foranimalexcitabilitybeforeandduringtrials,sofurther
studiesusingarangeoftreatmentscenariosarejustifiedtobuildon
thesefindings.Inclusionof HR variabilityanalysisinthesestudies
wouldgiveamorenuancedassessmentofcaninecardiacfunction
underUWTM.

A6.7 NEW INSIGHTS INTO
EXERCISE INDUCED CARDIAC
REMODELING IN TROUT REVEALED
BY PROTEOMIC ANALYSIS

™ TUESDAY 4 JULY, 2017 ©® 14:35

@ SARAH L ALDERMAN (UNIVERSITY OF GUELPH, CANADA),
TODD E GILLIS (UNIVERSITY OF GUELPH, CANADA),
LAURA DINDIA (UNIVERSITY OF GUELPH, CANADA)

@ TGILLIS@UOGUELPH.CA

Rainbow trout hearts have a remarkable ability for molecular,
structural,andfunctionalplasticity,andtheinherentathleticism
ofthesefishmakesthemidealmodelsforstudiesincomparative
exercise physiology. Indeed, several decades of research using
exercise-trained trout has shown both conserved and unique
aspectsofcardiacplasticityinducedbyasustainedincreaseinthe
workloadoftheheart.Despiteastrongappreciationfortheoutcome
ofexercisetraining,however,thetemporaleventsthatgenerate
thisphenotypearenotknown.Inthecurrentstudy wequantified
thechangesinthecardiacproteomeofrainbowtrout, Oncorhynchus
mykiss,duringtheearlyphases(4,7,and 14d) ofatypicalexercise-
trainingregimetoprovideacomprehensive overviewofthe cellular
changesresponsible for developing a trained heart phenotype.
Enhanced somatic growth was paralleled by cardiac growthto
maintainrelativeventricularmass. Thiswasreflectedinthecardiac
proteomebytheincreasedabundanceofcontractileproteinsand
cellularintegrityproteinsasearlyasDay4,includingapronounced
andsustainedincreaseinblood vessel epicardial substance-an
intercellularadhesionproteinexpressedinthevertebrateheart. An
unexpectedfindingwasthatproteinsinvolvedinenergypathways,
includingglycolysis, B-oxidation,the TCAcycle,and theelectron
transportchain, weregenerally presentatlowerlevelsrelativeto
DayOlevels,suggestingareducedinvestmentinthemaintenance
ofenergyproductionpathways. However,asthefishdemonstrated
somaticandcardiacgrowthduringtheexercise-trainingprogram,
thischangedidnotappeartoinfluencecardiacfunction.
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A6.8 TRACKING FEMALES 24/7:
INDIVIDUAL VARIATION IN FORAGING
EFFORT DURING PARENTAL CARE AND
RESPONSE TO EXPERIMENTALLY-
MANIPULATED WORKLOAD

™ TUESDAY 4 JULY, 2017 ©® 14:50

@ TONY D WILLIAMS (SIMON FRASER UNIVERSITY, CANADA),
MITCHELL SEROTA (SIMON FRASER UNIVERSITY, CANADA)

@ TDWILLIA@SFU.CA

Parentalcareisassumedtobecostly,andlife-historytheorypredicts
thatindividualsthatinvestmoreinparental care shouldbenefit
intermsofnumberofthenumberorquality of offspring produced.
However,theideathatparentsthatwork “harder” producemore,
fitterchicksissurprisinglypoorly supportedintheliterature. One
potentialreasonisthatthecommonlyusedmetricofforagingeffort,
nestvisitrate,doesn’tprovideagoodmeasure of workload. Weused
anautomatedradiotrackingsystemtomeasuretotalactivityin
female European starlings (Sturnus vulgaris) 24/7 during late
incubationandchick-rearing, combinedwithvideoanalysisofprey
fedtochicks,andwithwing-clippingtoexperimentallyincrease
workload. Trackingdatarevealedunanticipated,novel,aspectsof
parentalbehaviour,e.g.a) putativenocturnalforagingbouts,but
also,b) highrepeatability ofinter-individual variationinactivity
across breeding stages. Furthermore, analysis of total activity
detectedasignificantresponsetoexperimentalmanipulationof
workloadthatwasnotapparentwhenforagingeffort wasmeasured
usingnestvisitrate. However, variationinoverallactivitywasnot
correlatedwithmetricsofbehaviourreflectingparental effort (nest
visitrate, totalpreybroughtbacktothenest-withtheexceptionofa
novelpreyitemtakeninoneyear)orwiththeoutcomeofbehaviour
directedtoparentalcare(broodsizeatfledging,etc). Thissuggests
that “activity” measured24/7 capturesotherbehavioursthatbirds
undertakeindependentof parentaleffortperse,butwhichmight
explaindifferent ‘strategies’ formaximizingfitness.
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A6.9 EXPLORING AGEING IN WILD
VERTEBRATE POPULATIONS USING
LONGITUDINAL FIELD DATA

™ TUESDAY 4 JULY, 2017 ©® 16:00

@ HANNAH FROY (UNIVERSITY OF EDINBURGH, UNITED
KINGDOM), SUE LEWIS (CENTRE FOR ECOLOGY AND HYDROLOGY
EDINBURGH, UNITED KINGDOM), RICHARD A PHILLIPS
(BRITISH ANTARCTIC SURVEY CAMBRIDGE, UNITED KINGDOM),
JOSEPHINE M PEMBERTON (UNIVERSITY OF EDINBURGH,
UNITED KINGDOM), DANIEL H NUSSEY (UNIVERSITY OF
EDINBURGH, UNITED KINGDOM)

©@ HANNAH.FROY@ED.AC.UK

Despite early scepticism about the occurrence of senescencein
wildanimals, declinesinsurvivalandreproductive performance
with advancing adult age are increasingly documented in
naturalpopulations. Thisispartlyduetoaccumulatingdatafrom
longitudinalfieldstudies, whichfollowindividualsthroughouttheir
lives,thusenablingtheexaminationofageingtrajectories within
individuals,andthetestingoflife-historytheorypredictionsin
anecologicallyandevolutionarilyrelevantcontext. Weusedata
fromthreesuchstudies:wanderingalbatrossesbreedingonBird
Island, South Georgia;reddeeronthelsleofRum;and Soay sheep
ontheStKildaarchipelago,Scotland. Demographicsenescence
iswelldocumentedinthesesystems,butthetraitsthatunderpin
thesedeclinesarenotwellunderstood.Inolderanimals,declines
invariousphysiologicaltraitsmayleadtoage-related variation
incompositetraitslikeforagingperformance, whichwillinturn
haveimportantconsequencesforfitness. However,characterising
such behavioursis challenging, since they are highly variable
both within and between individuals. We use high-resolution
trackingdatatocompareforagingtripsof wanderingalbatrosses
acrosstheagerange,butfailtodetectdifferencesinvarioustrip
andactivityparametersinlaterlife.Incontrast, the30-40years
ofcensusdatafromtheungulate populationsisoflowertemporal
resolutionbutcoverstheentirelifespanofmanyindividuals,and
revealsage-relatedchangesinhomerangearea, habitatquality
andlocation. Thisvariationisassociatedwithfitnesscomponents,
suggestingthatchangesinspace-usemay contributetodemographic
senescenceinthesesystems.
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A6.10 PHYLOGENETIC COMPARATIVE
ANALYSIS OF THE RELATIONSHIP
BETWEEN HAEMATOCRIT, LIFE-HISTORY
VARIABLES AND ENERGY METABOLISM
IN BIRDS

™ TUESDAY 4 JULY, 2017 ©® 16:30

& JEFF KANG NIAN YAP (SIMON FRASER UNIVERSITY, CANADA),
OLIVIA HSIN-I TSAI (SIMON FRASER UNIVERSITY, CANADA),
TONY D WILLIAMS (SIMON FRASER UNIVERSITY, CANADA)

@ KNYAP@SFU.CA

Aerobic capacityis assumed to be one of the main predictors of
enduranceortheabilitytosustainhighworkloadinawiderange
of animals and haematocrit (Hct) has been suggested as a key
determinantofaerobicormetabolicperformancethroughitsrolein
oxygentransportanddelivery. Attheintraspecificlevel,numerous
studieshavereportedincreasesinHct(and/orhaemoglobinlevels)
inresponsetoexperimentallyincreasedflightcostsorincreased
thermogenicdemands. Furthermore, Hctvariesmarkedlyamong
individualsandthroughtheannualcycleinfree-livingbirdsand
ithasbeen suggested that this reflects adaptive modulation of
thistraittomeetseasonalchangesinenergydemands,e.g.during
migrationorwinteracclimatization. Toourknowledgetherehas
beennocomprehensive,phylogenetically-controlled testofthese
ideasattheinterspecificlevel. We compiledacomparativedataset
of Hct,variousmeasuresof metabolicrate,aswellasecologicaland
life-historytraitsfor 107 speciesofbirds. Weusethistorigorously
test several hypotheses foradaptive variationin hematocritin
relationto a) migratory status, b) breeding range temperature,
andc)altitude. AlthoughHctisclearly only one componentofthe
complexmachineryunderpinningmetabolicratewethenextend
these generalideastotestrelationships between Hct and basal
metabolicrate,dailyenergyexpenditureandactivitymetabolic
rate,inthecontextofdifferentmodelsofenergymanagement.
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A6.11 FUNCTIONAL ANALYSIS
OF BROWN ADIPOSE TISSUES OF
A NON-HOMEOTHERMAL RODENT,
NAKED MOLE-RAT

™ TUESDAY 4 JULY, 2017 POSTER SESSION

@ YUKI OIWA (HOKKAIDO UNIVERSITY, JAPAN), YUKO OKAMATSU
(HOKKAIDO UNIVERSITY, JAPAN), MASAHIDE BONO (DBCLS,
JAPAN), HIDEYUKI OKANO (KEIO UNIVERSITY, JAPAN),
KAZUHIRO KIMURA (HOKKAIDO UNIVERSITY, JAPAN),

KYOKO MIURA (HOKKAIDO UNIVERSITY, JAPAN)

@ YOIWA1987@GMAIL.COM

Naked mole-rat (NMR) is a poikilothermic animal that shows
an extremely long lifespan (>30 years) and a low incidence of
cancer. NMR has low basal metabolic rate (BMR) and low body
temperature (about 32 degrees) at 30 degrees thatis equivalent
temperatureinthewildundergroundcolony. Althoughingeneral,
lowbodytemperaturepreventshigheractivityandproceedingin
undergroundneedmoreenergythanonground, NMRcanbuilda
vastunderground colony. Additionally, NMR canmoveactivelyat
30degreesinourlaboratory. Torevealthemechanismsthatenable
NMRtohaveactivebehaviourinspiteoftheirlowBMRandbody
temperature,wefocusedontheirbrownadiposetissues (BATs),
an important organ for non-shivering thermogenesis (NST) .
AlthoughNMRisreportedtobeunabletoinducepersistentNSTin
acoldenvironment, wefoundthatNMRhadalargeamountofBATs.
Furthermore, wefoundthat NMRBATshadthebeta-3adrenergic
stimulation-dependentthermogenicabilitybothinvitroandinvivo,
inadditiontohigher Uncouplingprotein-1expressionlevelsthan
whiteadiposetissues. Wethenmonitored NMRsbythermalcamera,
andfoundthat NMRBATSs’thermogenesisoccurredevenwhenthey
housedat30degreesandindividual NMR showedseverallevelsof
BATs’thermogenesis. Importantly, NMRBAT ’stemperaturerose
duringexercisedependingonbeta-3adrenergicstimulation. These
findingsgiveinsightsintothepotentialrolesof NMRBATstobridge
thegapbetweenlowBMR andactivebehaviourof NMR.
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A6.13 MOLECULAR MECHANISMS OF
HYPOXIA TOLERANCE OF THE BRAIN
OF DIVING MAMMALS

™M TUESDAY 4 JULY, 2017 POSTER SESSION

& ANDREJ FABRIZIUS (INSTITUTE OF ZOOLOGY BIOCENTER
GRINDEL, GERMANY), MARIANA LEIVAS MULLER HOFF
(INSTITUTE OF ZOOLOGY BIOCENTER GRINDEL, GERMANY),
LARS P FOLKOW (DEPARTMENT OF ARCTIC AND MARINE BIOLOGY
UNIVERSITY OF TROMS@, NORWAY), THORSTEN BURMESTER
(INSTITUTE OF ZOOLOGY BIOCENTER GRINDEL, GERMANY)

@ ANDREJ.FABRIZIUS@UNI-HAMBURG.DE

Inmostterrestrialmammals, thelackofoxygenresultswithinafew
minutesinanirreversibledamagetothebrain. The vulnerability
ofthebrainisduetoitshighmetabolicactivity,andthedifference
betweenenergyproductionanddemandcausedbyhypoxia. The
brainsofdivingmammals,suchaswhalesandseals,maysurvive
recurrentandextendedperiodsofhypoxiacausedbydivingwithout
damage. This cerebral toleranceis credited to a combination of
behavioural,anatomicaland physiologicaldivingadaptations,such
asbradycardiaandconstrictionofperipheralbloodvessels. However,
littleisknownaboutthecellularandmolecularmechanismsthat
contributetothehypoxiatoleranceofthebrain. Electrophysiological
studies demonstrated a remarkable tolerance of the brain
neuronsofthehoodedseal (Cystophoracristata). Toelucidatethe
possible molecular adaptations of the brain of the hooded seal,
weinvestigatedthebraintranscriptomeusingRNA-sequencing
(RNA-seq).Thelevelsof6,229transcriptsfromthe visual cortexof
thehoodedsealwerecomparedwiththosefromthevisualcortex
oftheferret,whichisaterrestrialrelative of thepinnipeds.Inthe
sealbrain, wefoundageneralreductionoftheexpressionlevelsof
genesrelatedtoenergymetabolism. Mostimportantly, weidentified
twopotentialcandidate genes (S100Band clusterin), whichhave
anunusuallyhighexpressionlevelinthesealbrainandthusmay
contributetoitsunusualhypoxiatolerance.
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A7 NATURALLY OCCURRING
EXPERIMENTS: USING LIFE
HISTORY EVENTS TO UNDERSTAND
LOCOMOTOR PERFORMANCE

ORGANISED BY: NATALIE HOLT (UC IRVINE, UNITED STATES) AND
ANGELA HORNER (UNIVERSITY SAN BERNADINO, UNITED STATES)

SESSION SPONSORED BY: SABLE SYSTEMS INTERNATIONAL AND THE COMPANY OF BIOLOGISTS

A7.1 PHYSICAL EFFECTS OF
REPRODUCTION ON LOCOMOTION
IN LIZARDS

™ THURSDAY 6 JULY, 2017 ® 09:00

@& MARGUERITE A BUTLER (UNIVERSITY OF HAWAI'I AT MANOA,
UNITED STATES), JULIO A RIVERA (UNIVERSITY OF HAWAI'I
AT MANOA, UNITED STATES), JEFFREY A SCALES (CALIFORNIA
STATE UNIVERSITY STANISLAUS, UNITED STATES), CHRISTINA
N LINKEM (UNIVERSITY OF HAWAI’I AT MANOA, UNITED
STATES), ELIZABETH R HENRY (UNIVERSITY OF HAWAI'I AT
MANOA, UNITED STATES)

@ MBUTLER@HAWAII.EDU

Onedemandplacedexclusivelyonthemusculoskeletal systemof
femalesismaintaininglocomotorperformancewithincreasingload
overthereproductivecycle.Sincemanyterrestrialvertebratetaxa
relyonrunningorjumpingtoescapefrompredatorsitisparadoxical
thatmanyofthesesametaxacancarryalargereproductivemass.
Femalesmay experience anumber of physical effects,including
increasedmass,increasedbodyvolume (withcompressionofinternal
organsastheycompeteforspacewitheggs),andstretchingofthe
axialmusculaturewhichmaydecreaselocomotorperformance.
Inaddition, femalesimmediatelypostreproductionexperiencea
suddenlossofmassand volume. Wehavestudiedthechangesin
locomotorperformanceinlguanaiguanaduringreproductionand
recovery, theeffectsofexternalloadsonlguanaiguanaandthesmall
arboreallizard Anolissagrei,andsimulatedpregnancyviatheuse
ofimplantsinlguanaiguana. Overalllizardshave some capacity
for compensationin sprinting, but notjumping. During therun,
lizardsareabletodecreasingtheswingphaseofthestrideuntila
pointatwhichoverallperformancedeclineswithincreasingloads.
Theeffectsaremorepronounced forreproductiveloadsasopposed
toexternalloads,and wefoundeffects of volumeindependent of
massinourimplantexperiments. Performancedeclinesaremuch
morepronouncedimmediatelypostreproduction, withobservations
suggesting a lack of stability and coordination and functional
disruptionoftheaxialmusculature,indicatinggreatestvulnerability
duringtherecoveryfromreproduction. The physiologicaleffectsof
reproductiononlocomotionare complex.

A7.2 DOES MUSCULOSKELETAL AGING
DIFFER FROM DISUSE ATROPHY?
MUSCLE CONTRACTILITY AND ISOFORM
EXPRESSION IN EXTREMELY ATHLETIC
AGED MICE

™ THURSDAY 6 JULY, 2017 © 09:40

@ ANGELA MHORNER (CAL STATE UNIVERSITY SAN BERNARDINO,
UNITED STATES), ALEX BEECHKO (CAL STATE UNIVERSITY
SAN BERNARDINO, UNITED STATES), BRYAN ROURKE (CAL
STATE UNIVERSITY LONG BEACH, UNITED STATES), THEODORE
GARLAND JR. (UNIVERSITY OF CALIFORNIA RIVERSIDE,
UNITED STATES), MANNY AZIZI (UNIVERSITY OF CALIFORNIA
IRVINE, UNITED STATES)

©@ AHORNER@CSUSB.EDU

Advanced aging is associated with a host of musculoskeletal
pathologies,includingdecliningmusclemassandforceproduction,
decreasingstiffnessofelasticelements,andfunctionaldeclinein
neuromuscularcontrol. Theseage-relateddeclinesmaybeconflated
with disuse atrophy, however, which co-occurs with aging and
produces grossly similar results. Thus, studies attempting to
characterize age-related changes in muscle performance and
isoformexpressionmayattributephysiologicalchangestoaging
thatareinpartinfluencedbysedentarism.Exercisetraininglike
endurancerunningisknowntomitigatemusculoskeletaldecline
duetobothaginganddisuse,butmoststudiesofexerciseandaging
arenecessarilylimitedtocross-sectionalanalysesorshortdurations.
Here we present data from anovel model for muscle aging, aline
of miceselectivelybred for over 80 generations for high levels of
wheelrunning (HRmice). Wedividedmicefromtwolines(HRand
Control)intocageswithlifelongaccesstowheelsorintostandard
rodent cages with no wheel access. We measured plantarflexor
muscle contractility (peakisometricforce,maximumshortening
velocity,andpeakpower) frommiceatsix,nine,and 18 monthsofage,
andanalyzedmuscleisoformsfrommiceatthreeand 18 monthsof
age[AH1].Musclequality (force/musclemass)ishigherinHRmice
broadly,andsignificantlyhigherin HR-Wmicespecifically. HRmice
haveahigherproportionoftypelfibers,andsimilarlyhaveslower
maximalshorteningvelocities.Preliminaryresultssuggestthat
fibertypeshiftsandaccompanyingchangesinmuscle contractility
maybemitigatedwithendurancetraining.
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A7.3 HINDLIMB MECHANICS
AND RESPONSE OF JUMPING
FROM COMPLIANT SUBSTRATES
IN TREE FROGS

™ THURSDAY 6 JULY, 2017 ® 09:55

@ CRYSTAL M REYNAGA (UNIVERSITY OF CALIFORNIA IRVINE,
UNITED STATES), CAITRIN EATON (UNIVERSITY OF
CALIFORNIA IRVINE, UNITED STATES), EMANUEL AZIZI
(UNIVERSITY OF CALIFORNIA IRVINE, UNITED STATES)

@ CMMREYNAGA@GMAIL.COM

Arboreal frogs navigate complex environments and substrates
withvaryingmechanical properties. Thesechangesinsubstrate
complianceandelasticity canimpose challenges whenjumping
off structures like leaves or small branches. An optimal well-
coordinated jump might allow for therecovery of elasticenergy
storedinthesubstrateandpotentiallyamplifymechanicalpower
byeffectivelyaddinganin-seriesspringtothehindlimbs. However,
inapoorlycoordinatedjumptheenergyappliedtothesubstrateis
notrecovered. Weaimtounderstand whetherjumpingorganisms
modulatetheirhindlimbkinematicstomaximizeenergyrecovery
fromacompliantsubstrate. Wehavedesignedasoftware-controlled
jumpingplatformequippedwithareal-timefeedbackcontrollerthat
allowsustomodulatethecompliance of thesubstrate. Wequantify
thekineticsandkinematicsof Cubantreefrogsjumping-offplatforms
withvaryingmechanicalproperties. Wefindthattheseanimalsdo
recoveraportionoftheenergystoredinthesubstrate,anddosoby
modulatinglimbstiffnessandrate ofextensionwhenfacedwith
acompliantsubstrate. Theseresultshighlightapotentialtrade-
offbetweenjumpingperformance (e.g. power, acceleration) and
responsivenessinanimalsthatrelyonelasticmechanismstoamplify
power. Thisworkwillservetobroadenourunderstanding ofhow
animalssenseandrespondtocomplexenvironmentswithvaried
mechanicalproperties.

A7.4 PRACTISE MAKES PERFECT:
OPTIMISATION OF LOCOMOTOR
PERFORMANCE IN ‘ARBOREAL’
PARKOUR ATHLETES ILLUMINATES
THE EVOLUTIONARY ECOLOGY OF
GREAT APE ANATOMY

™ THURSDAY 6 JULY, 2017 ® 10:10

@ LEWIS G HALSEY (UNIVERSITY OF ROEHAMPTON,
UNITED KINGDOM), SUSANNAH K THORPE (UNIVERSITY
OF BIRMINGHAM, UNITED KINGDOM)

@ L.HALSEY@ROEHAMPTON.AC.UK

An animal’s size is central to its ecology, yet remarkably little
is known about the selective pressures that drive this trait.
Aparticularly compellingexampleishowancestralapesevolved
largebodymassinsuchaphysicallyandenergeticallychallenging
environmentastheforestcanopy, whereweight-bearingbranches
andlianasareflexible,irregularanddiscontinuousandthemajority
of preferredfoodsaresituated onthemostflexiblebranchesatthe
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peripheryoftreecrowns. Todatetheissuehasbeenintractabledue
toalackofrelevantfossilmaterial, thelimited capacity of thefossil
recordtoreconstructananimal’sbehavioural-ecologyanditnot
beingpossibletomeasureenergyconsumptioninfreelymoving
apes. Westudied theoxygenconsumptionofparkourathleteswhile
traversinganarboreal-likecourseasanelitemodelapetotestthe
ecomorphologicalandbehaviouralmechanismsbywhichalarge-
bodied ape could optimize their energetic performance during
tree-basedlocomotion. Ourresultsshowthatfamiliarity withthe
arboreal-likecourseallowedtheathletestosubstantiallyreduce
theirenergyexpenditure. Furthermore,athleteswithlargerarm-
spansandshorterlegswereparticularlyadeptatfindingenergetic
savings.Ourresultsfleshoutthescantyfossilrecordtoofferevidence
thatlong, strong arms, broad chests and a strong axial system,
combinedwiththefrequentuseofuniformbranch-to-brancharboreal
pathways, werecriticaltooff-settingthemechanicalandenergetic
demandsoflargemassinancestralapes.

A7.5 ONTOGENETIC DETERMINANTS
OF ESCAPE PERFORMANCE IN
EASTERN COTTONTAIL RABBITS
(SYLVILAGUS FLORIDANUS)

™ THURSDAY 6 JULY, 2017 ® 10:55

& JESSE W YOUNG (NORTHEAST OHIO MEDICAL UNIVERSITY,
UNITED STATES), ADAM D FOSTER (CAMPBELL UNIVERSITY,
UNITED STATES), GREGORY A SMITH (KENT STATE UNIVERSITY,
UNITED STATES), GABRIELLE A RUSSO (STONY BROOK
UNIVERSITY, UNITED STATES), MICHAEL T BUTCHER
(YOUNGSTOWN STATE UNIVERSITY, UNITED STATES)

©@ JWYOUNG@NEOMED.EDU

Juvenileanimalsareoftenundergreaterpredationriskthanadults.
Here,wepresentanintegrateddatasetonmusculoskeletal growth,
locomotor performance (i.e., acceleration), and survivorship in
anontogeneticsampleof61Easterncottontailrabbits (Sylvilagus
floridanus;mass:106-1434g; estimated age: 22-208d). Cottontails
areindependentatanearlyageandexperiencehighpredationduring
theirfirstyear,makingthisanidealmodelinwhichtoinvestigate
how selection may act on juvenile performance. We found that
accelerationspeakedinjuvenileanimals(i.e.,masses:850-950g;
ages:110-122d) and tapered atlowerand higherbody sizes, such
that ontogenetic changesin acceleration were better explained
byaquadraticthanlinearmodels(likelihoodratiotests:p<0.001).
Accelerationwasstronglyassociated withthenetmechanicalwork
performedonthecenterofmass(r?=0.85),andmorespecificallywith
workproductionatthelumbarspine, hip,andanklejoints. Though
hindlimbextensormusclemassandcross-sectionalareasatthese
jointsgenerallyscaledwithmechanicalsimilarityduringgrowth
(i.e.,positiveallometry), effectivemechanicaladvantageatthehip
andanklewassignificantly greaterinyoungerrabbits (p<0.032).
Increasedmuscleleveragewouldpermityoungeranimalstogenerate
greaterpropulsionforagivenamountofinputforce,suggestinga
morphologicalunderpinningforincreasedlocomotorperformance.
Nevertheless, mortality data for a subset of animals fitted with
radio-collarsshowedthatpeakaccelerationwasnotsignificantly
associated with survivorship to reproductive age (p=0.096),
indicatingacomplexrelationshipbetweenlocomotorperformance
andreproductivefitness. Supportedby NSFI0S1146916,1146851
and1147044.
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A7.6 EFFECT OF HEAD SHAPE CHANGE
WITH GROWTH ON THE DOLPHIN
DRAFTING OF BOTTLENOSE DOLPHIN

™ THURSDAY 6 JULY, 2017 ©® 11:25
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A7.7 MECHANISMS MEDIATING
NATURALLY OCCURRING VARIATION
IN INSECT FLIGHT PERFORMANCE

™ THURSDAY 6 JULY, 2017 ® 13:50

@ MAAKO MIYAKE (TOKAI UNIVERSITY, JAPAN), YUKINA
MARUSHIMA (TOKAI UNIVERSITY, JAPAN), YOSHINOBU INADA
(TOKAI UNIVERSITY, JAPAN), FUMIO TERASAWA (ENOSHIMA
AQUARIUM, JAPAN), MAI SAKAI (KINDAI UNIVERSITY,
JAPAN), TADAMICHI MORISAKA (MIE UNIVERSITY, JAPAN)

©@ INADA.DOLPHIN@GMAIL.COM

Innature,motherdolphinhelpsitscalfswimtogethersidebyside
usingahydrodynamiceffectcalled venturieffect. Thisbehaviour
iscalled “dolphindrafting”.Inour previousstudy, we conducted
windtunneltestsusingstreamlinemodelsbasedontheshapeof
dolphinstoinvestigatethisbehaviourandclarifiedthatthedolphin
draftingwasbeneficialnotonlyforthecalfbutalsoforthemother.
Inthisresearch,wefocusedontheeffectofheadshapechangewith
growthonthedolphindraftingofbottlenosedolphin. Anewborn
calfhasashortrostrumanditsrelativelengthincreasesasthecalf
grows. Weconductedwind tunneltestsusingmodelswithdifferent
rostrumlengthandfoundthattheshortrostrummodel, orthestream
linemodel,hadlargerdragreductionthanthelongrostrummodel
showingthatthenewborncalfwithashortrostrumcangetlarger
benefit fromthe dolphindraftingthanthe elderone withalong
rostrum.Inconsequence, thedolphindraftingcouldappropriately
benefitthecalfinaccordancewiththegrowth.

& RUDOLF SCHILDER (PENNSYLVANIA STATE UNIVERSITY,
UNITED STATES)

@ RJS360@PSU.EDU

Studiesofanimallocomotor performance donotoftenexamine
naturalvariationinthistrait. Yetformanyspecies,itisvariation
inlocomotorperformancethatdetermineswhosucceedsunderthe
naturallyselectiveprocessesthatdriveindividualfitness outcomes
(e.g.,theabilitytosecureamateandproduceoffspring). Thismay
beparticularlytrueforanimalswhosefecunditycruciallydepends
ontheirabilitytointeractwiththeirenvironment whileinflight.
Ongoingworkinmylaboratory examinesbiotic-andabioticfactors
thataffectphysiologicalmechanismsthatmediatevariationinmale
dragonflyflight-andflight muscle performancethroughoutlife
history. Thenaturallyoccurringexperimentthathasdrivenmuch
ofthisworkisanintestinal protozoaninfectionthatindragonflies
resultsinadisease syndrome akintomammaliandiabetesand
obesity. Susceptibility of adult dragonflies to this infection is
highlyvariableinnature,andwehavefoundittobedependenton
thechemicalcompositionoftheenvironmentdragonfliesencounter.
InthistalkIwillintegratepreviouslypublishedandnewdataderived
fromthissystemtoshowhowdragonflylarvallifehistoryappearsto
ultimately determineadultlocomotorperformanceoutcomesinthe
contextofthishost-parasiteinteraction.Inaddition,Iwilldiscuss
howthisprojecthasrecentlydriventhedevelopmentofanewresearch
directioninmylabfocusedonmechanismscontrollinginteractions
betweenthermalandlocomotorperformanceinflyinginsects.

A7.8 LOCOMOTOR PREFERENCES
IN TERRESTRIAL VERTEBRATES:
AN ONLINE CROWDSOURCING

APPROACH TO DATA COLLECTION

™ THURSDAY 6 JULY, 2017 ® 14:30

@ JOHN J LEES (LINKOPING UNIVERSITY, SWEDEN), JAMES
GARDINER (UNIVERSITY OF SALFORD, UNITED KINGDOM),
JAMES USHERWOOD (ROYAL VETERINARY COLLEGE, UNITED
KINGDOM), ROBERT NUDDS (UNIVERSITY OF MANCHESTER,
UNITED KINGDOM)

© JOHN.LEESeLIU.SE

Understandinghow animalsmovewithintheirenvironmentis
aburgeoningfieldofresearch. Despitethis,relativelybasicdata,
suchasthelocomotorspeedsthatanimalschoosetowalkatinthe
wild,aresparse.Ifanimalschoosetowalkwithdynamicsimilarity,
they will move at equal dimensionless speeds, represented by
Froude number (Fr). Fr may be interpreted from simple limb
kinematicsobtainedfromvideodata.Here,usingInternetvideos,
limbkinematicsweremeasuredin112birdand mammalspecies
weighing between 0.61 and 5400kg. This novel method of data
collectionenabledthedetermination ofkinematicsforanimals
walkingattheirself-selectedspeeds withouttheneedforexhaustive
fieldwork. Atlargersizes,bothbirdsandmammalsprefertowalkat
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slowerrelative speedsandrelativestridefrequencies, aspreferred
Frdecreasedinlargerspecies,indicatingthat Frmaynotbeagood
predictorofpreferredlocomotorspeeds. Thismayresultfromthe
observationthattheminimum costoftransportisapproachedat
lowerFrinlargerspecies. Birdswalkwithhigherdutyfactors,lower
stridefrequenciesandlongerstancetimescomparedtomammals
atself-selectedspeeds. Thetrendtowardslowerpreferred Frisalso
apparentinextinctvertebratespecies.

A7.9 BIOMECHANICS OF INSECT
INJURY REPAIR

™ THURSDAY 6 JULY, 2017 ©® 14:45

@ MAEVE O’NEILL (TRINITY COLLEGE DUBLIN, IRELAND),
DIEGO DELANDRO (TRINITY COLLEGE DUBLIN, IRELAND),
DAVID TAYLOR (TRINITY COLLEGE DUBLIN, IRELAND)

@ ONEILM10eTCD.IE

Weinvestigatedtheabilityof desertlocusts(Schistocercagregaria)
torepairinjuriesandrestoremechanicalstrengthtotheirlimbs.
Thiswasdoneforinsectsofanumberofdifferentagestoevaluate
iftherewasadownwardtrendforrepairabilitywithincreasing
age,ascommonlyseeninmammals. Whilstyoungerinsectswere
somewhatbetteratrestoringmechanicalstrengththantheirolder
counterparts (oneweekoldversus 13/14weeksold) thedifference
wasminimal. Youngerinsectscouldrestoredamagedlimbsto82%
of theirinitial strength (failure strength of 143.24 MPa versus
164.26 MPaforuninjuredcuticle),andolderinsectsto73%(136.45
MPaversus 178 MPaforuninjured cuticle) still sufficiently strong
fornormallocomotion. Targeted deposition was observedinall
cases.Investigationsintodifferentwoundtypeswerecarriedout
toevaluatetheeffectofcuticularlayerdisplacementonrepair,and
whetherornotinsectsareoptimallydesignedtoresistcertaintypes
ofinjuries.Itwasdiscoveredthatinsectsarebetterabletoresist
puncturewounds comparedtoscalpelwounds. Additionallyitwas
foundthatolderinsectsaremoresusceptibletocrackgrowthand
thusfailurefromaninjurythantheiryoungercounterparts. Thisis
believedtobeduetotheeverincreasingstiffnessoftheolderinsects
cuticle,whichleavesthemvulnerabletocrackgrowth.
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A7.10 ADAPTIVE AIRSPEED
ADJUSTMENT AND COMPENSATION FOR
WIND DRIFT IN THE COMMON SWIFT:
DIFFERENCES BETWEEN DAY AND NIGHT

™ THURSDAY 6 JULY, 2017 ® 15:00

& ANDERS HEDENSTROM (LUND UNIVERSITY, SWEDEN),
SUSANNE AKESSON (LUND UNIVERSITY, SWEDEN)

@ ANDERS.HEDENSTROM@BIOL.LU.SE

Migratorybirdsareknowntobecapable ofadjustingtheirheading
directiontocompensateforwinddriftandadjustairspeedadaptively
withrespecttohead-andtailwinds. Theshapeofthe power-speed
relationship, whichinturnisderivedonthebasisofflightmechanics,
dictatesappropriateairspeedadjustment. Highflyingnocturnally
migrating common swifts have been shown to compensate for
winddrift,buttheyfailedtoadjustairspeedasexpected (increase
inheadwindanddecreaseintailwindinrelationtoneutralwind).
Wepresentnewmeasurementsofdiurnallymigratingcommon
swifts at a coastal site in the Baltic, where the birds did adjust
airspeedadaptivelyduringspringandautumnmigration. During
autumn migration they compensated for lateral wind drift by
adjustingheadingdirectionsimilarly tohighaltitudemigrants
inautumn. Wealsorecordedflight speedandwind compensation
duringasummerweatherrelated exodus, whenthebirdsbehaved
similarlytothoseduringautumnmigration,althoughthey showed
asmalldegreeof winddrift. Thereasonforwhybirdsfailedtoadjust
airspeedadaptivelyathighaltitudeisdiscussed,andwearguethere
isathresholdinthesensorysystemtodetectsmallchangesinoptic
flowbasedonvisual landmarks.
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A7.11 MOBILITY DURING MOULTING
IN CRUSTACEA

™ THURSDAY 6 JULY, 2017 ©® 15:45

@ JENNIFER R A TAYLOR (SCRIPPS INSTITUTION OF
OCEANOGRAPHY UC SAN DIEGO, UNITED STATES)

@ J3TAYLOR@UCSD.EDU

Thepunctuatedgrowth (moulting) processofcrustaceanspresents
uniquebiomechanical challengesthatcansignificantlydisrupt
locomotionandbehaviourrepeatedly throughoutontogeny. When
the old exoskeletonis shed and anew oneis formed duringeach
moultcycle,itsmechanicalpropertieschangesodramatically that
itistemporarilyunabletoresisttheforcesof musclecontraction
necessaryformovementandlocomotion. Remarkably,animalssuch
ascrabs,shrimps,andlobstersremainmobileduringthisprecarious
timebyswitchingtoahydrostaticskeletal supportmechanism.
Locomotorperformance,however,issignificantlyreducedforall
modesofcrustaceanlocomotion,includingswimming, walking,
andclimbing. Whilethe gaitsforeach oftheselocomotormodes
remainunaffectedbymoulting, thekinematicschangesignificantly,
especiallyforanimalswithlargerbodymassandthosethatlivein
theterrestrialenvironment, withoutthebuoyantsupportofwater.
Thus,smallerandyoungeraquaticcrustaceansaremorerobust
tothemechanicalchallengesof moulting, whichaidsinpredator
avoidanceduringthesevulnerableperiodswhenescapelocomotion
istheirprimarydefence. Forlargerandterrestrial crustaceans,
locomotionmaybehinderedbymoulting, withsignificantimpacts
ontheirbehaviourandsurvival. Exploringthebiomechanics of
locomotionandmoultingisthereforeessentialtounderstanding
thelifehistoriesanddiverseecologiesof crustaceans,especiallyin
theirtransitionfromaquatictoterrestrialenvironments.
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A7.12 AN AGEING MODEL TO EXPLORE
THE ROLE OF CONTRACTILE AND
CONNECTIVE TISSUE INTERACTIONS
IN SKELETAL MUSCLE PERFORMANCE

™ THURSDAY 6 JULY, 2017 ® 16:15

& NATALIE C HOLT (NORTHERN ARIZONA UNIVERSITY, UNITED
STATES), EMANUEL AZIZI (UC IRVINE, UNITED STATES)

@ NATALIE.HOLT@NAU.EDU

Skeletalmuscleperformancedependsonthecomplexinteractions
between the force generating contractile tissues, and the force
transmitting connectivetissues. However, thespatially complex
andfunctionallyinterdependentnatureofthisinteractionmakes
itdifficulttodeterminethevariousrolesof thesetissues, therefore
limitingourunderstandingofmusclefunction. Hereweproposethat
thephenotypicchangesassociatedwithageingprovidesanatural
perturbationtoexploretheinteractionbetweencontractileand
connectivetissues.Ageingisaccompaniedbysignificantchanges
to the mechanical properties of connective tissues structures.
Hence,bydeterminingtheeffectofageonmuscleperformance,
wecanmakeinferencesaboutthefundamentalroleofconnective
tissue.Herewepresentdatafrommultiplestudiesusingaratmodel
ofageing. Weshowthat: 1) wholemuscleshortening,and therefore
work,isdecreasedwithage;2)thatwhilstwholemuscleshorteningis
decreasedfiberbundleshorteningisnot;and3)thatthewayinwhich
thefibersinpennatemusclereorientduringcontractionvarieswith
age. Takentogether,thesefindingssuggestthatconnectivetissues
modulate muscle shape changein away that can affect muscle
performance,andthatchangestoconnectivetissuestructures
havegreatereffectonperformanceatthemusclelevelthanatthe
cellularlevel. Thesetypesofstudiesnot only advance ourbasic
understandingof musclephysiology,butalsoprovideinsightsinto
thecausesof,andvariabilityin, thedeclineinmuscle performance
withage.
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A7.13 PARENTAL AND ENVIRONMENTAL
DETERMINANTS OF SWIM PERFORMANCE
IN LARVAL ANEMONEFISH

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ DAPHNE CORTESE (CRIOBE USR 3278 EPHE, FRANCE), ZOE
SCHOLTZ (CRIOBE USR 3278 EPHE, FRANCE), SUZANNE C
MILLS (CRIOBE USR 3278 EPHE, FRANCE), TOMMY NORIN
(UNIVERSITY OF GLASGOW, UNITED KINGDOM), SHAUN KILLEN
(UNIVERSITY OF GLASGOW, UNITED KINGDOM), RICARDO
BELDADE (CRIOBE USR 3278 EPHE, FRANCE)

@ DAPH.CORTESE@GMAIL.COM

AccordingtoDarwinianevolution,favourableandheritabletraits
thatincreasefitnessinagivenenvironmentshouldbeselectedfor.
Whileultimatefitnessisdifficulttoquantifyinrelativelylong-lived
animals,theimmediateeffectsonperformancemayprovideafirst
glimpseattheprocessofevolution. Certainmorphologicaltraits
infishassociatedtoswimmingperformancehavebeenshownto
varyaccordingtolocalenvironmental cues. Whetherthesetraits
areheritablehasnotyetbeenshown.Here,wetestthehypothesis
thatinacoralreeffishmorphologicaltraitscorrelatedtoswimming
performance(suchastotallengthandpectoralfinsize)areheritable.
Furthermorewetestwhetherthesamemorphologicaltraitsare
correlatedwithlarvalswimmingperformance. Finally, wetest
whetherparentalandlarvaltraitsareenvironment-dependent.
Usingoffspringfrombreedingorange-finanemonefish (Amphiprion
chrysopterus)weshowthatlarvaltotallengthandpectoralfinsize
regresslinearlywiththesamematernaltraits. Secondly, we show
thatthesetraitsareassociatedtolarvalcriticalswimmingspeed.
Finally we show thatlarvae from different breeding pairs have
significantly differentswimmingperformancesandthatthese
correlatewithwatercurrents. Fromthemomentofhatchinguntil
settlement (the dispersal stage), larvae with better swimming
performanceshouldalsobeabletobetterdisperseandfindasuitable
settlement habitat. If such differences in traits and swimming
performancearekeptthroughoutthewholedispersalstage (until 17
dayspost-hatching)thenthematernaloriginoflarvaemaytranslate
intohigherlarvalsurvivalandmaybeapowerfulevolutionaryforce.
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A8 CONSTRAINTS ON ADAPTATION
AND PERFORMANCE: FROM
INDIVIDUALS TO POPULATIONS

ORGANISED BY: SHAUN KILLEN (UNIVERSITY OF GLASGOW, UK)
AND CAROL BUCKING (YORK UNIVERSITY, CANADA)

A8.1 PLASTICITY OF
LOCOMOTOR FUNCTION AND
ITS EFFECT ON BEHAVIOUR

™ MONDAY 3 JULY, 2017 ©® 09:00

@ FRANK SEEBACHER (UNIVERSITY OF SYDNEY, AUSTRALIA)

@ FRANK.SEEBACHER@SYDNEY.EDU.AU

Thecapacity tomoveis one of themostfundamental aspectsin
animalbiology,anditinfluencesbiodiversity, fitness,andbehaviour.
Manyanimalhaveanastoundingcapacitytofunctionwellinabroad
rangeofenvironments, whileothersarevulnerabletorelatively
smallchanges. Thesedifferencesareintriguingconsideringthat
theprincipalmolecularandphysiologicalcomponentsaresimilar
inmostanimals.Locomotorperformanceisofparticularinterest,
becauseitisattheinterfacebetweenphysiologyandbehaviour. Any
environmentalparameterthatlimitslocomotorperformanceand
itsunderlyingphysiologywillthereforealsoconstrainbehaviour.
Iwillpresentrecentworkaimedatunderstandingtheregulation
andplasticityoflocomotorperformanceinresponsetointeractions
between environmental factors,and their downstream effects
onbehaviour.

A8.2 PLASTICITY, PERFORMANCE,
AND PACE OF LIFE: INDIVIDUAL
DIFFERENCES IN PHYSIOLOGICAL
AND BEHAVIOURAL FLEXIBILITY
IN RESPONSE TO DAILY

CHANGES IN TEMPERATURE

AND OXYGEN AVAILABILITY

[™ MONDAY 3 JULY, 2017 ® 09:40

& TOMMY NORIN (UNIVERSITY OF GLASGOW,
UNITED KINGDOM), NEIL B. METCALFE
(UNIVERSITY OF GLASGOW, UNITED KINGDOM)

@ TOMMY.NORIN@GLASGOW.AC.UK

Individual animals differ consistentlyinboth their physiology
andbehaviour;thisvariationsetsthe “paceoflife” ofindividuals
under differentenvironmental conditions. Giventheincreased
frequencyofextremeweathereventsalreadyoccurringasaresult
ofclimatevariability, theabilitytoadjust (ormaintain) performance
whenfacedwithrapidenvironmentalchangesislikelytoaffect
individualperformanceandfitness. Here, weshowthatindividual
Europeanminnow (Phoxinusphoxinus)varyinboththeirmetabolic
and behavioural flexibility when exposed to daily changes in
temperatureand oxygenavailability (hypoxia).Individualfish
with relatively high standard (resting) metabolic rates (SMR)
andactivitylevelswerefoundtobemoreresponsivetoincreased
temperatures comparedtotheirslower-paced conspecifics,butno
differentialplasticity wasobservedintheirmaximummetabolic
rate (MMR). Contrarily, exposure to hypoxia constrained the
MMR (butnot SMR) of high-metabolic-rate fishrelatively more
thanlow-metabolic-rateindividuals, whereasallfishexhibiteda
similarreductioninactivityandrelatedbehavioursunderhypoxia.
Despitesignificantintraspecificvariationinbothphysiological
andbehaviouraltraitswefoundlimitedevidenceforco-variation
between metabolic rate and behaviour. Finally, consistency of
metabolicand behavioural traits was context dependent, such
thatrepeatabilityof mosttraitswashigherathighertemperatures
andoxygenlevels. Together,theseresultsshowthattheability of
particularphenotypestorespondtorapidenvironmentalchanges
dependsontheenvironmentalparameter,andthatthestrength
ofanyselectionforspecificphenotypeslikelywilldependonthe
environmentalstressorstheanimalsarefacedwith.
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A8.3 PARASITES AND HOST
PERFORMANCE: INCORPORATING
INFECTION INTO OUR UNDERSTANDING
OF ANIMAL MOVEMENT

™ MONDAY 3 JULY, 2017 ® 09:55

@ SANDRA A BINNING (UNIVERSITY OF NEUCHATEL,
SWITZERLAND), DOMINIQUE G ROCHE (UNIVERSITY OF
NEUCHATEL, SWITZERLAND), ALLISON K SHAW (UNIVERSITY
OF MINNESOTA, UNITED STATES)

@ BINNINGSANDRA@GMAIL.COM

Studiesofanimallocomotionandmovementlargelyassumethat
individualsarehealthyandperformingatthebestoftheirabilities
inwayswhichareadaptedtotheirsurvival. However,wildanimals
facenumerousecologicalchallengesthatcancompromisetheir
health,reducetheirperformancecapacity,impairtheirmovement
abilitiesand, ultimately,lowertheirfitness.Bydivertingresources
andincreasinghostenergeticdemands, parasites,bacteriaand
viruses (hereafterparasites)candramaticallyinfluencetheways
inwhichtheirhostsallocateenergytomovement. Yet, therole of
parasitesininfluencingpatternsofanimallocomotorperformance
andmovementremainsrelativelyunexplored, perhapsbecause
animalsoftenhideoutwardsignsofsickness,andparasitestendtobe
smallandinconspicuoustoresearchers.Inthistalk,Iwillreviewhow
parasiteinfectioncanleadtoincreased ordecreasedhostlocomotor
performanceandmovementviaimpactsonhostmorphologyand
physiology.Iwillalsogiveexamplesofbehaviouralstrategiesthat
somehostsemploytohelpovercomethedisadvantagesimposed
byinfection.Finally,Iwillhighlight somerecenttheoreticaland
empiricalresearchinvestigatingtheimportantrolethatpathogens
andparasitesplayindrivingtheevolutionofseasonalmigrationand
large-scalehostmovementpatternsmorebroadly.

A8.4 AEROBIC SWIMMING

REVEALS A SUB-LETHAL THRESHOLD
FOR TOLERANCE OF ACUTE WARMING
IN FISHES

™ MONDAY 3 JULY, 2017 ©® 10:25

@ FELIPE RBLASCO (UFSCAR, BRAZIL), ANDREW J ESBAUGH
(UTAU, UNITED STATES), SHAUN S KILLEN (GLASGOW, UNITED
KINGDOM), EDWIN W TAYLOR (BIRMINGHAM, UNITED KINGDOM),
F TADEU RANTIN (UFSCAR, BRAZIL), DAVID J MCKENZIE (CNRS
MONTPELLIER, FRANCE)

@ FELIPEBROCCO@GMAIL.COM

Infishes, toleranceofacutewarmingistypicallymeasuredusing
thecriticalthermalmaximum (CTmax) protocol, wheretheanimalis
heatedatacertainrate(e.g. 1°Cevery 30min)untilloss ofequilibrium
(LOE). Although this test can be performed quickly on many
animals,itsweaknessesare (amongothers)that(1)inthe wild,
LOEwouldbeanincipientlethalthresholdwhereasecologically
relevanteffectsmayoccuratlessseverelevelsof warming,and
(2)thereasonforLOEisnotknownsothevalue oftheprotocol for
understandingmechanismsofheattoleranceislimited. Weexposed
twospecies, Niletilapia Oreochromisniloticus and pacuPiaractus
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mesopotamicus,toaCTmaxprotocolwhilethey wereswimmingat
85% oftheirmaximumaerobicspeed. Individualsofbothspecies
stoppedswimmingatatemperatureapproximately 2°Cbelow their
own CTra.xasmeasuredunderstandardstaticconditions. Cessation
of swimming was preceded by a switch from a steady aerobic
swimminggaittoananaerobicburst-and-coastgait. Fatiguefrom
aerobicexerciserepresentsalessincipientlylethalthresholdthan
LOEandonewithamechanismmaybeeasiertoreveal. Respirometry
wasperformed, toinvestigatewhetherthefatiguethresholdislinked
toconstraintsontheability of thefishestomeettheoxygendemands
ofsustainedaerobicexerciseplusaninexorableincreaseinstandard
metabolicratewithwarming.

A8.5 CONSTRAINTS ON RAISING
YOUNG IMPOSED BY PHYSIOLOGY
IN GOLDEN HAMSTERS

™ MONDAY 3 JULY, 2017 ©® 10:40

@ SARAH A OHRNBERGER (UNIVERSITY OF VETERINARY MEDICINE
VIENNA, AUSTRIA), CATHERINE HAMBLY (UNIVERSITY OF
ABERDEEN, UNITED KINGDOM), JOHN R SPEAKMAN (UNIVERSITY
OF ABERDEEN, UNITED KINGDOM), TERESA G VALENCAK
(UNIVERSITY OF VETERINARY MEDICINE VIENNA, AUSTRIA)

© SARAH.OHRNBERGER@VETMEDUNI.AC.AT

Traditionalecologytaughtusthatmammalsmightbeconstrained
byfoodavailabilityintheirhabitat. Modernlaboratoryresearch
andadlibitumfeedingconditionsduringlactationhoweverreveal
thatlactatingfemalesinfactmightbelimitedbythedissipationof
excessivelyproducedmetabolicheat.Ifendogenousheatproduction
exacerbateswhenfemalesraiseyoung,havepeakenergyintakesand
producemilk,anypossiblealleviationoftheheatloadmightaffect
thegivenphysiologicallimitation. Clearly,lactationisthemost
energydemandingprocessknowninfemaleswhentheyreach6-8
timesrestingmetabolicrate. Bybreedinggoldenhamstersatthree
differentambienttemperatures(5°C,22°C,30°C)andassessingtheir
lactationperformancewesoughttoshedlightontheirphysiological
limitationduringreproduction. We observedthatbodytemperatures
inlactatingfemaleswere0.5°Chigherthaninnon-reproductive
controls (Fy,123=13.6,p<0.01) withonly smalldifferencesbetween
thedifferentambienttemperatures. Interestingly, milkenergy
productionandenergyintakewashighestat5°andsignificantly
differentfrom22°Cand 30°C.Female goldenhamstershavethe
shortestgestationtimeamongeutheriabutyethaveverylargelitters
of3-16 pups. Weconclude thatfemalesat 10°Cshowingmetabolic
rates of over 10 timesresting levels were less constrained than
individualsathighertemperaturesandwespeculatethatthese
relationshipsclearlyaffectfree-livingrodentpopulationsaswell.
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A8.6 EVOLUTION, PLASTICITY,
AND THE INTEGRATIVE PHYSIOLOGY
OF PERFORMANCE IN HIGH-ALTITUDE
ENVIRONMENTS

™ MONDAY 3 JULY, 2017 ©® 14:00

@ GRAHAMR SCOTT (MCMASTER UNIVERSITY, CANADA)

@ SCOTTG2@MCMASTER.CA

High-altitudeenvironmentsprovidefertilegroundforinvestigating
the mechanisms and evolution of the physiological systems
underlyinganimal performance. The coldand oxygen-depleted
(‘hypoxic’)environmentathighaltitudesrequiresthatendothermic
animalssustainhighratesof O, consumptionforthermogenesis
andlocomotionwhilefacingadiminished O, supply. Myresearch
examinesthewaysinwhichhigh-altitudenativesovercomethese
constraints,inanefforttounderstand theevolutionandplasticity
of complexphysiological systems.Iwillpresentourworkonthe
respiratory, cardiovascular,andmitochondrialmechanismsofhigh-
altitudeadaptationindeermice (Peromyscusmaniculatus). High-
altitudepopulationshaveanenhancedrespiratorycapacity (VO;
max)inhypoxiacomparedtotheirlow-altitude counterparts,dueto
evolveddifferencesandenvironmentally-inducedplasticity. This
adaptiveincreasein VO, maxarisesfromfunctionalenhancements
across the O; transport pathway, including lung O; uptake, O,
circulationintheblood,andtissueO,extraction. Thebasisforthese
evolveddifferencesinsystems-levelfunctioninvolve coordinated
changesattissue,cellular,andtranscriptomiclevelsoforganization.
Therefore, high-altitudeadaptationinvolvesaseriesofintegrated
changesacrossthe O,pathway,andallowshighlanddeermiceto
overcomethestrongenvironmental constraintsonperformance
athighaltitudes.Supportedby NSERCofCanada.

A8.7 CARDIOVASCULAR CONTROL AND
HIGH-ALTITUDE ADAPTATION IN DEER
MICE (PEROMYSCUS MANICULATUS)

™ MONDAY 3 JULY, 2017 ©® 14:40

@ OLIVERHWEARING (MCMASTER UNIVERSITY, CANADA),
KEVIN B TATE (TRUMAN STATE UNIVERSITY, UNITED STATES),
GRAHAM R SCOTT (MCMASTER UNIVERSITY, CANADA)

@ WEARINGO@MCMASTER.CA

Endothermsmustcopewiththecombinationofcoldandhypoxia
tosurviveinhigh-altitudeenvironments. High-altitudenatives
somehow maintain the high metabolic rates needed for aerobic
thermogenesiswhileavoidingthemaladaptiveeffectsof chronic
hypoxia.Here,weinvestigated whetherdifferencesinautonomic
controlofthecardiovascularsystemcontributetotheincreased
thermogenic capacity (VO; max) of deer mice native to high
altitudes. We compared captive breeding colonies derived from
wildpopulationsathighandlowaltitudes,acclimated tonormoxia
orhypobarichypoxia(12kPa0;),andmeasured VO, maxfollowing
intraperitoneal injection of adrenergic agonists/antagonists.
Followingcontrolsalineinjection, highlandmicehadhigher VO,
maxthanlowlandmice.However, thesedifferencescouldnotbe
explainedbydifferencesina;-adrenergictoneontheheart,or32-or
a-adrenergictoneonthevasculature. However, theeffectsofthe
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a-adrenergicantagonistphentolaminewasreducedinlowlanders
afterhypoxiaacclimation,suggestingthatareductionina-mediated
vasoconstrictioninthermogenictissuesmighthelpincrease VO,
maxinlowlandersafterhypoxiaacclimation. Nevertheless, our
resultssuggestthatpopulationdifferencesin VO,maxdonotarise
fromevolvedchangesinautonomiccontrolofthe cardiovascular
system.Ongoingworkisusingimplantabletelemetryinfreely-
behavinganimalstoexaminewhetherdifferencesincardiovascular
functionmightinstead contributetopopulationdifferencesinthe
hypoxiaacclimationresponseunderroutine conditions. Supported
byNSERCofCanada.

A8.8 INADEQUATE FOOD INTAKE AT
HIGH TEMPERATURES IS RELATED
TO DEPRESSED MITOCHONDRIAL
RESPIRATORY CAPACITY

™ MONDAY 3 JULY, 2017 ® 14:55

& KARINE SALIN (UNIVERSITY OF GLASGOW, UNITED KINGDOM),
SONYA K AUER (UNIVERSITY OF GLASGOW, UNITED KINGDOM),
GRAEME J ANDERSON (UNIVERSITY OF GLASGOW, UNITED
KINGDOM), COLIN SELMAN (UNIVERSITY OF GLASGOW, UNITED
KINGDOM), NEIL B METCALFE (UNIVERSITY OF GLASGOW,
UNITED KINGDOM)

© KARINE.SALIN@GLASGOW.AC.UK

Animals, especially ectotherms, are highly sensitive to the
temperatureoftheirsurroundingenvironment. Extremelyhigh
temperature,forexample,inducesadeclineofaverageperformance
of conspecificswithinapopulation,butindividualheterogeneity
intheabilitytocopewithelevatingtemperatureshasrarelybeen
studied. In this study, we examined inter-individual variation
infeedingabilityand consequentgrowthrateofjuvenilebrown
trout Salmo trutta acclimated to a high temperature (19°C),
and investigated the relationship between these metrics of
whole-animalperformancesandamong-individual variationin
mitochondrialrespirationcapacity. Foodwasprovidedadlibitumyet
intakevariedten-foldamongstindividuals, resultinginsomefish
losingweightwhilstotherscontinuedtogrow. Almosthalfofthe
variationinfoodintakewasrelatedtovariabilityinmitochondrial
capacity:lowintake (andhencegrowthfailure) wasassociatedwith
highleakrespirationrateswithinliverand musclemitochondria,
andalower couplingofmusclemitochondria. Theseobservations,
combined with the inability of fish with low food consumption
toincrease theirintake despite ad libitum food levels, suggest a
possibleinsufficientcapacity of themitochondriaformaintaining
ATPhomeostasis.Individual variationinthermal performance
is likely to confer variation in the upper limit of an organism’s
thermalnicheandinturnaffectthestructureofwildpopulationsin
warmingenvironments.
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A8.9 THE EFFECT OF ELEVATED
CO, ON SWIMMING PERFORMANCE
AND SCHOOLING IN A CORAL REEF
FISH SPECIES

™ MONDAY 3 JULY, 2017 ©® 15:10
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A8.10 VALIDATING THE USE OF
LABORATORY MAINTAINED ANIMALS
FOR MACRO-PHYSIOLOGICAL AND
MACRO-ECOLOGICAL STUDIES

™ MONDAY 3 JULY, 2017 ® 15:25

@ LAUREN E NADLER (SCRIPPS INSTITUTION OF OCEANOGRAPHY,
UNITED STATES), AMY COX (JAMES COOK UNIVERSITY,
AUSTRALIA), PAOLO DOMENICI (IAMC-CNR, ITALY), SHAUN
S KILLEN (UNIVERSITY OF GLASGOW, AUSTRALIA), MARK I
MCCORMICK (JAMES COOK UNIVERSITY, AUSTRALIA), PHILIP
L MUNDAY (ARC CENTRE OF EXCELLENCE FOR CORAL REEF
STUDIES, AUSTRALIA), MORGAN S PRATCHETT (ARC CENTRE OF
EXCELLENCE FOR CORAL REEF STUDIES, AUSTRALIA), SUE-
ANN WATSON (ARC CENTRE OF EXCELLENCE FOR CORAL REEF
STUDIES, AUSTRALIA)

@ LNADLEReUCSD.EDU

Atmosphericcarbondioxideisexpectedtomorethandoublebythe
endofthecentury. Theresultingchangesinoceanchemistry will
affectthebehaviour, sensorysystemsandphysiology of manyfish
species. Howtheseeffectsmayinfluencetheschoolingdynamics
of gregarious fishes remains poorly understood. In the present
study,weexaminedtheinfluenceofelevated CO,ontheswimming
performance, maximumaerobicmetabolicrate(MMR)andschooling
behaviourintheredbellyyellowtailfusilier (Caesiocuning). Schools
wereacclimatedtoone oftwo CO;treatments: control (400 patm)
orhigh-CO, (1000patm)fortwoweeks.Schoolingdynamicswere
testedina90Lswimtunnelsystem, atfourfixedflowspeeds: 15,
30,45and60cm/s. Trialswerevideo-recordedinthreedimensions
andanalysedforschool volume,densityandshape, theposition
preferenceofeachindividualandtheirnearestneighbordistance.
Individualswimmingperformance wasassessedintermsofgait
transitionspeed (U,..) and critical swimmingspeed (Ueit) using
acontinuousaccelerationtest. MMRwastestedusingstandard
respirometrytechniques. Whileindividualswimmingperformance
(Upc andUcrir) wasnotimpactedbyelevated CO, conditions, schools
exhibited altered swimming behaviour, with reduced position
shufflingand cohesionunderelevated CO, conditions. Theseresults
suggestthatthetradeoffsoflivinginagroup couldbealteredunder
projectedfutureoceanconditions. Giventhatschoolingbehaviour
iswidespreadamongfishesasatoolforpredatoravoidance, these
changes could have far-reaching consequences for a range of
ecologicallyandeconomicallyimportantfishspecies.

@ HEIDI JMACLEAN (AARHUS UNIVERSITY, DENMARK),
JESPER G SORENSEN (AARHUS UNIVERSITY, DENMARK),
TORSTEN N KRISTENSEN (AALBORG UNIVERSITY, DENMARK),
JOHANNES OVERGAARD (AARHUS UNIVERSITY, DENMARK)

@ HEIDI.MACLEAN@GMAIL.COM

Large comparative studies in animal ecology, physiology, and
evolutionoftenusepopulationsrearedinthelaboratoryformany
generations. The relevance of such studies has been criticized
becauseithingesontheassumptionthatlaboratorypopulations
arerepresentativefortheirwildliving conspecifics. Wegenerated
dataforpairedlaboratory maintained andrecently caught field
populations of nine species of Drosophila. We addressed the
followingtwoquestions: 1) arelaboratorymaintainedandfreshly
collected animal populations fundamentally different? 2) are
datafromlaboratorymaintainedanimalsinformativeforasking
macro-ecologicalandmacro-physiologicalquestionsincomparative
biology? Whileweobservedanumberofsignificantdifferences
within speciesbetween fieldand laboratory populations, these
differencesweremostlyunsystematic. Weshowthatthebetween
speciesdifferencesexplainthemajority ofthevarianceinalltraits.
Thusclearlydemonstratingthatdifferencesbetweenspeciesis
alwaysmoresignificantthanthedifferenceswithinspecies.Finally
weusethesedatatodemonstratethatmacro-physiologicaland
macro-ecologicaltraitcorrelationsarelargelysimilarirrespectiveif
weusetraitvaluesfromlaboratorypopulationsorfieldpopulations.
Takentogetherweareabletosupportthecontinueduseoflaboratory
maintained populations in comparative studies in ecology,
physiology,andevolution.

A8.11 STRUGGLING AGAINST
ENTROPY: HOW ION AND WATER
HOMEOSTASIS DETERMINE

INSECT CHILLING TOLERANCE

™ MONDAY 3 JULY, 2017 ©® 16:10

@ HEATH A MACMILLAN (CARLETON UNIVERSITY, CANADA)

@ HMACMIL2@GMAIL.COM

Chill susceptible insects are incapacitated and injured by low
temperature exposure before they freeze, but adaptation and
acclimationtolowtemperaturescansubstantiallyimprovechilling
tolerance. Chillinginjuryisassociatedwithagraduallossofionand
waterhomeostasisacrosscellularmembranesandepithelia. This
lossofbalanceoccursmostnotablyacrossthegutepithelia, where
largeionicandosmoticgradientsareusuallymaintained. Dissipation
ofthesegradientsatlowtemperaturescausesextracellular [K]
levelstoriseleadingmusclecellstodepolarizeandinitiateapoptosis.
Ultimately thisissue causesimpairedlocomotory functionand
fitnessafterrewarming.Itisunclearwhethertherootofthisthis
cold-induced cascade is a greater net transcellular leak of ions
andwaterinthecoldorwhethertheoccludingjunctionsbetween
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adjacentepithelial cellsaredisruptedbychilling.Itisalsounclear
whethermodificationstotranscellulartransportorparacellular
leakallowinsectpopulationsorindividualstoadaptorrespondto
thecold.Here,Iwilldiscusshowitis probablyboth;plasticityinthe
transcellulartransportpropertiesandparacellularpermeability
oftherenalepitheliadrivethewidevariationinchillingtolerance
observedbothwithinandamongDrosophilaspecies.Inparticular,
changestotheexpressionof majorstructural proteinsoftheseptate
junctionsandtheactivity ofion-motive ATPaseenzymes(which
energizethesecretionandreabsorptionofionsandwaterinthe
Malpighiantubulesandgutepithelia)underliebothcoldacclimation
inDrosophilamelanogaster,andvariationincoldtoleranceamong
Drosophilaspecies.

A8.12 THE PHYSIOLOGY OF INSECT
CHILL INJURY: COLD INDUCED
DEPOLARIZATION OF CELL POTENTIAL
CAUSES CHILL INJURY THROUGH LOSS
OF INTRACELLULAR CA** REGULATION
IN LOCUST MUSCLE CELLS

™ MONDAY 3 JULY, 2017 ©® 16:40

@ JOHANNES OVERGAARD (AARHUS UNIVERSITY, DENMARK)

@ JOHANNES.OVERGAARD@BIOS.AU.DK

Cold tolerance of insectsis critically important for their ability
topersistintemperateandarcticenvironments. Littleisknown,
however, of the proximal causes leading to cold injury in this
animal group. Exposure to low temperature has been shown to
coincidewithdepolarization ofexcitabletissueinmanyinsects.
Thisdepolarizationiscausedbyadecreasedactiveiontransport
and by loss of transmembrane ion-balance. Although the
developmentofseveredepolarizationisclosely correlatedtothe
occurrence chillinjuryitisnotknownifthereisadirectcausative
linkbetweentheseco-occurringphenomena. Toinvestigatethis
furtherweuseaflorescentdual DNA stainingmethodtoestimate
cellviabilityinmusclefibersfromthemigratorylocust(Locusta
migratoria). Wethenexposedtheinvitromusclecell preparations
todepolarizingconditionsusingeitherhypothermia, hyperkalemia
orpharmacologicalinterventionsandfoundthatcellularinjury
developsregardlessofthetreatmentcausinglossofcell potential.
We speculate that this depolarizationinduced injury is caused
by activation of voltage sensitive Ca** channels that disrupts
intracellularCa** balance. Thishypothesiswassupportedbyaseries
ofexperimentinwhichthecellswouldavoiddevelopmentofchill
injuryifCa**isremovedorifCa** channelsareblocked.Inconclusion:
CellularcoldinjuryininsectsiscausedbylossofCa** regulationthat
isdirectlyrelatedtoactivationofvoltagedependentCa** channels
duringcoldstress.
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A8.16 EFFECT OF DISPERSANT-
TREATED OIL ON THE BEHAVIOUR
OF THE EUROPEAN SEA BASS,
DICENTRARCHUS LABRAX

™ MONDAY 3 JULY, 2017 ©® 16:55

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

@©@ CASSANDRE.AIMON@CEDRE.FR

Anthropicactivitiesinduce severalenvironmentaldisturbances
including chemical pollution. Although their occurrence has
decreasedoverthelast 30years, oilspillsarestillhighlyrelevant
inthisregards.Infish,oilexposurehasphysiologicaleffectsthat
varyaccordingtoexposureduration, timingofthe assessment,
species, life stage ornature of the oil. Some studies have shown
thatpolycyclicaromatichydrocarbons,amajorcomponentofoil,
candisturbtheneurosensorycapacitiesoffishandare, therefore,
liabletoaffecttheirbehaviouralrepertoire,causingimproperuse of
theirhabitat. Thisaspectofanoilspillis, however,poorly studied.
Inthepresentexperiment, weinvestigated,inadose-response
manner, theinfluenceofa48h-oilexposureonseabassneophobiaand
boldnessusinganopenfieldtest. Threedifferentoil concentrations
weretested (0.80gL*,0.40gL* and0.17gL') and comparedtoa
control. Fishbehaviourwastestedduringthe 3weeksfollowing
oil-exposure.Preliminaryresultsindicatethatattheintroduction
inthearena, theexposedfishdidnotshowthecommonlyobserved
inhibitionperiodinregardstonovelty. They wereswimmingat
aconstant speed and spent most of the time in the central area
of the arena. Except for the most severe treatment, fish totally
recovernormalbehaviourafter3weeks. Thesefindingsshowthat
exposition to chemically dispersed oil temporally decreased
neophobiaanddangerconsciousness.

A8.22 MATERNAL ANTIGEN EXPOSURE
ENHANCES IMMUNITY AND INCREASES
METABOLIC RATE IN NESTLING

TREE SWALLOWS

™ MONDAY 3 JULY, 2017 ©® 17:10

& GARY BURNESS (TRENT UNIVERSITY, CANADA), DEANNA MOHER
(TRENT UNIVERSITY, CANADA), NOAH BEN-EZRA (TRENT
UNIVERSITY, CANADA), RYAN J KELLY (TRENT UNIVERSITY,
CANADA), DENNIS HASSELQUIST (LUND UNIVERSITY,
SWEDEN), EUNICE H CHIN (TRENT UNIVERSITY, CANADA)

©@ GARYBURNESS@TRENTU.CA

Female birds transfer maternal antibodies (matAb) to their
nestlings, viatheegg. Totestwhetherthereisanenergeticbenefit
tonestlingsofreceivingmatAb, wechallengedadultfemaletree
swallows (Tachycineta bicolor) prior to clutch initiation with
either lipopolysaccharide (LPS) or saline (Control). Following
hatchingofeggs, one half of each adult female’s nestlings were
then immunized with either LPS or saline, and for 4-hrs post




ANNUAL MEETING GOTHENBURG 2017

immunization nestling metabolic rate (MR) was measured.
Therewasaninteractionbetweenmaternalandnestlingtreatment
onnestling MR, driven by anincrease in the MR rate of control
nestlingsfromimmunizedmothers. Nearfledging, wechallenged
allnestlingswithphytohaemagglutinin (PHA)totesttheimpact
ofmatAbontheability of nestlingstomountasubsequentimmune
response. NestlingsfromLPS-mothershadagreaterresponsetoPHA
thandidnestlingsfrom Control-mothers. Therewasalsoatrendfor
LPS-motherstohavehigherfledgingsuccessthan Control-mothers.
Femalesinbothtreatmentshadsimilarprobabilitiesofreturningto
breedthefollowingyear.Ourdatathussuggestpotentialbenefits
ofmaternalantibodytransfertomothersandoffspring. Although
nestlingsofimmunizedmothershadincreasedenergyrequirements,
thiswaspresumablymetbyincreased parentalfeedingworkload,
withnonegativeimpactonmaternalsurvival.

A8.19 EFFECT OF AMBIENT
TEMPERATURE ON SPONTANEOUS
LOCOMOTOR ACTIVITY AND DAILY
ENERGY EXPENDITURE IN MICE
DIVERGENTLY SELECTED FOR HIGH
AND LOW BASAL METABOLIC RATE

™ MONDAY 3 JULY, 2017 ©® 17:25

& PAWEL BRZEK (UNIVERSITY OF BIALYSTOK, POLAND),
ANDRZEJ GEBCZYNSKI (UNIVERSITY OF BIALYSTOK, POLAND),
JULITA SADOWSKA (UNIVERSITY OF BIALYSTOK, POLAND),
ANETA KSIAZEK (UNIVERSITY OF BIALYSTOK, POLAND), JAN
NEDERGAARD (STOCKHOLM UNIVERSITY, SWEDEN), MAREK
KONARZEWSKI (UNIVERSITY OF BIALYSTOK, POLAND)

@ BRZEKeUWB.EDU.PL

Highbasalmetabolicrate(BMR)mayprovideseveralevolutionary
benefits. However, it can potentially become disadvantageous
underbothhigh (problemswithheatdissipation) orlow (higher
fooddemands)ambienttemperatures. We compared spontaneous
physical activity (SPA) and daily energy expenditure (DEE) in
laboratorymicefromartificial selectionforhigh (H-BMR) orlow
(L-BMR)BMRmaintainedat23°Corsubjectedtolong-termexposure
toeitherhigh (30°C) orlow (4°C)ambient temperature.Inaccordance
with our earlier experiments, H-BMR mice showed higher SPA
intensity. Long-termexposureto30°Creduced SPAintensitybutit
remainedhigherinH-BMRthaninL-BMRmice. Differencebetween
linesintotal SPA disappearedafterlong-termexposureto4°Cbut
waselevatedduringshort(1day)exposure. H-BMRmicehadhigher
DEEthanL-BMRbutthisdifferencewassmallerat23°Cthanat30°C
andbecamenon-significantinmiceexposedto4°C. Thispattern
agreeswithourearlierresults,indicatingthatselectionforhigh
BMRwidenedthermoneutralzoneof mice. We conclude thatpositive
correlationbetweenBMRand SPAismaintained whenambient
temperatureincreases. Atthesametime, heatgeneratedbyhigh
BMR substitutes the need for specific thermogenesis, and thus
decreasesrelativecostofhighBMRinlowerambienttemperature.
Wediscusspotentialimplicationsoftheseresultsforongoingstudies
of capacityofnon-shiveringthermogenesisinmiceselectedforhigh
andlowBMR. Financial support: National Science Centre, Poland,
grant2014/15/B/NZ8/00244forB.P.
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A8.15 CO-EXISTENCE WITH NON-
NATIVE BROOK TROUT DISRUPTS
THE INTEGRATION OF PHENOTYPIC
TRAITS IN BROWN TROUT

™ THURSDAY 6 JULY, 2017 ©® 13:50

& JORGEN I JOHNSSON (UNIVERSITY OF GOTHENBURG,
SWEDEN), LIBOR ZAVORKA (CNRS UNIVERSITE DE TOULOUSE,
FRANCE), BARBARA KOECK (UNIVERSITY OF GLASGOW, UNITED
KINGDOM), JULIEN CUCHEROUSSET (CNRS UNIVERSITE
DE TOULOUSE, FRANCE), JEROEN BRIJS (UNIVERSITY OF
GOTHENBURG, SWEDEN), JOACIM NASLUND (UNIVERSITY
OF SOUTH BOHEMIA, CZECH REPUBLIC), DAVID ALDVEN
(VATTENFALL AB, SWEDEN), JOHAN HOJESJO (UNIVERSITY
OF GOTHENBURG, SWEDEN), IAN A. FLEMING (MEMORIAL
UNIVERSITY OF NEWFOUNDLAND, CANADA)

©@ JORGEN.JOHNSSON@BIOENV.GU.SE

Invasivespeciescaninducenovelenvironmental pressuresaffecting
all levels of biological organization, from genes to ecosystem.
However,theextenttowhichinvasivespeciesaffecttheassociation
amongphenotypictraitsinnativespeciesiscurrentlyunknown.
Here, field monitoring in a natural stream was combined with
estimatesofbehavioral, physiologicalandmorphologicaltraitsto
addressthehypothesisthatcoexistencewithanon-nativeinvader
inducesanovelenvironmentalpressurethatdisruptstheadaptive
integration among phenotypic traits of the native species. We
comparedtheintegrationamongkeyphenotypictraits (i.e.aerobic
scope,standardmetabolicrate,body growth, activity,andbody
shape)andecologicalnichetraits (i.e.springand summerdiet,home
rangesize,dailymovements)ofanallopatricgroup ofnativebrown
trout(Salmotrutta) withagroupofbrowntroutlivingsympatrically
withnon-nativebrooktrout(Salvelinusfontinalis). Wefoundthat
theintegrationof phenotypictraitswassubstantiallyreducedin
sympatricbrown trout. Furthermore, allopatricand sympatric
browntroutdifferedinkeyphenotypicandecologicalnichetraits
wherebrowntroutlivinginsympatrywithnon-nativebrooktrout
atemoreterrestrial prey,hadsmallerhomeranges,astouterbody
shapeandlowergrowthratethanallopatricbrowntrout. These
resultsaregenerally consistentwithourhypothesissuggesting
thatthereductioninfitness(i.e.growthrate) observedinsympatric
browntroutiscausedbythebreakdownoftheiradaptivephenotypic
syndrome. Qurresultsmayhelpexplainingdeleteriouseffectsof
non-nativespeciesreportedintheabsenceofdirect competition
withthenativespecies.
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A8.13 FROM BEYOND THE GRAVE: DOES
THE NECROBIOME IMPACT METABOLIC
PERFORMANCE OF RAINBOW DARTERS
(ETHEOSTOMA CAERULEUM) DOWNSTREAM
OF WASTEWATER EFFLUENT OUTLETS?

™ THURSDAY 6 JULY, 2017 ©® 14:05

@ PAUL MCRAIG (UNIVERSITY OF WATERLOO, CANADA),
ANDREW C DOXEY (UNIVERSITY OF WATERLOO, CANADA),
MIKE LYNCH (UNIVERSITY OF WATERLOO, CANADA),
RHIANNON HODGSON (UNIVERSITY OF WATERLOO, CANADA),
NICOLE CSONKA (UNIVERSITY OF WATERLOO, CANADA)

@ PCRAIGE@UWATERLOO.CA

Aquaticorganismsarecontinuously exposedtomultiplestressors,
such as heat, low oxygen, and elevated carbon dioxide, which
cumulativelyresultinsignificantimpactsonmetabolicperformance
inaquaticspecies.Exacerbatingtheseeffectsaretheanthropogenic
influencesof municipal wastewatereffluentdischargedintolocal
riverscontainingacomplexmixtureofresidential,industrial,and
institutionalwaste. Themajorchemical componentsofeffluent
include endocrine disruptors, pharmaceuticals, and personal
careproducts,whichhavebeendemonstratedtoelicitadramatic
decrease in rainbow darter fitness, including severe intersex,
reduced gonadsize,anddecreasedandrogenproduction. Adding
furtherinsultisthe enrichment of pathogenicbacteria derived
from wastewater effluent. This study examines the metabolic
performanceofrainbowdartersincleanand effluentinfluenced
waters from the Grand River watershed in combination with
theimpactofpathogenicbacteriaderivedfromthenecrobiome.
We demonstrate that the necrobiome, defined as the microbial
populationderivedfromdeadanddecayingorganisms,isheavily
influenced by the life history of the rainbow darter exposed to
wastewater effluent. Necrobiome enrichmentdiscoveredanumber
ofpathogenicspecies, suchas Clostridiumperfrigens, Aeromonas
veronii, and Eubacteriumtarantellus, allofwhichareimplicatedin
performancereducingmorbidity phenotypes. Wefoundfishexposed
towastewatereffluenthadasignificantreductioninaerobicscope
andassociatedenzymaticparametersimplyingadistinctimpact
onperformanceindices. Toourknowledge, thisisthefirststudyto
examinetheinfluenceofthenecrobiomeontheassociatedmetabolic
performanceoflivingfishinwastewatereffluentinfluenced waters.
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A8.17 THE SAILFISH HUNTING
STRATEGY: THE ADVANTAGES OF
BEING GREGARIOUS PREDATORS

™ THURSDAY 6 JULY, 2017 ©® 14:20

& STEFANO MARRAS (NATIONAL RESEARCH COUNCIL -
CNR, ITALY)

@ STEFANO.MARRAS@CNR.IT

Billfishesarelargepelagicpredatorsthatpreyonschoolingfishes.
Field studies on sailfish (Istiophorus platypterus) hunting on
schoolingsardines (Sardinellaaurita) wereperformedoffthe Yucatan
Peninsula (Mexico)tocharacterizethemechanismsunderlying
predatory success. Previous work suggested that sailfishreach
extremelyhighspeeds,upto35ms*.However, high-speed video
duringhunting,accelerometryand measuresof minimummuscle
contractiontimes,revealedthatsailfishswimatspeedsuptoabout
8ms®. Tohuntsuccessfully,sailfishtypicallyinserttheirbillsinto
aschool of prey. Interestingly, the prey donot show any startle
responseatthisstage,suggestingthatthebillactsasa?stealthy
object? causinglittledisturbance.Subsequently, thebillisrotated
witharapidslashingmaneuvertoinjuretheprey, therebymaking
themmorelikelytobecaptured. Sailfishalsouseaprimitiveform
of cooperation (‘proto-cooperation’) whereby individuals take
advantage of group behavior, thus increasing their chances of
catching prey. Furthermore,eachindividualsailfishislateralized,
i.e.specializedtorotateitsbillsinonespecificdirection (rightor
leftywhenslashingprey,althoughlateralizationdoesnotoccurat
thepopulationlevel. Therefore, sailfish exploittheadvantagesof
alateralspecialization, withoutthedisadvantagesofbecoming
predictable in their attacks, since the slashing direction of
individualswithinagroupofsailfishwillnotbepredictabletothe
prey.Thisprovidesnovelinsightsintotheevolutionoflateralization
attheindividuallevelingregariouspredators.

A8.18 CONFLICT IN MUTUALISTIC
INTERACTIONS MAINTAINS HIGH
ESCAPE PERFORMANCE IN THE CLEANER
FISH LABROIDES DIMIDIATUS

™ THURSDAY 6 JULY, 2017 ©® 14:35

& DOMINIQUE G ROCHE (UNIVERSITY OF NEUCHATEL,
SWITZERLAND), SIMON GINGINS (UNIVERSITY OF
NEUCHATEL, SWITZERLAND), REDOUAN BSHARY
(UNIVERSITY OF NEUCHATEL, SWITZERLAND)

© DOMINIQUE.ROCHE@UNINE.CH

Predatory reef fishes regularly visit mutualistic cleaner fish
(Labroidesdimidiatus)togettheirectoparasitesremovedbutshow
nointerestineatingthem.Theconceptofcompensatedtraitloss
posits that characters can be lost if a mutualistic relationship
reducestheneedforagiventrait. Thus,selectivepressuresonescape
performancemighthaverelaxedinL. dimidiatusduetoitsprivileged
relationshipwithpredators. However, the costoffailingtoescape
apredatorystrikeisextremeevenifpredationeventsoncleaners
areexceptionallyrare. Additionally, cleanersmustescapefrom
non-predatoryclientsthatregularlypunishthemforeatingmucus
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instead of parasites. Therefore, strongescape capabilitiesmight
insteadbemaintainedin cleanerfishbecause theymustbeable
tofleewhenincloseproximitytopredatorsordissatisfiedclients.
Wecomparedthefast-startescapeperformanceofL. dimidiatus
withthatoffivecloselyrelatedwrassespeciesandfoundthatthe
mutualisticrelationshipthatcleanersentertainwithpredatorshas
notledtoreducedescapeperformance.Instead, conflictsincleaning
interactionsappeartohavemaintainedselectivepressuresonthis
trait, suggestingthat compensated traitlossmight only evolve
incasesofhighinterdependencebetweenmutualisticpartnersthat
arenottemptedtocheat.

A8.20 DELETERIOUS IMPACT OF HIFla
KNOCKOUT ON HYPOXIA PERFORMANCE
IN LARVAL ZEBRAFISH (DANIO RERIO)

™ THURSDAY 6 JULY, 2017 ©® 14:50

& MILICA MANDIC (UNIVERSITY OF OTTAWA, CANADA),
STEVE F PERRY (UNIVERSITY OF OTTAWA, CANADA)

@ MMANDIC@UOTTAWA.CA

Amultitudeoftraitsacrosslevelsofbiologicalorganizationunderlie
hypoxia performance, a complex phenotype. The coordination
ofthesetraitsispartlyattributedtohypoxiainduciblefactor la
(HIF1a),atranscriptionfactor consideredtobeoneoftheessential
controllersofthehypoxicstressresponseinvertebrates. Whatisnot
knownisthedegreeof HIF1a contributiontohypoxiaperformance
andthespecificgenesalteredby HIF1lathatproducelargeeffect
traitsunderlyinghypoxiaperformance.Incyprinidstherearetwo
paralogsof HIFla(HIFla-aaand HIF1la-ab)andinthisstudywe
examinedhypoxiaperformanceinwild-type, HIF1la-aaknockout,
HIFla-abknockoutanddoubleknockoutofbothparalogsinlarval
zebrafish (Daniorerio).Specifically, weassessedcritical O, tension
(Perir)in7 dayspostfertilization (dpf)larvaeraisedundernormoxia,
mild chronichypoxia (3days of 90OmmHg starting at 4 dpf) and
severesub-chronichypoxia(1dayof30mmHgstartingat6dpf).
DoubleknockoutofbothparalogsresultedinhigherPcrit,indicating
lowerhypoxiaperformance,thanwild-typezebrafishraisedunder
normoxia. Exposure to severe, sub-chronic hypoxia improved
hypoxiaperformance (decreasedP.iy) inbothwild-typeanddouble
knockoutlarvae, whileexposuretomildchronichypoxiacaused
anenhancementofhypoxiaperformanceinwild-typelarvaeonly.
TherewasnodifferenceinPcritbetweenHIFla-abknockoutand
wild-type,incontrasttoHIF1la-aaknockout which producedsimilar
phenotypicdifferencesasthedoubleparalogknockout. Theseresults
indicatethatonlyoneparalog, HIF1a-aa, hasasignificanteffecton
hypoxiaperformanceindevelopingzebrafishlarvae.
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A8.21 EFFECTS OF CAROTENOIDS
ON THE COST OF REPRODUCTION
TO A LIVE-BEARING FISH

™ THURSDAY 6 JULY, 2017 ® 15:45

@& DANIEL SANCHEZ-LACALLE (UNIVERISTY OF THE WEST
OF SCOTLAND, UNITED KINGDOM), DONNA L SNELLGROVE
(WALTHAM CENTRE FOR PET NUTRITION, UNITED KINGDOM),
KATHERINE A SLOMAN (UNIVERSITY OF THE WEST OF
SCOTLAND, UNITED KINGDOM)

© DANIEL.SANCHEZ-LACALLE@UWS.AC.UK

Chronicactivitieswhichincreasemetabolicrate,suchasgestation,
resultinanincreaseinproductionofreactive oxygenspecies (ROS),
increasingtheriskof oxidativedamage.Dietarycarotenoidshave
beenshowntoplayaroleinprotectingagainstoxidativestress. It
washypothesized thatdietarycarotenoidswouldhelptoreduce
themetaboliccostsassociatedwithbreedinginalivebearingfish.
Guppies (Poeciliareticulata) werefedeitherahigh (216 mgkg™)
orlow (40mgkg?) carotenoid dietand dividedintobreedersand
non-breeders. Sustainedswimmingperformance wasmeasured
asanindirectmeasurementofoxidativedamage/fitness.Priorto
breeding,after6 weeksontheexperimentaldiets,malesfedthe
highcarotenoid contentdietswamforlonger. After12weekson
thediet and after breeding groups were allowed to breed, there
wasnoeffectofdietonswimmingperformancebutnon-breeders
wereabletoswimforlongerthanbreedersandfemaleswereable
to swim for longer than males. In conclusion, breeding had an
effectonswimmingperformance ofguppies,andalthoughahigh
carotenoiddietimproved performanceof malespriortobreeding,
carotenoids did not reduce the impact of breeding. Identifying
dietarycomponentsthatcanhelpreducetheimpactofbreeding
couldimprovepetfishhealthandwelfarewithintheornamental
fishtrade.

A8.14 THE ENVIRONMENT INDUCES
COMPLEX AND DYNAMIC ALTERATIONS
OF THE INTESTINE AND OTHER TISSUES
DURING DIGESTION

™ THURSDAY 6 JULY, 2017 © 16:00

& CAROL BUCKING (YORK UNIVERSITY, CANADA), LEAH
TURNER (YORK UNIVERSITY, CANADA), PRANAV DHAKAL
(YORK UNIVERSITY, CANADA), TAYLOR SPARRING (YORK
UNIVERSITY, CANADA), MELANIE WILLIAMS (YORK
UNIVERSITY, CANADA)

@ CBUCKING@YORKU.CA

Digestion is a dynamic process with wide-ranging effects on
systemic physiology and the environment plays an important
part in determining the impacts digestion exerts. Integrative
and comparativestudieswillrevealdiverse,plasticresponsesto
digestionacrossfishspecies. Inparticular, the gastrointestinal
tractplaysaco-ordinatedroleinpiscineosmo-andiono-regulatory
homeostasis, as well as nitrogen balance, with multiple organ
systems such as the gill and kidney. During digestion, this
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role is augmented and the resulting complex interactions are
discussed. Furthermore, integration across biological levels
within the gastrointestinal tract itself has exposed multiple
levelsofvariableresponseswithinenterocytesduringdigestion.
Theintegratedresponsesoftheintestinetoenvironmentaland
dietarymanipulationswillbehighlighted. Usingstenohalineand
euryhalinemodels,aswellaseurythermalmodels, we’veuncovered
severalimpactsoftheenvironment (salinity and temperature)
ondigestion.

A8.23 DEFENSE IS COSTLY -
IMMUNE STIMULATION INCREASES
THE METABOLISM OF FISH

™ THURSDAY 6 JULY, 2017 ©® 16:15

@ MALIN ROSENGREN (UNIVERSITY OF GOTHENBURG, SWEDEN),
EMILIA BENAVENTE NORRMAN (UNIVERSITY OF GOTHENBURG,
SWEDEN), FREDRIK JUTFELT (NORWEGIAN UNIVERSITY OF
SCIENCE AND TECHNOLOGY, NORWAY), LARS NIKLASSON
(UNIVERSITY OF GOTHENBURG, SWEDEN), KRISTINA SUNDELL
(UNIVERSITY OF GOTHENBURG, SWEDEN)

@ MALIN.ROSENGREN@BIOENV.GU.SE

Whiletheadaptive valueofimmune-suppressiveactionduring
e.g.longtermstressisarguedtostemfromcompetitionforenergy,
experimentalstudiesverifyingthisarescarce. Thepresentstudy
thereforeinvestigatedtheeffectsoftheinnateimmuneresponseon
standardmetabolicrate (SMR)andswimperformance ofrainbow
trout. Thiswasperformedbyexposingfishtobacterialandviral
mitogens(LPSandPolyI:C), whichtriggerstheimmunesystem
similarlytoaninfection, whileexcludingenergeticcostsinduced
by e.g. pathogen proliferation and tissue repair. Fish treated
withimmunestimulantsshoweda10%higher SMR, whichwas
sustained for 5 days post-injection, compared to controls. The
immunestimulated groupsalsoshowedhigherexpressionsofthe
pro-inflammatorycytokineIL-1Band of Mxproteinsinthehead
kidney, verifying an active immune response. This metabolic
costcouldcompromiseotherenergeticallydemandingactivities,
suchasswimming. Wethereforehypothesizedthatthemaximum
swimmingspeed wouldbenegativelyaffectedfollowingimmune
stimulation. Using a Brett-type swim tunnel, a 1,5 h swim
protocolrevealed atendency for alower maximum swim speed
intheLPS group,however,nooverallsignificantdifferencewas
found.The higher SMRlevelsintheimmune stimulated groups
show thateveninthe absence of metabolic fever and pathogen
activity,inflammatory processes alone willincrease energetic
demand. This couldlead to tertiary negative effects on growth
andreproductionandtheresultssupportsthenotionthatimmune
activityissuppressedduringstressfulchallengesduetocompetition
forenergy.
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A8.24 TILAPIA GUT MICROBIOME
IN RESPONSE TO TEMPERATURE AND
COLD ADAPTATION

™ THURSDAY 6 JULY, 2017 ® 16:30

& FOTINI KOKOU (BEN GURION UNIVERSITY OF THE NEGEV,
ISRAEL), AVNER CNAANI (AGRICULTURAL RESEARCH
ORGANIZATION, ISRAEL), ITZHAK MIZRAHI (BEN GURION
UNIVERSITY OF THE NEGEV, ISRAEL)

©@ FKOKOU@GMAIL.COM

Coldisanenvironmentalchallengethataffectsmetabolicprocesses
thusadaptationsinresponsetoacutechallengesortemperature
fluctuationsareexpectedtobefoundacrossthetreeoflife. When
exposedtocoldtemperatures,mammalsundergophysiological
adaptations andrecent workrevealed that intestinal microbes
facilitatedthesekeyadaptations. Thisisnotsurprisingasstudies
haveprovensofar,theimportanceofthe gutmicrobial communities
forhostfunctioning. Ontheotherhand, thesecommunitiesneedto
adapttoseveralenvironmentalfactorswhichleadto ‘environmental
filtering’. Poikilothermicanimalphysiologyisstronglyinfluenced
bytemperature,thuswehypothesizethatalsotheirmicrobiotais
affected,butsofarexperimentalstudiesexploringhow temperature
affectstheinteractionsbetweenbothpartiesarerare. Tothisend,
weexaminedforthefirsttimetheeffectsofcoldexposureonthegut
microbiomeoftheBluetilapia, one ofthemostcold-toleranttilapia
species. Wehaveusedfishforenhanced coldtolerance. Sensitive
and cold-tolerantfishwerechallengedforcold toleranceat12°C.
Forcontrol, weusedfishoriginatingfromthe samefamilieskeptat
theoptimaltemperatureof24°C. Attheendofthetrial, wesampled
the intestine and performed sequencing for the 16S ribosomal
RNA asamarkerformicrobialdiversity. Ourresultssuggestforthe
firsttimeinfishthattemperatureisamajordrivingforce shaping
the gut microbiome acting as an environmental filter and such
changesinmicrobialdynamicswillbediscussedinthe contextof
hostphysiology.
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A8.25 CHILL SUSCEPTIBILITY OF

THE INSECT CENTRAL NERVOUS
SYSTEM: A COMPARATIVE STUDY OF
TEMPERATE AND TROPICAL DROSOPHILA

™ THURSDAY 6 JULY, 2017 ©® 16:45
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A8.26 TEMPERATURE DEPENDENT
BETWEEN- AND WITHIN-INDIVIDUAL
VARIATION IN BEHAVIOUR IN WILD
ZEBRAFISH (DANIO RERIQ)

™ TUESDAY 4 JULY, 2017 POSTER SESSION

& MADS K ANDERSEN (AARHUS UNIVERSITY, DENMARK),
R. MELDRUM ROBERTSON (QUEEN’S UNIVERSITY, CANADA),
JOHANNES OVERGAARD (AARHUS UNIVERSITY, DENMARK)

@ MADS.ANDERSEN@BIOS.AU.DK

Temperatureisoneofthemostimportantabioticfactorsdetermining
functionandperformanceininsects. Atcriticallylowtemperatures,
themajorityofinsectsenterareversiblestate of paralysiswhere
aninitial loss of coordinated movement develops to a complete
cessationofmuscleactivity. The cause oftheseeventshasbeen
linkedtolossoffunctionineitherthecentralnervoussystem(CNS)
orthemuscularsystemcausedbycold-induced depolarization of
theseexcitabletissues.For Drosophilaitwasrecently found that
comacoincidedwithmuscledepolarizationinsome cold-sensitive
specieswhileothercold-hardyspeciesdidnotexperiencethismuscle
depolarizationinrelationtocoma. Toinvestigatethisfurtherwe
examinedtheroleofthe CNSinrelationto CTmininthesamefive
speciesof Drosophila.Duringgradualcooling, we observedinall
speciesaspreadingdepolarization (SD), whichsilencesthe CNS.
Furtherwefoundthatthespecies-specifictemperaturecausingSD
eventscorrelatedstrongly withbehavioural CTmin. SDeventswere
alwaysassociatedwithasurgeinextracellularK*concentrationin
theCNSandwefoundthatcold-sensitivespeciesexperiencedsurges
withlargeramplitudethantheircold-hardyallospecifics.Finallywe
showthat CNSfunctionofcold-tolerantspeciesaremoreresilientto
anoxiasuggestingthattheyhaveanincreasedcapacitytodefend
ionhomeostasisinthe CNSintheabsenceofactiveiontransport.In
combinationtheseresultssuggestthatdifferencesinhomeostatic
capacityofthe CNSunderlietheinterspecificdifferencesin CTmin
of Drosophila.

& METTE H FINNOEN (NORWEGIAN UNIVERSITY OF SCIENCE
AND TECHNOLOGY, NORWAY), JONATHAN WRIGHT (NORWEGIAN
UNIVERSITY OF SCIENCE AND TECHNOLOGY, NORWAY),
FREDRIK JUTFELT (NORWEGIAN UNIVERSITY OF SCIENCE AND
TECHNOLOGY, NORWAY), RACHAEL L. MORGAN (NORWEGIAN
UNIVERSITY OF SCIENCE AND TECHNOLOGY, NORWAY)

©@ METTE.H.FINNOEN@NTNU.NO

Zebrafisharefoundinawiderangeoftemperatures,andareahighly
tolerant species. We investigated the plasticity and between-
individualdifferencesinzebrafishbehaviourattwotemperatures
below and two temperatures above their laboratory housed
temperatureof28°C.Wewereinterestedinexploringunexplained
within-individual variance (heterogeneousresiduals), whichis
notwellintegratedintoevolutionarytheory. Wespecifically tested
whethertheheterogeneousresidualswerecausedby(1)anon-linear
reactionnorm (i.e.,non-linear plasticity), (2) passive plasticity
where physical processes like temperature create phenotypic
variation, or (3) abreakdownofplasticityattheextremeendsofan
environmentalvariable. Thelattersuggeststhatanindividual’s
levelofaggressionataspecifictemperatureremainsconstantifthe
temperatureiswithinaspecificrange. However, atatemperature
outside of this range an individual’s level of aggression varies
considerably. Thissuggeststhatectothermicorganisms,suchas
thezebrafish,canexpressthedesiredlevel ofabehaviourdespite
fluctuationsintheenvironmentaltemperature.Itiswhenthechange
intemperatureistoolargethatthe fish arenotable tomaintain
thedesiredlevel ofabehaviour,leadingtothepossibly harmful
inconsistentexpressionofbehaviour.
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A8.27 RESPONSE OF EVAPORATIVE
WATER LOSS RATE AND THERMAL
PREFERENCE TO DEHYDRATION IN
TWO LIZARDS FROM DIFFERENT
HABITATS AT HIGH ALTITUDES

™ TUESDAY 4 JULY, 2017 POSTER SESSION

@ KUAN-WEI HUNG (NATIONAL SUN YET-SEN UNIVERSITY,
TAIWAN), TE-EN LIN (ENDEMIC SPECIES RESEARCH
INSTITUDE, TAIWAN), SHU-PING HUANG (NATIONAL
SUN YET-SEN UNIVERSITY, TAIWAN)

@ KWEIHUNG22@GMAIL.COM

Anincreaseintemperatureandaridity causedbycurrentclimate
changehasimpactedmany species. Physiologicalandbehavioral
traitshavebeenincreasinglyusedinmechanisticmodelstopredict
speciesresponsetochangingenvironments, whichprovide vital
informationforwildlifemanagement.Inreptiles,thepreferredbody
temperature (T,)andevaporativewaterloss (EWL)areoftenusedto
simulatetheirthermalnicheinthefield. However, veryfewstudies
haveconsideredthatreptilesmayselectlowertemperaturesduring
waterstressinthefield. Taking Tp oflizardsonlyinthehhydrated
statemayleadtoaninaccuratepredictionofthermalniches. We
postulatethatlizards? T,andEWLarecorrelatedtotheirhabitat
microclimateand T, isadjustableforwater conservationduring
timesofwaterstress. Wetestthishypothesisusingtworeptilesfrom
high-elevationareas(>2000m)in Taiwan:askink Sphenomorphus
taiwanensisinhabitingcool, humidforestedges,andagrasslizard
Takydromushsuehshanensisinhabitingwarm,opengrasslands.
TheresultsshowedthattheirT,andEWLreflectwelltherespective
habitat microclimate. Whenin water stress, T. hsuehshanensis
selectedalower Tpinathermogradient, whileS. taiwanensisdid
notchangeitsT,. Neitherspeciesexhibited physiologicalmeansfor
waterconservationastheirEWLratesdidnotchangesignificantly
during 2-7 consecutive days of dehydration when they lost
15% - 20% of body mass. These results support our hypothesis
and suggest that species-specific phenotypic plasticity of T
shouldbeconsideredinforecastingspeciesresponsetochanging
environments,particularlyinwaterstressconditions.
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A8.28 SCHOOLING OF PACIFIC
SARDINES (SARDINOPS SAGAX)
UNDER EXPERIMENTAL HYPOXIA

™ TUESDAY 4 JULY, 2017 POSTER SESSION

& NICHOLAS CAREY (HOPKINS MARINE STATION STANFORD
UNIVERSITY, UNITED STATES), JEREMY A GOLDBOGEN
(HOPKINS MARINE STATION STANFORD UNIVERSITY, UNITED
STATES), PAOLO DOMENICI (IAMC-CNR ISTITUTO PER
L’AMBIENTE MARINO COSTIERO, ITALY)

@ NCAREY@STANFORD.EDU

Fishschoolingisimportantinloweringenergeticcostsofswimming
throughhydrodynamiceffects,inreducingtheneedforindividual
vigilance,andinprotectingagainstpredationthrough confusing
potential predators. Climate change will cause more frequent
andextensivelowoxygenzonesinfutureoceans,particularlyin
upwellingareassuchastheeasternPacific. Thesehypoxiczones
arelikelytoaffecttheenergeticsof commerciallyimportantfish
species and their schooling behaviour, as previously shown in
somespecies. Wesetouttotestifhypoxiawillcauselossofschool
cohesion or changesin behaviourin a pelagic schooling forage
fish, the Pacific sardine Sardinops sagax. This species occursin
vastschoolswhichsupportarange of predatorcommunities,and
areanimportant commercial stockintheregion. Small schools
(7individuals) werefilmedundernormoxiainacircularraceway
whichtheycircledinschoolingform. Theywerethenexperimentally
exposedtoprogressivehypoxia (<20%airsaturation)andagain
filmedforseveralhours. Videoswereanalysedforschoolstructure,
includingshape,distancebetweenindividuals,andfrequency of
positionalchanges. Unlike previousworkontheeffectofhypoxia
onschoolingwhichdidnotkeeptrackofindividualfish, here,the
unique body patterning of the sardines allowed such tracking.
Wewerethereforeabletodeterminethepositionofeachfishover
time, whichallowedustotestthelikelihood ofindividualstobe
leadersorfollowerswithintheschoolandwhetherthesepositional
preferenceswereaffectedbyhypoxia.

A8.29 NEMATODE INFECTION,
SWIMBLADDER FUNCTION AND THE
SPAWNING MIGRATION OF THE EEL

™ TUESDAY 4 JULY, 2017 POSTER SESSION

& BERND PELSTER (INSTITUTE OF ZOOLOGY UNIVERSITY OF
INNSBRUCK, AUSTRIA), GABRIEL SCHNEEBAUER (INSTITUTE
OF ZOOLOGY UNIVERSITY OF INNSBRUCK, AUSTRIA)

© BERND.PELSTER@UIBK.AC.AT

The nematode Anguillicola crassuswas introduced to Europe
in the early 1980-ies and spread all over Europe within 10
years. As a histophagous parasite Anguillicolalives in
the swimbladder and significantly impairs gas secretion.
Illumina RNAseq data demonstrated that the infection of the
swimbladderprovokedastrongimmuneresponse,inparticular
in yellow eels. Enzyme activities and transcriptional studies
alsorevealed significant modifications of metabolic pathways
critical for swimbladder function like glycolysis, ROS defense,
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and the formation of the extracellular matrix. The negative
influence of the parasitic nematode on various metabolic
pathways was much stronger in yellow eels as compared to
silver eels. The severe impact of the nematode on swimbladder
function is expected to significantly impair a successful
spawning migration of the European eel to the Sargosso Sea.

Financial support was granted by the Austrian Science
Foundation FWF:P26363-B25.

A8.30 SLOW AND STEADY SECURES
SURVIVAL: HOW DIFFERENCES IN
EPITHELIAL K* TRANSPORT UNDERLIE
INTERSPECIFIC DIFFERENCES IN
DROSOPHILA COLD TOLERANCE

™ TUESDAY 4 JULY, 2017 POSTER SESSION

& MADS K ANDERSEN (AARHUS UNIVERSITY, DENMARK),
HEATH A MACMILLAN (YORK UNIVERSITY, CANADA),
ANDREW DONINI (YORK UNIVERSITY, CANADA),
JOHANNES OVERGAARD (AARHUS UNIVERSITY, DENMARK)

@ MADS.ANDERSEN@BIOS.AU.DK

Themajorityofinsectssuccumbtochillinjuryatlowtemperatures
abovethosethatcausethemtofreeze.Chilltoleranceisstrongly
associatedwiththeabilitytomaintainionand waterhomeostasis
duringcold exposure. Maintenance ofK*balanceisparticularly
importantduetoitsroleinsettingthemembranepotential. Inmost
insects,K'balanceismaintainedthroughactivesecretiontobalance
reabsorptionfromthehindgutandpassiveleakarisingfromthegut
lumen.Here,weusedascanningion-selectiveelectrodetechnique
(SIET)systemathigh(23°C)andlow (6°C) temperaturetoexamineK*
fluxacrossthemajorionregulatoryepithelia (the Malpighiantubules
and the hindgut) in five Drosophila species with different chill
tolerance. WefoundthatchillsusceptiblespeciessecretedlessK*
fromtheMalpighiantubulesatlowtemperaturesasopposedtotheir
cold-adaptedallospecificsthatwereabletodefendtransportrates
atlowtemperature. Furthermorewefoundthatlowtemperature
increased K* reabsorption in the hindgut in chill susceptible
species, whereascold-adaptedspeciesloweredreabsorptionrates.
Preliminaryanalysissuggeststhatincreasedreabsorptionratesin
chillsusceptiblespeciesmaybeanartefactfromincreasedleakage
fromthe gutduring cold-exposure. In conclusion, cold-adapted
DrosophilaarebetteratmaintainingK* homeostasisthroughan
increasedabilitytomaintainK* secretionratesand throughreduced
leakagetowardsthehemolymph. Theseadaptationsensurethat
cold-adaptedspeciesexperiencelessperturbationof K*homeostasis
duringcoldstresswhilewarm-adaptedspeciessuccumbtochill
injurycausedbydetrimental K*'loadingintothe hemolymph.
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A8.31 THE SPECIALIST-GENERALIST
MODEL OF BODY TEMPERATURE
REGULATION DOES NOT DEPEND ON SEX
DIFFERENCES IN HETEROTHERMY USE

™ TUESDAY 4 JULY, 2017 POSTER SESSION

@ ANNA 'S PRZYBYLSKA (NICOLAUS COPERNICUS UNIVERSITY,
POLAND), JAN S BORATYNSKI (MUSEUM AND INSTITUTE OF
Z00OLOGY POLISH ACADEMY OF SCIENCES, POLAND), MICHAL
S WOJCIECHOWSKI (NICOLAUS COPERNICUS UNIVERSITY,
POLAND), MALGORZATA JEFIMOW (NICOLAUS COPERNICUS
UNIVERSITY, POLAND)

@ ANNAPRZYBYLSKA2808@GMAIL.COM

Bodytemperature(T;) of homeothermicanimalsvariesondaily
andseasonalbasis. Thedegreeofthesevariationsincreaseswith
increasing environmental demands, like food deprivation and
lowambienttemperature. Accordingtotheoretical predictions,
endothermic homeotherms can be classified as either thermal
specialistswhichregulatetheir T, precisely, orgeneralists which
tolerate greater variations of T . In high cost environments,
thermalspecialistsaresupposedtobemorepronetousefacultative
heterothermythangeneralists. Wetestedthishypothesisonthe
intraspecificlevelusinglaboratorymice (C57BL/cmdb). Weused
bothsexes,astheydifferinpropensitytousetorporinresponseto
increasedenergydemands. Wemeasured T, andmetabolicrate of 8
maleand7femalemicethatwerefastedfor48hat20°C.Inresponse
tofooddeprivation,femalesenteredlongand deeptorporbouts,
whilemales showed only shallow heterothermicepisodes. Asa
result,femaleshadsignificantlyhigherheterothermyindex (HI)
thanmales. Moreover,wefoundthatanimalswithmoreprecise
thermoregulation (more constant T,) whenfed, had more variable
T, whenfasted,andthiswastrueforboth, malesandfemales.Our
resultssuggestthatthethermoregulatoryspecialist-generalist
trade-offisacontinuumthatincludesawidespectrumofthermal
sensitivities,andcanbeappliedontheintraspecificlevel.
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A8.33 NON-SHIVERING
THERMOGENESIS DOES NOT

INCREASE PLASMA REACTIVE OXYGEN
METABOLITES LEVEL BUT AUGMENTS
ANTIOXIDANT POTENTIAL IN WINTER-
ACCLIMATED SIBERIAN HAMSTERS

™ TUESDAY 4 JULY, 2017 POSTER SESSION

& MICHAL S WOJCIECHOWSKI (NICOLAUS COPERNICUS
UNIVERSITY, POLAND), ANNA S PRZYBYLSKA (NICOLAUS
COPERNICUS UNIVERSITY, POLAND), MALGORZATA JEFIMOW
(NICOLAUS COPERNICUS UNIVERSITY, POLAND)

@ MWOJCeUMK.PL

Facultativenon-shiveringthermogenesis (fNST)isamain source of
heatincoldacclimatedsmallmammals.Itisoftenassumedthatlarge
increaseinmetabolicrateduringintenseheatproductionduring
normothermy or during arousal from torpor induces oxidative
stress. WeexaminedthispredictioninSiberianhamster (Phodopus
sungorus),asmallheterothermicrodent, whichseasonallyincreases
fNST capacityanddevelopstheability toentertorpor. Wemeasured
fNST capacityasanincreaseinmetabolismafternoradrenaline
(NA)injectionin67winter-acclimatedhamsters(35malesand 32
females);in20hamsterswealsomeasuredheatproductionafter
salineinjection.Immediatelyaftercalorimetrytrialswetookablood
samplefromeachanimalandmeasured concentrationofreactive
oxygenmetabolites (ROM,mgH,0, dL')andbiologicalantioxidant
potential (BAP,pmolvitaminCL')inplasma. Wefoundthatneither
ROMproductionnorBAP correlated withfNST capacity (p>0.05).
ROM concentration after NA and saline injections also did not
differ (p>0.05). However,BAPwasapproximately 15%higherafter
fNSTinductionthanaftercontrolinjection. Theseresultssuggest
thatanimalswhichroutinelyexperiencelargevariationsinheat
production, evolved effectivemechanismsprotectingthemfrom
potentiallydetrimental effectsof profound changesinmetabolism.
Thestudywassupportedbythegrant#NCN2014/13/B/NZ8/04698.

ANIMAL ABSTRACTS 198

A8.34 LOCOMOTOR PHYSIOLOGY
OF A HIBERNATING FISH IN THE
FAMILY LABRIDAE

™ TUESDAY 4 JULY, 2017 POSTER SESSION

& CLINTON J MORAN (FAIRFIELD UNIVERSITY, UNITED STATES),
SHANNON P GERRY (FAIRFIELD UNIVERSITY, UNITED STATES)

@ CMORAN@FAIRFIELD.EDU

Winter conditions in the Northwest Atlantic cause cunner
(Tautogolabrusadspersus)toenterastateof extended torporwhen
watertemperaturesdropbelow 10°C. Asoneofthenorthernmost
species in the primarily tropical family, Labridae, this species
has adopted a form of hibernation as a physiological response
tounfavorable thermal conditions. We examined the impact of
acclimationtemperature(5,10,15,20°C)onsteady swimmingand
muscleperformanceincunner. Wehypothesized thatmaximum
sustainable swimming speed and gait transition speed would
increasewithincreasingtemperature. Additionally, muscle power
outputwillsignificantlyincreasewithincreasingtemperature.
Throughswimmingsteptrialswefoundthatmaximumsustainable
swimmingspeedandgaittransitionspeedincreasedsignificantly
withincreasingtemperature. Increasedswimmingperformance
withincreasingtemperaturewassupportedbymusclekinematics
andpoweroutput. Atwarmer(15and20°C) temperaturescunner
pectoral fin muscles were capable of maintaining high power
output at high frequencies. Low power output and locomotor
capabilitieswereobservedat<10°C,supportingtheobservationof
abehaviouralshiftatthistemperature.Observationsmadeinthis
studydemonstratethephysiological costofperformancethroughan
ecologicallyrelevanttemperatureregime. Additionally, thiswork
suggeststhatfurtherwarminginthe Northwest Atlanticwillaffect
theirphysiological costofoverwintering. Similarexperimentswill
bereplicatedonacloselyrelated, commerciallyimportant, species
(tautog) whichmigratesonce watertemperaturesdropbelow 10°C.
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A9 INTEGRATIVE MODELLING
APPROACHES TO THE FISH
CARDIO-RESPIRATORY SYSTEM
UNDER ENVIRONMENTAL
CHANGE - IS IT TIME FOR

A FISH PHYSIOME INITIATIVE?

ORGANISED BY: MICHAEL BERENBRINK (UNIVERSITY OF LIVERPOOL, UK)
AND GINA GALLI (UNIVERSITY OF MANCHESTER, UK)

A9.1 MULTISCALE SYSTEMS BIOLOGY
AND THE PHYSIOME PROJECT

™ THURSDAY 6 JULY, 2017 ©® 09:00

A9.2 MODELLING GAS EXCHANGE
IN THE FISH GILL

™ THURSDAY 6 JULY, 2017 © 09:40

@& PETER J HUNTER (UNIVERSITY OF AUCKLAND, NEW ZEALAND)

& HANS MALTE (AARHUS UNIVERSITY, DENMARK)

@ P.HUNTER@AUCKLAND.AC.NZ

@ HANS.MALTE@BIOS.AU.DK

Multi-scale computationalmodelsoforgansand organsystems
arebeingdevelopedundertheumbrellaofthe Physiome Project of
theInternational Union of Physiological Sciences (IUPS)andthe
Virtual Physiological Human (VPH)projectfundedby the European
Commission. These computational physiologymodelsdealwith
multiplephysical processes (coupled tissuemechanics, electrical
activity, fluidflow, etc)and multiple spatialand temporalscales.
Theyareintendedbothtohelpunderstand physiologicalfunction
andtoprovideabasisfordiagnosingandtreatingpathologiesina
clinicalsetting. Alongtermgoaloftheprojectistousecomputational
modeling to analyze integrative biological function in terms
of underlying structure and molecular mechanisms. It is also
establishingweb-accessible physiologicaldatabasesdealingwith
model-relateddataatthecell, tissue,organandorgansystemlevels.
Thetalkwilldiscussthecurrentstateofthestandards,databases
andsoftwarebeingdevelopedtosupportrobustandreproducible
multiscalesystemsbiologymodelsforthe VPH/Physiomeproject
andthepossibilitiesforusingthisframeworkfora ‘FishPhysiome’.

Any gas exchanger is characterized by two efficiencies. One
measures how close the respiratory medium (water or air)
equilibrateswiththe venousblood, whiletheotherexpresseshow
closelybloodequilibrateswiththeinspiredmedium. Thefishgill,
byvirtueofitscounter-currentarrangement of waterandblood
flows,hasthepotentialtoexchangegaseswiththehighestpossible
efficiency.Thus,inanidealgill, withperfectmatchingofbloodand
water flow, it is possible to fully equilibrate expired water with
venousbloodatthesametimeasarterialbloodfullyequilibrates
withinspiredwater.Inidealizedgasexchangers, withlinearblood
gas equilibrium curves, the efficiencies are determined by two
conductanceratios, thediffusiontoperfusionconductanceratio
(Gd/Gp)andtheventilationtoperfusionconductanceratio (Gv/Gp).
PerfectgasexchangeinthefishgilloccurswhenGv/Gp=1andGd/
Gpapproachesinfinity. However,anumber of factorsdisturbthis
idealsituation. Forexample,diffusion conductanceisnotinfinite,
bloodandwaterflowsareunequallydistributed tothefunctionalgill
units,andthepulsatilewaterandbloodflowsarenotnecessarilyin
phase.Iwilldiscusshowgasexchangeinthegillisaffectedbythese
imperfections.Iwillalsodiscusstheinfluenceofthenonlinearblood
gasequilibriumcurves,andshowhowanyadjustmentsofbranchial
0, uptakeinevitablyaffectsacid-basestatusoftheblood.
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A9.3 MODELLING MAXIMAL OXYGEN
CONSUMPTION RATES IN FISHES

™ THURSDAY 6 JULY, 2017 ©® 09:55

@& TOBIAS WANG (AARHUS UNIVERSITY, DENMARK),
HANS MALTE (AARHUS UNIVERSITY, DENMARK)

@ TOBIAS.WANG@BIOS.AU.DK

Theability ofthe cardiorespiratory systemtotransportoxygenis
themajordeterminantfortherate ofoxidative phosphorylationin
vivoandsystemicoxygendeliverythereforedeterminestheextent
towhichfishandotheranimalscanendurelocomotionanddigestion
bymeansofsustainableaerobicmetabolism. Limitationstosystemic
oxygendeliveryaretypicallystudiedinisolationaddressingthe
ability of a single organ. The convective and diffusive steps of
the oxygentransport cascade, however, are arrangedin series,
whichimpliesmutualdependencyofeachindividual stepwhere
limitationsorcapacitiesatonestepwillinfluencethemasstransfer
ofoxygenatthesubsequentsteps. Themutualinterdependencies
canbeunderstoodbyusingintegrativemathematicalmodelsto
predictthemaximalrate ofoxygenconsumptionatgivenvalues
for oxygen diffusion in gills and tissue, blood oxygen binding
characteristicandbloodflows. Whensuchanapproachisbasedon
physiologicallyrealisticinputparameters,itispossibletoevaluate
thefunctionalsignificanceofalteringasinglestepintheoxygen
transportcascade, suchasgilldiffusing capacity, cardiacoutput
orbloodoxygencarryingcapacity.Notsurprisingly, thisapproach
revealsnumerouslimitationswithintheoxygentransportcascade
andwewilluseourmodelstohighlightthephysiologicalprocesses
thatrequireadditionalstudiesandwewilldiscussthe limitations
ofthetheoreticalapproach.Inparticular,wewillencouragethat
thenextseriesof modelsincorporateabetterappreciationofthe
regulationofarterialblood gasesandblood pressurebymeans of
chemo-andbaroreceptors, respectively.

A9.4 HEART PERFORMANCE
DETERMINATION IN LARVAL FISH USING
HEART SHAPE AND VOLUME MODELING

™ THURSDAY 6 JULY, 2017 ©® 10:10

@& WARREN W BURGGREN (UNIVERSITY OF NORTH TEXAS,
UNITED STATES), PRESCILLA PERRICHON (UNIVERSITY OF
NORTH TEXAS, UNITED STATES), MARTIN GROSELL (MIAMI
UNIVERSITY, UNITED STATES)

@ BURGGREN@UNT.EDU

Understandingcardiacfunctionindevelopinglarvalfishiscrucial
forassessingphysiological condition. Cardiacoutputmeasurements
intransparentfishlarvaeand othervertebrateshavelongbeen
madebyanalyzingvideosofthebeatingheart,andthenmodeling
thisstructureusingaconventional simpleprolate spheroidshape
model.Larvalfishheartschangeshapeduringearly development
andsubsequentmaturation,butnostudieshave consideredthe
effectofdifferentheartgeometriesoncardiacoutputestimation.
Weassessedthevalidityofthreedifferentheartmodels (prolate
spheroid, cylinder, conetip+cylinder) appliedtodigitalimages of
cardiaccycles,includingbothdiastolicandsystoliccontraction
eventsinlarvalmahi-mahi(Coryphaenahippurus)andreddrum
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(Sciaenops ocellatus). The inherent error of each model was
determinedtoallowformoreprecisecalculationofaccuratestroke
volumeandcardiacoutput. Theconventionalprolatespheroidand
conetip+cylindermodelsyieldedsignificantly different stroke
volumevaluesfrom56to108hourspostfertilizationinbothreddrum
andmahi.End-diastolicandstroke volumesmodeledbyjustasimple
cylindershapewere30-50%highercomparedtotheconventional
prolatespheroid. However,whenthesevaluesof stroke volume were
combinedwithheartratetocalculatecardiacoutput,nosignificant
differencesbetweenmodelsemergedbecauseofinherentheartrate
variability. Essentially, the conventional prolate spheroid shape
modelprovidesaprecisemeasurementofstroke volumeandcardiac
output. However,assessmentofheartfunctionshould consider
larvalheartshapeonaspecies-by-speciesanddevelopmentalstage-
by-stagebasisformostaccuratecalculationsofcardiacoutput.

A9.5 FISH PHYSIOLOGY,
BEHAVIOUR AND ECOLOGY UNDER
ENVIRONMENTAL CHALLENGES

™ THURSDAY 6 JULY, 2017 ® 10:55

& PAOLO DOMENICI (CNR-IAMC, ITALY)

©@ PAOLO.DOMENICIGCNR.IT

Effectiveconservationmanagementrequiresmodelsthatmake
projectionsbeyond therange of available data. One way to deal
withsuchanextrapolationistouseamechanisticapproachbased
onphysiologicalprocessesunderlyingclimatechangeeffectson
organisms. Usingexamplesbased onhabitatselectionofacoastal
fishspecies,andonthepotential competitionbetweenaninvasive
and a native species, here I illustrate a simple model based on
aerobicscopeintegratedwithoceanographicdataofcurrentand
futurescenarios, tocharacterizefishhabitatsuitability. A further
steptoimproveourabilitytopredicthabitatselectioninfish,isto
incorporatebehaviourin ourmodelling approach, sinceanimal
behaviourcanberegardedastheexpressionofwhatanimalsdo
withinconstraintsimposedbyphysiology. Here, we presentan
exampleof modellinghabitatchoiceinhypoxicconditions, based
onfishphysiology and behaviour. The model considers explicit
andcoupledenergyand oxygenbudgetswithadieland vertical
representationofencounterprocessesforaplanktivorousfishwith
bothitspiscivorouspredatorsandzooplanktonprey. Weinvestigated
theemergingtrade-offsasindividualsmustbalance oxygenflow,
energy flow, predationrisk, and starvationriskin a vertically-
structuredwater column. Weshowhowhypoxiclayersmaydecrease
mortalitybyservingasarefugefrompredators. Finally,Iwillbriefly
discusstheinclusion ofbehaviourand physiologyinecological
modelsasanimportantsteptoincreaseourabilitytopredicthow
inter-specificinteractionsmodulatetheeffectsofclimatechange
onthedistributionoforganisms.
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A9.6 EARLY EXPOSURE TO CHRONIC
HYPOXIA INDUCES SHORT AND LONG-
TERM REGULATION OF HEMOGLOBIN
GENE EXPRESSION IN EUROPEAN SEA
BASS (DICENTRARCHUS LABRAX)

™ THURSDAY 6 JULY, 2017 ©® 11:25

& LAURA CADIZ (IFREMER, FRANCE), ARIANNA SERVILI
(IFREMER, FRANCE), PATRICK QUAZUGUEL (IFREMER,
FRANCE), LAURIANE MADEC (IFREMER, FRANCE), JOSE LUIS
ZAMBONINO-INFANTE (IFREMER, FRANCE), DAVID MAZURAIS
(IFREMER, FRANCE)

@ LAURA.CADIZ.BARRERA@IFREMER.FR

Europeanseabass (Dicentrarchuslabrax)inhabits coastal waters
andmaybeexposedtohypoxiaatdifferentlifestages,requiring
physiologicalandbehavioraladaptation.Inthepresentstudy, we
attemptedtodetermine whetherregulation ofhemoglobin (Hb)
geneexpressionplaysaroleinthephysiologicalresponsetochronic
moderatehypoxiainwholelarvaeandhematopoietictissues (head
kidneyandspleen) ofjuveniles. Wealsotested thehypothesisthat
hypoxia exposure at the larval stage could induce a long-term
effectontheregulation of Hb gene expression. Forthispurpose,
D.labraxwereexposedtoanon-lethalhypoxiccondition (40%air
saturation)atthelarvalstagefrom28to50daysposthatching(dph)
and/oratthejuvenilestagefrom196to296 dph.Dataobtainedon
larvaeindicatethathypoxiainducedasubtype-specificregulation
of Hb gene expression, with significant decrease of MN-Hba3,
MN-Hbb4andMN-Hbb5andincreaseof MN-Hba2,LA-Hbaland
LA-Hbbltranscriptlevels.Hypoxiadidnotinduceregulation of
Hbgeneexpressioninjuveniles,exceptintheheadkidneyforthose
thatexperiencedhypoxiaatthelarvalstage. Thelatterexhibited
asignificanthypoxia-inducedstimulationof MN-Hba2,LA-Hbal
andLA-Hbbl geneexpression,associatedwithstimulationofthe
PHD-3geneinvolvedinthehypoxia-induciblefactoroxygen-sensing
pathway. We concludethatsubtype-andstage-specificregulation
of Hbgeneexpressionplaysaroleinthephysiologicalresponse of
D.labraxtocopewithhypoxiaandthatearlyexposuretolowoxygen
concentrationhasalong-termeffectonthisresponse.
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A9.7 CAPACITIES AND LIMITS TO
CONVECTIONAL RESPIRATORY GAS
TRANSPORT IN FISHES

™ THURSDAY 6 JULY, 2017 ® 13:50

& TONY FARRELL (UNIVERSITY OF BRITISH COLUMBIA, CANADA)

@ FARRELLT@MAIL.UBC.CA

Deliveringoxygenfromthesurroundingwatertothemitochondria
incellsiscriticaltosustaininglife,aswellasachievinglifetime
fitness. Butarewereadyforaphysiomeinitiativeforfishes’ Ifwe
aretodevelopareliableandinformativequantitativedescription
of physiologicaldynamicsandfunctionalbehaviourofanintact
organism,thatisaphysiome,firstwemustreachclearagreements
astowhatrules govern the dynamics of the oxygen cascade at
eachhierarchicallevelandwhatstrategies generate functional
behaviours. Thistalk willillustrate some of the fixedrules and
flexiblestrategiesthatIseeasbeingimportantfromtheperspective
of cardiac physiology, whichis only one of the convection steps
that affects whole animal respiration (oxygen uptake), i.e.,
arterialoxygentransport. Asexamples,Iwillusefishresponses
tohypoxiaandtemperature,aswellasintraspecificcomparisons.
Intermsofcardiacphysiology, theunderstandingofthecritical
hierarchical linkages among organ-level, cellular-level and
genomic-levelstrategiesareonlyintheirinfancy. Whiletheneed
toestablish a firm definitional foundation may seem like a step
backwardstoachievetherequiredleapforward,itisanimportant
stepbecause, ifignored,itcouldleadtoerroneousconclusionswhen
interpretingdata, whichisanotherpointthatwillbeemphasized.
FundedbyNSERCCanada.
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A9.8 PROS AND CONS OF THE
CARDIORESPIRATORY SYSTEM IN
SOCKEYE SALMON AS A MODEL

™ THURSDAY 6 JULY, 2017 ©® 14:30

@ ERIKA J ELIASON (UNIVERSITY OF CALIFORNIA SANTA
BARBARA, UNITED STATES)

@ ERIKA.ELIASON@LIFESCI.UCSB.EDU

Overthelast70years,sockeyesalmonhaveextensivelybeenused
asamodel system for studying the cardiorespiratory system of
teleostfishes.PioneeringstudiesbyBrettinthe 1950s,60sand 70s
examinedhowmetabolicratesvarywithbodysize, temperature,
and swimming speed in sockeye salmon. More recent studies
suggestthatgeneticallydistinctpopulationsofsockeyesalmonare
locallyadaptedtotheirspecificmigrationconditions. Specifically,
populationswithmorechallengingmigrationshavegreaterswim
performance, higher aerobic scope, elevated cardiac scope, and
largerheartswithmorecompactmyocardium. Numerousecological
studieshaveusedacousticandradiotelemetrytechniquestolink
spawningmigrationfailurewithelevatedrivertemperatures.Some
ofthismortalitymaybemechanisticallyattributed toinsufficient
aerobicscopeatelevated temperatures. Currentresearchexamining
themechanismsofthermaltolerancesuggeststhattheheartplays
arolein determining thermal tolerance in sockeye salmon and
enhancedcardiomyocyte Ca? cyclingmayaugmentcardiaccapacity
athightemperature. Theprosandconsofusingsockeyesalmonasa
modelsystemforafishphysiomeinitiativewillbediscussed.

A9.9 AUTONOMIC REGULATION
FACILITATES ACUTE THERMAL
TOLERANCE IN RAINBOW TROUT:
WHOLE ANIMAL AND PERFUSED
HEART PERSPECTIVES

™ THURSDAY 6 JULY, 2017 ©® 14:45

@ MATTHEW J H GILBERT (DEPARTMENT OF ZOOLOGY UNIVERSITY
OF BRITISH COLUMBIA, CANADA), VARSHA RANI (LAND AND
FOOD SYSTEMS UNIVERSITY OF BRITISH COLUMBIA, CANADA),
SEAN MCKENZIE (DEPARTMENT OF ZOOLOGY UNIVERSITY OF
BRITISH COLUMBIA, CANADA), ANTHONY P FARRELL (LAND AND
FOOD SYSTEMS AND DEPTARTMENT OF ZOOLOGY UNIVERSITY OF
BRITISH COLUMBIA, CANADA)

©@ GILBERT1@UALBERTA.CA

In ectotherms, cardiac frequency and output usually increase
withtemperatureandreachapeakbeforedeclining. Areasonable
interpretation of these observations is that systemic oxygen
deliverybecomeslimitedathightemperatures, especiallyifthe
heartbecomesarrhythmic,and consequentlymay contributeto
settingupperthermaltolerances. Herewedetermined the extent
to which rainbow trout use autonomic regulation of heart rate
neartheircriticalthermalmaximum (CTm.x) andtheimportance
of this autonomic regulation in setting CTmax. Rainbow trout
werefittedwithECGelectrodes,cannulatedtoinjectcholinergic
and adrenergic blockers and acutely warmed in a respirometer
untiltheylostequilibrium (CTmax). Fishhadbothcholinergicand
adrenergic tone over the entire range of tested temperatures,
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butadrenergictone decreased near CTmax. Autonomicblockade
significantlyreduced CTmax byupto3°Cwhenblockerswereinjected
individually ortogether. Toconfirmdirectautomoniceffectson
theheart, thein-situ, working, perfusedheartwasexposedtothe
same acute warming challenge up to the temperature that the
heartfirstdeveloped arrhythmia. The heart wasthen cooled to
recoverrhythmicityandthewarmingprotocolwascontinuedwith
adrenergicstimulation, whichproduced dose-dependentincreases
inboththetemperatureandheartrateatwhicharrhythmiafirst
started. Together,ourresultssuggestthatfishemployadrenergic
stimulationandcholinergicinhibitionofthehearttoachieve CTmax.
SupportedbyNSERC Canada

A9.10 TEMPERATURE INDUCED
CARDIAC REMODELING IN FISH

™ THURSDAY 6 JULY, 2017 ® 15:00

& TODD E GILLIS (UNIVERSITY OF GUELPH, CANADA)

©@ TGILLIS@UOGUELPH.CA

The heart of some fish demonstrates remarkable phenotypic
plasticity, changing form and functioninresponse toachange
inphysiological condition. Through a series of studies we have
demonstrated that thermal acclimation of trout alters the Ca?
sensitivityofthecardiacmyofilamentaswellasthemagnitude
andrateofpressuregenerationbytheintactventricle. Thermal
acclimationoftroutandzebrafishalsoresultsinsignificantchanges
tothemorphologyandcompositionoftheheart. Forexample we,
andothers,havedemonstratedthatcoldacclimationoftroutcauses
cardiachypertrophyandincreasestheconnectivetissuecontentof
theheart,whilewarmacclimationdecreasescardiacconnective
tissue and causes atrophy of the myocardium. In contrast, cold
acclimationofzebrafishdecreasestheamountofthickcollagen
fibersintheheart. The connectionbetweenthermalacclimation
andcardiacremodelinginfishhasnotbeenidentified.Onepotential
linkisachangeinbloodviscosityalteringthehemodynamicloadon
theheart.Suchachangewouldputadditionalbiomechanicalstrain
ontheheart,aconditionthatcausesanincreaseintheproduction
of TGF-B1 by the mammalian myocardium. We have recently
demonstratedthat TGF-Blincreasescollagendepositionby cultured
troutcardiacfibroblastsandinitiateschangesintheexpressionof
genetranscriptsformatrixmetalloproteinases (MMPS), tissue
inhibitorsof MMPsand collagenisoforms, similartothatcaused
bycoldacclimationofthetroutheart. Theseresultssuggestthat
TGF-B1 may be amolecular trigger that initiates temperature-
inducedchangesinthe compositionofthetroutheart.
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A9.11 CARDIORESPIRATORY THERMAL
TOLERANCE IN MARINE ECTOTHERMS
AND THE EFFECT OF HYPOXIA ON THEIR
UPPER THERMAL NICHE BOUNDARIES

™ THURSDAY 6 JULY, 2017 ©® 15:45

@ RASMUS ERN (UNIVERSITY OF TEXAS AT AUSTIN, UNITED
STATES), ANDREW J ESBAUGH (UNIVERSITY OF TEXAS AT
AUSTIN, UNITED STATES)

@ RASMUS@ERN.DK

Marineecosystemsarefacingariseinthefrequencyandseverity
oftransientheatweavesandaquatichypoxia. Thecriticalthermal
maximum (CTm.x) defines the upper boundary of a species’
fundamentalthermalniche.Marineectothermslargelyoccupythe
extentoflatitudestolerablewithintheirthermalnicheboundaries.
Following the ‘oxygen limitation hypothesis’, CTmax of marine
ectothermsdeclinewithdecliningwateroxygentension (P, O)
because CTmax iscausebyatemperature-induced collapseofthe
cardiorespiratorysystem. Aquatichypoxiaisthereforeprojected
toimpactmarineecosystemsbyreducinglatitudinaldistribution
ranges and resilience to transient heat weaves across species.
However, the ‘oxygenlimitationhypothesis’wasrecently proven
notuniversallyapplicabletomarineectotherms. Knowledge on
the extent to which hypoxia reduces the CTmax of species from
differentmarineecosystemsisthereforeessentialtoforecastsof
climate-induceddistributionchanges. Theoxygenlimitforthermal
tolerance (PCTy.y) is the P, O; where an organism’s CT.x starts
todecline. The PCT,., canbeusedtoassessthethermaltolerance
of the cardiorespiratory system, and determine the effects
of hypoxia on upper thermal niche boundaries. We determined
PCT,.in 8 tropical, temperate, and polar species. The thermal
tolerance ofthecardiorespiratory system (determined via PCTqx)
increasedwithhabitattemperature. Only Antarctickrillconformed
tothe‘oxygenlimitationhypothesis’. Interestingly, the ‘oxygen
limitationhypothesis’wasfounded primarilyondatafrompolar,
stenothermalspecies. Weconcludethataquatichypoxiaisunlikely
toimpactthedistribution of tropical and temperate species via
directlimitationsontheupperthermalnicheboundaries.
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A9.12 THE STRUCTURAL

AND FUNCTIONAL FACTORS
DETERMINING VO, MAX IN
RAINBOW TROUT (ONCORHYNCHUS
MYKISS) AND YELLOWFIN TUNA
(THUNNUS ALBACARES)

™ THURSDAY 6 JULY, 2017 ©® 16:00

@ PHILLIP R MORRISON (UNIVERSITY OF BRITISH COLUMBIA,
CANADA), COLIN J BRAUNER (UNIVERSITY OF BRITISH
COLUMBIA, CANADA)

©@ MORRISON@ZOOLOGY.UBC.CA

Increased O; uptake, transport, and delivery through the O;
transport cascade represent major physiological adaptation to
increase maximal aerobically sustained exercise. Infishes, the
cardiovascular systemis proposed to be the predominant rate-
limitingsteptoO.deliveryat VO,max. However, thefishO;transport
cascadehasnotbeenmodeledasanintegratedsystemtoassessthe
relative contributionofeachcomponentpartto VO, max. Tothis
endweusedasteady-statemodelof O;transportthatincludesfour
conductancesteps-gillventilation, gilldiffusion, cardiovascular
perfusion, and tissue diffusion - and empirical data from two
publishedstudiesonrainbowtroutandoneonyellowfintuna.The
importanceofthe Bohreffecttohaemoglobin-O;offloadingwas
assessed,andtherelative contributionofeach conductancestep
totheoverallsensitivityof O2 fluxwascalculatedasthefractional
changein VO,maxcausedbya5%changeineachstep.Includinga
Bohreffectinthetissueswasnecessaryforinsilico VO, maxvalues
tomatchpublishedvalues. Thus,thelargeBohreffectthatistypical
of mostteleosthaemoglobinslikelybenefitstissue-0, uptakeduring
exercise.Cardiovascularperfusionandtissuediffusionarethemajor
limitingfactorsto VO, maxintunaandonetroutmodel,although
gilldiffusionwasmostimportantforthesecond troutmodel. These
apparentdiffusionlimitations,however,donotappeartoresultfrom
structurallimitationstodiffusion. Thus, the greatestlimitation
to VO, maxwasobservedatthelevel ofthecardiovascularsystem
(i.e.,cardiacoutput,andhaemoglobin-O;bindingcharacteristics).
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A9.13 MICROVASCULAR ADAPTABILITY
TO ENVIRONMENTAL CHALLENGES

AND THE MODELLING OF PERIPHERAL
OXYGEN DELIVERY TO SKELETAL MUSCLE

™ THURSDAY 6 JULY, 2017 ©® 16:15

@ STUART EGGINTON (UNIVERSITY OF LEEDS, UNITED KINGDOM)

@ S.EGGINTON@LEEDS.AC.UK

Analysisofcomplexphysiological systemsrequiresknowledge
about function and structure (encompassing genomic and
proteomicinformation). Constructingamoduleofthe physiome
describingperipheral oxygensupplyanddemandatfirstappears
quitestraightforward: quantify cardiovasculartransportof O,
byconvection, microvascularcapacityfordiffusivedeliveryof O,
,influence oftissue compositiononexchange,and O, utilisation
by mitochondrial enzymes. Some basic principles become
evident, e.g. allometric scaling. Anatomical and functional
separation of oxidative and glycolytic muscle systems within
thefishtrunksimplifieshandlingofdifferentialresponsiveness
of fibre types (cfmixed muscles within the human physiome).
The impressive capacity for skeletal muscle remodelling
when physiologically challenged provides an excellent test
bed for any hypothesis-generating computational model.
Recognisingtheinfluence ofenvironmentalfactorswillbe
keytothesuccessofafishphysiomeinitiative. Forexample,related
specieswithinagiventhermalenvironmentmayhavedifferent
convectivedeliveryaccordingtotheecologicalnichetheyinhabit.
Whereas most temperate species display a good correlation
betweencapillary supply andfibremitochondrial content, those
inhabitingextremelycoldwaterappeartobeoutliers. Thebenefits
ofanintegrativemodellingapproachisevidentwhencontrasting
species-specific adaptive strategies, e.g. hypoxia induces a
dramatic angiogenesis in tench, a modest response in catfish,
and capillary rarefaction in carp skeletal muscle. Conflicting
influencescanmodifyestablishedrelationships, e.g.cold-induced
fibrehypertrophyinducesamorepowerfulangiogenicresponse
thanseenduringmuscledevelopment,suchthateffectivecapillary
densityismuchlesssensitivetochangesinfibresize.
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A9.14 THE ROLE OF MITOCHONDRIA
IN HYPERTHERMIC DEATH

™ THURSDAY 6 JULY, 2017 ©® 16:30

& ANTHONY (TONY) JR HICKEY (AUCKLAND UNIVERSITY,
NEW ZEALAND)

@ A.HICKEY@AUCKLAND.AC.NZ

Aerobicscopeofectothermicanimalshasbeencentraltoclimate
changestudiespredictingthermallimitsonspeciesdistributions.
Thelimitson,andcollapseofaerobicscope (AS)athightemperatures
has been used to model aquatic species limits in warming
ecosystems. While oxygen availability at high temperatures
hasbeen proposed to limit AS in the Oxygen Capacity Limited
Thermal Tolerance (OCLTT) model, thishasreceived criticism.
For terrestrial animals oxygen is abundant, yet they still have
clearthermallimits. The World’sgreatestmarinediversityisalso
centredinthetropics,andwhileoxygensolubilitydeclineswith
temperature,oxygendiffusionratesincrease. Moreover,the OCLTT
modelappearstobeinconsistentacrossecotypes. Althoughthe
explanatoryrole ofoxygeninthe OCLTT maynotbeclear, ASis
thermallylimitedandindicatesanapparentlimitonmetabolism.
Thecurrencyoflifeis ATP. ATPthisformedbyprocessesof
substratelevel,and oxidative phosphorylation (OXPHOS).Only
OXPHOScansustainindependentanimallife, thisisperformed
byonceparasiticandnowendosymbioticmitochondria,andthese
providethebulkofacell’sroutineandrecovery ATP. Temperature
impacts OXPHOS efficienciesindependent of oxygen concentration,
suchthatthermallystressedmitochondriamakeinsufficient ATP.
Mitochondriaarealsonotsolely ATPsources. Theyplayvitalcell
signallingrolesandinstigateapoptoticandnecroticdeathpathways.
Overall OXPHOS inefficienciesunderchronichyperthermicstress,
may starveenergyhungrypathwayssuchasgrowth,andatacute
extremetemperaturesmitochondriacanevenparasitize ATP,and
thismaymediatehyperthermicdeath.

A9.15 INTEGRATIVE MODELLING
APPROACHES TO THE FISH CARDIO-
RESPIRATORY SYSTEM UNDER
ENVIRONMENTAL CHANGE - IS IT TIME
FOR A FISH PHYSIOME INITIATIVE?

™ THURSDAY 6 JULY, 2017 © 16:45

& MICHAEL BERENBRINK (UNIVERSITY OF LIVERPOOL,
UNITED KINGDOM)

©@ MICHAEL.BERENBRINK@LIVERPOOL.AC.UK

Fishesconstituteimportantmodelsystemsforstudiesexamining
theeffectsofclimatechangeonouroceansandrivers. Quantitative
studies of the response of the fish cardio-respiratory system to
externalchallengeshavearichhistorybutinthepasthavelargely
beenlimitedtothewholeorganismandorgansystemlevelsand
beenaimedatexploringmaximalcapacitiesof mechanisms. This
overviewexploresontheonehandtowhatextentthesemechanisms
canbeintegratedwithmechanismsonmolecularandcellularlevels
ofbiological organisation.Ontheotherhanditwillbe exploredhow
thesemechanismswillbeaffectedbyenvironmentallyrelevant
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challengesintermsoftheirplasticityand geneticvariability.Itis
arguedthatinordertoexplorequantitativeintegrationofthose
systemsitisnecessarytogettheexpertsoncardiacfunction,blood
respiratorygastransport,redbloodcellandhaemoglobinfunction,
acid-baseandionregulation, gillfunctionandtissuecapillarisation,
butalsofishenergetics,toengagewithbio-mathematicians. This
approachisanalogoustothehumanphysiomeinitiativewiththe
differencethatphysiologicalresponsesaremodeledasafunctionof
environmentalchangesratherthandisease. Thus, thequestionis
whetherthetimehascomeforafishphysiome (hereproposedtobe
calledichthyomeorpisciome)initiativeamongfish physiologists/
ecologists. Giventhediscussionsaboutapotentiallimitationoffish
thermaltolerancebythecapacityoftheiroxygentransportsystems,
especiallythecardio-respiratorysystem, the questionistimelyand
invitescontributionsfromallareasofexperimentalbiology.

A9.16 INTEGRATIVE RESPIRATORY
ASSESSMENT PARADIGM (IRAP)

AS AN INDEX OF A FISH’S
METABOLIC CAPACITY

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@& YANGFAN ZHANG (THE UNIVERSITY OF BRITISH COLUMBIA,
CANADA), GUY CLAIREAUX (UNIVERSITE DE BRETAGNE
OCCIDENTALE, FRANCE), DENIS CHABOT (MAURICE
LAMONTAGNE INSTITUTE FISHERIES OCEANS CANADA,
CANADA), ANTHONY P. FARRELL (THE UNIVERSITY OF BRITISH
COLUMBIA, CANADA)

@ VYANGFAN@ZOOLOGY.UBC.CA

Environmental effectsonfishmetabolismhavelonginterested
experimental biologists. Generations of physiologists have
been pursuing accurate, comprehensive and high-throughput
methodologies to quantify metabolic capacity,i.e.,aerobic and
anaerobiccapabilities. Typically, eitheraerobicscopeorhypoxia
tolerance are measured, butrarely are the two traits measured
together. Thus,wedevelopedanintegrativerespiratoryassessment
paradigm(IRAP)thatcharacterizesaerobicandhypoxiccapacities
inusinganautomated, multiple-channel (8fish),intermittent-flow
respirometrysystem. Theautomationallows measurements of
oxygenuptakeoveraperiodof4dayssuchthatstandardmetabolic
rate(SMR)and9additionalmetabolicindicesaregenerated. While
themethodologyrepresentsahighthroughputsystemtoassess
theperformanceofgroupsoffish,inter-individual variability can
alsobeassessedbyIRAP. Indeed,someindividualsareclearlymore
activeintherespirometrysystemthanothers,andsomeshowa
circadianrhythm to their activity. Our early analysis of these
activitypatternshasprovidednewinsightsintothewaysinwhich
activityinfluencesthe 10metabolicindices generatedby IRAP.
Thus,IRAPcancharacterizewhole-animalmetabolicphenotypes
withgreaterdetailthanpreviousmethodologies.
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A9.17 CARDIOVASCULAR AND
CARDIORESPIRATORY RESPONSES OF
THE RED DRUM (SCIAENOPS OCELLATUS)
TO THE COMBINE ENVIRONMENTAL
STRESSORS OF HYPOXIA AND CRUDE OIL

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

& DEREK NELSON (UNIVERSITY OF NORTH TEXAS, UNITED
STATES), ANDREW J ESBAUGH (MARINE SCIENCE INSTITUTION
- UNIVERSITY OF TEXAS AT AUSTIN, UNITED STATES), DANE A
CROSSLEY IT (UNIVERSITY OF NORTH TEXAS, UNITED STATES)

@ DEREKNELSON@MY.UNT.EDU

Fish species encounter a broad spectrum of environmental
stressors,bothnaturally occurringand those ofanthropogenic
origin.Inthe Gulfof Mexico,anthropogenicstressorscancoexist
potentiallyactingsynergisticallyonanorganism. Thecombined
effectsofhypoxiaandcrudeoilexposureareimportant,relevant
exampleofthisconcept, priorstudiesoftheeffectofcrudeoilhave
showndeleteriouseffectsonmultipleorganismsatthelevel ofthe
cardiovascularsystem. Howeverquestionsremainregardingthe
combinedactionsofoilexposureandhypoxicstress. Thisstudy
wasdesignedtoinvestigatehow convective oxygentransportis
impactedandduringco-exposuretohypoxiaandcrudeoilinthe
reddrum (Sciaenops ocellatus). Our working hypothesisisthat
co-exposuretohypoxiaandcrudeoilwillresultin greaternegative
effectsoffunctionthatwouldbe predicted duetoasumofthese
stressor’sindividual actions. Data to be presented will include
cardiac output, arterial and venous blood gas differences, PO,
PCO.,pH,lactate, glucose,osmolarityandhematocrit. Thisstudy
issupportedbythe GoOMRIRECOVER ConsortiumtoA.R.andD.C.

A9.18 MODELLING INTRACARDIAC
SHUNT PATTERNS IN
NON-CROCODILIAN REPTILES

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

& LAUREN E JAMES (AARHUS UNIVERSITY, DENMARK), RENATO
FILOGONIO (AARHUS UNIVERSITY, DENMARK), TOBIAS WANG
(AARHUS UNIVERSITY, DENMARK)

© LJAMES0910@GMAIL.COM

Theundivided ventricle of the amphibian and non-crocodilian
reptileheartfacilitatesmixingofbloodfromthe pulmonaryand
systemiccirculationsbyvirtueofintracardiacshunting. Recently,
anewdebateconcerningtheunderlyingmechanismsdictatingthe
directionoftheseshuntshasemerged. Oneproposalstatesthatthe
differencebetweensystemicandpulmonaryarterialdistensibilities
isthemaindeterminantofshuntdirection.Itispostulatedthatthe
circuitwiththegreaterdistensibilitycanaccommodate greater
bloodflow,andthatbloodwillthereforebeshuntedinthedirection
ofthemoredistensiblecircuit. Thesecond proposalmaintainsamore
classicalexplanation,arguingthatautonomicregulationofvascular
resistancesisthemajorfactorcontrollingshuntdirection. Thisgives
thepulmonarycirculationareduced conductance comparedtothe
systemic, thereforerighttoleft shunts, wherebloodbypassesthe
pulmonarysystem,dominate. Toresolvetheseconflictingviews, we
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constructedadynamicmodel oftheheart,usingtheInsightMaker
platform,toprovideatheoreticalframework of parametersthat
mayinfluencecardiacshunting. Ourobjectiveistoascertainthe
roleofarterialdistensibilityinshunting, withtheoverallaim of
identifyingthemajorfactorsthatinfluenceshuntpatterns. The
modelwasbuilttosimulatebloodflowdistributionundernormal
physiological conditions,andthedistensibilities ofbothpulmonary
and systemic arteries altered, to assess their impact on shunt
direction. Thismodellingapproachallowsforallparameterstobe
keptconstantexceptfortheoneofinterest,facilitatingthe conclusive
identificationofthekeyfactorsfordeterminingshuntdirection.

A9.19 FIBRE SIZE MODULATES THE
EFFECT OF TEMPERATURE ACCLIMATION
ON CAPILLARY SUPPLY AND
INTRACELLULAR DIFFUSION

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@& STUART EGGINTON (UNIVERSITY OF LEEDS, UNITED KINGDOM)
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hadbothlowercapillary supplyandmitochondrial contentthan
pectoral muscles, though the difference was much less evident
inN. coriicepsthan C. aceratus. Extracellular and intracellular
adaptationstopreserveperipheraloxygentransportwerefound,
including greater capillary length density (tortuosity index =
1.4vs.1.1)andmitochondrialribbonsspanningextremelylarge
fibres(2900vs.1800pm?)in C.aceratus.Evidencewasobtainedfora
lowerspecificoxygenconsumptioninicefishmitochondria(citrate
synthaseactivity/volume of mitochondria). Modellingmuscle
fibrePO;suggeststhatthisspecieshasmaximisedthestructural
plasticityevidentwithinthenotothenioidfishes,suchthatevena
modestriseinseatemperatureispredictedtooverwhelmitslimited
scopeforaerobicactivity.

A9.21 COMPARATIVE CONTROL OF CA%
HOMEOSTASIS IN SNAPPING TURTLE
AND RAINBOW TROUT CARDIOMYOCYCTES
SUBJECTED TO ANOXIA/REOXYGENATION

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ S.EGGINTON@LEEDS.AC.UK

Smallfishliving at high and low environmental temperatures,
andthoseacclimatedinthelaboratorytoa20°Cdifference,had
asimilarnumber of capillaries (2-3) around slow muscle fibres.
The major difference among species was fibre size, which was
smallingoldfishresultinginaveryhighcapillarydensity (around
6000mm?),but wherefibresize wasunaffectedby temperature
there was no adaptive response in the microcirculation. For
example, cold and warm adapted species had a local capillary
supply around twice that of cold and warm acclimated groups.
Extracellular (intramuscular) diffusiondistancethereforeshows
onlyweaktemperature compensation.Incontrast,intracellular
diffusion distance is sensitive to environmental temperature,
withmitochondrialseparationincreasingfrom3pmat30°C,asa
consequence ofbothmitochondrial volume density and spatial
organisation. Theintegratedresponseofthestructurallimitsto
aerobiccapacityiscalculatedtomaintainahighintracellularoxygen
tensionof4to5kPaatalltemperatures.

A9.20 VARIATION IN MUSCLE FINE
STRUCTURE SUPPORTS ADEQUATE
PERIPHERAL OXYGEN TRANSPORT
IN BOTH LOCOMOTOR AND POSTURAL
MUSCLES OF NOTOTHENIOID FISHES

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@& STUART EGGINTON (UNIVERSITY OF LEEDS, UNITED KINGDOM)

@ S.EGGINTON@LEEDS.AC.UK

Theeffectofrespiratorypigmentsonmetaboliccapacity, capillary
supply,andfinestructureoflocomotorandposturalskeletalmuscle
from Antarctic fishes wasinvestigated. The volume density of
mitochondriainslowfibresfromthelocomotorypectoralmuscle
ofthewhite-blooded channichthyid Chaenocephalusaceratuswas
extremelyhigh (53%),comparedwiththered-bloodednototheniid
Notothenia coriiceps (29%). This index of oxygen demand was
matched by capillary supply. The postural lateral musculature

@ ILANRUHR (THE UNIVERSITY OF MANCHESTER, UNITED
KINGDOM), GINA GALLI (THE UNIVERSITY OF MANCHESTER,
UNITED KINGDOM)

© ILAN.RUHR@MANCHESTER.AC.UK

The hearts of freshwater turtles are exceptionally tolerant of
oxygen deprivation and are capable of beating in the complete
absence of oxygen (anoxia) for hours, days and even months.
Despitetheprofoundmedicalimplications, thecellularmechanisms
underlying turtle cardiac anoxia tolerance is unknown.
Intracellularacidosisand Ca?* overloadisamajor determinantof
anoxiccelldeathinmammals. Therefore, wehypothesisedthat
turtlecardiomyocycteswould defendintracellular Ca? ([Ca?]i)
during anoxia/reoxygenation, despite a profoundintracellular
acidosis. Tothisend, wesubjected ventricularcardiomyocyctes
fromtheanoxia-tolerantsnappingturtle (Chelydraserpentine)
to 20mins of simulated anoxia (zero oxygen, pH 6.8) followed
by reoxygenation. For comparative purposes, werepeated this
experimentinananoxia-sensitiveectotherm,therainbowtrout
(Oncorhynchusmykiss). Fura-2and BCECF wasusedtomeasure
[Ca*]i and pH, respectively, using epifluorescent microscopy.
Anoxiadecreasedboththeamplitudeoftheturtle [Ca?]i(by58%)
andcontractileforce,whilere-oxygenationledtoapartialrecovery
of[Ca2+]i(84%)withamodestincreaseincontractileforce. Introut
cardiomyocyctes,anoxialedtoasmallerdecreasein[Ca?]i(28%),
whilereoxygenationsawadramaticincreasein[Ca*]ito155%and
anincreaseincontractileforce,oftenleadingtocelldeath. Both
speciesexhibitedareductioninpHwithanoxia(7.8t06.8) which
increasedduringreoxygenationtolevelshigherthanpre-anoxia.
Theseresultssuggestintracellular Ca?* managementmaybean
importantaspectofanoxiatoleranceintheturtleheart.
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A10 BIOLOGICAL ADHESIVES:
FROM BIOLOGY TO BIOMIMETICS

ORGANISED BY: JANEK VON BYERN (LUDWIG BOLTZMANN INSTITUTE FOR
EXPERIMENTAL AND CLINICAL TRAUMATOLOGY, AUSTRIA) AND STANISLAV GORB

(KIEL UNIVERSITY, GERMANY)
.

A10.1 DOUBLE NETWORKS AND SLUG
GLUE: INTEGRATING MECHANICS AND
SEQUENCE DATA TO CHARACTERIZE AN
UNUSUALLY TOUGH HYDROGEL ADHESIVE

™ THURSDAY 6 JULY, 2017 ©® 09:00

@ ANDREW M SMITH (ITHACA COLLEGE, UNITED STATES),
CASSANDRA PAPALEO (ITHACA COLLEGE, UNITED STATES),
CHRISTOPHER W REID (BRYANT UNIVERSITY, UNITED STATES),
JOSEPH M BLISS (WARREN ALPERT MEDICAL SCHOOL OF BROWN
UNIVERSITY, UNITED STATES)

@ ASMITHeITHACA.EDU

Whenthreatened, theterrestrial slug Arionsubfuscussecretesa
viscousmaterialfromitsdorsal surface, whichrapidly setsinto
a tough, adhesive double network hydrogel. High throughput
sequencing (RNA-seq)wasusedtodeterminetheprimarystructure
ofallthecommonproteinsintheglue. Allbutoneoftheproteins
arenovel,buttheyhave conserveddomains with cross-linking
functions. The proteins fitinto two main categories. The first
consists of five proteins with multiple vWFa and EGF domains.
These domains are typically involved in calcium-dependent
intermolecularcross-linking. Thesecond category consistsofa
highly abundant andrelatively diverse group of atleast eleven
proteinsthatareallrelatively small(10-15kDa),andall contain
oneofthreeknownligand-bindingdomains(C-lectin, C1q,H-lectin).
Inaddition,theenzymecatalaseisabundantintheglue,asisanovel
proteinwithnoknownhomology. Theseresultssuggestamodel
wherecalciumformssacrificialcross-linksbetween vWFa/EGF-
richproteins. Suchcross-linkswouldtoughenthegelbystiffening
it,whileallowinghigh extensibility. Thelectin-domaincontaining
proteins are hypothesized to oligomerize to present multiple
differentbindingsitestobringdifferentcomponentsofthe glue
together. Catalase may beinvolvedin oxidative cross-linking.
Furtherworkisneededtodeterminehowthestructureofthenovel
proteinrelatestoitsfunction;itappearstobeoxidativelylinked
intolargemultimers. Thisworkdemonstratesthe value of whole
transcriptomesequencinginbiologicaladhesives, whichoftenhave
novelproteins.

A10.2 INNATE ‘PRINTING’ OF GLUE
AFFECTS ROBUSTNESS OF SPIDER
SILK THREAD ANCHORAGES AND
HELPS TO EXPLAIN THE EVOLUTION
OF AERIAL WEBS

™ THURSDAY 6 JULY, 2017 ©® 09:30

& JONAS O WOLFF (DEPARTMENT OF BIOLOGICAL SCIENCES,
MACQUARIE UNIVERSITY SYDNEY, AUSTRALIA), MARIELLA
E HERBERSTEIN (DEPARTMENT OF BIOLOGICAL SCIENCES,
MACQUARIE UNIVERSITY SYDNEY, AUSTRALIA)

© JONAS.WOLFFeMQ.EDU.AU

Buildingbehaviourinanimalsextendsbiologicalfunctionsbeyond
bodies.Inspiders, theevolutionofeconomicwebshapesasakey
forecological successhasbeenrelated tothe emergence ofhigh
performance silks and thread coating glues. However, the role
ofthread anchorageshasbeen widelyneglected. Here we show
thatorb-web (Araneidae)andhuntingspiders(Sparassidae)use
differentsilkapplicationpatternsthatdeterminethestructureand
robustnessofthejointinsilkthreadanchorages.Silkanchoragesof
orb-webspidersshowagreaterrobustnessagainstdifferentloading
situations,whereasthesilkanchoragesofhuntingspidershavetheir
highestpull-offresistancewhenloadedparalleltothesubstrate
alongthedirectionofdraglinespinning. Byusingmorphometric
andmodelapproaches, weshowhowtheplacementofthestructural
threadwithintheinstantly produced gluepatchaffectspull-off
forcesinorthogonalloadingsituations. Theseresults showthat
the way how glueis applied, crucially enhances the toughness
oftheanchoragewithouttheneedofadditionalmaterialintake.
Preliminaryresultsofabroad comparativeanalysisofspinning
patternsandstructuralparametersoftheanchoragesacrossthe
spidertreeoflifeindicatetheireffectiverefinementsthroughout
evolution. Ourresultssuggestthatthebehavioural ‘printing’ of glue
andsilkintothreadanchorageswasaprerequisitefortheevolution
ofextendedsilkuseina3D-spaceandtheemergence of superior
fibres. Thishighlightstheroleofattachmentsintheevolutionof
animalarchitectures,andsuggestsahighpotentialof suchstudies
toinspirenoveladhesiveapplications.




ANNUAL MEETING GOTHENBURG 2017

A10.3 INVESTIGATING THE RELATIVE
ROLES OF ADDUCTION AND ADHESION
IN TREE FROG CLIMBING

™ THURSDAY 6 JULY, 2017 ©® 09:45

@ W JON P BARNES (UNIVERSITY OF GLASGOW, UNITED
KINGDOM), IAIN D C HILL (UNIVERSITY OF GLASGOW,
UNITED KINGDOM), THOMAS ENDLEIN (UNIVERSITY OF
GLASGOW, UNITED KINGDOM)

@ JON.BARNES@GLASGOW.AC.UK

Theadhesivemechanismsofclimbinganimalshavebecomean
importantresearchtopicinrecentyearsbecauseoftheirbiomimetic
implications. Here,weinvestigatetheclimbingabilities ofhylid
treefrogsonverticalcylindersofdifferingdiameterandsurface
roughnessinordertoinvestigatetherelativerolesofadductionand
adhesioninclimbing. Treefrogsadhereusingtheirtoepadsand
subarticulartubercles, mainlybywetadhesion. Ourhypothesis
wasthat,onaneffectivelyflatsurface (thelargest 120mmdiameter
cylinder),adhesionwouldbetheonlymeansbywhichtreefrogs
couldavoidfalling,butonthetwosmallerdiametercylinders (44
mmand 13mm), frogscouldadditionallyutiliseadductionforces
bygrippingthecylindereitherwiththeirlimbsoutstretchedorby
graspingaroundthecylinderwiththeirdigits,respectively. The
frogs’performancewouldalsodependonwhetherthesurfaceswere
smooth (easyforthefrogstoadhereto)orrough(non-adhesive). Our
findingsconfirmedourexpectationsinthatfrogsclimbedfastest
onthenarrowestsmoothcylinderwhereadductionandadhesive
forcescouldcombine,butwereunabletoclimbthelargestdiameter
roughcylinder Usinganoptical techniquetovisualize substrate
contactduringclimbingonsmoothsurfaces,wealsoobservedan
increasingengagementofthesubarticulartuberclesonthenarrower
cylinders. Additionally,onamultipleforceplateclimbingapparatus,
compressiveforceswererecorded, particularlywhenclimbingrough
surfaces,indicatingtheuseofaclampinggrip. Theseresultssupport
ourhypothesesandhaverelevanceforthedesignofclimbingrobots.

A10.4 MODULAR RESILIN FUSION
PROTEINS - FROM MOLECULES
TO MATERIALS

™ THURSDAY 6 JULY, 2017 ® 10:00

@ PAIVI LAAKSONEN (AALTO UNIVERSITY, FINLAND), WENWEN
FANG (AALTO UNIVERSITY, FINLAND), ALESSANDRA GRIFFO
(AALTO UNIVERSITY, FINLAND), ARJA PAANANEN (VTT
TECHNICAL RESEARCH CENTRE OF FINLAND LTD, FINLAND),
HENDRIK HAHL (SAARLAND UNIVERSITY, GERMANY), KARIN
JACOBS (SAARLAND UNIVERSITY, GERMANY), CHRISTOPHER
LANDOWSKI (VTT TECHNICAL RESEARCH CENTRE OF FINLAND
LTD, FINLAND), MARKUS LINDER (AALTO UNIVERSITY,
FINLAND), MERJA PENTTILA (VTT TECHNICAL RESEARCH
CENTRE OF FINLAND LTD, FINLAND)

@ PAIVI.LAAKSONEN@AALTO.FI

Wehavestudiedthebehaviorofadhesiveandelasticfusionproteins.
Theproteindesignincludedaresilin-like peptide (RLP) coupled
withadhesivedomains. Thestudypresentsdifferentaspectsofthe
proteinsandmaterialsderived fromthemoleculartomacroscopic
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scale. Weemployedforinstancesinglemoleculeforcespectroscopy,
cryo-TEMtomographyandquartzcrystalmicrobalancetogether
with spectroscopic methods to understand the assembly and
behavior of the molecules and materials. The resilin behavior
is much regulated by the controlled conformational changes
inducedbychangeofthepH,whichareinkeyroleinformation of
adhesivematerials.

A10.5 STICKING TO THE DIRTIEST
SURFACES: THE MOTH-SPECIALIST
SPIDER CYRTARACHNE AKIRAI USES
PREY SCALES TO INCREASE ADHESION
OF AGGREGATE SILK GLUE

™ THURSDAY 6 JULY, 2017 ® 10:15

& CANDIDO DIAZ (UNIVERSITY OF AKRON, UNITED STATES),
AKIO TANIKAWA (UNIVERSITY OF HONGO, JAPAN), TADASHI
MIYASHITA (UNIVERSITY OF HONGO, JAPAN), GAURAV
AMARPURI (UNIVERSITY OF AKRON, UNITED STATES),
DANIEL MAKSUTA (UNIVERSITY OF AKRON, UNITED STATES),
ALI DHINOJWALA (UNIVERSITY OF AKRON, UNITED STATES),
TODD BLACKLEDGE (UNIVERSITY OF AKRON, UNITED STATES)

@ CANDIDO.DIAZ.JR@GMAIL.COM

Contaminantsdecrease adhesive strength by interfering with
substrate contact. Moths adhering to spider webs present an
ideal model to investigate how natural adhesives overcome
contaminationbecausemoth’ssacrificiallayerofscalesruboffon
stickysilk,allowingthemtoescape. The Cyrtarachninaespiders
evolvedwebsthatovercomethisandspecializeonhuntingmoths.
WecomparetheadhesiveperformanceofCyrtarachnegluetomore
typical spidergluestounderstandhow Cyrtarachneglueovercomes
dirtysurfaces. Wecomparethespreadingandadhesion of spider
gluesonpristinemoth-wingstowingsdenuded of scalesandsmooth
glass. We manipulated the hydrophobicity of these surfaces to
teaseaparttheinfluenceofsurfacechemistryvsmicrostructure
foradhesion.High-speedvideosshowthatuponcontactwithmoth-
wingstheunusuallylowviscosityof Cyrtarachneaggregateglue
allowsittoseepbeneaththeprotectivescalesandthentoaccelerate
spreadingalongthecuticle. Otherspiders’ gluedropletswereunable
topenetratethescales,minimizingadhesion. Cyrtarachneadhesion
onnudemoth-wingswassimilartoglassshowingthatdifferences
intopography,notchemistry, wereresponsiblefortheincreased
adhesion. Makingmoth-wingshydrophilicincreasedadhesionand
spreadinginotherspecies, allowingtheirgluetospreadbeneath
thescalessimilarlytoCyrtarachne. Hydrophilictestshowever,
showedincreasesinbulkfailurefor Cyrtarachneleadingtodecreases
inadhesionstrengthfromoverspreading. Cyrtarachneusesthe
extremelylow viscosity of its glue to take advantage of the low
surfaceenergyandtopography of moth-wings, spreadingrapidly
acrossthecuticlewithoutsacrificingcohesivestrength.
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A10.6 BIOLOGICAL ADHESION
OF FLATWORMS

™ THURSDAY 6 JULY, 2017 ©® 10:55

& PETER LADURNER (UNVERSITY OF INNSBRUCK, AUSTRIA)

©@ PETER.LADURNER@UIBK.AC.AT

Man-madeadhesivescontainhazardouscomponentswhicharetoxic
andcauseskinirritations,respiratoryproblemsortheyaresuspected
carcinogens. Furthermore, these adhesives perform poorly in
wetenvironments.Incontrast, biologicaladhesivesproduced by
animals canbe considered as non-toxic, tissue compatible, and
theyareabletofunctionunderwetconditions. However,littleis
knownaboutthemechanismsunderlyingbiologicaladhesives.The
free-livingflatwormMacrostomumlignanocanattachandrelease
severaltimeswithinasecondonanysubstrateinseawater. Wehave
identifiedadhesiveproteinsusingtranscriptomics,differentialgene
expression,MassSpectrometry, InsituHybridizationscreening,
Lectinstainingandpull-down, specificantibodies,andlight-and
electronmicroscopy. Theflatwormduo-glandsystem consists of
anadhesive-,andareleasingglandcell,andamodified epidermal
cell, the anchor cell. We now have identified two key adhesive
proteins whichresultin a non-adhesive phenotype upon RNAi
knock-down. Flatworms comprise a diverse phylum including
marineandfreshwaterspeciesaswellasparasiticrepresentatives.
Preliminarydatasuggestthatadhesiveproteinsarenotconserved
betweendifferentflatwormtaxa. Weaimforunderstandingthe
fundamental mechanisms that mediate adhesion and release
in flatworms with the goal to generate a flatworm-derived
biomimeticgluethatcanbeappliedinbiomedicineandindustry.
(supportedby FWF25404)

A10.7 COMPETING WITH BARNACLE
CEMENT: MICROSTRUCTURES THAT
REDUCE PERMANENT UNDERWATER
ADHESION OF BARNACLES

™ THURSDAY 6 JULY, 2017 ©® 11:25

& DENNIS S PETERSEN (ZOOLOGICAL DEPARTMENT FUNCTIONAL
MORPHOLOGY AND BIOMECHANICS CAU KIEL, GERMANY),
STANISLAV N GORB (ZOOLOGICAL DEPARTMENT FUNCTIONAL
MORPHOLOGY AND BIOMECHANICS CAU KIEL, GERMANY), LARS
HEEPE (ZOOLOGICAL DEPARTMENT FUNCTIONAL MORPHOLOGY
AND BIOMECHANICS CAU KIEL, GERMANY)

@ DPETERSEN@ZOOLOGIE.UNI-KIEL.DE

Sessile marine organisms such as barnacles, mussels, and
tubewormsusesolidifying gluesfortheir fixation tosubstrates
of any kind, seemingly irrespective of their surface chemistry
and topography. Thisimplies, these glues fulfillafundamental
prerequisiteforastrongandreliableadhesivejoint:theyreadilywet
allsubstratematerialsbeforesolidification. Therefore, toprohibit
permanentadhesionofmarineorganisms,asurfacehastoprevent
wettingofsuchglues.Newdevelopmentsinsuper-repellentsurfaces
haveshownthatsocalledre-entrantsurfacemicrostructuresrepel
liquidsevenofextremelylowsurfacetensionindependentlyoftheir
inherentmaterial’swettability. Totestwhethersuchre-entrant
microstructuresalsoreducepermanentadhesionof marinehard
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foulers, theamountofbiofouling, especially Balanusimprovisus,
ondifferentsiliconesubstrateswasevaluatedinastaticfieldtrialin
theBalticSea. Silicone substrates coveredwithmushroom-shaped
micropillars (MSMs,asre-entrantstructure),i.e.micropillars with
broadenedterminaltips,andsiliconesubstratescoveredwithsimple
micropillars (MPs) of the same dimension, initiallyaccumulated
similarnumbersofattachedbarnacles.However,after 13weeksall
barnaclesweredetachedfromsurfacescoveredwithMSMs. Instead,
after17weeksstill42%ofinitiallyattachedbarnaclesremained
attachedonthesurfacescoveredwithMPs. Visualizationsofthe
contactinterfacebetweensurfacemicrostructuresandbarnacles
revealedthattheircementonlywettheterminal contactelementsof
MSMs, butcompletely surrounded MPs. Therefore,barnacle cement
generatedamuchhighercontactareaandinterlockingwith MPs
comparedtoMSMs. Thesefindingsmaybeofimportanceforfuture
non-toxicantifoulingstrategies.

A10.8 ADHESION WITH APPLICATIONS
TO BIOLOGICAL SYSTEMS

™ THURSDAY 6 JULY, 2017 ©® 13:50

& BO PERSSON (FORSCHUNGSZENTRUM JULICH, GERMANY)

© B.PERSSONeFZ-JUELICH.DE

How can a lizard adhere and move on a stone wall, ora flyon a
glasswindow,oratreefrogonaplantleaf? Inthispresentationl
willtalkonsomefundamentalsofadhesionwithapplicationsto
bioadhesion.Iwilldiscusshow surfaceroughness,viscoelasticity
andcapillarybridgesinfluenceadhesionandadhesionhysteresis.
Iwillpresenttheexperimentalresultsfortheadhesionbetween
siliconeelastomerandsmoothandroughglasssurfacesindryand
wetconditions.Iwillalsoremarkontherelationbetweenadhesion
andfriction.
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A10.9 BIOMIMETIC ADHESIVE
PROTEINS INSPIRED ON SEA
URCHIN ADHESIVES

™ THURSDAY 6 JULY, 2017 ©® 14:20
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A10.10 CHARACTERISING AND
QUANTIFYING THE ADHESION-RELATED
BEHAVIOURS OF BARNACLE LARVAE

™ THURSDAY 6 JULY, 2017 ® 14:35

& ROMANA SANTOS (CENTRO DE CIENCIAS DO MAR E DO AMBIENTE
FACULDADE DE CIENCIAS DA UNIVERSIDADE DE LISBOA,
PORTUGAL), GONGALO DA COSTA (CENTRO DE QUIMICA E
BIOQUIMICA FACULDADE DE CIENCIAS DA UNIVERSIDADE
DE LISBOA, PORTUGAL), DUARTE TOUBARRO (CENTRO DE
BIOTECNOLOGIA DOS AGORES DEPARTAMENTO DE BIOLOGIA
UNIVERSIDADE DOS ACORES, PORTUGAL), JOAQUIM MARQUES
(CENTRO DE QUIMICA E BIOQUIMICA FACULDADE DE CIENCIAS
DA UNIVERSIDADE DE LISBOA, PORTUGAL), ANA VIANA
(CENTRO DE QUIMICA E BIOQUIMICA FACULDADE DE CIENCIAS
DA UNIVERSIDADE DE LISBOA, PORTUGAL), CARLOS CORDEIRO
(CENTRO DE QUIMICA E BIOQUIMICA FACULDADE DE CIENCIAS
DA UNIVERSIDADE DE LISBOA, PORTUGAL)

@ ROMANA.SANTOS@CAMPUS.UL.PT

Innature, marineadhesive proteins showremarkableadhesive
properties, biocompatibility, and biodegradability, being
considered promising candidates for the development of
new environmentally friendly adhesives for biomedical and
industrial applications, especially in aqueous conditions.
Chemical attachment is the main adhesive strategy of
sea urchins that rely on specialized adhesive organs - tube
feet. The later enclose a duo-gland adhesive system, capable
of producing separately adhesive and de-adhesive secretions.
Recently, thedifferential proteomeanalysisof Paracentrotus
lividus tube feet and of its secreted adhesive, provided an
unprecedented insight into the key proteins involved in sea
urchin reversible adhesion and highlighted Nectin as the first
known sea urchin tube foot adhesive protein. This protein is
highly over-expressed in the adhesive disc relatively to the
motilestem,beinganactualcomponentofthesecretedadhesive.
Sea urchin Nectin contains 6 F5/8 type C-domains, also
found in sea star footprint protein Sfp-1, providing it with
the ability to bind carbohydrates, also present in reversible
adhesives, thus indicating a cohesive role. Nectin has also
been shown to have an adhesive role in sea urchin embryos,
being involved in substrate adhesion of embryonic cells.
Employing a biomimetic strategy seeking to identify and
replicateadaptivebiologicalattributeswithpotentialtechnological
applications, Nectinrecombinantexpressionisinprogressforthefull-
proteinsequence, butalsoforsomeprotein-fragmentscontaining
onlyfewdomains. Theadhesivepropertiesoftheobtained purified
recombinant proteins arebeinginvestigated using atomic force
microscopy, ellipsometryandsurfaceplasmonresonance.

@ NICK ALDRED (NEWCASTLE UNIVERSITY, UNITED KINGDOM)

@ NICHOLAS.ALDRED@NCL.AC.UK

Iwillbeginthistalkbypresentingthemainobjectivesof Working
Group 1 of the new, bioadhesion-focussed, COST Action 15216;
brieflyoutliningsomesharedchallengesthatweaimtoaddressin
thecomingyears. Theseincludetopicsasdiverseascharacterisation
ofnon-proteinconstituentsofadhesives, heterologousproduction
inhost-vectorsystemsandreconcilingsequencesimilarity with
structural and functional similarity in adhesive biomolecules.
Onesuchconsiderationwhendiscussingtheadhesionofhigher
organismsparticularly,butallbiological systemstosomeextent,
is the role of behaviour during attachment. It is tempting to
reducethestudyofbiologicaladhesiontoanexerciseinmolecular
biology/chemistry, however neglecting the importance of
adhesionbehaviourisrisky.Bodymovementscanbecrucialinthe
effectiveformationandreleaseofanadhesivebondandselectionof
surfacesforattachmentiscentraltoappliedadhesionproblemslike
biofouling. Barnaclelarvaehaveasupremelyadaptedandhighly
complexsuiteofadhesionbehavioursthatremainpoorlyunderstood,
frommacro-scalesurfaceexplorationthatoccurspriortosettlement,
downtothemicro-scalemovementsassociatedwithtemporary
adhesion. Marinebiofoulingisacommerciallyandenvironmentally
importantapplicationforbioadhesionresearch,andwellrepresented
in this COST Action. Among the many biofouling organisms,
barnaclesareconsideredtobeofparticularcommercialsignificance
andtheirlarvalsettlementisthelogical pointofintervention.

A10.11 TECHNICAL PATTERNING
INSPIRED FROM NATURE INDUCES
SCALE INVARIANT BEHAVIOURS
IN WETTING AND ADHESION

™ THURSDAY 6 JULY, 2017 ©® 14:50

& VINCENT LE HOUEROU (INSTITUT CHARLES SADRON
STRASBOURG, FRANCE), VALENTIN HISLER (INSTITUT
CHARLES SADRON, FRANCE), CHRISTIAN GAUTHIER
(INSTITUT CHARLES SADRON, FRANCE), MICHEL NARDIN
(INSTITUT DE SCIENCE DES MATERIAUX DE MULHOUSE,
FRANCE), LAURENT VONNA (INSTITUT DE SCIENCE DES
MATERIAUX DE MULHOUSE, FRANCE)

@ V.LEHOUEROU@UNISTRA.FR

Nature offers many examples of how a topographic surface
patternmay control wetting or adhesion phenomena: the most
popular examples are probably on one hand water-repellent
properties of the lotus leaf and on the other hand the sticking
capabilities of gecko. Modern techniques of texturation make
possible to mimic natural surfaces in order to investigate the
resultingfunctionalitywith controled and tunable topography.

In this work, we first discuss the conditions for contact
formation between soft elastic hemispheres and soft elastic
substratesmicropatternedwithhexagonalpillarsusingahome-
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made]Johnson-Kendall-Roberts (JKR)apparatus.Bothdeformable
solidsaremadeofcross-linked commercialpolydimethylsiloxane
(PDMS).Then,wedescribethestructuralroleofthepillars(aspect
ratio) in the contact hysteresis during loading and unloading.
Contactsmaybeofvarioustypesdependingonthesurfacemicro-
topography, leading to very different macroscopic behaviours.
We show that the affine variation of the surface pattern aspect
ratioleadtoascaleinvariantbehaviourofthecontactformation.
Secondly,wediscussthewettingbehaviourofthesemicro-
topographically patterned substrates. It is shown that similar
wettingsituationsareachievedwhenvaryingsimultaneouslyand
homotheticallythetopographicalparameters(widthofthepillars
andinter-pillardistance). Thiscorrespondstothescaleinvariance
whichwaspreviouslypointedoutintheadhesionexperimentsand
thislawisdemonstrated forawiderangeofpatterndimensions.
Ourresultsshowthateitherofthosetwophenomena (adhesion
and wetting) can be simply controlled by the proper choice of a
dimensionlessratiooftopographicallengthscales.

A10.22 EXPLORING THE ROLE OF
MECHANICAL INTERLOCKING AND
HYDRODYNAMIC FRICTION IN TREE
FROG ATTACHMENT

™ THURSDAY 6 JULY, 2017 ©® 15:05

@ JULIAN K A LANGOWSKI (EXPERIMENTAL ZOOLOGY GROUP
WAGENINGEN UNIVERSITY RESEARCH, NETHERLANDS),
RUMMENIE ANNE (EXPERIMENTAL ZOOLOGY GROUP WAGENINGEN
UNIVERSITY RESEARCH, NETHERLANDS), VAN LEEUWEN
L JOHAN (EXPERIMENTAL ZOOLOGY GROUP WAGENINGEN
UNIVERSITY RESEARCH, NETHERLANDS)

©@ JULIAN.LANGOWSKI@WUR.NL

Tree frogs can attach to smooth and rough surfaces using
their versatile toe pads. Despite considerable progress in the
understanding of the mechanisms of tree frog attachment
(e.g. ‘wet adhesion’), it is still not fully understood how these
animalsmanagetoattachtoawiderangeofnaturalsubstrates.

We present the results of an experimental investigation
of the role of mechanical interlocking between superficial
toe pad structures and substrate asperities in the tree frog
species Litoria caerulea and Hyla cinerea. Using a rotation
table setup, we quantified the adhesive and frictional contact
forces and stresses of frogs clinging to smooth, nano- and
microrough substrates. The transparent test-substrates
enabled quantification of the contact area by frustrated total
internal reflection. The maximum contact forces were not
significantly different for roughnesses between 0.1 nmand 15
pminbothspecies. Thisindicatesthatmechanicalinterlocking
does not contribute to attachment, assuming that a change in
roughness does not adversely affect mechanical interlocking
and other possibly involved mechanisms of force generation.

Further, we studied the origin of friction in whole animal
attachment. The friction coefficient scales with normal load
with scaling exponents of -0.81 (L. caerulea) and -0.86 (H.
cinerea) indicating a strong contribution of hydrodynamic
lubrication to whole animal friction independent of substrate
roughness. Importantly, in friction measurements the
contact area was largely formed by belly-substrate contact.

Overall, our experimental findings contribute to a better
understandingofthecomplexinterplay ofattachmentmechanisms
intreefrogs’toepads.
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A10.13 SCALING PRINCIPLES FOR
UNDERSTANDING AND EXPLOITING
BIO-INSPIRED ADHESION

™ THURSDAY 6 JULY, 2017 ©® 15:45

& ALFRED J CROSBY (UNIVERSITY OF MASSACHUSETTS AMHERST,
UNITED STATES)

@ CROSBY@MAIL.PSE.UMASS.EDU

Agrandchallengeinthescienceofadhesionisthedevelopmentof
ageneraldesignparadigmforadhesivematerialsthatcansustain
largeforcesacrossaninterfaceyetbedetachedwithminimalforce
upon command. Essential tothis challengeisthe generality of
achievingthisperformanceunderawidesetofexternal conditions
andacrossanextensiverangeofforces. Naturehasprovidedsome
guidancethroughvariousexamples, e.g.geckos,forhowtomeet
thischallenge;however,asinglesolutionisnotevidentuponinitial
investigation. Tohelpprovideinsightintonature’sabilitytoscale
reversibleadhesionandadapttodifferentexternal constraints,
we have developed a general scaling theory that describes the
forcecapacityofanadhesiveinterfaceinthecontextofbiological
locomotion. Wehavedemonstratedthatthisscalingtheorycan
beusedtounderstand therelative performance of awiderange
oforganisms,includingnumerous geckospeciesandinsects,as
wellasanextensivelibraryofsyntheticadhesivematerials. We
willpresentthe developmentandtestingofthisscalingtheory,
andhowthisunderstandinghashelpedguidethedevelopment of
new compositematerialsforhigh capacityadhesives. Wewillalso
demonstratehowthisscalingtheoryhasledtothedevelopmentof
newstrategiesfortransferprintingandadhesiveapplicationsin
manufacturingprocesses. Overall,thedevelopedscalingprinciples
provideaframeworkforguidingthedesignofbio-inspiredadhesives.
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A10.14 BIOADHESION OF
MUCILAGINOUS SEEDS

™ THURSDAY 6 JULY, 2017 ©® 16:15

@& AGNIESZKA KREITSCHITZ (ZOOLOGICAL INSTITUTE:
FUNCTIONAL MORPHOLOGY AND BIOMECHANICS KIEL
UNIVERSITY, GERMANY), ALEXANDER KOVALEV (ZOOLOGICAL
INSTITUTE: FUNCTIONAL MORPHOLOGY AND BIOMECHANICS
KIEL UNIVERSITY, GERMANY), STANISLAV N. GORB
(ZOOLOGICAL INSTITUTE: FUNCTIONAL MORPHOLOGY AND
BIOMECHANICS KIEL UNIVERSITY, GERMANY)

@ AGNIESZKA.KREITSCHITZ@UNI.WROC.PL

Seedsandfruitsof many plantsareabletoproduceasticky, gel-
likecapsule,i.e.mucilageenvelope,afterhydration.Itrepresents
amodifiedcellwallandiscomposedofpolysaccharides: pectins,
hemicellulosesandcellulose. Themucilageadhesionisofimportance
fortheseedsandfruitsdispersalbytheanimals(egzozoochory).
Themainmassofthemucilageenvelopeconstitutepectins, which
haveagreatabilitytowaterbinding. Celluloseformscharacteristic
‘skeleton’made oflong,unbranchedfibrilsandpreventsthemucilage
releasefromtheseedsurface. Thechemical compositionallows
distinguishingtwotypesofmucilageindifferentplants.Pectic
mucilageischaracteristicfore.g.Linumusitatissimum, whereas
cellulosemucilagefore.g.Plantagolanceolata.Inourmechanical
tests, both mucilage types demonstrated different adhesive
properties depending on the water amount. Immediately after
mucilageformationtheadhesionof mucilageenvelopewasvery
low. Thenitwasincreasinggraduallywiththelossofwater. Maximal
valuesoftheadhesionvariedbetween33 Nforthecellulosemucilage
and91Nforthepecticone.Duringfurthermucilagedesiccation,
theadhesionforcewasdecreasingveryrapidlyafterreachingits
maximuminthecaseofcellulosemucilage,ordecreasinggradually
inthe case of the pectic mucilage. Our experimental data show
thatdifferentchemical compositionofthemucilageinfluencesits
adhesionproperties.

A10.15 BIOADHESIVE
PEG-CHITOSAN NANOPARTICLES
AS GENE DELIVERY VEHICLE

™ THURSDAY 6 JULY, 2017 ©® 16:30

@ SEDAKIZILEL (SEDA KIZILEL, TURKEY), UGUR BOZUYUK
(KOC UNIVERSITY, TURKEY), PELIN ERKOC (KOC
UNIVERSITY, TURKEY)

@ SKIZILELeKU.EDU.TR

Our goal here is to synthesize PEGylated adhesive chitosan
nanoparticles with tumor homing peptide and use these
nanoparticlesasagenedeliveryvehicleforglioblastomamultiforme
(GBM).PEG-conjugatedchitosanisessential toimprovecolloidal
stabilityandwatersolubility of chitosanatphysiologicalpH. Here,
weselectivelytargetaminogroupsofchitosanandused PEG-SVA for
thisconjugationreaction. Wecharacterizedreactionstepsthrough
TNBS and Ellman’s assay and obtained chitosan nanoparticle
diametersthatrangedbetween70-120nm. Theseparticleshave
thecapabilitytopassthroughthetight-junctionsbetweenepithelial
cells,andourfuturestudieswillfocusonthegenedeliverypotential
ofthesenanoparticlesvianasalroute. Thisproposedsystemwill
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haveapotentialtopromoteapoptosisanddecrease viability of GBM
cells. Thetherapeuticapproachusedinthisprojectmaybeusefulto
eliminatethedifficultsurgicaloperationandheavychemotherapies
in cancer patients which negatively affect whole body and
result in inefficient delivery of the drug due to the presence of
blood-brain-barrier.

A10.16 LEARNING FROM
NORTHERN CLINGFISH:

NEW BIO-INSPIRED SUCTION CUPS
ATTACH TO ROUGH SURFACES

™ THURSDAY 6 JULY, 2017 ©® 16:45

& PETRA DITSCHE (UNIVERSITY OF ALASKA ANCHORAGE,
UNITED STATES), ADAM SUMMERS (UNIVERSITY OF
WASHINGTON, UNITED STATES)

@ PDITSCHE@ALASKA.EDU

Normallyartificialsuction cupsonlyattachtosmoothsurfaces.
A little fish, which is suspiciously named Northern clingfish
(Gobiesoxmaeandricus),canattachtoahugevarietyofsurfaces
rangingfromtotally smoothuptoasroughassandstone. Moreover,
thislittle fish of the marineintertidal can even hold onto slimy
biofilm coveredsurfaces. Theseabilitiesarehighlydesirable for
technical applications. Previously, we showed that the suction
cup’selasticityincombinationwithitshierarchicalstructuresare
keyfeaturesenablingthefishtoattachtochallengingsurfaces.
Thehierarchicalstructuresonthediscmarginconsistofpapillae
(~150pm) coveredwithrods (~5pm), whicharedividedintotiny
filaments at their tips (~0.2um). These specialized structures
enablenotonlyaperfectadaptationtothesurfaceirregularitiesofa
substrate,butalsoincreasethefrictionpropertiesofthediscmargin.
Theincreasedfrictionforcesactagainsttheforcespullingthedisc
marginin central direction during detachment. Therefore, the
increasedfrictionpropertiesofthediscmargindelayfailureofthe
suctioncupandresultinincreasedattachmentforces. Transferring
theseprinciples,werecentlydevelopedabioinspired suctioncup.
Ourbioinspiredsuctioncupsgainstenacitiesupto70KPaonsurfaces
asroughas0.27mmgrainsize (roughestsurfaceintheexperiment).
Onsubstratesofthesameroughnessthebioinspiredsuctioncups
attachedseveralweeksunderwaterinanexperimentalsetting. Our
suctioncupscouldbetechnicallyappliedinfieldssuchassurgery
orwhaletagging.




ANNUAL MEETING GOTHENBURG 2017

A10.17 THE ARACHNOCAMPA
FISHING LINES

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

& JANEK VON BYERN (LUDWIG BOLTZMANN INSTITUTE FOR
EXPERIMENTAL AND CLINICAL TRAUMATOLOGY, AUSTRIA),
VICTORIA DORRER (VIENNA UNIVERSITY OF TECHNOLOGY,
AUSTRIA), PETE CHANDLER (SPELLBOUND CAVE, NEW
ZEALAND), INGO GRUNWALD (FRAUNHOFER INSTITUTE FOR
MANUFACTURING TECHNOLOGY AND ADVANCED MATERIALS
(IFAM), GERMANY), MARTINA MARCHETTI-DESCHMANN
(VIENNA UNIVERSITY OF TECHNOLOGY, AUSTRIA)

@ VBYERN@FREENET.DE

Insectsuseadhesivesinhighlydiverseways, eitherforattachment,
egganchorage, matingorasactiveresp.passivedefence. Themost
interestingfunction,however,istheuseofbioadhesivestocapture
prey,asthebondinghastobeperformedwithinmillisecondsand
under unsuitable conditions (i.e. movement of prey, variable
environmental conditions, unfavourable attack angle, kinetic
energyofflyinginsects)tobeneverthelesssuccessful. Whilemuch
isknownabouttheadhesiveandmechanicalpropertiesofthebest
example, thespiderswebanditsdifferentthreads,lessisgivenfor
otherhuntersastheworld-renowned glowworm Arachnocampa
luminosa.Inthefollowingstudyadetailed characterizationofits
preycapturesystemfromthemacroscopictotheultrastructural
levelisperformedanditstensileandstrainpropertiesofthefishing
linesmeasured. Theresultsprovideuniqueinsightsintotheglue
composition, formation and its properties, adapted to the cave
habitatandpreytheanimalscatchwiththeirstickyfishinglines.

A10.18 INVESTIGATIONS OF ADHESION
IN BIO-REPLICATED MICROSTRUCTURE
SURFACES: EFFECTS OF SHAPE, SIZE,
AND COMPLEXITY OF PATTERNS

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

& CHARCHIT KUMAR (UNIVERSITY OF STRASBOURG, FRANCE),
THOMAS SPECK (UNIVERSITY OF FREIBURG, GERMANY),
HOLGER F. BOHN (UNIVERSITY OF FREIBURG, GERMANY),
VINCENT LE HOUEROU (UNIVERSITY OF STRASBOURG, FRANCE)

@ CHARCHIT.KUMAR@ETU.UNISTRA.FR

Adhesion and frictional surface phenomena are widespread in
biologicalsystemsaswellasinmosttechnicalsystems.Indeed,
theyareinfluential factorsfor controlling the performance and
durability of manyphysicalsystems.Besidethesurfacechemistry,
therealcontactareaisanimportantparametertomodulateadhesion
andfrictionforcesactingbetweensoftsurfaces, whichdecidedly
dependsonsurfacemicro-structuring. Adhesionandfrictionalso
playasignificantroleintheinteraction ofbiological systems.In
nature,almostallthebiologicalsurfacesareorganisedoveradiverse
range of surface structuring which allows for an evolutionary
optimisationoftheirsurfacefunctionalitieswhichprovedtobe
inspiringfortechnical productsliketheanti-adhesivebehaviourof
theleavesoftherubbertree,theself-cleaningpropertiesofthelotus
leaves,orinsectstrappingin carnivorousplants(slipperysurfaces).
Three different plant leaves were selected as biological model
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surfaces,accordingtothedifferentsizerange (0.5-100pm),distinct
shape,and complexityoftheirsurfacemicrostructures. Atwo-step
micro-replicationtechniquewasusedtofabricatepolymericreplicas
directlyfromoriginalplantleaves. Adhesionforcemeasurements
wereperformedbyusingadynamicpull-offtester coupled with
real-time contactrecording. Adhesionforcecharacteristicswere
consistentlymeasuredforeachpolymericreplicaandforasmooth
polymersurface,bydetachingthecontactwithamodeladhesive
system.Resultsrevealthatthesurfacemicro-structuringhasa
significantinfluenceonadhesionforcecharacteristics oftested
polymericsurfaces. Variationsinadhesionforcewereobserved when
changingthenormalappliedload,andalteringtotalcontacttime.

A10.20 IDENTIFICATION AND
LOCALIZATION OF VARIOUS
TYROSINASE ISOFORMS IN THE FOOT
OF THE BLUE MUSSEL MYTILUS EDULIS

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

& PATRICK FLAMMANG (UNIVERSITY OF MONS, BELGIUM),
BARBARA MALDONADO (UNIVERSITY OF LIEGE, BELGIUM),
ELISE HENNEBERT (UNIVERSITY OF MONS, BELGIUM), JEROME
DELROISSE (UNIVERSITY OF MONS, BELGIUM), CECILE VAN DE
WEERDT (UNIVERSITY OF LIEGE, BELGIUM)

@ PATRICK.FLAMMANG@UMONS.AC.BE

Thebyssusisaproteinaceousholdfastallowingmarinemussels
tosecurethemselvesonrocksinthewave-sweptintertidal zone.
Itconsistsofabunchofload-bearingthreadseachterminatingina
flattenedplaquethatmediatesadhesiontothesubstratum.Byssal
threadsandplaquesareformedbytheauto-assemblyofadozen
ofproteinsoriginatingfromthreedistinctglandsenclosedinthe
musselfoot. Alltheseproteinsdifferinsize,aminoacid composition
and sequence butthey shareacommondistinctive feature: the
presenceof3,4-dihydroxyphenylalanine (DOPA),aresidueformed
bythepost-translationalhydroxylationoftyrosine. Thismodified
aminoacidfulfilstwoimportantrolesinthebyssus:itmediates
physicochemicalinteractionswiththesurface (adhesion)andit
isinvolvedintheformationofcross-linksbetweenthedifferent
proteins(cohesion).Itisgenerallyacceptedthatthelatterisrelated
totheoxidation of DOPA toDOPA-quinone. Tyrosinase,aspecific
enzyme co-secretedwithbyssalproteins,cancatalyseboththe
o-hydroxylationoftyrosinetoDOPA andthefurtheroxidationof
DOPAtoo-quinone.Inthepresentstudy,fivetyrosinaseisoforms
wereretrieved from a foot transcriptome of the mussel Mytilus
edulis. Theyshowedhighsimilaritywithtyrosinasesfromother
musselspeciesandallthesequenceswereincludedinaphylogenetic
analysis. Thespecificexpressionofthetranscriptsinthefootwas
experimentally confirmedbyRT-PCR.Finally,insituhybridization
experimentsdemonstrated thatthedifferentisoformsaregland-
specific,suggestingtheymightbeadaptedforthemodification of
specificproteinswithinthebyssus.
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A10.21 FROM BIVALVE CEMENT TO
BIOMIMETIC MINERAL ADHESIVE

™ TUESDAY 4 JULY, 2017 POSTER SESSION

@ YAN WANG-DUFFORT (ROYAL BELGIAN INSTITUTE OF NATURAL
SCIENCES, BELGIUM), THIERRY BACKELJAU (ROYAL BELGIAN
INSTITUTE OF NATURAL SCIENCES, BELGIUM)

@ YWANGDUFFORT@NATURALSCIENCES.BE

Attachment of bivalvestoanatural substratein wateris one of
theirphysiological functions. Manytypesofadhesiveshavebeen
inspiredanddevelopedfrommoleculardesignofthesebiomaterials
(forinstancemusselbyssus). Theoystersandotherbivalvesproduce
amineraladhesiveforattachingtohardsurface. Thisadhesionis
achievedbyabiologicallyinduced extraperiostracalcalcification,
calledbivalvecement,itisverydifferenttotraditional polymer
adhesive. Abetterunderstandingmechanismofthebivalvecement
formationwillbehelpfulforoysterreefbuildingwhichhasbeen
consideredassolutionforcoastalerosion,itwillalsoleadtoamedical
adhesiveforbonefracturehealingapplication.
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A10.23 THE IMPACT OF NAUPLIAR
FEEDING LEVELS ON CYPRID ADHESIVE
PRODUCTION IN THE BARNACLE
BALANUS AMPHITRITE

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ SHEELAGH CONLAN (LIVERPOOL JOHN MOORES UNIVERSITY,
UNITED KINGDOM), SERINA S C LEE (NATIONAL UNIVERSITY
OF SINGAPORE, SINGAPORE), SERENA L M TEO (NATIONAL
UNIVERSITY OF SINGAPORE, SINGAPORE)

@ S.L.CONLAN@LJMU.AC.UK

B.amphitriteisacosmopolitanbarnaclethatbiofoulsmanmade
structurescausinglarge-scalecoststothemaritimeindustry. Adult
barnaclesreleasenewlyhatchednaupliiintotheplanktontofeedon
phytoplankton. Naupliimoultthroughseveralstagesuntilmoulting
intothespecialisedsettlementstage, thecyprid. Settlementand
adhesionofthecypridisarguablythebarnaclesmostimportant
lifestageasfailureresultsinmortality. Whileimpactsofnaupliar
foodqualityandquantityhavebeenexaminedintermsofcyprid
settlementlittlehasbeenundertakentoexaminetheimpacton
theiradhesiveproduction. Sevendifferentfeedingregimeswere
usedtogrownewlyreleasednaupliitocypridstage. Afterstorage
at6°Cfor3days20cypridsfromeachfeedingregimewereimagedto
gainanestimateoflipidquantity. Theremainingcypridsfromeach
regime (approx.80)wereallowedtosettleover24honacid washed
glassbeforestainingwithcongoredtoimagethe cypridadhesive.
Stainedadhesive plaqueswerephotographedandtheaveragearea
determined for each feeding regime. Feedingregime changes
resultedinsignificantdifferencesintheareaofcypridadhesive
plaques. Athighlevelsofavailability,thealgal specieshadanimpact
withthediatom Skeletonemacostatumresultinginsignificantly
smallerplaquesthanamixeddietor Tetraselmis suecica. Whenfed
atlowlevelssinglespeciesdietsresultedinsignificantlyreduced
sizedplaquescomparedtomixeddiets.
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A10.24 LOTUS AND PITCHER PLANT:
ROLE MODELS FOR SLIPPERY SURFACES
IN AIR AND UNDER WATER

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ JUDITH L GEILS (CITY UNIVERSITY OF APPLIED SCIENCES
BREMEN, GERMANY), GESA J PATZELT (FRAUNHOFER INSTITUTE
FOR MANUFACTURING TECHNOLOGY AND ADVANCED MATERIALS
BREMEN, GERMANY), ANTONIA B KESEL (CITY UNIVERSITY OF
APPLIED SCIENCES BREMEN, GERMANY)

@ JUDITHGEILS@GMAIL.COM

Slippery surfacescanbefounddirectlyinnaturebutalsowhen
theprincipleofanatural surfaceis extended. The formercanbe
observedinthecarnivorouspitcherplants Nepenthesspp. These
makeuseofhydrophilicityontheirrim. Thelocalsurfaceholdsa
fluidfilm,onwhichinsectscannotadhereandslipintothepitcher.
Anartificialtransferisthe so-called SLIPS-approach (slippery
liquid-infused porous surface), in which it is possible to create
anomniphobicsurface,dependingonthechosenlubricant.One
exampleofthelatteristhelotusplant Nelumbonucifera. The purpose
ofitssuperhydrophobicityisself-cleaningbut whensubmerged,
thosesurfacesholdanairlayer.Inatechnicalimplementationthe
containedairisabletoreducethewallshearstressinflowfields.Since
thewaterisnolongerincontactwithasolidanymorebutnexttoa
mediumoflowerviscosity,itcanslipoffandislessdecelerated. A
boehmitestructure,whichgrowsonaluminum, wasusedasaporous
surfaceforboththesuperhydrophobicand theomniphobicsurfaces.
Tomaketheboehmitestructuresuperhydrophobic,itwassilanized.
Thereductionofwallshearstressoftheairlayercouldbeshownin
watertunnelexperimentswithparticleimage velocimetry (PIV).
Followingthe SLIPS approachtheboehmitestructurewasinfused
withdifferentlubricants. Theomniphobicperformance wastested
bycontactanglemeasurements, theslip-offbehaviorof different
liquids, calculationofthesurfaceenergy, freezingraintrials,and
measurementoftheadheringforce ofhemolymph.
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A10.25 ENZYMES INVOLVED IN
BIOADHESIVES PRODUCTION IN
INVERTEBRATES (MUSSELS AND
OYSTERS) AND MACROALGAE

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

& CLAIRE HELLIO (UNIVERSITE DE BREST, FRANCE)

©@ CLAIRE.HELLIO@UNIV-BREST.FR

Thegrowingdemandtodevelopanovel,environmentallyfriendly
antifoulingorbioadhesivematerialiseverincreasing. Bioinspiration
isanattractivealternativeindevelopingsuchamaterial,learning
fromnature’sowndesignsandsolutionsandtransferringthemto
solveparticularproblems.Inordertoachievethisgoal,theactual
mechanismsandstrategiesthatevolutionhasproducedneedstobe
elucidatedfromthesubjectspecies. Theworkpresentedinthistalk
willfocusonbioadhesionstrategiesusedbymarine organismsand
howfromfundamentalstudies, 1)wehavedevelopanewbioassay
fortestingtheactivity of compoundsforinhibitionorpromotion
of adhesion of various marine organisms by studing oxidising
mechanismsandkeyenzymaticpathways;2)wehavemademajor
advancesinthecaracterizationoftheprocessleadingtoadhesion of
oystersandtheadhesivecompositionanalysisatvariouslifestage.
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A1l OPEN BIOMECHANICS

ORGANISED BY: ROB JAMES (COVENTRY UNIVERSITY, UK)

A11.1 THE MUSCLE AS A WOBBLING
MASS: IMPACT RESPONSES IN A
SINGLE FORMULA

™ MONDAY 3 JULY, 2017 ©® 09:00

A11.2 THE MUSCLE AS A WOBBLING
MASS: IMPACT RESPONSES IN
KEY EXPERIMENTS

™ MONDAY 3 JULY, 2017 ©® 09:15

@ MICHAEL GUNTHER (UNIVERSITAT STUTTGART, GERMANY),
KASPER B CHRISTENSEN (UNIVERSITAT STUTTGART, GERMANY),
SYN SCHMITT (UNIVERSITAT STUTTGART, GERMANY), TOBIAS
SIEBERT (UNIVERSITAT STUTTGART, GERMANY)

& KASPER B CHRISTENSEN (UNIVERSITAT STUTTGART, GERMANY),
MICHAEL GUNTHER (UNIVERSITAT STUTTGART, GERMANY),
SYN SCHMITT (UNIVERSITAT STUTTGART, GERMANY), TOBIAS
SIEBERT (UNIVERSITAT STUTTGART, GERMANY)

@ S7GUMIEUNI-JENA.DE

© KASPER.CHRISTENSEN@INSPO.UNI-STUTTGART.DE

Threeyearsagoinatalkatthe SEBmeeting,oneofusaddressed
theenergeticcostsof wobblingmassesinhumanlocomotion,and
madeanattempttoreflectonthefunctionalimplicationsandeven
potential benefits of Nature’sinvestmentin energy dissipation
comingalongwithwobblingmassdynamicsasaconsequenceofleg
impactsontheground. Wehavenowmadeprogressindetermining
physicalpropertiesofthemain contributortohuman’swobbling
masses in the leg when exposed to impacts likeinrunning and
jumping:activemusclefibres. Qurrespectiveexperimentaldesign
usingratmuscles, firstresults,and conclusionsarepresentedina
tandemtalk.Inthistalk, wewouldliketofocusonamoretheoretical
aspect:averyreducedmodelallowingtogiveafirstexplanation
ofwhatthemainingredientsdeterminingthedynamicresponse
to sudden changes in length or external load are. We look, in
particular,atthetimescaleoftheresponse. Thatis,wereflectonthe
eigenfrequencyofoscillatorymuscularwobblingmassdynamics.
Thesingleformulatobeexaminedallowstopredictthetime-scaling,
acrossmuscledimensions, foroscillationsoccurringasresponses
toimpactsofthemusclesuspension. Weshowthatthisfirstcheck
forvalidity givesgoodresultswhenscalingfromratstohumans.
Wealsogiveaquickoutlookwheretodirectattentionwhentracing
backmuscularwobblingmasspropertiestophysiological properties.

As part of a tandem presentation focusing on theoretical and
experimental aspects, separately, this talk will focus on the
experimentalpartofourwork, fromthedesigndevelopmenttoour
firstresults and conclusions.Interrestriallocomotion, muscles
undergodampedoscillationsinresponsetolimbimpactswiththe
ground. Musclesarealsoactuatorsgeneratingmechanical power
toallowlocomotion. Thecorrespondingelementary contractile
processisthework stroke of a cross-bridge, whichmay possibly
bedisruptedbysuperposedoscillations. Toemulateratlegimpact
experimentally, wedroppedfully stimulated specimens (N=9) of
isolatedrat(Rattusnorvegicus, Wistar) muscle (m.gastrocnemius
medialisandlateralis),clampedexvivointoacustom-made C-shaped
frame,ontheground. Themusclebellywaspatternedwithsphere
markersandrecordedwithhighspeedcameras. Wefoundthatshock
wavesinduceddynamicfibrestrainsofapprox.0.2%intheleast
fatigued case.Forthecompletelynon-fatiguedfibrestateat F=Fmax,
wewouldpredict0.1%strainfromlinearextrapolation. Wealso
calculatedthestiffinessesofthe wholemuscle-tendoncomplexand
thefibrematerial separately,aswellas Young’smodulusofthelatter
forfresh, fullyactiveandpassivefibres,respectively. Knowingthese
stiffnessesandthemusclemass,itseigenfrequencyforresponses
toimpactscanbequantified, whichrepresentsthetime scale of
muscularwobblingmassdynamics. Wefound eigenfrequencies of
about200Hzfortheratgastrocnemiusmuscle. Because submaximal
muscleforcerepresentstheordinarylocomotory condition, our
resultssuggestthatforcedcross-bridgedisruptionisacommon,
physiologicalprocess.
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A11.3 A FUNCTIONAL ANALYSES
OF ANURAN PELVIC ANATOMY USING
MUSCULOSKELETAL MODELLING OF
KASSINA MACULATA

™ MONDAY 3 JULY, 2017 ® 09:30

@ AMBER J COLLINGS (ROYAL VETERINARY COLLEGE, UNITED
KINGDOM), ENRICO EBERHARD (ROYAL VETERINARY COLLEGE,
UNITED KINGDOM), LAURA B PORRO (ROYAL VETERINARY
COLLEGE, UNITED KINGDOM), CHRISTOPHER T RICHARDS
(ROYAL VETERINARY COLLEGE, UNITED KINGDOM)

@ AJCOLLINGS@RVC.AC.UK

Generally,frogshaveaderivedand conservedbodyplan. However,
pelvicmorphological variationis thought to allow for different
directionalrotationsattheilio-sacraljoint,consequentlyenabling
locomotordiversityamongspecies. Specifically, walkinglocomotion
isassociatedwithpelviclateralrotation. Walkingkinematicdata
fromN=4Kassinamaculatafrogssuggestsameanpelvicpeak-to-
peak angular excursion of 11.5 degrees but how thisrotation is
achievedremainsunclear. Whichmusclescontributetothismotion?
Howdomusclefunctionschangewithlocomotorbehaviour? To
address these questions, we combined traditional dissection,
DICE-pCT,anddigital segmentation. Thisanatomicaldatawas
subsequentlyusedtobuildamusculoskeletalmodelof thehindlimb,
pelvis,andspinethatsimulatedwalkingwiththekinematicdata.
Individual pelvicmuscleactions were quantified by calculating
musclelengthchangeandmomentarmsthroughoutthestridecycle.
Thecoccygeoiliacusandiliolumbarismusclesform contralateral
andantagonisticpairs,actingontheiliatoproducelateralrotation
ofthepelviswhenactivateduni-laterally. Surprisingly, themuscle
momentarmsare time varyingand coincide with the peaksand
troughsinthe saw-tooth patterns of muscle length change. We
predictpelvicgeometrymayinfluencethisrelationshipbetween
musclelengthandmomentarm, suggestingfunctionalspecialisation
withmorphologicalvariation. Acomparisonbetweenwalkingand
jumpingsimulation outputs willtestwhetherpelvicmorphology
isfunctionallytunedformultiplelocomotorbehaviours.Finally,
furtheranalysisincludingthehindlimbmuscleswillprovideagreater
understandingofthefunctionalinteractionbetweenthepelvisand
hindlimbandthemechanismsdrivinganuranlocomotion.
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A11.4 WORK MINIMIZATION ACCOUNTS
FOR FOOTFALL PHASING IN SLOW
QUADRUPEDAL GAITS, AND PHASES
USED BY PRIMATES ALLOW MORE
CONTROLLED FOREFOOT PLACEMENT

™ MONDAY 3 JULY, 2017 ©® 09:45

& JIMUSHERWOOD (THE ROYAL VETERINARY COLLEGE, UNITED
KINGDOM), ZOE T SELF DAVIES (THE ROYAL VETERINARY
COLLEGE, UNITED KINGDOM), BENJAMIN J. H. SMITH (THE
ROYAL VETERINARY COLLEGE, UNITED KINGDOM)

@ JUSHERWOOD@RVC.AC.UK

Quadrupeds,likemostbipeds, tendtowalkwithanevenleft/right
footfalltiming. However,thephasingbetweenhind and forelimbs
showsconsiderable variation. Here, weaccountforthisvariation
bymodelingandexplainingtheinfluence ofhind-forelimbphasing
onmechanicalworkrequirements. Thesemechanicsaccountfor
thedifferentstrategiesusedby:1) slowanimals(agroupincluding
crocodile, tortoise, hippopotamus and some babies); 2) normal
mediumtolargemammals;and3) (withanappropriateminussign)
slothsundertakingsuspendedlocomotionacrossarangeofspeeds.
Phasespredictedtobeparticularly costlyarenotobservedinnature.
While the unusual hind-fore phasing of primates does not
match global workminimizing predictions, it does approachan
onlyslightlymorecostlylocalminimum.Further,modeledinstants
of the ‘toppling’ motion in the gait cycle with normal walking
phasesoccursjustpriortoforefootplacement, whichissupported
withverticalforcemeasurementsofwalkinghorses;forprimate
phases, thesetopplinginstantsinsteadoccurjustpriortohindfoot
placement, withpotentialadvantageintermsofcontrolled forefoot
placementonnarroworunpredictablesubstrates.

A11.5 MODELLING THE IMPACT OF
THE NUMBER OF WALKING LEGS ON
BODY DYNAMICS AND GAIT CHOICE
IN POLY-PEDAL ANIMALS

™ MONDAY 3 JULY, 2017 ® 10:00

& TOMWEIHMANN (UNIVERSITY OF COLOGNE, GERMANY)

@ TOM.WEIHMANN@UNI-KOELN.DE

Examinations of gaits and gait-changes have been the focus of
movementphysiologysincetheverybeginningofthefield. While
moststudiesfocussedonbipedalandquadrupedaldesigns, many
small species have more than four pairs of legs. Nevertheless,
examinationsof gait-changesinpoly-pedal organisms, suchas
arthropods, arerare. Exceptforthe well-knownchange fromslow
feedback controlled walking to a fast, feedforward controlled
runninggait,nootherchangesareknownoraredeemedtobeof
lowsignificance. However,recentstudiesinfastmovingspiders,
mitesandcockroacheshavealsorevealedchangedlegcoordination
patterns and centre of mass dynamics for the transition from
intermediatetohighrunningspeeds. Thesechangesaresimilarto
gaittransitionsasfoundinquadrupedal vertebrates. Accordingly,
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thepresentnumericalmodelaimsto extendavailable theoryto
poly-pedaldesignsandexamineshowthenumberofactivewalking
legsaffectsbodydynamicswhencombinedwithchangingduty
factorsandphaserelations. Thestudy showsthathighernumbers
oflegpairscanpreventeffectiveuseofbouncinggaitsandentailed
advantagesassignificantlyhigherdegreesoflegsynchronisation
arerequired.Italsoshowsthatgaitchangesarelessapparentand
tendtobeoverlookedsincesmallchangesinthelegcoordination
patternhaveamuchhigherimpactontothe COMdynamicsthanin
locomotorsystemswithfewerlegs.Inthisway, themodelreveals
coordinativeconstraintsforspecificgaitsfacilitatinglocomotion
assessmentofanimalswithtwotomanypairsofwalkinglegs.

A11.6 WHOLE BODY DYNAMICS AND
HEAD STABILISATION IN PERTURBED
ACANTHODACTYLUS BOSKIANUS LIZARDS

™ MONDAY 3 JULY, 2017 ©® 10:15

@ JANA GOYENS (UNIVERSITY OF ANTWERP, BELGIUM),
PETER AERTS (UNIVERSITY OF ANTWERP, BELGIUM)

@ JANA.GOYENS@UANTWERPEN.BE

Thevestibularsystemintheinnerearplaysanimportantrolein
balancecontrolbysensinglinearandangularheadaccelerations.In
runningmammalsandbirds, theheadisoftenfoundtobestabilised
relativetotheoutsideworld. Thisnotonlyfacilitates gaze control,
but also provides a stable reference frame for proprioceptive
information. Running lizards undergo very large axial body
undulationsbecauseoftheirsprawledbodyposture. Nevertheless,
wefoundthatAcanthodactylusboskianuslizardsstabilise their
head rotations very strongly during straight level running. In
naturalenvironments, maintainingbalanceismorechallenging,
forexamplebecauseofunexpectedsubstratemovements.Inorderto
testwhetherlizardsarestillcapableofheadstabilisationundersuch
circumstances, weappliedalargesidewardsubstratemovementto
runningmales. Therunwaydisplaced2.7timesthenormalrangeof
sidewardmovementofthebody centreof mass(bCOM).Intheplane
oftheperturbation, thiscausedtheproximaltrunkparttorotate
by5.0°t11°andalateralshiftoftheheadby2.8+4.1mm. Still, the
lizardscould confinetheirheadrotationtolessthan1°(0.99°+2.25°,
inoppositedirectionofthetrunk). Thiscouldnotpreventsignificant
alterationsofthebCOMpathin86%ofthetrials. Thedeviationofthe
bCOMwas, however,muchsmallerthantherunwaydisplacement,
and the bCOM did not consistently move in the direction of the
perturbationeither.Itisthereforeconceivablethatheadstabilisation
assistsbalancecontrolduringperturbationsinlizards.

ANIMAL ABSTRACTS 218

A11.7 EVOLUTION AND FUNCTION
OF THE DOUBLE PATELLAR SESAMOIDS
IN OSTRICHES (STRUTHIO CAMELUS)

™ MONDAY 3 JULY, 2017 ® 10:30

& SOPHIE REGNAULT (ROYAL VETERINARY COLLEGE, UNITED
KINGDOM), VIVIAN ALLEN (ROYAL VETERINARY COLLEGE,
UNITED KINGDOM), JOHN R HUTCHINSON (ROYAL VETERINARY
COLLEGE, UNITED KINGDOM)

©@ SREGNAULT@RVC.AC.UK

Thepatella(kneecap)isasesamoidbonefoundwithinthetendonof
thekneeextensormuscles,andiswidelypresentinbirds. Through
ancestralstatereconstruction, wehavepreviouslyshownthatthe
patellaevolvedonceinbirds,itsorigincoincidingwith theevolution
of greaterkneeflexionandmorecrouchedlimbposture. Thepatella
isoftensaidtoincreasethemechanicaladvantage ofkneeextensor
musclesbyincreasingtheirmomentarms;potentiallybeneficialto
earlybirdswithmoreflexedknees.Ostricheshaveevolvedasecond
patellarsesamoid moredistally tothefirst. Whilstthe proximal
patellaissmallandoccupiesasimilarpositiontothesinglepatella
ofotherspecies, thedistalpatellaiscolumnarandcloselyattached
tothetibia. Weusedbiplanar fluoroscopy (XROMM) to capture
patellar kinematics of an adult ostrich cadaver knee passively
manipulatedinflexion-extension. Wethenapplythesedatatoa
previouslypublishedostrichmusculoskeletalmodeltoinvestigate
themechanicsoftheostrich’sdoublepatellarsesamoids. Wefound
bothpatellaetodecreasemusclemechanicaladvantage (decreasing
thetendonoutputforceforagivenmuscleinputforce) throughoutthe
rangeofkneeflexion-extension,unlikeotherspecies(e.g. humans,
guineafowl) wherethepatellaincreasesmechanicaladvantage
foraperiodofthegaitcycle.Itisnotclearwhyostrichesdifferfrom
otherspeciesstudiedtodate, orwhytheypossessdoublepatellae,
butwespeculatethatspecialisationforrapidlocomotionandtendon
protectionunderliethedifferences.

A11.8 DYNAMICS OF JUMPING
IN KANGAROO RATS: MECHANICAL
WORK AND BIARTICULARITY

™ MONDAY 3 JULY, 2017 ® 10:45

@ MARIE J SCHWANER (UNIVERSITY OF IDAHO, UNITED STATES),
DAVID C LIN (WASHINGTON STATE UNIVERSITY, UNITED
STATES), CRAIG P MCGOWAN (UNIVERSITY OF IDAHO,

UNITED STATES)

© MJSCHWANER@LIVE.NL

Kangarooratsarebipedalhoppingrodentsthatuseerratic, vertical
jumpstoevadepredators(i.e.,snakesand owls). Previousreported
jumps canreach more than 1 metre, whichis approximately 20
times hip height. Under laboratory conditions these animals
jumpmaximally halfthatheight.Sinceankle extensorsarethe
primarymusclesinvolvedinplantarflexion, theyarelikelytoplay
animportantroleinpropellingtheanimalintheverticaldirection
duringtheseattemptsto ‘out-jump’theirpredators. We examined
therelativecontributionofmechanicalworkbytheankleextensors
duringverticaljumpsofkangaroorats(D. deserti). Moreover, we
exploredtheeffectsofbiarticularity of thedistalmuscletendon
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unit(MTU). Wehypothesizethattheamountofmechanicalwork
donebytheankleextensorsisafixedpercentageofthemechanical
energyrequiredforthejump,independentoftotaljumpheight.Since
theankleextensorsofthesekangarooratsaresolelybiarticular, we
predictthattheMTUproducesbutalsotransfersenergyfromthe
largerproximalmuscles. Weinvestigated theperformanceofthe
ankleextensorsandtheMTUduringverticaljumpingbycombining
highspeedvideorecordingsandgroundreactionforcesinaninverse
dynamicsanalysis.Datasuggestthatthereisalinearrelationship
betweenjumpheightandworkdonebytheankle,whichsupports
ourhypothesis. Thissuggeststhatankleextensorsarerequired
toperformmoreworkasthejumpheightincreases. Furthermore,
datashowthatthebiarticularMTUproduces,butalsotransfers,
mechanical work.

A11.9 TUNING THE INSTRUMENT:
SPIDER INFLUENCE OVER ORB
WEB VIBRATION

™ TUESDAY 4 JULY, 2017 ©® 13:40

@ BETHMORTIMER (UNIVERSITY OF BRISTOL, UNITED
KINGDOM), ALEJANDRO SOLER (UNIVERSIDAD CARLOS III DE
MADRID, SPAIN), CLIVE SIVIOUR (UNIVERSITY OF OXFORD,
UNITED KINGDOM), FRITZ VOLLRATH (UNIVERSITY OF
OXFORD, UNITED KINGDOM)

©@ BETH.MORTIMER@BRISTOL.AC.UK

Orbweavingspidersareprimeexamplesoforganismsthattake
control of their physical environment. Using up to five types of
silk,theyexpertlyengineerorbwebsthatfunctiontocatchprey
and transmit vibrations. These multifunctional orb webs are
thereforeperfectmodelstostudyhoworganismscaninfluence,
oreventune,physicalconstraintsforbiological functions. Here
wepresentresearchinvestigatingtheextenttowhichvibration
propagationwithintheorbwebcanbetuned.Intermsofthesilk
material, weshowthatspiderdraglinesilkisuniqueinitsscopeof
vibrational,orsonic, properties. Asspiderscancontroldragline
silksonicpropertiesactivelythroughtheirbehaviour, vibration
transmissioninthesematerialsisuniquely tunable.Interms of
thewebstructure,bothexperimentalandmodellingapproaches
wereusedtoquantify orbwebvibration. Weshowthatchangesin
webgeometry,threadtensioningandsilkstiffnessinfluenceall
aspectsofvibrationpropagation,including propagationspeedand
amplitude.Importantly,allofthesefactorsareunderactivecontrol
bythespiderbothduringandevenafterwebbuilding, givingspiders
controlmechanismsfortuningvibrationpropagationwithinthe
web. Overall,ourresearchshowcasesthelevelofbiological control
possible over inevitable physical constraints when organisms
engineertheirownmaterialsandstructures.
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A11.10 PRODUCTION OF ATTACHMENT
SILK CARPETS IS ESSENTIAL FOR
HERBIVORY IN BICYCLUS ANYNANA
CATERPILLARS

™ TUESDAY 4 JULY, 2017 ® 13:55

& SIMON CHEN (DEPARTMENT OF ZOOLOGY, UNIVERSITY
OF CAMBRIDGE, UNITED KINGDOM), WALTER FEDERLE
(DEPARTMENT OF ZOOLOGY, UNIVERSITY OF CAMBRIDGE,
UNITED KINGDOM), PAUL M BRAKEFIELD (DEPARTMENT OF
ZOOLOGY, UNIVERSITY OF CAMBRIDGE, UNITED KINGDOM)

@ SC836@CAM.AC.UK

Caterpillars must attach to the surfaces of host plants in order
tofeed onthem. They achieve attachmentnotonly by gripping
withthoraciclegs and abdominal prolegs but also by producing
silk. So far, the function of caterpillar attachment devices
and the role of silk for attachment are largely unexplored.
B.anynanacaterpillarslaythinsilkcarpetsontotheleaves
of maize and a natural host plant, Oplismenus compositus,
before feeding on them. To test the importance of silk, we
investigatedtheeffectofexperimentallyablatingthecaterpillars’
spinnerets on their feeding performance. For both host plants,
B. anynana caterpillars without spinnerets generally failed
to feed on upright plants, but gained weight normally when
the plants were offered horizontally on the ground. Force
measurements on host plant leaves and artificial substrates
with and without silk carpets using a centrifuge force tester
confirmedthatsilkresultsindramaticallyincreasedattachment.
We discovered that silk-laying behaviour in B. anynana
is tightly controlled, and occurs mainly on more slippery
substrateswithasmoothormicro-roughtexture. Comparisons
with the noctuoid moths Arctia caja, Callimorpha dominula,
and Apamea unanimis revealed strong differences in the use
ofsilkandintheconditionstriggeringthelayingofsilkcarpets.
Ourresultsshowthatsilk-basedattachmentisaneffective
mechanism used by some but not all Lepidoptera. Silk allows
caterpillarstoachieveafirmgriponslipperyplantsurfacesand
therebyexploitsomeotherwiseinaccessiblehostplants.
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A11.11 ONTOGENY, BIOMECHANICS
AND DIFFERENT GROWTH HABITS

OF ‘FINGER-LIKE’ STEM-BRANCH-
ATTACHMENT REGIONS IN THE
ARALIACEAE FAMILY

™ TUESDAY 4 JULY, 2017 ©® 14:10

@ KATHARINA BUNK (PLANT BIOMECHANICS GROUP BOTANIC
GARDEN UNIVERSITY OF FREIBURG, GERMANY), SEMJON
KRASSOVITSKI (PLANT BIOMECHANICS GROUP BOTANIC
GARDEN UNIVERSITY OF FREIBURG, GERMANY), LARISSA
BORN (INSTITUTE FOR TEXTILE AND FIBER TECHNOLOGIES
UNIVERSITY OF STUTTGART, GERMANY), GOTZ T. GRESSER
(INSTITUTE FOR TEXTILE AND FIBER TECHNOLOGIES
UNIVERSITY OF STUTTGART, GERMANY), THOMAS SPECK
(PLANT BIOMECHANICS GROUP BOTANIC GARDEN UNIVERSITY
OF FREIBURG, GERMANY), TOM MASSELTER (PLANT
BIOMECHANICS GROUP BOTANIC GARDEN UNIVERSITY OF
FREIBURG, GERMANY)

@ KATHARINA.BUNK@BIOLOGIE.UNI-FREIBURG.DE

A‘finger-like’branchingmorphologywithindividualwoodystrands
connecting the side branch and stem has beenidentified in the
AraliaceaespeciesScheffleraarboricola.Itsfunctionalmorphology
servesasconceptgeneratorforthebiomimeticoptimizationofnodal
elementsinbranchedbuildingconstructions.Basedondetailed
investigations of S. arboricola, we studied if this conspicuous
branchingmorphologyalsoappearsinother Araliaceaegenera. We
analysedhowthesewoodystrandsdevelopandhowthebranching
morphologychangesduringontogeny,alteringgrowthhabitsand
biomechanicalloadingsituationsinselected Araliaceaespecies.
A*finger-like’branchingmorphologywasfoundalsointhe Araliaceae
species Fatsiajaponicaand Polysciasbalfourianayetwithseveral
differencestoS. arboricola,concerningvascularbundleprogression
fromthemainstemintothesidebranchesaswellasontogenetic
branch development. Of particular interest is the Araliaceae
species Hederahelix,displayingramificationswitha ‘finger-like’
morphologybut also with partially or completely merged stem-
branch-attachmentregions. Thedifferentbranchingmodesof H. helix
areanalysedforcorrelationswithontogeny, thealteringgrowthhabit
of Hederaaswellaschangingbiomechanicaldemands (e.g.climbing
orcreepingvs.self-supportingaxis). Three-dimensionalp-CTmodels
of different H. helixbranchingmodes allow forthedevelopment of
variousbraidedtechnicalramifications consistingoffibre-reinforced
composites,whicharetobetestedmechanically,inordertoassess
how different biological shapes and fibre reinforcements can be
implementedintechnicalfibre-reinforcedbranchingsingeneral
andiftheyimprovethemechanicalperformance.
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A11.12 KNOTS AND TANGLES WEAKEN
KELP FRONDS WHILE INCREASING
DRAG FORCES AND HERBIVORE LOADS
ON THE KELP

™ TUESDAY 4 JULY, 2017 © 14:25

& NICHOLAS P BURNETT (UNIVERSITY OF CALIFORNIA -
BERKELEY, UNITED STATES), MIMI A R KOEHL (UNIVERSITY
OF CALIFORNIA - BERKELEY, UNITED STATES)

© BURNETTNP@BERKELEY.EDU

Thefrondsoflong,flexiblekelp canbecomeknotted (asinglefrond
tiedarounditself) and tangled (multiple frondsintertwined) as
theymovebackandforthwithoceanwaves,buttheeffectsofknots
andtanglesontheassemblagesofanimalslivingonthekelpandon
kelpbreakagearenotknown. Weusedthekelp Egregiamenziesiito
studybiomechanicalandecological consequencesofknottingand
tangling. Knotsweakenedfrondsby 18% whenpulledintension,
andincreasedhydrodynamicforcesonfrondsby56%. Therewere
moreandlargerherbivoresontangledfronds, whichsufferedgreater
damagebygrazersthandiduntangledfronds. Thus,knottedand
tangledfrondsweremorelikelytobreakthanunknotted,untangled
fronds. Breakageatknotsandtanglesoccurredmostfrequentlyin
theautumnandprunedthefronds,therebyreducingtheriskofthe
wholekelpbeingdislodgedbylargewavesduringwinterstorms.

A11.13 STRUCTURAL, MATERIAL,
AND FUNCTIONAL GRADIENTS IN
BIOLOGICAL ATTACHMENT SYSTEMS

™ TUESDAY 4 JULY, 2017 © 14:40

@ STANISLAV GORB (ZOOLOGICAL INSTITUTE KIEL
UNIVERSITY, GERMANY), LARS HEEPE (ZOOLOGICAL
INSTITUTE KIEL UNIVERSITY, GERMANY)

© SGORB@ZOOLOGIE.UNI-KIEL.DE

Insects,spiders,andreptileshavedevelopedelaborateattachment
organswhichallowthemtoattachreliablyonavarietyofdifferent
and unpredictable surfaces. By this combination of surface
microstructuresandmaterial propertiestheyareabletomaximize
realcontactareaandthusenhancetheiradhesiveandfrictional
properties of animal feet. Whereasin smooth pads gradients of
mechanical properties are well known, recent works on hairy
adhesivesystemsininsectshaverevealedthreeimportantgradient-
based features within individual hairs which allow for robust,
reliable, and reversible adhesion. (1) The presence of a material
gradient along the setae leads to an enhanced adaptability to
roughsurfacesandpreventsclusteringofsetae. (2) Thegradient
ofsetallengthfromproximaltodistalpartofthepadispresumably
responsible for uniform stress distribution in contact (3) The
presenceofjoint-likeelementswithinsetaefurtherenhancesthe
adaptabilityandallowsforrobustadhesion. Herewewillsummarize
structural, material, and functional gradients foundin animal
attachment pads. Moreover, we will present first experimental
resultsonartificialmimicshighlightingtheimportanceof gradients
forrobustadhesion.
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A11.14 ALLOMETRY AND THE
LIZARD EAR: A MORPHOLOGICAL
AND BIOMECHANICAL APPROACH

™ TUESDAY 4 JULY, 2017 ©® 14:55

& MENELIA VASILOPOULOU-KAMPITSI (UNIVERSITY OF
ANTWERP, BELGIUM), JANA GOYENS (UNIVERSITY OF
ANTWERP, BELGIUM), SIMON BAECKENS (UNIVERSITY
OF ANTWERP, BELGIUM), RAOUL VAN DAMME (UNIVERSITY
OF ANTWERP, BELGIUM), PETER AERTS (UNIVERSITY OF
ANTWERP UNIVERSITY OF GHENT, BELGIUM)

@ MENELIA.VASILOPOULOU-KAMPITSI@UANTWERPEN.BE

Detection of self-motion by the vestibular system of the inner
ear is crucial for maintaining balance. This system comprises
3 interconnected semi-circular canals filled with endolymph
fluid. Thecommonviewisthatangularheadaccelerationscause
endolymph flow (relative to the canals), whichin turn deforms
sensoryorgans(cupulae). Fromaphysicalviewpoint,itispossible
that the performance of this canal systemis size-constrained:
inductswhich aretoonarrow, viscous forces will dominate the
hydrodynamicsandasaresult,behaviourallyrelevantaccelerations
willpreventendolymphflow. Animalsthathavesmallheads(inan
evolutionaryorontogeneticcontext) cancircumventthisproblemin
threeways:byhavingrelativelylargervestibularsystems(negative
allometry),byalteringtheirshapetoaffectthehydrodynamics,
orbyusinglocomotorbehaviourthatrelieslessonthevestibular
systemforbalance control (e.g.lowermanoeuvrability). Because
thelatterdependsheavilyonhabitattype, wefocussedonlacertid
lizards,whichhavebothaconsiderablesizerangeandwidevariety
ofhabitats. Wegrouped 24 speciesinthreehabitattypesandwe
acquired3Dmodelsoftheirbonyvestibularsystemsbased onmicro-
CTscans.Ourphylogeneticscalinganalysisoflinearmeasurements
showsthatsmallerspecieshaveindeeddisproportionallylargerears
fortheirheadsize. Thisscalingrelationshipdoesnotdifferbetween
habitats,butgeometricmorphometricsanalyseswillshowwhether
shapeadaptationsexist. Toconclude, thepresentresultsshowthat
themorphologyofthevestibularsysteminLacertidsisdetermined
byphysicalsize-constraints,ratherthanbyhabitatdemands.

A11.15 DYNAMIC AUDITION:
BIOPHYSICS OF THE TYMPANIC
MEMBRANE OF THE ASIATIC WATER
MONITOR LIZARD (VARANUS SALVATOR)

™ TUESDAY 4 JULY, 2017 ©® 15:10

@ BRUCE A YOUNG (A.T. STILL UNIVERSITY, UNITED STATES),
DAWEI HAN (TRUMAN STATE UNIVERSITY, UNITED STATES)

@ BYOUNGE@ATSU.EDU

Thewatermonitor (Varanussalvator)hasinternally coupledears,
anauditorysystemdistinguishedby (patent) anatomical conduits
throughtheskulllinkingthemiddleearcavitiesonbothsidesof
thehead. Wedescribeasmallskeletalmusclein V. salvatorwhich
insertsontothemiddleearossicleandthetympanicmembrane. A
combinationoflaserdoppler vibrometry,experimental stimulation,
andpressurizationofthe conduits couplingtheeardrums, wasused
to demonstrate significant changes in the vibrational velocity
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andwaveformpatternofthetympanicmembrane. The combined
anatomicalandfunctionalresultssuggestthat V. salvatoriscapable
of activelymodulating the tension of the tympanic membrane.
Thisactivemodulationisunlikelytohaveauniformaffectover
thesurfaceofthetympanum.ThelaserDopplerdatarevealedthat
thetympanicmembraneof V. salvatorisfunctionallydividedinto
dorsal, morepliant,andventral, stiffer,regions. The ventral portion
issmallerandvibratessignificantly (upto 12x) moretothesame
stimuli. The pattern of tympanic membraneresponseishighly
frequency-dependentwithapeakresponsecenteredaround2.5kHz,
andasecond (lower)responseat0.5kHz. Thispatternoftympanic
membranefrequencyresponsecoincideswiththelow-andhigh-
frequencyrangesofthevaranidauditoryresponse. Varanussalvator
appears to have evolved a tympanic pressure-balance system
analogoustowhatisknowninmammals,inwhichoneportionof
thetympanicmembranepreferentiallyrespondstomiddleear/
Eustachiantubeairpressures. Auditionintheselizardsis more
dynamic,and complex, thanpreviouslyappreciated.

A11.16 FEMORAL HEAD TRABECULAR
ARCHITECTURE IN SCIUROMORPH
RODENTS (MAMMALIA): EFFECTS OF
BODY SIZE AND LOCOMOTOR TYPE

™ TUESDAY 4 JULY, 2017 ©® 16:00

@ MAJA MIELKE (AG MORPHOLOGIE UND FORMENGESCHICHTE
INSTITUT FUR BIOLOGIE HUMBOLDT-UNIVERSITAT ZU
BERLIN, GERMANY), ELI AMSON (AG MORPHOLOGIE
UND FORMENGESCHICHTE INSTITUT FUR BIOLOGIE
HUMBOLDT-UNIVERSITAT ZU BERLIN, GERMANY),

PATRICK ARNOLD (INSTITUT FUR SPEZIELLE ZOOLOGIE
UND EVOLUTIONSBIOLOGIE FRIEDRICH-SCHILLER-
UNIVERSITAT JENA, GERMANY), ANNEKE H. VAN HETEREN
(SEKTION MAMMALOGIE ZOOLOGISCHE STAATSSAMMLUNG
MUNCHEN STAATLICHE NATURKUNDLICHE SAMMLUNGEN
BAYERNS, GERMANY), JAN WOLFER (AG MORPHOLOGIE UND
FORMENGESCHICHTE INSTITUT FUR BIOLOGIE HUMBOLDT-
UNIVERSITAT ZU BERLIN, GERMANY), JOHN A. NYAKATURA
(AG MORPHOLOGIE UND FORMENGESCHICHTE INSTITUT FUR
BIOLOGIE HUMBOLDT-UNIVERSITAT ZU BERLIN, GERMANY)

©@ MAJA.MIELKE@HU-BERLIN.DE

Trabeculae,aspartofboneinnerstructure,buildanetworkofthin
bonystrutsthatisconstantlyremodelledandthereforereflects
changesinloadingduringlife (Wolff’slaw). Experimentalstudies
haveshownthatboththeorientationandthedimensionsofthe
trabeculae are adjusted in this context. In order to investigate
howtrabeculararchitecturereflectsdifferentlocomotortypes,
weanalysedthe3Dinnerbonemicrostructure offemoralheadsin
Sciuromorpha(squirrel-likerodents). Thistaxonisdiverseinterms
ofbodysize,lifestyleandlocomotortype (aerial, arboreal, fossorial).
Whileevaluatinglocomotoradaptationofbonemicrostructure
ourstudytakesintoaccounttheeffectofbodysizeonitsproperties
(allometricscaling). Analysiswasdoneonhighresolution computed
tomography scans. A cubic volume of interest was selected in
the centre of each femoral head and analysed by extraction of
various parameters that characterize trabecular architecture.
We show that some of these parameters (bone surface density
BS/BV, connectivitydensity ConnD, trabecularthickness TbTh
andtrabecularseparation TbSp)aresubjecttostrongallometry.
DegreeofanisotropyDAandbonevolumefractionBV/TV showweak
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allometry.ForallparametersexceptforBV/TVandtrabecularmain
orientation, thesize-corrected datashowtosomeextentadaptive
signaltothedifferentlocomotortypes.Inperspective,ourfindings
canbeverifiedinexperimentalstudiesincludingsetupsthatimitate
differenthabitatsandthereforedifferentloadingpatternsapplied
onlivingSciuromorpha. Thisapproachwouldfurtherelucidatethe
functionalsignificance ofboneinternalstructureinthattaxon.

A11.17 A NEW PROCEDURE OF
PROCRUSTES SUPERIMPOSITION -
A CASE STUDY WITH THE HUMERUS
OF XENARTHRANS (MAMMALIA)

™ TUESDAY 4 JULY, 2017 ©® 16:15

@ FALK MIELKE (AG MORPHOLOGIE UND FORMENGESCHICHTE
INSTITUT FUR BIOLOGIE HUMBOLDT-UNIVERSITAT ZU
BERLIN, GERMANY), ELI AMSON (AG MORPHOLOGIE UND
FORMENGESCHICHTE INSTITUT FUR BIOLOGIE HUMBOLDT-
UNIVERSITAT ZU BERLIN, GERMANY), ANNEKE H VAN HETEREN
(SEKTION MAMMALOGIE ZOOLOGISCHE STAATSSAMMLUNG
MUNCHEN STAATLICHE NATURKUNDLICHE SAMMLUNGEN
BAYERNS, GERMANY), JOHN A NYAKATURA (AG MORPHOLOGIE
UND FORMENGESCHICHTE INSTITUT FUR BIOLOGIE HUMBOLDT-
UNIVERSITAT ZU BERLIN, GERMANY)

@ FALK.MIELKE@HU-BERLIN.DE

Conventional geometric morphometrics usually involves
Generalized Procrustes Analysis.Inthisprocess,specimensare
alignedtotheirmean shape (Procrustes Superimposition). The
proceduretreatsalandmarkdatasetasuniform,ignoringcrucial
biomechanicalconstraintsthatoperatedifferentiallyuponthe
evolution of functional modules of a structure. This may be
particularlyproblematicforlimblongbones, whichpossessarticular
surfacesthatdifferremarkablyfromtherestoftheboneintheir
mechanicaladaptation. Articulationsareanalogoustohingesthat
keeptheboneinrelative position, whereassomeothersubstructures
may represent optimizedlever arms for muscle attachment. To
demonstratetheconsequencesofthesedifferentialbiomechanical
constraints for functional inference from 3D surface landmark
data,weanalysedthehumeriofextantxenarthrans, whichwere
digitisedusingmicro-CT orlasersurfacescanning. Weshowthat
intraditional geometricmorphometricmethods, whichconsider
the full bone at once, shape information conveyed by only the
non-articularlandmarksdominatesthesuperimpositionprocess
andblurstheresultingshapechange components. Foranalyses
thattacklequestionsofbiomechanics, wesuggestamodification
of the universally applied Procrustes algorithms that exploits
the restricted evolutionary capacity of articular surfaces. By
selectively superimposingthebonesbasedonarticularsurface
landmarks, theremainingshapeinformation willrepresentactual
leverrelationsof muscleattachments. Forstudiesconcerned with
functionaladaptationsofthemusculoskeletal system,ouranalysis
procedure can improve shape differentiation between groups
oflocomotortypesandlifestyles. Furthermore, ouranalysismay
serve as a basis for biomechanical hypotheses of subsequent
functionalexperiments.
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A11.18 THE RHINOCEROS AMONG
SERPENTES: COMPARATIVE ANATOMY
AND EXPERIMENTAL BIOPHYSICS OF
CALABARIA REINHARDTII SKIN

™ TUESDAY 4 JULY, 2017 ©® 16:30

& DAWEI HAN (TRUMAN STATE UNIVERSITY, UNITED STATES),
BRUCE A YOUNG (A.T. STILL UNIVERSITY, UNITED STATES)

© HDWHERP@HOTMAIL.COM

Previousstudieshavesuggestedthattherearelittleinterspecific
functionalorstructuraldifferencesinsnakeskinamongspecies.
Morphological examination of the Calabar burrowing python
(Calabariareinhardtii)revealedaproliferationofthethicknessofthe
integumentarylayers,ahighly-organizedlamellatearrangement
ofthedermalcollagenbundles,andareductioninthesizeofthe
interscalehingeregionoftheintegument. Comparisonswithother
snakessuggestthattheseintegumentaryspecializationsareunique
toC.reinhardtii. Biomechanicaltestingdemonstratedthattheskin
of C.reinhardtiiismoreresistanttopenetrationthantheskinofthe
othertestedsnakespecies. Thelaminararrangementofthecollagen
bundlesprovidesforpenetrativeresistance, whilemaintainingthe
flexibility characteristicof snakeskin. Consideringthelifehistory
ofthisspecies,itishypothesizedthatthespecializedintegument of
C.reinhardtiiisapassivedefensivemechanismagainstpenetrative
bitesfrommaternalrodentsandpredators.

A11.25 THREE-DIMENSIONAL
MOTION ANALYSIS OF PENGUIN
SWIMMING AND ESTIMATION OF
THE HYDRODYNAMIC FORCE

™ WEDNESDAY 5 JULY, 2017 ® 09:00

& HIROTO TANAKA (TOKYO INSTITUTE OF TECHNOLOGY, JAPAN),
YUSUKE IWASAKI (THE UNIVERSITY OF TOKYO, JAPAN),
MASATERU MAEDA (TOKYO INSTITUTE OF TECHNOLOGY, JAPAN)

@ TANAKAH@MECH.TITECH.AC.JP

Penguins are wing-propelled diving birds and the previous
biologging studies have revealed the penguins’ swimming
performancessuchasdivingdepth,divingduration,andcruising
speed. Their swimming mechanism, however,remainslargely
unknown.Particularly ofinteresttousisthatinwhatmannerdo
theyflaptheirwings (flippers) toefficientlyandeffectively propel
themselvesandhowitisrelatedtothe swimmingperformance. To
investigatethepenguin’swingkinematicsandbodymotions, we
recordedunderwaterswimmingofagentoopenguin, Pygoscelis
papua,inalargewatertankinanaquariumusingeight waterproof
video cameras at 240 frames per second. The characteristic
pointsonthewingsandbodyineachimage frameweremanually
tracked, based on which the three-dimensional coordinates
were reconstructed. The total force acting on the penguin was
calculatedbymultiplyingthemassbytheacceleration. Thebody
dragwasestimatedfromacomputationalfluiddynamics (CED)
simulationusingasimplified 3-Dbodymodel,and thebuoyancy
was estimated using the same body model. The hydrodynamic
force was consequently obtained by subtracting the body drag
andbuoyancy fromthetotalforce. The preliminaryresultsona
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slow(1ms?')swimmingcaseindicatethatthepenguingenerates
hydrodynamicforcemainly duringtheupstrokephaseofthewings
ratherthanduringdownstroke, whichisincontrasttoflyingbirds.
Theanglesofattackduringmid-strokes were approximately 20
degrees,andtheresultsfromquasi-steadyforceestimationimplied
thattheunsteadyforcegenerationmechanismsmaybeinvolved.

A11.26 SWIMMING HYDRODYNAMICS
OF SYNCHRONIZATION AND COLLECTIVE
SWIMMING PATTERNS IN FISH

™ WEDNESDAY 5 JULY, 2017 ©® 09:15

@ GEN LI (CHIBA UNIVERSITY, JAPAN), INTESAAF ASHRAF
(PSL—ESPCI PARIS SORBONNE UNIVERSITE —UPMC—UNIV.
PARIS 06 SORBONNE PARIS CITE'-UPD—UNIV. PARIS 07,
FRANCE), HAO LIU (CHIBA UNIVERSITY, JAPAN), DMITRY
KOLOMENSKIY (JAPAN AGENCY FOR MARINE-EARTH SCIENCE
AND TECHNOLOGY (JAMSTEC), JAPAN), RAMIRO GODOY-DIANA
(PSL—ESPCI PARIS SORBONNE UNIVERSITE —UPMC—UNIV.
PARIS 06 SORBONNE PARIS CITE'-UPD—UNIV. PARIS 07,
FRANCE), BENJAMIN THIRIA (PSL—ESPCI PARIS SORBONNE
UNIVERSITE -UPMC—-UNIV. PARIS 06 SORBONNE PARIS CITE -
UPD-UNIV. PARIS 07, FRANCE)

@ GENLI@CHIBA-U.JP

Recentexperimentalevidenceontetrafish Hemigrammusbleheri
(J.R.Soc.Interface13:20160734) demonstratesthatfishincollective
swimmingtendtoperformsynchronization, correlatingwiththe
swimmingspeed. Astheflowrateincreasestoacriticallevel, the
swimmingmodesaredominatedby ‘out-phase (halfcyclephase
difference)’ and ‘in-phase (zerophasedifference)’ configurations.
Toelucidatetheunderlyingmechanismsbehindthehighlynon-
linearand complicatednatureofthehydrodynamicsofcollective
swimming, we developed an integrated three-dimensional
(3D) computational approach that couples the Navier-Stokes
(NS) equations with the equations of undulating body motion.
Kinematics of the experimental observations are applied to
the model fish. To explore the benefit of schooling, we make a
comparison of swimming hydrodynamics among a single fish,
pairedfishandathree-fishgroup,intermsofcritical swimming
speed (balance speed between thrust and drag), thrust, drag,
totalpower, costoftransportandFroudeefficiency. Tounveilthe
mechanismofsynchronization, wevarythephaseshiftbetween
undulatory motion of the middle fish and its neighbors in the
group of three. We test the phase differences of zero, half cycle,
andone-fourthcyclerelativetothefishonitsleftandrightsides.
Inthenumerical simulaitons, weaddvirtuallaterallinesto
themodelfishtorecordthetime-dependedchange oftheperceived
hydrodynamicpressure, toexplainhowfishsenseandcontrolthe
synchronization. Feasibilitytocaptureandutilizethe complex3D
wakestructurebehindthefishschoolingisalsodiscussed.
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A11.27 THE PATTERN OF THRUST ON
THE BODY OF A SMALL SWIMMING FISH
(A HILLSTREAM LOACH)

™ WEDNESDAY 5 JULY, 2017 ® 09:30

@ JAY WILLIS (OXFORD UNIVERSITY, UNITED KINGDOM),
ADRIAN THOMAS (OXFORD UNIVERSITY, UNITED KINGDOM),
THERESA BURT DE PERERA (OXFORD UNIVERSITY,

UNITED KINGDOM)

©@ JAY.WILLIS@Z00.0X.AC.UK

Hillstreamloacheshaveelaborateadaptationstolifeinshallowfast
flows.Herewepresentaninexpensiveandquickwaytovisualise
the pattern of thrust as a smallloach (0.03m) swims and relate
thispreciselytoitsbodymovementandshape. We placethefish
inashallowtank.Thefishswimsandmakeswavesonthesurface
which, whenviewedfromabove,cause deformationsofthepattern
onthebaseofthetank. Wephotographthedeformationsusinga
standardcameraandderivewatervelocityusingSchlierenmethods
andstandardfreelyavailablesoftware. Thesurfaceheightscanbe
reconstructedorpatternofthrustdirectlyinferredfromtheresult.
Themethodhaswidepotentialapplicationandwedemonstrate
thisusingavarietyoffish. Themainbenefitsarethatitisquick,
inexpensive,andeasytosetup.Importantlythismethoddoesnot
involveabnormaltreatmentofthefish,suchaslasers,dyestreams
oradditivestothewater.Oncethethrustpatternhasbeenquantified
wealsohavetheopportunitytopreciselymeasurethepositionand
movementofthefish’sbodyandlinkthetwopatterns. Wewrotean
applicationtoidentifythefish,itsspine,andthesidesofitsbodyto
drawconclusionsaboutitsswimmingstyle. Wediscussthelikely
impactsofthehillstreamloache’shighlyspecialisedanatomyon
itspropulsion. Wesuggestseveralimprovementstothe general
analysisofswimmingfishderivedfromtheseexperiments.

A11.28 AERODYNAMIC EFFECT OF
THE DISTRIBUTED FLEXURAL
STIFFNESS OF HUMMINGBIRD’S WING

™ WEDNESDAY 5 JULY, 2017 ©® 09:45

& MASAHIRO AIZAWA (TOKYO INSTITUTE OF TECHNOLOGY,
JAPAN), TAKESHI YAMASAKI (YAMASHINA INSTITUTE FOR
ORNITHOLOGY, JAPAN), MASATERU MAEDA (TOKYO INSTITUTE
OF TECHNOLOGY, JAPAN), HIROTO TANAKA (TOKYO INSTITUTE
OF TECHNOLOGY, JAPAN)

©@ AIZAWA.M.AE@M.TITECH.AC.JP

Hummingbird wings are composed of radially spread multiple
feathers,whichcanleadtopassivewingdeformationinflapping
flightduetoaerodynamicandinertiaforces. Whiletheeffects of
thewingdeformationonaerodynamicsofhoveringhummingbirds
havebeenconsideredtobeimportant, flexuralstiffnessofthefeather
rachisanditsdistributioninthewinghaveneverbeenmeasured
for the hummingbirds. In this study, we directly measured the
flexuralstiffnessoftherachisesofamuseumspecimenof Amazilia
hummingbird, Amaziliaamazilia,by cantileverbendingtestsfor
multiple locations aiming to quantify the distributed flexural
stiffnessofthehummingbird wing. Moreover,inordertoinvestigate
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theeffectofthedistributedstiffnessonhoveringflight, wefabricated
differenttypesofwingmodelswhichwere composedofapolyimide
filmandUV-laser-cut CFRP(carbonfiberreinforcedplastic)artificial
rachisesmimickingthe measuredflexural stiffness. Eachwing
model was attachedtoanelectricflappingmechanism, and the
averageliftandelectricalpowerconsumption weremeasured. The
wingdeformationswerealsothree-dimensionallymeasuredusing
threehigh-speedvideocameras. Thebendingtestsoftherachises
revealedthattheflexuralstiffnessagainstforceapplicationfrom
theventralsidewastwentytohundredtimeslargerthanthatfrom
thedorsalside. Also,theresultoftheexperimentswiththewing
modelssuggestedthatthehummingbird’srachisespreventexcess
deformationofthewingtogeneratesufficientliftwiththeminimum
amountoftherachismaterials.

A11.29 AERODYNAMICALLY OPTIMISED
WINGBEAT KINEMATICS COMPARED TO
EMPIRICAL OBSERVATIONS

™ WEDNESDAY 5 JULY, 2017 ©® 10:00

@ MARCO KLEINHEERENBRINK (UNIVERSITY OF OXFORD,
UNITED KINGDOM)

@ MARCO.KLEINHEERENBRINK@Z00.0X.AC.UK

Althoughmorphologicallydistinct, theindependent evolution of
poweredflightinbirds,batsandinsectshasresultedinfunctionally
similarsolutions: pairsof wingsmovingwithareciprocalmotionto
producebothliftandthrust.Flappingwingsareanefficientsolution
allowingforasmoothtransitionbetweenoperationatlowspeed
(helicopter)andhigh speed (aeroplane). Usingonly aerodynamic
considerations, it is possible to identify energetically optimal
wingbeatkinematics,suchasstrokeplane, wingbeatamplitude
andfrequency.Observedbehaviourofbirdsrecordedinliterature
areinlinewiththepredictionsbasedontheaerodynamicoptimum.
Thisunderlinestheimportanceoftheaerodynamicconstraintsthat
flyinganimalsaresubjectedto.
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A11.30 COMPARATIVE KINEMATICS
OF FLAPPING FLIGHT IN THREE
DIPTERAN SPECIES

™ WEDNESDAY 5 JULY, 2017 ® 10:15

& INES L DAWSON (UNIVERSITY OF OXFORD, UNITED KINGDOM),
SIMON M WALKER (UNIVERSITY OF OXFORD, UNITED KINGDOM)

©@ INESLAURADAWSON@GMAIL.COM

Dipteraareamongthemostadeptfliersofallinsectsduetotheir
ability to quickly adjust their flight patterns in response to a
changingenvironment. They occupy awiderange of ecological
niches, which is reflected in their varying morphology and
behaviour. Wetherefore exploredhowtheflightofthreespecies
variedacrossarangeofsimilaraerialmanouevres. Wecollectedfree-
flightkinematicdatasetsfor Drosophilamelanogaster, Calliphora
vicina and Eristalis tenax using high-speed photogrammetry.
Wingbeat kinematic parameters were then compared across
therangeofheadingvelocitiesusedbyeachspecies. Asidefrom
decreasingtheirbodypitchanglewithincreasedheadingvelocity,
eachdipteranspeciesalteredtheirkinematicparametersdifferently
across their velocity range. Hovering flight was found only in
Eristalis,whereasin Drosophilaand Calliphoraalowheadingvelocity
wasalwaysaccompaniedwithasignificantverticalcomponent,
congruent with their flight behavior and biology. This was
accompaniedwithalessvariablestrokeplaneanglewithrespect
tothehorizontalplaneinEristalis,andalessvariablestrokeplane
anglewithrespecttothebodyaxisinCalliphora. Thethreespecies
alsoaltertheirwingbeatfrequency,amplitudeandthetimingof
theirwingrotationdifferentlywithincreasingheadingvelocity.In
ordertofurtherexaminetheaerodynamiceffectofthesedifferent
wingkinematicpatterns, wefittedaquasi-steadyblade element
modeltoeachdataset. Thisallowedustocomparedifferencesinlift
anddragforcesacrossthethreespeciestodeterminehowtheyare
usedtocontrolheadingvelocity.

A11.31 MECHANICS AND ENERGETICS
OF PERCHING FLIGHT IN A STEPPE
EAGLE (AQUILA NIPALENSIS)

™ WEDNESDAY 5 JULY, 2017 ® 11:00

& LYDIA A FRANCE (UNIVERSITY OF OXFORD, UNITED KINGDOM)

© LYDIA.FRANCE@Z00.0X.AC.UK

Perchingisachallengingbehaviourforbirdsasitrequirescareful
control to reach the target and sufficient braking to prevent
collision.Datawastakenfromreconstructedpointstrackedusing
photogrammetric techniques (Carruthers et al., 2010) across
the wings, tail, and body from a perching Steppe eagle (Aquila
nipalensis). Duringperching, theeagleperformsashallowglide
followedbyarapid pitch-upmanoeuvre. Thisslowflightatvery
highanglesofattackposeschallengesforlift production. From
thesedata, thedissipationofkineticenergythroughaerodynamic
brakingisquantified.Inaddition, the closecoordinationofwingand
tailmorphingwasmeasuredduringthismanoeuvrethatincludes
deepstall.
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A11.32 TAKE-OFF DYNAMICS OF
BLOOD-FED MALARIA MOSQUITOES

™ WEDNESDAY 5 JULY, 2017 ©® 11:15

@ FLORIAN T MUIJRES (WAGENINGEN UNIVERSITY,
NETHERLANDS), SOFIA W CHANG (BERKELEY UNIVERSITY,
UNITED STATES), WOUTER G VAN VEEN (WAGENINGEN
UNIVERSITY, NETHERLANDS), MIMI A R KOEHL (BERKELEY
UNIVERSITY, UNITED STATES), ROBERT DUDLEY (BERKELEY
UNIVERSITY, UNITED STATES)

@ FLORIAN.MUIJRES@WUR.NL

Blood-fedmosquitoescancarrybloodloadsthatareseveraltimes
theirownbodyweight. Totake-offandescapefromahostafterblood
feeding,themosquitomustthusexertforcestocarrythislargeblood-
load, whileatthesametimeitneedstoavoiddetectionbyminimizing
tactilesignalsexertedonthehost’sskin. Westudied thistrade-off
betweenescapespeedandstealthinmalariamosquitoes,Anopheles
coluzzii,using3Dmotionanalysisofhigh-speedstereoscopicvideos
of mosquitotake-offsandaerodynamicmodelling. Wefound that
during the push-off phase of the escape maneuver, mosquitoes
enhanced take-off speed by using wing-derived aerodynamic
forces in addition to leg-based push-off forces. The wing forces
contributed61%tototal push-offforce,suggestingthat-unlike
manyotheranimals-mosquitoesrelyforalargepartonaerodynamic
forceproductionattake-off. By gentlyextendingtheirlonglegs,
mosquitoesspreadpush-offforcesoveralargertime-windowand
thus further reduce peak leg forces. These results suggest that
mosquitoesreducetactilesignalsonahostbyproducingpeakleg
forcesmuchlowerthanthosereportedforotherinsects;thistype
oftake-off maneuvermightbeagenerallocomotorfeature ofblood-
feedinginsects.

A11.33 FLIGHT DYNAMICS AND
BEHAVIOURS OF MALARIA MOSQUITOES
AROUND ODOUR-BAITED TRAPS

™ WEDNESDAY 5 JULY, 2017 ©® 11:30

@ ANTOINE CRIBELLIER (WAGENINGEN UNIVERSITY RESEARCH,
NETHERLANDS), FLORIAN MUIJRES (WAGENINGEN UNIVERSITY
RESEARCH, NETHERLANDS), JOHAN VAN LEEUWEN (WAGENINGEN
UNIVERSITY RESEARCH, NETHERLANDS)

@ ANTOINE.CRIBELLIER@WUR.NL

Host searching in flying mosquitoes is triggered by a species-
specificcombinationofodoursand CO,.Byusingtheodourblend
thatattractsanthropophilicmalariamosquitoes, species-specific
odour-baitedtrapshavebeendeveloped. Thesetrapsdispersethe
odourbate,and captureattractedmosquitoesusingafan-powered
circulatingairflow. Arecentstudy showed thatmasstrappingusing
odour-baitedtrapsinKenyacangreatlyreducemalariaprevalence,
andthusthesystemisnowconsideredaviablevectorcontroltool
againstmalariamosquitoes. Todate,numerousstudieshavebeen
performedonodourattraction, sensory cuecombinations,andtrap
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these traps. We studied the flight dynamics of female malaria
mosquitoesAnophelescoluzziiaroundahangingandastanding
odour-baited trap, with the aim to better understand mosquito
flightbehaviouraroundtraps,aswellastrapscaptureefficiency
anddynamics.Ouranalysisof morethan2500three-dimensional
flighttracksshowsthatmosquitoesexhibitahighlystereotypic
flightbehaviouraroundthetrap, wherebytheyareattractedtoa
specificregionclosetothecapturefunnel,butwhendetectingthe
inwardairflowtheyquicklyrespondandthereforeoftenavoidbeing
captured.Inaddition, wefoundfundamentaldifferencesbetween
themosquitoflightdynamicsaroundthehangingandstandingtrap,
implyingahigherattractivenessofthestandingtrapandamore
efficientcapturemechanismofthehangingtrap. Thisknowledge
mightaidintheimprovementofcurrentodour-baited traps,and
couldevenleadtothedevelopmentofnoveltrapdesigns.

A11.34 QUANTITATIVE ANALYSIS OF
ENERGY BALANCE IN THE DYNAMIC
SOARING OF STREAKED SHEARWATER

™ WEDNESDAY 5 JULY, 2017 ® 13:50

& YOSHINOBU INADA (TOKAI UNIVERSITY, JAPAN), NAOYA
TAKAMURA (TOKAI UNIVERSITY, JAPAN), TAKAHIRO YOSHIKAWA
(TOKAI UNIVERSITY, JAPAN), YOSHINARI YONEHARA (THE
UNIVERSITY OF TOKYO, JAPAN), KATSUFUMI SATO (THE
UNIVERSITY OF TOKYO, JAPAN)

©@ INADA@TOKAI-U.JP

Streaked Shearwater Calonectrisleucomelasisaspeciesofseabird
livinginthenorth-westernareaofPacificOcean. Thesizeofthe
adultbirdisabout50cmintotallengthand 120cminwingspan. The
markedcharacteristicofitsflightisthedynamicsoaring, which
isaneconomicalflyingmethodenablinglongdurationandlong
distanceflightbyutilizingwindenergy. Thisstudyinvestigated
theenergybalanceinthedynamicsoaringofstreakedshearwater
byconductingwindtunnelexperimentswithapproximateflight
condition. Theexperimentalmodelwasmadereferringtothewing
andbodyshapeofthestreakedshearwater. Thebodyattitudeand
thewind speed weregivenappropriatelymimickingaonecycleof
thedynamicsoaringobtainedfroma9-axissensordeviceattached
towildstreaked shearwaters.Inconsequence, theacquisition of
energyfromthewindwasquantitatively confirmedandthiscould
coverabout15%oftheenergyconsumptionbydrag. Althoughthe
fullscaleenergy-freeflightwasnotcompletedbecausetheenergy
consumptionbydragexceededtheenergyacquisitionbydynamic
soaring, the dynamicsoaringclearly contributed tothe energy
savingflightofstreakedshearwater.
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A11.35 WIND SHEAR ESTIMATION
BASED ON DYNAMIC SOARING
OF SEABIRDS

™ WEDNESDAY 5 JULY, 2017 ©® 14:05

@ YOSHINARI YONEHARA (ATMOSPHERE AND OCEAN RESEARCH
INSTITUTE THE UNIVERSITY OF TOKYO, JAPAN), YUSUKE
GOTO (ATMOSPHERE AND OCEAN RESEARCH INSTITUTE THE
UNIVERSITY OF TOKYO, JAPAN), MASARU NARUOKA (JAPAN
AEROSPACE EXPLORATION AGENCY, JAPAN), KATSUFUMI
SATO (ATMOSPHERE AND OCEAN RESEARCH INSTITUTE THE
UNIVERSITY OF TOKYO, JAPAN)

@ YONEHARA@AORI.U-TOKYO.AC.JP

Procelariiformes seabirds (albatrosses and shearwaters) can
flylongdistancesforaprolongedtimebydynamicsoaringflight
which enables them to utilize wind energy and sustainably fly
with minimum flapping. Although these seabirds are thought
to utilize the wind shear near ocean surface where wind speed
increasewithheight,thewindshearexperiencedbythebirdsare
rarelyobserved.Inthisstudy, weevaluated thewind shearprofile
fromthree-dimensionalmovementdataofthedynamicsoaring
flight of streakedshearwaters(Calonectrisleucomelas)breeding
inNorth-eastJapan. Adevicewithnine-axissensor, GPS (speed
anddirection),and pressuresensor (altitude) wasattachedtotwo
streakedshearwatersin September2016.Flightdirection, altitude,
andgroundspeedofthebirdfluctuatedperiodicallywhichcoincided
withthecharacteristicofdynamicsoaringflight. Assumingthat
this ground speedfluctuation wasduetothe headingofthebird
relativetothewindandalsothechangeinwind speedwithheight,
weestimatedthewindshearprofilethatmostlikelyexplainsthe
relationbetweenflightdirection, altitude,andgroundspeedofthe
birdforeveryfiveminutes. Typicalwindshearprofileinwhichwind
speedincreasewithheightwasestimatedinmostcasesandthe
shearwassteeperintailwindflightthaninheadwindflight.Insome
cases,discontinuityinwindshearwasobserved presumably dueto
separatedflowbehindwavesand swells. Weshowthepossibility
of evaluating the wind shear profile hidden in the movement of
dynamicsoaringflight.
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A11.36 GAZE DIRECTION DURING
PURSUIT IN PEREGRINE FALCONS

™ WEDNESDAY 5 JULY, 2017 ©® 14:20

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

©@ JAMES.WALKER@Z00.0X.AC.UK

Peregrinefalcons(Falco peregrinus)relyonaerialattackbehaviours
for predationusing visualinformation to guide their trajectory
to target interception. In order to understand how peregrines
implement the underlying feedback law governing pursuititis
importanttodeterminetheirgazestrategyinrelationtoboththe
visualenvironmentandthetarget. Twopossiblestrategiesexist:a)
directlytrackingthetargetwith continuousheadmovements (like
theseekerofaguidedmissile) orb)fixingtheheadinspacerelative
tothevisualenvironment (likeanimage-stabilised camera)and
trackingthe target’simage over theretina. To address this, we
releasedperegrinestrainedtopursueandinterceptafalconer’slure
towedbyasmallremotelycontrolledaircraft. Thebirdswerefitted
withahead-mountedIMUtotrackheadmovementsandaGPSdevice
totrackpositionduringflight. Wefoundthatintheterminalphase
of pursuit, peregrines continuously trackthetargetpositionwith
theirheadratherthanstabilisingtheirgazeagainstthebackground.
Thissuggeststhatperegrinesuseinformationgatheredfromthe
trackingmovementsoftheheadtofeedbackintotheguidancelaw
tointerceptthetargetandhasimplicationsforthedesignofvisually
guidedunmannedaerialvehicles.

A11.37 WHAT GOES UP MUST COME DOWN
- BIOMECHANICS OF LANDING INSECTS

™ WEDNESDAY 5 JULY, 2017 ® 14:35

@ SIMONV REICHEL (UNIVERSITY OF APPLIED SCIENCES
BREMEN, GERMANY), SUSANNA LABISCH (UNIVERSITY OF
APPLIED SCIENCES BREMEN, GERMANY), JAN-HENNING DIRKS
(UNIVERSITY OF APPLIED SCIENCES BREMEN, GERMANY)

@ SREICHEL@STUD.HS-BREMEN.DE

Thejumpingmovementofinsectprovidesafastandefficientmeans
oflocomotionandhasdrawntheinterest ofbiomechanicsresearch
inthelastyears.However,thebiomechanicsoftheactuallanding
arenotyetclear. Attake-offtheinsectcannotpredicttheparameters
ofthelandingsite. Unforeseenobstaclesordifferentsubstrates
requireaflexibleandhighlydynamiclandingperformance. Howdo
jumpinginsectscontroltheirlanding? Arethereactiveorpassive
mechanismsinvolved? Toanswerthesequestionsweanalysedthe
impactoffreefallingdesertlocustsusinghigh-speedimagingand
motiontracking. Experimentswithdifferentfallingandlanding
parameters,suchasangleandbodytemperatureindicated that
locustsarecapabletoactivelyandpassivelycontroltheirlanding
speed, postureandthefirstpointofcontact. Interestingly, alive
locustsseemtoactivelyincreasetheirfallingspeedbeforeimpact.
Theyalsotendtolandontheheadwhileincooledordeadlocusts
theproportionchangeswithdroppingangle. Thiscouldindicate
thepresenceofabiomechanicalstabilisationmechanismofthe
headandpronotum. Whendroppedatdifferentinitialangles,alive
locustsalwaysturnedtheirbodyheadfirstbeforeimpact.Significant
differences between living and dead locusts suggest that this
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turningmovementisalsoanactivemechanism.Ourresultsalso
showacharacteristicbendingmovement ofthelocustabdomen.
Occuringrarelyindeadlocuststhisseemstobeapassive control
mechanism, possiblydecreasingthetimethelocustneedstoturn
thebodytoanuprightdirectionafterimpact.

A11.38 THE MECHANICAL
FUNCTION OF THE BICEPS BRACHII
AND SCAPULOTRICEPS MUSCLES

OF THE PIGEON (COLUMBA LIVIA)
DURING FLIGHT

™ WEDNESDAY 5 JULY, 2017 ©® 14:50

@ LAURA A MCFARLANE (UNIVERSITY OF LEEDS, UNITED
KINGDOM), GRAHAM N ASKEW (UNIVERSITY OF LEEDS,
UNITED KINGDOM)

@ FBSLAMeLEEDS.AC.UK

Modulationofbirdflight performancerequires complexchanges
in the wing kinematics but how the wing muscles function to
producethesechangesisunknown.Inthisstudywedeterminedthe
mechanicalfunctionofthepigeonbicepsbrachiiandscapulotriceps
musclesduringtake-off, slowflightandlandingby simulatingin
vivomuscle length change and activity patternsin vitro using
theworkloop technique. Thebicepsbrachiimuscleisactivated
inlate upstroke, absorbing energy that resists and decelerates
elbowextension. Thebicepsbrachiimuscleactively shortensin
thefinalhalfofthedownstroke, generatingthemechanical work
toflextheelbowanddepressthehumerus. Overthecourseofthe
wingstroke the biceps brachii muscle generated zero net work.
The scapulotriceps muscle is activated towards the end of the
downstroke. Thismuscleisactivelylengthened, absorbingenergy
and stabilising the elbow flexion at the end of the downstroke.
Duringtheupstrokethescapulotricepsmuscleactively shortens,
generatingworkthatfacilitatestheextensionoftheelbowjoint.
Thescapulotricepsgeneratesrelativelylittlenetwork,compared
withthemainpower generatingmuscle, the pectoralis muscle.
The differencesinthe net work generated by these muscles are
duetodifferencesinthetimingofactivationandstrainthatresult
invariationinthepositiveandnegative work performed. Muscle
mechanical function was consistent across the flight modes
investigatedinboththebicepsbrachiiandscapulotricepsmuscles.
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A11.39 THE BIOMECHANICS OF
DIPTERAN FLIGHT MUSCLES

™ WEDNESDAY 5 JULY, 2017 ©® 15:05

& JONATHAN W PAGE (UNIVERSITY OF OXFORD, UNITED KINGDOM),
SIMON M WALKER (UNIVERSITY OF OXFORD, UNITED KINGDOM)

@ JONATHAN.PAGE@Z00.0X.AC.UK

Theremarkable flight ability of dipteran insectsis afforded by
a complex system of muscles responsible for controlling wing
movements,thoughnoneareattachedtothewingsthemselves.
These muscles alter wing movements by changing the shape
ofthehingethatjoinsthewingtothethorax. Activitypatterns
of the control muscles, and the impact of these activities on
wing movement, have been studied before, but examining the
biomechanicsthroughwhichthesemusclesinducethesechanges
in wing kinematics is difficult using traditional techniques.
We have therefore utilised synchrotron x-ray time-resolved
microtomography to visualise the movement of these muscles
duringflightin Calliphoravicina. Ourpreviousworkcomparedthe
binarycaseofhigh-andlow-amplitudewingbeats,andrevealed
muscle-specificdifferencesinmusclestrainamplitude, phase,and
period. Furthermore, some muscles exhibit buckling at certain
stagesduringthewingbeat,affordedbyalargetendonthatconnects
themuscletotheassociatedsclerite. Whenbuckled, thesemuscles
cannot exert force, suggesting that buckling can subvert the
needtoactivatethemuscleoneachwingbeatattheappropriate
time, whichismetabolically expensive. Here, we greatly extend
thisworkbymakinguse ofnewdatasetswith greatlyimproved
spatiotemporalresolution. Thisallowsustoexaminehowsteering
musclestrainschangeacrossthe continuous spectrumof wing
movementsavailabletoflies. Ourstudyhasthereforecontinuedto
elucidatesomeofthebiomechanicsofthedipteranflightmotor,and
illustratetheengineeringprinciplesassociatedwiththeincredible
flightabilityoftheseinsects.
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A11.40 FUNCTIONAL IMPLICATIONS
OF ARCHITECTURAL GEAR RATIO
WITHIN A COMPARTMENTALIZED MUSCLE

™ WEDNESDAY 5 JULY, 2017 ©® 15:45

@& CHRIS TIJS (CONCORD FIELD STATION - HARVARD UNIVERSITY,
UNITED STATES), NICOLAI KONOW (DEPARTMENT OF BIOLOGICAL
SCIENCE - UNIVERSITY OF MASSACHUSETTS LOWELL, UNITED
STATES), ANDREW BIEWENER (CONCORD FIELD STATION -
HARVARD UNIVERSITY, UNITED STATES)

@ CHRIS_TIJS@FAS.HARVARD.EDU

Pennatemusclescandecoupleshortening speed ofthefibers (Veyer)
from that of the whole muscle (Vmuscie) through fiber rotation,
expandingamuscle’sperformancerepertoire. Architecturalgear
ratio (AGR=Vyscie/ Viver) hasbeendetermined forasinglemuscle
region, which assumes homogeneous fiber mechanics, and has
mainlybeeninvestigated forsupramaximalexcitations,although
musclesarerecruitedsubmaximallyinvivo. Thepennateratmedial
gastrocnemius (MG)iscompartmentalizedwithproximalfibersthat
areshorterandmoreangledthandistalfibers,raisingthe question
of whetheruniform AGR existswithinthismuscle. Toquantify
AGR,weusedsonomicrometrytomeasureinsitusupramaximal
(n=8)andsubmaximal (n=6)force-velocitypropertiesof three MG
structuralunitsinanesthetizedrats:the wholemuscle, proximal
fibersanddistalfibers.Isotonicshorteningcontractionscontrolled
andmeasuredbyaservomotorwereobtainedatvariousforcelevels.
Speedwasdeterminedforeachstructuralunitatthetimepoint
averagedisometricoptimumlengthofproximalanddistalfiberswas
reached. AGRwascalculatedforeachforcelevel,andforproximal
(AGRrox) anddistal (AGRaist) fibersseparately. During supramaximal
excitation, AGRr.x (1.8210.40) washigher (p=.027) than AGRaist
(1.35+0.25) with no differences for submaximal stimulation
(1.74+0.40and 1.40+0.30, respectively; p=.157). Increasein MG
forcelevelcaused AGRtodecrease (p<.05),althoughtoalimited
extent(<20%). Thesefindingssuggestthatvariousmuscleregions
canshowdistinctfibermechanics,butthatthesedifferencesare
reducedatsubmaximalactivationlevels. Thismaybeimportant
inconsideringregionalmuscleheterogeneityinvivo.Fundedby
NIHARO055648t0A.B.

A11.41 INTEGRATION OF JAW

AND TONGUE MOVEMENTS, AND
TONGUE CONTROL OF FOOD DURING
AXOLOTL CHEWING
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@ NICOLAI KONOW (UMASS. LOWELL, UNITED STATES), EGON
HEISS (U. JENA, GERMANY), FLORIAN WITZMANN (MUSEUM
FUR NATURKUNDE BERLIN, GERMANY), ELIZABETH L BRAINERD
(BROWN UNIVERSITY, UNITED STATES)

@ NICOLAI_KONOWeUML.EDU

Aquatic feeding vertebrates must balance risks of food escape
withrequirementsforfoodprocessingbeforeswallowing. Food
controlinwaterischallengedbythelackofappendagesandfleshy
tongues,andinstead dependsonthehyoidapparatusactingasa
hydrodynamicpistontoproducefine-scaleintraoralwaterflowsthat
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controlfoodpositioningbeforethetoothyintraoralsurfacesengage
inthechewingpowerstroke. Thedeepandhiddenplacementofthe
musculoskeletalelementsinvolvedcancomplicatemeasurementsof
tongue,jawandfoodmovementsduringchewing. Therefore, weused
biplanarfluoroscopytomeasureskeletalmovements (XROMM),
muscle length-change behaviors (fluoromicrometry) and food
positioningin Axolotls (N=6) chewingoncrickets. Thedatawere
usedtotestanideaarisingfromearlier EMGstudies; thatmuscular-
actuatedtonguemotionmovesfoodcaudallyduringgapeopening,
likelytoavoiditsescape. Duringthechewingpreparatoryphase,
wemeasuredsternohyoidshorteningresultingincaudoventral
hyoid excursion before most chews, but some chews involved
sternohyoidlengthening androstrad hyoid excursion before or
during gape opening. Cross-correlation analysesrevealed that
intraoral food movement lagged from the initiation of tongue
movements, consistent with the idea that the tongue moves
watertoexertfooddisplacement. Ourdataunderscore problems
associatedwithpredictinghiddenmotionbasedonEMGandsuggest
anunappreciateddiversityinsalamanderchewingmovements.
Ongoingworkusesthyroxin-induced metamorphosisofthesame
subjectsintoterrestrial organismstodeterminethechangesin
tongueandjawmorphologyandmovementsthatareassociated
withtransitioningtofeedingonland.

A11.42 HOW DOES PHARYNGEAL
STREAMLINING AFFECT SUCTION
FEEDING DYNAMICS IN FISHES?
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& SAM VAN WASSENBERGH (MUSEUM NATIONAL D’HISTOIRE
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Tocapturepreybysuction, fishgenerateaflowof waterthatenters
the mouth, and exits at the back of the head. It was previously
hypothesizedthatastreamlinedshapeoftheposteriorpharynx
and the pectoral region of the body are important to enable an
unobstructed outflow withminimalhydrodynamicresistance.
However, due to the lack of optical access into the pharyngeal
cavity,andthelimitationofbiomechanicalmodels, thishypothesis
remaineduntested. Usingarecentlypublished computationalmodel
thatallows adynamic simulation of bothinflow and outflow of
water, wequantifiedtheeffectsofdifferentshapesoftheposterior
pharynx on the dynamics of suction feeding. The kinematic
inputinthemodelwasbasedonarepresentativefeedingactofa
percomorphspecies (Lepomisgibbosus). It showed thatmodifying
awedge-shapedprotrusionofthepharynxneartheregionofthe
oesophagusentrance, previouslyhypothesizedtobeoptimal,intoa
straightsurfaceperpendiculartotheincomingflowhasanegligible
effectonthedynamicsofsuctionfeeding. Withthehelpofgraphical
reconstructionsbasedon CT-scans,wefurtherevaluatewhether
ornotaspectsoftheactualthree-dimensionalshapeoftheoutlines
ofthebuccopharynxpointtoaroleinstreamliningsuctionflows.
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A11.43 INTRAORAL FOOD PROCESSING
IN THE NEWT TRITURUS CARNIFEX:
HOW DO THEY CHEW?
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@ EGON HEISS (FRIEDRICH-SCHILLER-UNIVERSITY OF JENA,
GERMANY), DANIEL SCHWARZ (FRIEDRICH-SCHILLER-
UNIVERSITY OF JENA, GERMANY), NICOLAI KONOW
(UNIVERSITY OF MASSACHUSETTS LOWELL, UNITED STATES)
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Vertebrate feeding systems have evolved remarkably diverse
specializationsthatallowexploitationofagreatvariety of food
sources.Besidestheinitialfoodacquisition,intraoral processing,
i.e.mechanically reducing food within the mouth, or chewing,
has played a major role in evolutionary adaptive procedures to
successfullyexploitfoodsourcesinagiventrophicenvironment.
Processingmechanismsareknownforallmajorvertebrateclades,
fromfishestomammals,butformandfunctionoftheprocessing
apparatus to crush, grind, or puncture food items can differ
substantiallybetweenandwithinmajorgroups. However,rhythmic
andcoordinatedcyclicmovementsofskull,jawsandhyobranchial
elementsappeartobeacommontrait. Whileprocessingmechanisms
inamniotes (sauropsidesandmammals) andfish-like vertebrates
havebeensubject ofintenseresearch, processing mechanisms
inlissamphibiansremainrelatively unstudied, resultinginthe
commonperceptionthatlissamphibianssimply donotchewand
insteadswallowpreywhole.Here, wepresent thefirstresultsfrom
behavioralobservations, high-speedx-rayvideosandanatomical
analyses of an undescribed intraoral processing mechanism
employedby Trituruscarnifex. Thesalamandridnewt T. carnifex
displaysaconspicuousbehaviorfollowingprey-capture,involving
rhythmicheadbobbing, coordinatedwithcyclicgapeandhyolingual
movements. Ourx-rayrecordingsrevealthat,ratherthanchewing
preybetweenupperandlowerjawelementsastypicallyseeninother
tetrapods, T. carnifexprocessespreybyraspingitagainstitspalatal
dentition. We compare the processingmechanismof T. carnifex
with processing in fishes and amniotes and discuss it in an
evolutionarycontext.

A11.19 CAN MODIFYING THE
SOLAR SURFACE OF HORSES’
HOOVES IMPROVE DISTAL LIMB
IMPACT VIBRATION DAMPING?
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Thefoot-surfaceimpactisakeyeventinthestride cycle, which
provides opportunities to apply external interventions to alter
shockabsorptionandloaddistributioninhorses. Suchinterventions
havethepotentialtooptimise competition performanceandsafe
guardwelfarebyreducinginjuryrisk.Foot-surfaceimpactsresult
inrapiddecelerationofthehorse’sfootandimpactvibrationsare
subsequentlytransmittedthroughtheequinedistallimb.Onfirm
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surfacestheseparametersareofgreatermagnitudethanonasofter,
deformablesurfacewhichcanacttodamptheeffectsofimpact.
However,alargenumberofhorsesmustconduct,someorallof, their
exerciseuponfirmsurfaces(e.g.roads). Weproposethattheuse
ofmodern ‘sole-packing’ materials, applied tothesolarsurface of
horses’hooves,mayprovideanalternativemethodof dampingthe
effectsofimpact. Toinvestigatethis12horses wereequipped with
ahoofmounted, highrangeaccelerometer. Horses, shodinplain
steelshoes,bothwithand withoutasole-packingmaterial, were
trottedin-handoverafirmconcretesurface. Sixfoot-surfaceimpacts
perhorseperconditionwereselectedforanalysis. AfastFourier
transformwasappliedtotheaccelerometeroutputfromimpact for
30milliseconds,and vibrationfrequencyand powerparameterswere
extracted.Preliminaryresultssuggestthatsole-packingmaterials
haveagreatereffectuponreducingvibrationpowercomparedwith
vibrationfrequency. Sole-packingmaterialsmay, therefore,have
theabilitytodampimpactvibrationsandfurtheranalysisisrequired
todeterminethescopeoftheirdampingproperties.

A11.20 A TENDON-CY TOWARDS SPEED:
HOW LOADING AFFECTS THE VELOCITY
OF TENDON RECOIL
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@ EMILY M ABBOTT (UNIVERSITY OF CALIFORNIA IRVINE,
UNITED STATES), MANNY AZIZI (UNIVERSITY OF CALIFORNIA
IRVINE, UNITED STATES)

@ ABBOTTE@UCI.EDU

Thefastestmovementsintheanimalkingdomachievemechanical
poweroutputsthatfarexceedthemechanicalpowercapacityof
skeletalmuscle.Inordertoamplify mechanical power, muscles
slowly contract to stretch tendons and store potential (elastic)
energy. Whentendonsrecoil, thestoredenergyisrapidlyreleased
toamplifymechanical power. Tofunctioninamplifying power,
tendons must recoil at high-speeds. However, most studies
characterizethemechanical properties of tendons atslowrates
following prescribed length trajectories. We predict that the
velocity and power output of arecoiling tendon depends on the
loadthatisbeingaccelerated. Totestthisprediction weisolated
thetendontissuefrombullfrogplantarismuscle-tendonunit. We
thenapplieda2.5%stretchtothetendonbeforerapidlyunloading
thetendontomeasurethespeedofrecoilandrateofenergyrelease.
Wemeasuredthemaximalrecoilspeed ofunloadedtendontobe
3.36+/-.0795(L/L,). Asweincreasedtendonload, weobserveda
decreaseinthemaximalrecoilvelocity. Thesedataare consistent
withmathematicalmodelsthatsuggesttendoncontributionsto
powermaybelimitedbythesizeofananimal.
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A11.21 RECONSTRUCTION AND
MUSCULOSKELETAL MODELLING
OF THE PELVIC AND HINDLIMB
MUSCULATURE OF THE FOSSIL
SALIENTIAN TRIADOBATRACHUS
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The uniquely derived body plan of frogs is considered to be
adapted forjumping; nonetheless,modernfrogsdisplaydiverse
locomotorbehaviours. Theearliestfossilstemanuran, theEarly
Triassic Triadobatrachusmassinoti,exhibitsamosaicoffeatures
representingakeytransitionalstageintheevolutionoftheanuran
Bauplan. The locomotor capabilities of Triadobatrachus - and
whetheritwascapableofjumping-hasbeenthesubjectof numerous
previousstudiesyetremainsunresolved. Weidentified osteological
correlatesof homologousmuscleattachmentsitesintheextant
phylogeneticbracketof Triadobatrachus-frogsand salamanders
-fromcontrast-enhanced CT scansofover20taxaspanningwide
phylogeneticandlocomotorranges,aswellasinformationfromthe
literature. Thesedata,alongwith CTscansof Triadobatrachus, were
usedtorigorouslyreconstructitspelvicandhindlimbmusculature
in3D.Wefoundthatthemusculatureofthepelvisandthighstrongly
resembles that exhibited by extant frogs, while the more distal
hindlimbmusculatureisanamalgamoftheanuranandcaudate
conditions. Thesefindingssuggestthatselectivepressuresdriving
themorphofunctionalevolutionoffrogsmayhaveactedearlierand/
ormorestronglyontheproximalhindlimbthandistalelements. We
willapply ourmusculoskeletalreconstructionof Triadobatrachus
toourexistingfrogtemplatemodeltorigorously testthelocomotor
performanceof Triadobatrachusandshedlightontheevolution of
locomotionatthebaseof Anura.

A11.22 JUMP OPTIMISATION OF A
MORPHABLE MUSCULOSKELETAL MODEL:
PROBING PERFORMANCE AGAINST
CHANGING HIND-LIMB PROPORTIONS
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Intheevolutionofanurans,agenerallengtheningofthehindlimbs
mayhavehelpedincreasejumpingperformance. Theproportionality
oflegsegmentsalsochanged;comparedwithPaleozoicamphibians,
inmany cases the tibiofibulalengthened more than the femur.
Howdidthistransitionof proportionsimpactrange of motionand
extension? Whatwastheeffectonjumpstrategyandperformance?
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Toaddresssuchimplications,amusculoskeletalmodel of Kassina
maculatawasdevelopedfrommicro-CT scanninganddissection,
implementedinphysicsframework MuJoCo. Themodelincludes
pelvic and hind-limb musculature and is parametrized to be
‘morphable’;asetoftheoreticalanatomieswascreatedwiththetibia
rangingbetween80%-120%originallength, withthefemuradjusted
topreservetotalleglength. Fromlivejumpingtrials,recorded skin
markercoordinateswereconvertedintojointkinematicstodrive
themodel. Totalextensiondistancewasmaximalintheoriginal
anatomy,decreasingby6%forshortesttibiasand <1%forlongest
tibias.Inversedynamicswithaconstrainedfootcontactshowed
required knee torques and knee extensor moment arms scale
proportionallywithtibialength, whilehiptorques weremostly
unaffected. Thissuggeststhatlongertibiasincreased work potential
withoutstronglyaffectingextensorload. Jointkinematics would
unlikelyremainthesameaftermorphologicalchanges,asanimals
would adapt theirbehaviour. An optimisation algorithm using
iterativeforwarddynamicsimulationsisbeingdevelopedtofindthe
beststanceandmusclecontrolforagivenmodel. Thismayuncover
jumpstrategiesintransitionalanatomiesthatgaveearlyanurans
theirevolutionaryedge.

A11.23 ARE CRAWLING HUMANS
MORE LIKE HORSES OR HIPPOS?
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The symmetrical gaits of quadrupeds can be described using a
2-figureformulaconsistingofthehindlimbdutyfactorandrelative
timing (phase)oftheipsilateralforelimb. Despitethe highnumber
of possibledutyfactor-phasecombinations,relativelyfewgaitsare
seeninnature,raisingthequestionastowhyterrestrialquadrupeds
use the gaits that they do. Recent work suggests that distinct
groupsofanimalsusespecificdutyfactor-phasecombinationsat
walk,whichareconcomitantwithlowmechanicalwork. When
consideringhumancrawling,neuro-mechanicaland developmental
explanations are commonly given for the quadrupedal gaits of
human adults and children; however, here we suggest that the
mechanicalmodelfordutyfactor-phaserelationshipsprovidesan
alternativeexplanationforthecrawlinggaitsofhumans. Human
subjects were asked to crawl at their preferred gait at arange of
speedsbeforebeingaskedtocrawlwithdifferentlimbsequences/
phases.Resultsshowthatadulthumanslargely complywiththe
mechanicalmodelforquadrupedalwalkinggaitselection, though
fallintotwoofthegroupsofanimalsseenintheliterature:the group
containinghorses (and other medium-large mammals) and the
group containinghippos(andotherslow, slow-muscledand small
animals). Thesubjectswereaskedtoratethedifficulty ofachieving
thealternativephasesandthemajority foundthephasesnotseen
innature (andmodelledtodemandthemostmechanicalwork) were
mostdifficulttoachieve. Hereweproposeanalternativetheoryfor
crawlinggaitselectioninhumans, consistentwithlowmechanical
workratherthanneurologicalcontrol.
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A11.24 CORAL VS. COMPUTER:
VALIDATING A PULSING POLYP
SIMULATION USING FLOW VELOCITY
FIELDS, VORTICITY, AND LAGRANGIAN
COHERENT STRUCTURES
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Xeniidcoralsincreasethelocalflowaroundtheircoloniesthrough
the collective pulsing behaviour of their polyps. This pulsing
behaviouristhoughttoincreasemasstransferofnutrientsandgas
exchangebetweentheorganismanditsenvironment. Atprevious
meetings, we presented the first descriptions of the flow fields
around pulsing polyps and qualitatively compared actual flow
datatoboth2Dand3Dimmersedboundarysimulationsofpolyps.
Here,weinvestigatetheflowfieldsinaquantitativemannerusing
particleimage velocimetry (PIV) data, 3D immersed boundary
simulations,andLagrangiancoherentstructure (LCS)analysis. We
firstquantitatively comparevelocityfieldsandvorticityof PIVdata
fromasinglepolyptoitssimulated counterpart. Forthiscomparison,
wedonotlimitourselvestothesagittalplaneofthepolypbutstudy
severalslices,bothhorizontalandvertical,spanningthewidthand
heightofthepolyphead;thisallowsustogenerateamorecomplete
3Dunderstandingoftheflowspacearoundapolyp.Secondly,we
lookforLCSsinboththecollectedandsimulateddata.LCSanalysis
caninformusonboundariesbetweenmixingregionsandregionsof
inflow/outflow;particlesfoundinone LCSmightberestrictedtoa
certainregionoftheflowfieldandnevertradeplaceswithparticles
fromanotherstructure.BeingabletomatchLCSsinoursimulations
withobserved LCSsmeansourimmersedboundarymodel couldbe
usedtosimulateparticleexchangeinpulsingcorals.

A11.44 HOW HEAD AND BODY MUSCLES
MEET THE POWER DEMANDS OF SUCTION
FEEDING IN BLUEGILL SUNFISH
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@ ARIEL L CAMP (BROWN UNIVERSITY, UNITED STATES), THOMAS
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@ ARIEL_CAMP@BROWN.EDU

Powerfulvertebratefeedingbehaviorsposeachallenge:amuscle’s
work (energy)andpower (rateof energy)arelimited byitsmass, yet
cranialmusclesareasmallproportionoftotalmusclemass. Tomeet
thischallenge,animalscanincreasefeedingmusculaturemassto
increaseworkandpower,and/oramplify muscle powerbystoring
thenrapidlyreleasingmuscleenergy. Toproduce powerfulsuction
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feeding,atleastonefish (largemouthbass)usesitsmassivebody
musclestopowertherapidmouthexpansionneededtoaccelerate
waterandfoodintothemouth. Whilebody muscle powerislikely
importantforspeciesthatsharethelargemouthandfusiformbody
ofbass, fishwithdifferentmorphologiesmayrelyonrelativelylarger
cranial muscles or power amplification. We examined bluegill
sunfish, a closely-related species with a small mouth, tall and
laterally-compressedbody,andarelativelylarge cranialmuscle,
thesternohyoideus. Wemeasuredintraoral pressureand volume
changesto calculate the power and work of suction expansion,
andmeasuredmuscleshorteningtoconfirmboth axial muscles
andthesternohyoideusgenerated powerduringsuctionfeeding.
Cranialmusclesalonecannotproducethemostpowerfulstrikes,
whichwouldrequirepowerandworkoutputslikely exceedingtheir
capacity:>2,000W/kgand>80]/kg,respectively.Incontrast, the
body muscles could generate all strikes without exceeding 450
W/kg power or 6 J/kg work. Thus, fish with different body and
mouthshapescanusethelargebodymusclesaspartofthefeeding
apparatustomeetthepowerdemandsofsuctionfeeding.

A11.45 LAB VERSUS FIELD:
FEEDING KINEMATICS OF POLYPHENIC
BLUEGILLS (LEPOMIS MACROCHIRUS)
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Polyphenicpopulationsareavaluableresourceforunderstanding
therelationshipbetweenformandfunction.Bluegillsunfishfrom
Lake Waban, Massachusetts exhibit variation in their trophic
morphologyanddietbasedonhabitat. Littoralbluegillshave wider
pharyngealjawsandfeedonavariety of benthicinvertebrates.
Pelagicbluegillsareconstrainedbytheirsmallermouthsizetofeed
almostexclusivelyoncladocerans. Weinvestigated thekinematics
andsuctionpressureoftheseecomorphs whenfeedingonthreeprey
types.Wehypothesisedthatlittoralbluegillswouldusemoresuction
andcapturetheirpreyfasterbecausetheytypicallyfeedongrasping
invertebrates.Instead, therewerenodifferencesinpeaksubambient
pressureorfeedingkinematicsbetweenecomorphswithinaprey
type. Withinanecomorph,bluegillsusedlesspressureandhada
smallermouthgapewhencapturingbrineshrimp.Pelagicbluegills
didnotvarytheirramdistanceacrossallpreytypes. Thissuggests
thatpelagicfisharelessflexibleintheirpreyapproachbehaviour
due to their zooplankton specific diet. Furthermore, we also
recordedfeedingbehavioursofbluegillsinthefieldand compared
theirkinematicstothoserecordedinthelab. Wildbluegillsinthe
littoralzoneusedmoreramthancaptivebluegills.Bothecomorphs
approachedtheirpreyslowerinthefield. Therefore,theseresults
suggestthatbluegillsare modifyingtheirbehaviourasaresult
offeedinginthelab. Futurestudieswillcomparetheenzymatic
activityofthefeedingmusclestodetermineifthereisvariationin
aerobicoranaerobiccapacitybetweenlittoralandpelagicbluegills.
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A11.46 BIOMECHANICAL PARAMETERS
OF THE JAW CARTILAGE OF THE BIG
SKATE (RAJA BINOCULATA) - A MATTER
OF SHAPE?
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ANCHORAGE, UNITED STATES), TONY LIANG (UNIVERSITY
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Rajabinoculataisthelargest skate species of North America. It
inhabitstheoceanbottomfromintertidaltocontinentalshelfand
feeds on shellfish, worms and crabs. As typical forall Batoidea,
thejawsarecomposedoftessellated cartilage, theupperjawsare
notdirectlyconnectedtothecraniumgivingthemmore freedom
of movement, and the hyoid is broken up (euhyostylic). In this
studyweuse3Dscanning,3Dprintingandmechanicaltestingto
understandhowR. binoculatacrusheshard shelledprey.Duetothe
shapeofthejaws,thesecondmomentofareaisconsiderablyhigher
thanforcylindricalshapeswiththesamecrosssectionalarea.Our
resultsalso showthatthe flexural stiffness of thejaw elements
issignificantlyincreasedrelativetothecylindricalshape.Both
parametersindicatethatshapeisoptimizedtowithstandtheforces
expiriencedduringcrushing.Inadditiontoquantifyingcompressive
strength, strainandE-Modulus ofthejawelementsof R. binoculata,
weinvestigatetheeffectthatshapehasonthemechancialvariables
measured.Incontrasttoengineeredshapes,biologicalshapesarenot
standardizedalonggeometricparamenters. Nevertheless,biologists
usethesamemethodstomeasurebiomechanical parametersto
assesstheperformance ofbiological shapes. Using 3D-prints of
similarsyntheticmaterialascartilage, withthesameshapeasthe
jawelements, wefoundthatshapecanimpactthebiomechanical
propertiesmeasured.

A11.47 AVIAN WING CONFIGURATIONS
IN AND OUT OF GROUND EFFECT

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ JORN A CHENEY (ROYAL VETERINARY COLLEGE, UNITED
KINGDOM), NICK E DURSTON (UNIVERSITY OF BRISTOL,
UNITED KINGDOM), JONATHAN PJ STEVENSON (UNIVERSITY
OF BRISTOL, UNITED KINGDOM), JIM R USHERWOOD (ROYAL
VETERINARY COLLEGE, UNITED KINGDOM), SHANE P WINDSOR
(UNIVERSITY OF BRISTOL, UNITED KINGDOM), RICHARD J
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Birdsaretheonlytaxontohaveevolvedpoweredflightfromanon-
membranewing. Thereducedavianwingskeletonwouldseemingly
limitthe complexity of wingmorphing,butnumerousdegrees of
freedomarisefromthedensearrayofprotrudingfeathers,allowing
forboth continuous and discontinuous surface configurations.
Wingmorphingcapacityiswhatallowsbirdstoachievediverse
manoeuvresinunsteadyand complexenvironments. By studying
wingconfigurationsadoptedduringfundamentalandrepeatable
flightbehaviours, wecangaininsightintomorphologicallimitations
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oftheaviancontrolsurfacesandflightstability.Inthiswork, we
chosetostudyrelatively-steadywingconfigurationsduringtwo
glidingbehaviours:inandoutofgroundeffect. We observed multiple
trialsoffivebirds:araven (Corvuscorax),barnowl (Tytoalba),tawny
owl (Strix aluco), goshawk (Accipiter gentilis), and tawny eagle
(Aquilarapax)astheyflewdowna20mcorridorthatconstrained
theirflighttoastraightpath. Weusedvideogrammetrywithhigh-
speed cameras placed above and below the birds toreconstruct
theirwing surfaces. We combined these detailed surfaces with
trackeddynamicsofanatomicallandmarksusingamotioncapture
system.Glidingingroundeffectenhancesliftandreducesdrag,
sodifferencesinwingconfigurationmustaccountforthisifthe
centreofmasstrajectoryistoremainconsistentdespitevarying
proximitytotheground. Usingoursurfacereconstructions, we
reportonwingspan, wingtwist, tailorientation, glidespeed, glide
angleandthesteadinessofbirdsglidinginstillair.

A11.48 A WAY TO AERIAL BEHAVIOURS:
WIRELESS NEURAL TELEMETRY IN
FREELY FLYING DRAGONFLIES

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ HUAI-TI LIN (IMPERIAL COLLEGE LONDON, UNITED KINGDOM)

©@ HUAITI.LIN@GMAIL.COM

Inevolutionaryhistory,insectswerethefirstanimalstofly. Not
surprisingly, manyinterestingandessentialbehaviourssuchas
foraging, courtship,andmigrationhappenintheair. Generationsof
experimentalbiologistshavebeenstudyingthesebehavioursand
derivedrulesthatgovernthem.However,tounderstandtheneuronal
implementationsoftheserules,wemustmonitortheactivityin
relevant circuits during behaviour on an event-to-event basis.
Currently,behaviouralstudiesonflight controlare oftenlimited
bytetheringtheinsectwhichconstrainsitsflightdynamics.Recent
developmentsofneuraltelemetry takes ourexperimentstothe
air.Usinga50mginsectbackpack, wehavesuccessfullyrecorded
avarietyofneuralsignalsfromaflyingdragonflyintwoparallel
projects. Firstly, wemeasuredtheactivity of visualinterneurons
specificallytunedtosmalltargets. Theseneuronsarethoughtto
supportflightsteeringduringpreyinterception,althoughdirect
evidenceastohowtheyareinvolvedisstillmissing. Ourwireless
recordings ofhunting dragonflies show the neurons’responses
toincoming prey before takeoff and to certainin-flight events,
suggestingaroleinflightplanninganderrordetection.Secondly,
the structural properties of the dragonfly wings have been
frequentlylinkedtotheflightmechanics. Thewingsareadorned
withmechanosensorsthatcouldprovidenecessaryfeedbackfor
flightcontrol. Wewill presentpreliminaryrecordingsofagroup
of campaniformsensillafromaflyingdragonfly. Theseongoing
projects directly link dragonfly flight to sensory encoding and
willprovideinsightsintotheevolutionofinsectwingdesignand
flightmechanics.
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A11.49 THE FELLOWSHIP OF THE WING:
HOMING PIGEONS (COLUMBA LIVIA)
SIGNIFICANTLY INCREASE THEIR
WINGBEAT FREQUENCY WHEN FLYING IN
PAIRS

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ LUCY A TAYLOR (UNIVERSITY OF OXFORD, UNITED KINGDOM),
DORA BIRO (UNIVERSITY OF OXFORD, UNITED KINGDOM),
BEN LAMBERT (UNIVERSITY OF OXFORD, UNITED KINGDOM),
STEVEN J PORTUGAL (ROYAL HOLLOWAY UNIVERSITY OF
LONDON, UNITED KINGDOM)

@ LUCY.TAYLOR@Z00.0X.AC.UK

Oneofthemostcommonlycitedreasonsfortravellingasagroupis
toreduceenergyexpenditureandenhancelocomotorperformance.
Indeed, birdsflyingin V-formationssavesignificantamounts of
energy.Bycontrast, pigeons (Columbalivia) flyingin closecluster
flockshavebeenshowntoincreasetheirwingbeatfrequencyby
0.1Hzwhenflyingneartoorbehindotherbirds. However, these
differenceshavenotbeenmeasuredrelativetoflyingsoloonan
individuallevel. Ourstudyaddressesthisquestionbyquantifying
changesinflight characteristics of homing pigeons flying solo
andinapair. Birdsweretrackedwith5HzGPSand 200Hz tri-axial
accelerometers. Wefoundthat,evenafteraccountingfortheeffects
of wind support and crosswind, birds flying in pairs increased
medianwingbeatfrequencyby1.0Hz(18.1%)relativetoflyingsolo.
Furthermore,differencesintarsuslength(bodysize) betweenbirds
hadnoeffectonwingbeatcharacteristics. Ourresultsshowthat,
forpigeons,themagnitude of theenergeticcostofflyingtogetheris
substantiallyhigherthanpreviouslythought.The1.0Hzincrease
inwingbeatfrequency-tentimestheincreaseseeninpreviouswork
-suggeststhatthereisanadditional,significantcosttoflyingin
aflock, themajority of which comesmerely fromtheactofflying
withanotherindividual,ratherthantherelativepositionofthebird
withintheflockorthesizeoftheirpartner.

A11.50 HOW DOES BODY STIFFNESS
MODULATION AFFECT UNDULATORY
SWIMMING? SOFT SENSORS CAPTURE
FIN CURVATURE FOR A CLOSED LOOP
SOFT ROBOTIC FISH

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ ARDIAN JUSUFI (HARVARD UNIVERSITY AND UNIVERSITY OF
TECHNOLOGY SYDNEY, AUSTRALIA), DANIEL VOGT (HARVARD
UNIVERSITY, UNITED STATES), ROBERT WOOD (HARVARD
UNIVERSITY, UNITED STATES), GEORGE LAUDER (HARVARD
UNIVERSITY, UNITED STATES)

@ ARDIAN@SEAS.HARVARD.EDU

The most important mode of locomotion observed in fishes is
Body- Caudal-Fin undulation. Although numerous studies of
body kinematics and muscle activity patterns have generated
essential knowledge on the mechanics of swimming, some key
parameters,suchashowtheextentofbilateralmuscleactivation
affectpropulsiveperformance,remainunder-exploredduetothe
difficulty to experimentally manipulate muscle activation in
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freely-swimmingfishes. Togaininsightinaxialco-contraction,
wemanufacturedactively-controlled pneumaticactuatorsina
softroboticfish. Toclosetheloopwemeasuredfincurvaturewith
sensorsmade ofhyperelasticsiliconeelastomerswithembedded
micro-channelscontainingliquidmetal. Whenthefiniscurvedas
softactuatorsarepressurized,strainisappliedtosoftsensors,thus
increasingtheoveralllengthofthemicrochannel,andchanging
the electrical resistance. Fin curvature can then be correlated
frommeasuringchangesinresistanceinresponsetobending. We
measuredthrustproduction atundulation frequenciesranging
from0.3Hzto1.2Hzinarecirculatingflowtankatflow speedsofup
to28cm/s.Thissystemgeneratedmorethrustathighertailbeat
frequencies. Self-propelledspeed wasfoundtobe0.8foillengths
persecondat~13cm/s. Thephysicalmodeliscapable of producing
substantialtrailingedge amplitudes withmaximum excursions
equivalentto1.4foillengths,and of generatingconsiderablethrust.
Alteringtheextentofbilateral co-contractioninarangefrom17%
to-22%ofthecycleperiodshowedthatthrustwasmaximizedwith
somesimultaneousbilateral co-contractionof~3%to6%ofcycle
period(p<0.05).

A11.51 VARIABILITY AMONG
FOOTPRINTS OF CICONIA
BOYCIANA (AVES: CICONIIDAE)
IN HOMOGENEOUS SEDIMENT

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ IKUKO TANAKA (KOBE UNIVERSITY THE JAPAN SOCIETY FOR
THE PROMOTION OF SCIENCE RESEARCH FELLOW., JAPAN),
YASUO EZAKI (UNIVERSITY OF HYOGO HYOGO PARK OF THE
ORIENTAL WHITE STORK, JAPAN), MINORU FUNAKOSHI (HYOGO
PARK OF THE ORIENTAL WHITE STORK, JAPAN), MASAYUKI
HYODO (KOBE UNIVERSITY, JAPAN)

@ IKUKON1220@ICLOUD.COM

Weconductedanichnological experimenttorevealmorphological
variabilityamong Ciconiaboyciana(Oriental stork) tracksleftonwet
potter’sclay. Weobtained 54 footprintsfromtwoindividuals,and
measuredthearea,length,width,depth, volume, androtationfor
eachtrack.Thebirdswerealsofilmedwhilewalking. Oneanatomical
featureuniquetoC. boycianaisthatunlike otherwadingbirds,itdoes
notleavemetatarsophalageal padimpressions. Thisfeaturecan
beusedtodistinguishC.boycianatracksfromthoseleftbyother
birdswithsimilarbody weightandhabitat. Trackwidthvariedby
upto30%,withwidertracks (digitssplayed)foundintrackways
withshorter, widersteps. Conversely,narrowtrackwayswitha
largestridelengthwerecomprised oftrackswiththetoescloser
together. Coefficientanalysisoftrackgeometryrevealsthatthe
widthanddepthoffootprintsvaryinverselytomaintainaconsistent
volume.Placingthe C. boycianafootprintsintoatheoreticaltrack
morphospace (for avians with four digits) indicates that most
footprintsaredeeperbetweendigitsIIIandIVthanbetweenIland
III. Combined with videofootage whichrevealedthatC. boyciana
moves its hips from side by side while walking, and that the
footprintswithinanygiventrackwaywereoutwardlyrotated, we
interpretthistrackmorphologyasresultingfromalaterallydirected
pressure, exerted primarily through DigitIV.
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A11.52 PRONATION AND SUPINATION:
THE IMPORTANCE OF WING ROTATION
TO INSECT FLIGHT

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@& MADELEINE R INGLIS (ROYAL VETERINARY COLLEGE,
UNITED KINGDOM), RICHARD J BOMPHREY (ROYAL VETERINARY
COLLEGE, UNITED KINGDOM)

@ MINGLIS2@RVC.AC.UK

Themotionofaninsectwingstrokecyclecanbebrokendowninto
fourkeystages. Thesearetwotranslationalphases,thedownstroke
andupstroke, punctuatedbytworotational phases, supination
andpronation,duringwhichthewingsrapidlyrotateandreverse
direction in order to set an appropriate angle of attack for the
translationalphases.Peakforcesaretypicallyproducedduring
the two translational phases, where the wing sweeps through
theairwith ahigh angle of attack. Evidence gathered fromlive
insectshasshownthatfliesadjustthetimingofrotationduring
flight,andthatthismayaccountforenhancedliftforcesthathave
beenmeasured,butwhichcannotbeattributedtoconventional
liftduringthetranslationphases. Thisinvestigationexploresthe
parametersthatleadtoenhancedliftduringwingrotation,inspired
byrecentlydescribedphenomenafrommosquitoes. Computational
FluidDynamicssimulationsareusedtomodelanidealisedmosquito
wingmovingthrough air. Specifically, we performaparameter
sweeptocharacterisetheaerodynamiceffectsoftiming, speed
andaxesofwingrotationsandhowtheycanbeoptimisedtoproduce
unconventional aerodynamic forces. The wing structure is a
simplifiedinterpretationofamosquitowingwithsimilarthickness,
chordlengthandwinglength.

A11.53 HOW DOES MUSCLE
ACTIVITY CHANGE WITH WATER
DEPTH IN DOGS WALKING ON AN
UNDERWATER TREADMILL?

™ TUESDAY 4 JULY, 2017 POSTER SESSION

@ ALISON P WILLS (HARTPURY UNIVERSITY CENTRE, UNITED
KINGDOM), SIMON PARKINSON (HARTPURY UNIVERSITY
CENTRE, UNITED KINGDOM), JANE WILLIAMS (HARTPURY
UNIVERSITY CENTRE, UNITED KINGDOM)

@ ALISON.WILLS@HARTPURY.AC.UK

Caninerehabilitationisarapidly developingarea of veterinary
medicinewithanincreasingrangeoftechniquessuchasphysical
therapy,massageandhydrotherapybecomingwidelyavailable.
Theaimofthesetherapiesistorestoreanimalstofullhealthpost-
operatively,managelong-termconditions and promotefitness.
Equineandcaninekinematicresearchhasfoundarelationship
betweenwaterdepthandkinematicparameters,however,there
islimitedresearchassessingthechangeinmuscleactivity with
increasingwaterdepth. Theaimofthisstudywastoinvestigatethe
impactofwaterdepthonthemuscleactivityof dogswhenwalking
onanunderwatertreadmill(UWT).Surfaceelectromyography
was used to assess muscle activity of the gluteus medius (GM)
and longissimus dorsi (LD) of clinically sound dogs (n=7) that
were habituated to the UWT. Muscle activity was recorded at
waterdepthsofnosubmersion,abovethetarsus,abovethestifle
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andthemidpointbetweenthestifleandthe greatertrochanter.
Kinematicmeasurementswereperformedtocalculatemotioncycle
sequencing. Therewasasignificantdecrease (p<0.01)inmuscle
activity between the depth above the tarsal and depths above
thestifle,andatthemidpointbetweenthetarsalandthegreater
trochanterinboththeGMandLD. Thissuggeststhat UWTexercise
atawaterdepthdirectlyabovethetarsalresultsinthegreatestGM
andLDmuscleactivity. Thesefindingsmayhelptoinformfuture
exerciseandrehabilitationprotocolsfor UWT exerciseindogs.

A11.54 PINE CONE SEED SCALES
AS ROLE MODELS FOR ADAPTIVE
FLAPS IN ARCHITECTURE

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

& SIMON POPPINGA (PLANT BIOMECHANICS GROUP FREIBURG,
GERMANY), DAVID CORREA (SCHOOL OF ARCHITECTURE
UNIVERSITY OF WATERLOO, CANADA), ACHIM MENGES
(INSTITUTE FOR COMPUTATIONAL DESIGN UNIVERSITY
OF STUTTGART, GERMANY), NIKOLAUS NESTLE (BASF SE
ADVANCED MATERIALS AND SYSTEMS RESEARCH, GERMANY),
BERND BRUCHMANN (BASF SE ADVANCED MATERIALS AND
SYSTEMS RESEARCH, GERMANY), THOMAS SPECK (PLANT
BIOMECHANICS GROUP FREIBURG, GERMANY)

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

Thisprojectamongbiologists, materialscientists/chemistsand
architects covers basic investigations of biological movement
principles (especially hygroscopic pine cone motion) and their
transferinto3D-printedbiomimeticstructuresforarchitecture.
Pineconeseedscalesarefunctionallyveryrobust. Wehaveshown
that even fossilized scales from the Middle Miocene can still
move.Suchnaturalcompliantstructuresserveasinspiration for
technical, movingdeviceswithlowmaintenancerequirements.
Weperformedcomparativekinematicalandanatomicalanalysesto
gaininsightsintothefunctionalmorphology ofpine coneseedscales
fromvariouspine-species. Manipulative experiments withthe
differenttissues, whichareinvolvedinthehygroscopicbehaviour,
allowed forevaluation of theirindividualrolein the motion. By
lettingconesandsinglescalesdryoutinap-CT scanner, weobtained
timelapserecordingsoftherespectivemotionsandtherebycould
gaininformationonthespatialdeformationofthesingletissues
duringthemovement.Byusingnovel 3D printingtechniqueswith
ABSplasticasresistancematerialand copolyesterwithembedded
cellulose fibrils as hygroscopically active layer, we could print
biomimeticflapswithtailored geometryandresponsiveness.In
additiontopineconeinspiredbendingmovementalsoseveralother
typesofplantmovementprinciples were successfullyimplemented
into the printed structures - bilayer actuation, edge growth,
kinematic amplification with curved folds, and snap-through
instabilities. Ourresultsprovethatwehavejustopenednature’s
toolbox for the technicalimplementation of robust, fast or slow
movementphenomena.
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A11.55 SCALING OF CUTTING FORCES
IN LEAF-CUTTER ANTS

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ FREDERIK PUEFFEL (BREMEN UNIVERSITY OF APPLIED
SCIENCES, GERMANY), DAVID LABONTE (UNIVERSITY OF
CAMBRIDGE, UNITED KINGDOM)

@ FPUEFFEL@STUD.HS-BREMEN.DE

Leaf-cutterantsareoneofthetopherbaceousconsumersthroughout
theneotropicsandplayanimportantroleinterrestrialecosystems.
Thediversetasksarisinginthecoloniesincludethemaintenance of
afungusgarden,whichisfedwithleavescutinthesurroundingsof
thecolonies.Leaf-cuttingisone ofthemostmetabolicallyexpensive
activitiesinsectsengagein,andithencebecomesacrucialquestion,
whichofthepolymorphsshouldbeassignedtocuttinginorderto
minimisemetaboliccostsatthecolonylevel.Inordertoadressthis
question, wemeasured thesteady-statecuttingforcesofmandibles
isolated fromrepresentatives of all castes from Atta cephalotes
antsusingacostum-builtforcetransducer,andparafilmasamodel
substrate. Whilethe cuttingforcesof mandiblesofall casteswere
smallerthanthoseofpristinerazorblades, cuttingforcesincreased
withmass1/3withinworkers,indicatingthatcuttingforcesmaybe
proportionaltoalineardimensionofthemandiblessuchastheradius
ofthecuttingedge. However, mandibles of soldierswhichdonot
partakeinleaf-cuttingshowed cuttingforcescomparabletothose
ofmandiblesofthe smallestworkers,suggestingthattheincrease
of cuttingforcesamongworkersmightbearesultofmandible wear.
Whilethisresultindicatesthatminimisingmandiblewearmaybeof
keyimportance, theincreaseofthecuttingforceisstillsmallerthan
theincreaseinmuscleforcepredictedfromisometry,sothatlarger
workersmaystillbebettersuitedtoperformcutting.
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A11.56 POWER MINIMIZING
STRATEGIES FOR CHANGING SPEED
IN MICE

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ BENJAMIN J H SMITH (ROYAL VETERINARY COLLEGE,
UNITED KINGDOM), JAMES R USHERWOOD (ROYAL VETERINARY
COLLEGE, UNITED KINGDOM)

©@ BSMITHeRVC.AC.UK

Whenrunning,animalstypicallychangespeedbyvaryingstride
frequencyorstridelength, oracombinationofboth. However, the
reductioninstancetimeandincreaseinpush-offforcerequired
toachievethehigherstridefrequenciesandlongeraerial phases
necessaryforhigherspeedsisundesirableforsmallanimalssuch
asmice, whosecostoflocomotionisdrivenbymuscle contraction
powerrequirements. Thisposterwilldemonstratehowrunning
miceinsteadprimarilyincreasespeedbybecomingmorecrouched,
increasingtheir stancelength up to twice theirleglength with
littlereductioninstancetime. Weshowthatthechangeincostof
increasingspeedusingthisstrategyismuchlessthanifamousewere
toincreaseitsstridefrequencyorpush-offforce. Thedisadvantage
ofamorecrouchedpostureisthatitreduceseffectivemechanical
advantage (EMA),sothatthemusclesofcrouchedanimalsmust
exertmoreforcetosupporttheirbodyweightthanuprightanimals.
However, bycomparingmorphologicalmeasurementsfromarange
of species grouped by posture, wefindthatplantigradeanimals
suchasmicemaybeabletoachievesimilarEMA whencrouched
aslargeranimalsatamoreuprightposture. Additionally,athigh
stanceangles,changesinposturehaveanegligibleeffectonEMA
andthusthecostofbodysupport. Thismayprovideinsightintowhy
metaboliccostseemstovaryrelativelylittlewithspeedinsmaller
animals,andwhysmalleranimalsdisplaymuchlessdistinction
betweengaitsthanlargeranimals.

A11.57 EFFECT OF SAMPLE
PREPARATION ON THE MECHANICAL
PROPERTIES OF ARTHROPOD CUTICLE

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

& DAN SYKES (UNIVERSITY OF MANCHESTER, UNITED KINGDOM),
RUSSELL J GARWOOD (UNIVERSITY OF MANCHESTER, UNITED
KINGDOM), SHELLEY RAWSON (UNIVERSITY OF MANCHESTER,
UNITED KINGDOM), PHILIP J WITHERS (UNIVERSITY OF
MANCHESTER, UNITED KINGDOM)

@©@ DAN.SYKES@POSTGRAD.MANCHESTER.AC.UK

Cuticle is a natural, lightweight composite that forms the
exoskeletonofarthropods:itispresentin~66% ofallknownspecies
onEarth.Nanofibresofchitin (along-chainpolysaccharide) occur
withinastructural proteinmatrix (fibrousproteinsthatincrease
stiffnessorelasticity). Cuticlehasmanydiversefunctionsincluding:
providing protection, giving structural support, controlling
water content, mastication, penetratingprey cuticlewithfangs,
adhering to surfaces for climbing, forming wings for flight and
sensoryperception. Asaresultcuticledisplaysaremarkablerange
ofproperties, forexample, elasticmodulusvariesoversevenorders of
magnitude, yetthebasicmacrostructureand compositionofcuticle
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isconsistentacrossallarthropods. Assuch,itisavaluablematerial
forbiomimeticdesign. The chitin-proteinfibresarearrangedin
helicoidlayers, themselvesincorporatedintothreeultrastructural
layers: epicuticle, exocuticle and endocuticle, each of which
possessesdifferentproperties. Insituimagingofcrackpropagation
during mechanical testing would highlight how this structure
affectsfracturetoughness. However,crackpropagationrequires
longermechanicaltestsand cuticledesiccatesquickly,becoming
brittleduringexperiments, whichgreatlyalterscrackpropagation.
Inthisstudywetestedtheeffectsof variouspreparationtechniques,
which preserve hydration for crack propagation testing. Fresh,
frozenandpetroleumjelly coatedadultlocust (Schistocerciagregaria)
tibiaeweresubjectedto3-pointbendteststodetecttheeffectonthe
flexuralmodulus,andestablishabestpracticesample preparation
methodforcrackpropagation.

A11.58 EFFECT OF THE TAIL WING
ARRANGEMENT OF RIBBON HALFBEAK
ON ITS FLIGHT PERFORMANCE

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ YOSHINOBU INADA (TOKAI UNIVERSITY, JAPAN), TAKUMI
MATSUDA (TOKAI UNIVERSITY, JAPAN), YUNA TSUCHIYA
(TOKAI UNIVERSITY, JAPAN), JUNJI YONEZAWA (TOKYO
METROPOLITAN GOVERNMENT, JAPAN)

@ INADA@TOKAI-U.JP

Ribbonhalfbeak Euleptorhamphusviridisisaspeciesoffishcapable
offlyingoverseasurfacejustlikeflyingfish.Ithaslargepectoral
finsusedasamainwingbutlackslargepelvicfinslikeflyingfish
have for a horizontal tail. This fish copes with this problem by
twistingitsrear-bodyby90degreesandusesadorsalandananal
finstogetherasahorizontaltail. Thehorizontaltailneedstogenerate
lifttomakebalancewiththemainwingbutitsperformancewillbe
degradedbecauseofthedownwashofthemainwing. Theposition
ofthehorizontaltail, therefore,seemedtobeimportanttoresolve
this problem. In this study, the effect of vertical position of the
horizontaltailontheflightperformanceofthefishwasinvestigated
byconductingwindtunneltestsusingfishmodelswithdifferent
horizontaltailheight.Inconsequence, thelifttodragratiotookthe
maximumwhenthehorizontaltaillocatedhigherthanthemain
wing,indicatingtheavoidance ofdownwashrealizedhighflight
performance. Thisresultcanexplainwhytheribbonhalfbeakin
natureflieswithitsrear-bodykeepingupperthanthepectoralfins.
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A11.59 IS THERE OSCILLATION
OF GROUND REACTION FORCE DURING
WALK OF SMALL ANTS?

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ HIDETOSHI TAKAHASHI (THE UNIVERSITY OF TOKYO, JAPAN),
NORIMASA NAMIOKA (THE UNIVERSITY OF TOKYO, JAPAN),
THANH-VINH NGUYEN (THE UNIVERSITY OF TOKYO, JAPAN),
TOMOYUKI TAKAHATA (THE UNIVERSITY OF TOKYO, JAPAN),
ISAO SHIMOYAMA (THE UNIVERSITY OF TOKYO, JAPAN)

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

Insectsusesixlegswithcharacteristicgaitpatternforwalking.
Itiswellknownthatthereistheverticaloscillationofthe center
of gravity according to the transition of legs during walking in
many insect species, as well as other walking animals. Then,
because the oscillation results in energy consumption, it is
thought that less oscillation leads to more effective walking.
Hereweevaluatetheverticaloscillationduringthewalking
ofsmallantsusingaMicroElectroMechanical Systems (MEMS)
forceplate. Theforceplatewasdesignedtodirectlymeasurethe
totalgroundreactionforceinverticaldirectionofanant (Messor
aciculatus),whosemassandlengthareapproximately 1.5mgand
4mm, respectively. The fabricated force plate achieved a force
resolutionoflessthan0.5uN (thirtiethpartofthebody weight).
Moreover,theplatesizeis 15mmx7mmsothattheantisabletowalk
forseveralstepsontheplate. Fromthemeasurementresults,the
oscillation ofthe groundreaction force wasnotdetected during
walkingacrosstheplateatnormalspeedwithtripodgait.Onthe
otherhand, whenthewalkingspeedincreased, themeasuredground
reactionforceoscillatedaroundthebodyweightwithapproximately
25%ofthebodyweight. Theresultsindicatethattheamplitude of
theoscillationofthegroundreactionforceduringwalkofsmallants
variesaccordingtothewalkingspeed.

A11.60 HYDRODYNAMIC IMPLICATIONS
OF THE LONG-NECK IN PLESIOSAURS
TESTED USING COMPUTATIONAL

FLUID DYNAMICS

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ PERNILLE V TROELSEN (LIVERPOOL JOHN MOORES
UNIVERSITY, UNITED KINGDOM), DAVID M WILKINSON
(UNIVERSITY OF LINCOLN, UNITED KINGDOM), CARLO MELORO
(LIVERPOOL JOHN MOORES UNIVERSITY, UNITED KINGDOM),
PETER L FALKINGHAM (LIVERPOOL JOHN MOORES UNIVERSITY,
UNITED KINGDOM)

@ P.V.TROELSEN©2016.LJMU.AC.UK

Plesiosaursareiconicextinctmarinereptileslivingatthetime of
thedinosaurs(203-66 Mya), exhibitingsome ofthelongestnecks
amongvertebrates. Anunderstandingof whyplesiosaurshadlong
protrudingnecksisstilllacking. Varioushypotheseshavebeen
proposedregardingtheuseofthelongneck, primarily concerning
feedingstrategies. Theseinclude snappingatfastmovingfish,or
extendingthefeedingenvelopefromarelativelystaticposition,
either floating at the surface or lying immobile at the bottom.
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However,thebiomechanicalimplicationsofsuchalongneckon
fundamentalfunctionssuchassteady-statelocomotionremain
untested. Weused computationalfluid dynamics toexplore the
hydrodynamiceffectsofthelongneckwhenbent,simulatingboth
straightandcurvednecks,duringforwardlocomotion. Theanalysis
includedaseriesofsimulationsofanidealisedthree-dimensional
(3D)plesiosaurmodel carried outatdifferentdegreesandlocations
ofbending.Dragandflowpassingoverthe3Dmodelweremeasured
andvisualized.Resultsshowahigherdragasdegreeofbendingis
increased,aswouldbeexpected. Ahighlycurvedneckcreatesa
more complexflowpatternincludingzonesoflow velocitybehind
theneckandtothesideofthebody. Wehopethatbybuildingonthis
studywecanhelptoshedlightonthebiomechanicalimplications
ofthelongneckinthisgroupofmarinereptiles,andmorebroadly
informhypothesesconcerningthelifestyleandevolutionaryhistory
of plesiosaurs.

A11.61 BIOMECHANICS AND MATE
SELECTION IN THE COPULATORY FLIGHT
OF THE BLUE-TAILED DAMSELFLY
(ISCHNURA ELEGANS)

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@& HILLA DAVIDOVICH (TEL AVIV UNIVERSITY, ISRAEL),
GAL RIBAK (TEL AVIV UNIVERSITY, ISRAEL)

@ HILLAD@MAIL.TAU.AC.IL

Blue-taileddamselflieshaveauniquematingbehaviourinwhich
thepaircanremaininthecopulatorypostureforseveralhourswhile
flyingconnectedfromoneplacetothenext. Wehaveshownthat
duringthecopulatoryflightbothsexesflaptheirwings,butwhile
malesincreasetheiraerodynamiceffortthefemalesreducetheir
investmentcomparedtosolitaryflight. Suchintersexualdifferences
intheallocationofaerodynamicpowertothejointflighteffortcan
leadtomateselectionconstraints,duetothefactthattheblue-tailed
damselfliesfemalesaretypicallylarger(~1.2heavier)thanmales.
Toevaluatesuchconstraintwemeasuredtheabilityof malesin
differentsizestoflywithaddedloadsusingtheasymptoticload
liftingexperiment. We foundthatduring voluntary flight blue-
tailedmalescanflywithanaddedweightofatleast116% (SD 35%,
n=21)theirbodymass.Somemid-sizemaleswerecapableofflying
withanaddedloadequivalentto170%oftheirbodymass. Wefound
noincreaseinliftingcapabilityinlargermales. Toflywithadded
loadsmalesincreasedtheirflappingfrequencybeyondthefrequency
observedduringsolitaryflight,buttheflappingfrequency wasnot
significantlyhigherthanduringcopulatoryflight. Theseresults,
andananalysisoftheflappingkinematics,suggestthatwhilemales
arecapableofliftingtheadded weightofanaveragefemale,such
flightwouldbeclosetotheirmaximum capability. Therefore, the
assistancefromtheflappingfemaleiscrucialformoredemanding
maneuveringand climbingflight.
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A11.62 GRABBING EVOLUTION
BY THE THROAT: FUNCTIONAL
REGIONALISATION OF THE AVIAN
CERVICAL COLUMN

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ RYAN D MAREK (UNIVERSITY OF LIVERPOOL, UNITED
KINGDOM), KARL T BATES (UNIVERSITY OF LIVERPOOL,
UNITED KINGDOM), PETER L FALKINGHAM (LIVERPOOL JOHN
MOORES UNIVERSITY, UNITED KINGDOM)

© RDMAREK@LIVERPOOL.AC.UK

Birdshaveevolvedpowerfulforelimbsthatareusedinflight. This
has rendered these appendages less useful for environmental
manipulation than in many of their dinosaurian antecedents.
Reliance on the head/neck for feeding and environmental
interactionplaceshighselectivepressureoncervical form-function
potentiallyexplaining thediversityinavianneckmorphology.
To-datetherehasnobeennosystematicstudy of morphological
diversity in the avian neck and it’s correlation with feeding
habits. We use a combination of three-dimensional geometric
morphometrics (GMM)andqualitativecharactercodingtoassess
regionalisationwithinthecervicalcolumnofavarietyofextant
birds. These species represent a diverse array of feeding and
functionalecology,cervicalcount(12-17) andbody size. Results
provide strong supportfor 5 cervical subregions (axis, anterior,
middle,midposterior, posterior)inallspecies. Theatlassubregion
appearstoshowthestrongestsignal, withtheaxisbeingclearly
separateinallstudiedbirds, possiblyowingtoitsfunctionintohead
stabilisation. Othersubregionswithastablecervicalcount (anterior
andposterior)alsodisplayaclearfunctionalrole. Theremaining2
regions (middle, midposterior) showmuchvariabilityincervical
count between species (middle 2-6 cervicals, midposterior 1-4
cervicals). Theseresultssuggestthatwhilsttheunderlying Hox
geneticsmayrestrictaviansto5cervicalsubregions, expansive
variabilityinthemiddleand midposteriorregionsallowthecervical
columnsofbirdstoadapttomanydifferentfunctionalecologies,
andmayberesponsibleforthelarge variety ofneckmorphologies
observedinextant Aves.

A11.63 THE EFFECT OF A
BUOYANCY JACKET ON THE HEART
RATE OF SWIMMING DOGS

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ ALISON P WILLS (HARTPURY UNIVERSITY CENTRE, UNITED
KINGDOM), OLIVIA MEDCALF (HARTPURY UNIVERSITY CENTRE,
UNITED KINGDOM)

@ ALISON.WILLS@HARTPURY.AC.UK

Canine hydrotherapy is becoming increasingly popular for
rehabilitationandasafitnesstrainingaid. Duringswimming, the
useofbuoyancyjacketsisrecommended, particularly forweakor
vulnerablepatients. Thereisminimalresearchinvestigatingthe
effectofbuoyancyaidsonphysiologicalparametersinswimming
dogs.Inthisstudy,sevenhealthyacclimatiseddogscompletedsix
lapsofahydrotherapypoolwithandwithoutabuoyancyjacket.
When not wearing a buoyancy aid, all dogs were fitted with a
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standardsafetyharness. Aheartratemonitorwasattachedunderthe
buoyancyjacketorharnessandkinematicmarkerswereplaced on
boththedorsalandlateralaspectofthejacketorharness.Datawere
analysedviaapairedt-testtotestfordifferencesindisplacement
andheartratebetweenthetwoconditions. Minimumheartrate
wassignificantlylower (p<0.05)inthebuoyancyjacketcompared
tothe harness. However, there was no significant differencein
maximum (p=0.864) ormean (p=0.089) heartratebetweenthe
jacketandharness. Minimumandmaximumdisplacement were
significantlyhigher (p<0.001)fordogsswimminginthebuoyancy
jacket.Somephysiologicaldifferences wereobservedbetweendogs
wearingabuoyancyjacketandharnessindicatingthat further
researchiswarrantedtoassesshowbeneficialbuoyancyaidsare
fordogs, particularlythosewithcardiovascularconditions. When
wearingthebuoyancyjacket,dogswerepositionedhigherinthe
water, whichmayhaveenergeticimplicationsforswimmingand
shouldbeconsideredinthedesignoffuturehydrotherapyprotocols.

A11.64 CAN FOOT SURFACE
AREA IN VIVO PREDICT SKELETAL
SURFACE AREA?

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ ELEANOR C STRICKSON (LIVERPOOL JOHN MOORES
UNIVERSITY, UNITED KINGDOM), JOHN R HUTCHINSON
(THE ROYAL VETERINARY COLLEGE, UNITED KINGDOM),
PETER L FALKINGHAM (LIVERPOOL JOHN MOORES UNIVERSITY,
UNITED KINGDOM)

@ CATHERINESTRICKSON@GMAIL.COM

Thesurfaceareaoffeetincontactwiththegroundisakeyaspectof
ananimal?slocomotion. Dependentuponthesizeandshapeofthis
areaareunderfootpressures (andconsequently forcesexperienced
bythefoot),andstabilityofananimalduringlocomotion. When
studyinglocomotionofextincttaxa,informationcanbefoundin
bothtrackways (recordedinvivo) and skeletons. However, thereis
adisconnectinmany casesbetweenthesesourcesofinformation
-tracksareproducedbythesofttissuessurroundingthebones,not
thebonesthemselves. Wesetouttoexaminewhethertheareaof
askeletal foot could predictin vivosoft-tissuefoot surface area.
Computed Tomography (CT) scans of several extant tetrapods
(coveringmammals, crocodilians,birdsand salamanders) wereused
toproducemodelsofthefullextentofboththefleshandthebones
oftheirfeet. Modelswerealignedtothehorizontal,approximating
lifepositions,andtheiroutlinesprojectedontoasurfacetoproduce
two-dimensional ‘footprints’. Areas of these projections were
calculatedusingbothconvexhullsandalphashapes, toinvestigate
thebestmethodforconsistentlycalculatingarea. Convexhulls
werehighlysensitivetopose(e.g.interdigitalangles), whilealpha-
hullingproducedmore consistent ‘tight-fitting’ outlinesforarea
calculation. Under-footareacalculated fromosteologyalonewas
generallyaround50to60%thatoftheareacalculatedfromafully-
fleshedfoot.Primaryexceptionstothistrendwerefoundinhorses
(asmightbeexpected)andamongcrocodilians.
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A11.65 ON THE RELATIONSHIP BETWEEN
INDENTATION HARDNESS AND MODULUS,
AND THE DAMAGE RESISTANCE OF
BIOLOGICAL MATERIALS

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

& DAVID LABONTE (UNIVERSITY OF CAMBRIDGE, UNITED
KINGDOM), ANNE-KRISTIN LENZ (UNIVERSITY OF
APPLIED SCIENCES BREMEN, GERMANY), MICHELLE L OYEN
(UNIVERSITY OF CAMBRIDGE, UNITED KINGDOM)

@ DL416@CAM.AC.UK

Theremarkablemechanical performanceofbiologicalmaterials
is based on intricate structure-function relation-ships.
Nanoindentationhasbecometheprimarytoolforcharacterising
biological materials, asitallows torelate structural changes to
variationsinmechanical propertiesonsmallscales. However, the
respectivetheoreticalback-groundandassociatedinterpretation
oftheparametersmeasuredviaindentationderiveslargelyfrom
researchon ‘traditional’ engineeringmaterialssuchasmetalsor
ceramics. Here,wediscussthefunctionalrelevanceofindentation
hardnessinbiologicalmaterialsbypresentingameta-analysisof
itsrelationship withindentation modulus.Across seven orders
of magnitude, indentation hardness was directly proportional
to indentation modulus. Using a lumped parameter model to
deconvoluteindentationhardnessintocomponentsarisingfrom
reversible and irreversible deformation, we establish criteria
which allow to interpret differences in indentation hardness
acrossorwithinbiologicalmaterials. Theratiobetweenhardness
and modulus arises as a key parameter, which is related to the
ratio between irreversible and reversible deformation during
indentation,thematerial’syieldstrength,andtheresistanceto
irreversibledeformation,amaterial property whichrepresents
theenergyrequiredtocreateaunitvolumeofpurelyirreversible
deformation. Indentation hardness generally increases upon
materialdehydration,howevertoalargerextentthanexpected
fromaccompanyingchangesinindentationmodulus,indicating
thatwateractsasa ‘plasticiser’. Adetaileddiscussionoftherole of
indentationhardness,modulusandtoughnessindamage control
duringsharporbluntindentationyieldscomprehensiveguidelines
for a performance-basedranking of biological materials, and
suggeststhatquasi-plasticdeformationisafrequentyetpoorly
understood damage mode, highlighting an important area of
futureresearch.
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A11.66 COMPILING THREE-
DIMENSIONAL GEOMETRIES OF
LARGE AS WELL AS TINY OBJECTS
USING PHOTOGRAMMETRY

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ MICHAEL BENNEMANN (WESTPHALIAN INSTITUTE FOR
BIOMIMETICS, GERMANY), TOBIAS SEIDL (WESTPHALIAN
INSTITUTE FOR BIOMIMETICS, GERMANY)

@ MICHAEL.BENNEMANN@W-HS.DE

For detailed analyses often three-dimensional geometries of
specimenwereneeded. Untilnowthesedatacouldonlybeacquired
throughrathercostlytomographyorbyrathertedioussectioningof
thespecimenintoslices. Thetechnique of photogrammetrymakes
itpossibletocompilethree-dimensional geometriesoflargeaswell
astinyobjectsusingstandardandaffordableequipmentandallows
todosowithoutdestroyingthespecimen.First, thespecimenis
photographedfromseveralperspectives. Simplespecimenrequire
approximately24imagestakeninthreedifferentheights-levels
of the specimen, all adjusted to the centre of the specimen and
equally spaced to each other. For more complex specimen more
images were needed. Secondly, these images can be joined to
compileathree-dimensional geometryusingphotogrammetry
software. The technique of image acquisition is not limited to
standard photography, but also suitable for example scanning
electronmicroscopyallowingthecompilationofreally tiny three-
dimensional geometries. Inconclusion, photogrammetryisafast,
easyandcostneutralwaytocompilethree-dimensional geometries
oflargeandtinyspecimen.

A11.67 GEOMETRY OF DRAGONFLY
WING SECTIONS - INFLUENCE ON
LIFT AND DRAG

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

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

@ ALBERT.BAARS@HS-BREMEN.DE

Wingsectionsofdragonfliesexhibitcorrugatedprofiles. Previous
investigationsrevealforReynoldsnumbersuptoRe=16000and
anincidence of 3° that thelift to dragratios of adragonfly wing
sectionaresuperiortothoseofanordinaryNACA0012profile. This
workintendstocontributetothequestion: “Whichinfluence does
thegeometryofdragonflywingsectionsexertonliftanddrag”.
Thewingsectionisabstractedbyasequenceof9line elements.
Thecoordinatesofthelineendingsindirectionof chordlineare
calculatedbyageometricseriesandperpendiculartochordline
byasymmetrical4-digitNACA profile. Geometryparametersare
theslopeofthefirstlineelementandthe expansionfactorr. Forr=1
theprojectionlengthstochordlineofalllineelementsareequal,
forr>1theprojectionlength ofelementsincreasesfromleading
totrailingedge. Results from computational fluid dynamics for
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aprofilethicknessof12%, Re=4000and anincidence of 3°show:
Incomparisontoapositiveslopeanegativeslopeofthefirstline
elementleadstoareductionindrag. Withincreasingr, theoscillating
behaviourofliftanddragreduces. Fromanaerodynamicviewa
negativeslopeofthefirstelementandr>1seemstobefavourable.
Ingeneral,literaturedataindicateahighernumberofshorterline
elements near the leading edge in comparison to the rear part.
Both, positiveandnegativeslopesoffirstlineelementscanbefound
inliterature.

A11.68 RECONSTRUCTING MOVING
MORPHOLOGY USING RASPBERRYPI
(PIROMM): RANGE OF MOTION IN
OSTRICH CERVICAL VERTEBRAE AT
PROGRESSIVE STAGES OF DISSECTION

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

& PETER L FALKINGHAM (LIVERPOOL JOHN MOORES UNIVERSITY,
UNITED KINGDOM), LEWIS FINCH (LIVERPOOL JOHN MOORES
UNIVERSITY, UNITED KINGDOM), RYAN MAREK (UNIVERSITY
OF LIVERPOOL, UNITED KINGDOM), PERNILLE V TROELSEN
(LIVERPOOL JOHN MOORES UNIVERSITY, UNITED KINGDOM)

©@ PFALKINGHAM@GOOGLEMAIL.COM

Advancesinrecordingthree-dimensional (3D) movingmorphology,
such as XROMM, have enabled an unprecedented view of how
internalmorphologymoves,evenwhenhiddenbysoft-tissue. While
suchmethodsofferexceptionallevelsofaccuracyandprecision,
they are typically associated with costs (both monetary and
infrastructure) beyondthemeansofmostresearchers, especially
students. Wepresentanexperimentalset-up consistingofthree
networkedraspberryPimicrocomputerswithcameramodules,in
whichwerecorded therange of motioninostrichcervical vertebrae
at progressive levels of dissection. Pins were inserted through
thesofttissueandintothebone,and theneckwasmanipulated
by hand. Camera positions were calibrated using XMALab,
softwaredevelopedforthe XROMM workflow. The visibleheads
ofthepinsweretrackedinallthreecameras. Afterdissection, the
cervicalvertebrae weredigitized (with pins stillin place) using
photogrammetry, and matched to the tracked positions of the
pinheads,providingacomplete3D animated sceneoftheneckin
motion. Limitationsofthecameramodulehardwaremeantthat
highresolutionsandshortexposuretimesweredifficult,makingthe
currenthardwareunsuitableformoderatetofastmotion. However,
alreadymoreadvanced cameramodulesareavailableatlowcost,
andweseethissystem (orsystemslikeit) becomingmuchmore
effectiveintheimmediatefuture. Withthissystem, wewereable
toreconstruct3Dbonemotionswithpromisinglevelsofaccuracy
andprecisionataverylowcost,andthismethodmaybeofuseto
researcherswithlimitedresources.
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A11.69 AQUATIC RIGHTING
PERFORMANCE OF CHINESE
MITTEN CRABS

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

& FLORIAN HOFFMANN (BIOMIMETICS-INNOVATION-CENTRE,
GERMANY), SUSANNA LABISCH (BIOMIMETICS-INNOVATION-
CENTRE, GERMANY), ANTONIA KESEL (BIOMIMETICS-
INNOVATION-CENTRE, GERMANY)

@ FHOFFMANN@BIONIK.HS-BREMEN.DE

Thebiomechanicsoftheaerialrightinghasbeenwidelyinvestigated
onflightlessanimals.Incontrasttothat,theunderwaterrighting
has not been explored so far but looks promising. Turning
strategies of Chinese mitten crabs (Eriocheir sinensis) were
investigated to get an overview of the used strategies and the
turning performance. Forthe turningmanoeuvre fromadorsal
to a ventral position, mostly the fifth pereiopod pair is used.
Thehydrodynamicforcesofthesepereiopods weremeasuredin
experimentsbyparticleimagevelocimetry (dPIV)andakinematic
approach.Furthermorethecrabturningmanoeuvrewasmodelled
inamultibody simulationsoftware (ADAMS,rel.2013.1)inorder
tocomparethenecessaryturningforceswithatheoreticalmodel.
For the initiating stroke of the pereiopods, we got by the
dPIV measurements mean forces of 0.012 + 0.0054 N (n =9)
and by the kinematic approach a mean force of 0.018 + 0.004 N
(n = 28). The simulation results suggest that a constant force
of 0.009 N acting for 0.2 s is necessary to perform a 180°-turn.
Measuredforcesinexperimentsareabout2timeshigherthan
inthesimulation, butinconsiderationofthedurationandtheforce
curve, theyleadtoasimilar momentum and a comparable 180°
turn.Byaddingacrabinspired pereiopodtounderwaterrobotics
systems(e.g.aROVplatform), they shouldhavethecapabilityto
stabilize themself quick and efficient without the need to add
multiplethrusters.

A11.70 DO FLYING FISH HOLD
BIOMIMETIC POTENTIAL FOR WING
IN GROUND EFFECT CRAFTS?

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

& VINCENT E FOCKE (BIOMIMETICS-INNOVATION-CENTRE
(B-I-C) CITY UNIVERSITY OF APPLIED SCIENCES BREMEN,
GERMANY), ANTONIA B KESEL (BIOMIMETICS-INNOVATION-
CENTRE (B-I-C) CITY UNIVERSITY OF APPLIED SCIENCES
BREMEN, GERMANY), ALBERT BAARS (BIOMIMETICS-
INNOVATION-CENTRE (B-I-C) CITY UNIVERSITY OF APPLIED
SCIENCES BREMEN, GERMANY)

@ VINCENT.FOCKE@GMAIL.COM

Lookinguptotheskyseemsreasonablewhenlookingforinspiration
from animals that fly. But one rather exotic animal is easily
overlooked:flyingfish (Exocoetidae). Duetotheirlowflighthheight
theiraerodynamicsareinfluencedbythegroundeffect- Aneffect
occurring when the ratio of an object’s wing span S and flying
heighthissmallerthan0.5.Thisratioisdenotedasdimensionless
heightr.Nevertheless, theirflightcharacteristicshavebeenbarely
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studied.Inthisstudy,amorphometricanalysisofflyingfishhas
beenperformed. Usingthemorphometricdatainascaleupprocess,a
MicroAir VehicleoperatingataReynoldsnumberof1-108isderived.
Themodelisanalyzedatfivevaluesofr,rangingfromr=5tor=0.24,
usingcomputationalfluiddynamics. Morphometricanalysisreveal
deviationsfromliteratureforthepectoralfininangleofattackand
planform. Whenliftanddragcoefficientsforr=0.24 are compared
tor=0.5,theliftcoefficientincreasesby24.5%forthepectoralfin
anddragcoefficientdecreasesby 1.56%duetoflightingroundeffect.

A11.71 AERODYNAMICS OF
MANOEUVRING FLIGHT IN BATS

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ PERHENNINGSSON (LUND UNIVERSITY, SWEDEN), LASSE
JAKOBSEN (UNIVERSITY OF SOUTHERN DENMARK, DENMARK)

©@ PER.HENNINGSSON@BIOL.LU.SE

Researchonanimalaerodynamicstodatehasbeenlargelylimited
to steady level forward flight. In recent years the techniques
usedinaerodynamicresearchhasdevelopedandtheresolution
oftheaerodynamictracksweareabletorecordandreconstruct
has been greatly improved - both temporally and spatially.
Therefore, it is now possible to analyse how animals execute
manoeuversthroughdifferencesintimingandmagnitude offorces
generatedbythetwowingsdynamicallythroughthewingbeat.

In the daily life of any flying animal, manoeuvring is
something that is ever present; predators pursuing prey, prey
avoiding predator, coping with gusty winds, flying through
clutteredenvironment,andsoon.Forbats catchinginsectprey
onthewing,itiscentralandthereforethewaytheyperformtheir
manoeuversisofdirectimportancetotheirbiologyandecology.

Herewepresenttheresultsfromthefirsteverstudytoexplicitly
explore the aerodynamics of manoeuvring flight in animals.
We performed a set of experiments on Brown long-eared bats
(Plecotusauritus)flyinginawindtunnelandused time-resolved
stereoparticleimagevelocimetry (PIV)tocapturethewakes. We
encouragedthebatstoperformlateralmanoeuversbylaterally
translatingathinmetalstingholdingamealwormattheinstant
justbeforethebatapproachedit. Weidentifiedthreemainphases
foranalysis; (i) initiation of themanoeuver, (ii) execution of the
manoeuver,and (iii) termination of themanoeuverandstabilization.
We discuss the results in the context of flight performance
andmechanics.
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A11.72 MECHANICAL POWER OF BIRD
FLIGHT: CAN BODY ANGLE EXPLAIN A
FLAT POWER CURVE?

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@& L CHRISTOFFER JOHANSSON (LUND UNIVERSITY, SWEDEN),
MASATERU MAEDA (TOKYO INSTITUTE OF TECHNOLOGY,
JAPAN), PER HENNINGSSON (LUND UNIVERSITY, SWEDEN),
ANDERS HEDENSTROM (LUND UNIVERSITY, SWEDEN)

@ CHRISTOFFER.JOHANSSON@BIOL.LU.SE

Aflyinganimalacceleratestheairarounditto generate weight
support and thrust. This requires power and according to
aerodynamictheorythepowershouldvaryinaU-shapedpattern
withspeed. However,directlymeasuringthemechanicalpowerhas
beenchallengingandindirectmeasureshavebeenusedinstead,
wheresomeofthepreviousresultshavepointedtoaflatpowercurve.
Hereweestimatethemechanical powerdirectly fromtomographic
particleimagevelocimetrymeasurementsoftheinducedflowinthe
wakeoftwopiedflycatchersflyinginourwindtunnel. Thepower
showsaU-shapedpattern,buttheresidualsoffittingastandard
power equation to the data shows a flatter power curve than
expected. Flyingbirdsincreasetheirbody anglewhenflyingslowly,
whichisexpectedtoincreasebodydragcoefficientand the projected
bodyfrontalarea. Whenincludingavariabledragcoefficientand
frontalareainthemodel, wegetabetterfittoourdataandspeculate
thatbodyanglemayhelpexplaintheflatpowercurvespreviously
found. Ourhighresolutionmeasurementsalsosuggestamechanism
forgeneratingaunited wakeofthetwowings, whichcouldhelp
explainthehigherspanefficiencyfoundinbirds comparedtobats.

A11.73 JET-SET MOLLUSCS: THE
STRUCTURE AND HYDRODYNAMICS OF
CUTTLEFISH (SEPIA OFFICINALIS)
JET PROPULSION SWIMMING

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ NICHOLAS W GLADMAN (UNIVERSITY OF LEEDS, UNITED
KINGDOM), GRAHAM N ASKEW (UNIVERSITY OF LEEDS,
UNITED KINGDOM)

@ BSNWGELEEDS.AC.UK

Rapid and escape locomotion in cephalopods is driven by jet
propulsion. Water is taken into the mantle cavity which is
compressed by contraction of surrounding circular muscles,
expellingwaterviathesiphonpropellingtheanimal. Cuttlefish
(Sepia officinalis) use jet propulsion swimming for activities
rangingfrommigratoryjourneysandforagingtointeractionswith
conspecificsandpredators.Inordertomaximisetheirswimming
performance, cuttlefishmusteffectivelytransferenergyfromtheir
musclestousefulenergyinthewater. Here, the characteristics of
thejetsofhatchlingandjuvenile cuttlefishweremeasuredusing
particleimagevelocimetrytotrackthefluidmovements,andthe
hydrodynamicefficiencywascalculatedastheratiooftherateat
whichworkisdoneagainstdragtothetotalpowerrequirements. Two
modesofjetpropulsionwereidentifiedbasedonthecharacteristics
ofthejets:modeljetsconsistedofanisolated vortexring,andmode
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ITjetsinwhich aleading pinched off vortexringis followed by a
trailingjetoffluid. Thepropulsiveefficiency ofanimalsdeclined
withage, wherehatchlinganimals (76 +1%)weresignificantlymore
efficientthanjuveniles(61+2%). Wealsofoundpropulsiveefficiency
increasedatgreaterswimspeeds(rangingfromapproximately 32
1091%). Undulatory swimmingisconsidered moreefficientthan
jetpropulsion,animalssuchaschubandrainbowtrout,achieve
hydrodynamicefficienciesbetween70and97%,ourresultssuggest
cuttlefishareabletoachieve comparablehydrodynamicefficiencies
throughjetpropulsion.

A11.74 A QUANTITATIVE AND
COMPARATIVE ANALYSIS OF THE
WING MUSCLE ARCHITECTURE OF
BIRDS OF PREY

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

& FERNANDA BRIBIESCA CONTRERAS (UNIVERSITY OF
MANCHESTER, UNITED KINGDOM), WILLIAMS SELLERS
(UNIVERSITY OF MANCHESTER, UNITED KINGDOM), BEN
PARSLEW (UNIVERSITY OF MANCHESTER, UNITED KINGDOM)

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

Flightisakeyfeatureintheevolutionofbirds. Winganatomyand
morphologyreflectmanyaspectsofavianbiologysuchasflight
capacity. Howeverlittleisknownabout theflight musculature,
inparticular,ofthemostdistalmuscles. Therefore, theaimofthis
workistoinvestigatetheform-functionrelationship ofthewing
musculatureofbirdstounderstandtheroleofindividualmuscles
duringflight.Dissectionsof different species ofbirds of prey were
performedtocollectnumericaldataofmusclearchitecture,which
istheprimarydeterminantofmusclefunctionandforce-generation
capacity. Birds of prey are a highly diverse group that presents
differentflightstylesthroughoutthetaxa, whichmakethemagood
modelforthepurposeofthisstudy. Wingmusclemass(MM)scaled
withbodymassl.035andmusclelength (ML) withMMO%343, although
shoulderandhandmusculaturesignificantly differedincomparison
withtheotherregionsofthewing.Incontrast,fasciclelength (FL)
scaledtoMM?2%5, Musclearchitectureparametersbetweenspecies
areillustrated whereweobservedifferentpatternsofvariation.
A proximal-to-distal reduction of MM and ML occurs whereas
tendon mass (TM) and insertion tendon length (TL) increases.
Thisarrangementminimizesthewingmomentofinertiaduring
flightwhilstallowingcontrolofthedistalwing. Thisstudypresents
quantitativeinformationofmusclearchitectureofbirdsof preythat
helpstounderstandthefunctionalcapacityof theforelimbmuscles,
whichcanbeusedforbiomechanicalanalysisofflight.
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A11.75 DO BONY TUBERCLE INSIDE THE
FALCON NOSTRIL EFFECT BREATHING
DURING HIGH SPEED DIVING?

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ ANTONIA B KESEL (BIOMIMETICS-INNOVATION-CENTER
UNIVERSITY OF APPLIED SCIENCES BREMEN, GERMANY),
FLORIAN HOFFMANN (BIOMIMETICS-INNOVATION-CENTER
UNIVERSITY OF APPLIED SCIENCES BREMEN, GERMANY),
ALBERT BAARS (BIOMIMETICS-INNOVATION-CENTER
UNIVERSITY OF APPLIED SCIENCES BREMEN, GERMANY)

@ AKESEL@BIONIK.HS-BREMEN.DE

Duringpreyattacks,falconsreachspeedvaluesofmorethen300
km/h,indicated as the top speedin animal kingdom. These top
speeddivesrequestatleastahighmanoeuverabilityandprecision,
whichresultsinahighneedofenergyresp.oxygeneforthemuscles
andthesensorysystem. Torealizesasufficientoxygenesupply,
continuousbreathingduringthedivesisimportantforthebirds,
evenagainsthighbackpressureintheirinternal ventilationsystem.
To assists the airflow during breathing, a small bony tubercle
insidethenostrilofthefalconisdiscussedbutnotprovedsofar.

Totestthefluiddynamiceffectsofthisbonystructure,aseries
of3DmodelsbasedonMicroCT scansofanadultfemalefalcon (Falco
peregrinus)noseresp.ofthefirstchamberoftheconchaesystem
were produced. The nostril geometry depending nasal airflow
wastestedviadynamicpressuremeasurementsinawindtunnel
systemaswellasviacomputationalfluiddynamicsanalyses.First
results show a buffle-like function of the structure, which may
offerinspirationfortechnicalairflowsystemslikeaircondition
andventilationplants.
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A11.76 THREE-DIMENSIONAL
MUSCULOSKELETAL MODEL OF THE TIGER
SALAMANDER (AMBYSTOMA TIGRINUM)
FORELIMB DURING TERRESTRIAL
LOCOMOTION

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

& SANDY M KAWANO (ROYAL VETERINARY COLLEGE, UNITED
KINGDOM), JOHN R HUTCHINSON (ROYAL VETERINARY
COLLEGE, UNITED KINGDOM)

©@ SMKAWANO@RVC.AC.UK

Locomotion places some of the greatest loads upon the
musculoskeletal systemforbody supportandpropulsion,andthe
application of computationalmodelshasprovidednewinsights
intohow differentmusculoskeletaldesignsdrivediverselocomotor
behaviours.Livingsalamandersoftenrepresentmodernanalogues
toearly stemtetrapods and areimportant functional models to
evaluate the locomotor capabilities of a generalised tetrapod
bauplan. A computational model of the forelimb in the adult,
terrestrial tiger salamander (Ambystoma tigrinum) was built to
simulatelimbmechanicsduringthelateralsequencewalkandhelp
illuminateaspectsofthewater-land transition. The components of
thisinteractive3Dmusculoskeletalmodelincludedbones,joints,
segmentmasses,andsegmentmomentsofinertiathatwereobtained
fromsalamandercadavers.3Dmodelsofthebonesandmuscleswere
segmented usingiodine potassiumiodide-enhanced micro-CT
scanning.Masssegmentsusedtoestimatetheinertial properties
ofthebody,arm,forearm,andmanusweremodelledas geometric
primitivesofuniformdensity,andthegeometryandarchitecture
ofover20musclesspanningtheshoulder, elbow,andwristwere
incorporated asmusculotendon units. Simulated datafromthe
musculoskeletalmodelarecomparedtopublished empirical data
collectedontheinversedynamicsofA. tigrinumduringterrestrial
locomotiontoassesshowwellthepredicted datafromthemodel
matchedbiologicaldata. Extension ofthismusculoskeletalmodel
tothesalamanderhindlimbareongoingandwillprovideamore
in-depthanalysisofthemechanismsunderlyingdifferencesin
locomotorfunctionbetweentheforelimbsandhindlimbs.
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A11.77 SPOILER-LEGS HELP STREAM
MAYFLY LARVAE TO STAY ON THE GROUND

™ TUESDAY 4 JULY, 2017 POSTER SESSION

& PETRA DITSCHE (UNIVERSITY OF ALASKA ANCHORAGE, UNITED
STATES), FLORIAN HOFFMANN (UNIVERSITY OF APPLIED
SCIENCE BREMEN, GERMANY), SARAH KAEHLERT (ZOOLOGICAL
INSTITUTE OF THE UNIVERSITY OF KIEL, GERMANY),

ANTONIA KESEL (UNIVERSITY OF APPLIED SCIENCE BREMEN,
GERMANY), STANISLAV GORB (ZOOLOGICAL INSTITUTE OF THE
UNIVERSITY OF KIEL, GERMANY)

@ PDITSCHE@ALASKA.EDU

Whilealifeinrunningwaterguarantiesaconstantsupplywithfood,
nutrientsandoxygen,thephysicalfeaturesofthiscurrentshaped
environmentcanbechallenging. Streaminsectshavedeveloped
both,behaviouraland morphologicalstrategiestodealwithflow
forces. Themayflylarva Ecdyonurus sp. crawlstocurrentexposed
places to graze on algae on top of stones. Their dorso-ventrally
flattenedbodyshapeisoftenconsideredtobeanadaptationtoflow
forces.However,whilethisbodyshapeconsiderablyreducesdrag,it
increasesliftontheotherhand. Thelatterputsthelarvaeindanger
ofbeingdetachedfromthebottomsubstrate. Weused microscopic
techniques, 3D-printing,andforcemeasurementsinawindtunnelto
investigatetherole ofthewidenedfemoraof Ecdyonurussp.larvaein
counterbalancingtheseliftforces. Ourresultsshowthatthelarvae
usetheirfemoralikespoilersgeneratingadownwardsdirectedforce
(negativelift), whichhelpsthemtostayontheground. Thelarvacan
activelyregulatetheamountofnegativeliftby changingthefemur’s
angleofattack.Dependingonthespecificconditionsthisstream
insectscanevenusethegroundeffecttosupportthegenerationof
negativelift. Ourresultsproofthatmorphologicalflowadaptations
of streaminsectscanreachfarbeyondtheeffects of theoverall
bodyshape.

ANIMAL ABSTRACTS 243

A11.78 TROUT SWIMMING:
THRUST AND EFFICIENCY FROM
A NUMERICAL PERSPECTIVE

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

& ALJOSCHA SANDER (CITY UNIVERSITY OF APPLIED SCIENCES
BREMEN, GERMANY), EIZE STAMHUIS (UNIVERSITY
OF GRONINGEN, NETHERLANDS), ALBERT BAARS (CITY
UNIVERSITY OF APPLIED SCIENCES BREMEN, GERMANY)

@ ALJOSCHA.SANDER@HS-BREMEN.DE

Fishswimminghaslongbeeninthescopeofexperimentalbiologists.
Nevertheless,ithasalwaysbeenachallengetoinvestigate the
mechanicalefficiencyoffishswimming.Inthisstudy,atrouthas
beenabstractedbyatwodimensional NACA0012profile. Theflow
aroundthesubcarangiformswimmingfishmodelataReynolds
numberof10°wasinvestigatedusingcomputationalfluiddynamics.
Thetailbeatfrequencieswereadaptedtotypical Strouhalnumbers
of St=0.25and0.3. Theflowtopology showsattachedflowalong
thebody and aninverse Karman vortex streetin the wake. For
St=0.25anaveragethrustcoefficientofcr =0.5withanaverage
mechanicalefficiencyofn=0.48wasachieved.For St =0.3values
of cr =0.66andn =0.52 arise. Theincreasein thrust coefficient
withStseemstobereasonableandisinaccordancewithliterature.
Lighthill’'sElongated Body Theory (EBT)intheimprovedversion
fromBorazjaniundSotiropoulosdeliversefficienciesof0.7and0.69,
respectively. Thedeviationsmayresultfromthetwo-dimensional
numerical simulation oftheflowandnumericaldiffusion. Dueto
simplifiedassumptionsof EBT, thistheoryleadstoanoverestimation
of efficiencies. To investigate this gap, three dimensional fish
modelsshouldbeconsideredinthefuture. Furthermore, therange
of St shouldbeenlargedtoreceiveinformationaboutmaximum
valuesofn.
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A12 OPEN ANIMAL BIOLOGY

ORGANISED BY: CRAIG FRANKLIN (ANIMAL SECTION CHAIR, SEB)

A12.1 PHARMACOLOGICAL
CHARACTERISATION OF A
VASOPRESSIN/OXYTOCIN-TYPE
RECEPTOR IN AN ECHINODERM

™ WEDNESDAY 5 JULY, 2017 ©® 09:00

A12.2 INFLUENCE OF THYROID
HORMONES ON DEVELOPMENT OF
ENDOTHERMY AND VENTILATION IN
ALTRICIAL AND PRECOCIAL BIRDS

™ WEDNESDAY 5 JULY, 2017 ® 09:15

@& ESTHER A ODEKUNLE (QUEEN MARY UNIVERSITY OF LONDON
SCHOOL OF BIOLOGICAL AND CHEMICAL SCIENCES, UNITED
KINGDOM), CHRISTIAN W GRUBER (MEDICAL UNIVERSITY
OF VIENNA CENTER FOR PHYSIOLOGY AND PHARMACOLOGY,
AUSTRIA), MAURICE R ELPHICK (QUEEN MARY UNIVERSITY OF
LONDON SCHOOL OF BIOLOGICAL AND CHEMICAL SCIENCES,
UNITED KINGDOM)

@ E.A.ODEKUNLE@QMUL.AC.UK

Vasopressin/Oxytocin  (VP/OT)-type peptides are a
bilaterian neuropeptide family that exert effects via co-
evolved receptors and are involved in regulation of diuresis,
reproduction and social behaviour in mammals. Recently, we
identified a VP/OT-type peptide (asterotocin; CLVQDCPEG-
NH2 ) that triggers cardiac stomach relaxation (in vitro) and
eversion (in vivo) in the starfish Asterias rubens (Phylum
Echinodermata) (Odekunle et al, unpublished data).

Herewehaveidentifiedtheasterotocinreceptor (AstR), which
isactivatedbyasterotocininaconcentration-dependentmanner
whenitisexpressedin CHOcells (ECso =4x10-*M). Toinvestigate
thestructure-activityrelationshipsofasterotocinasaligandfor
AstR,wetestedanasterotocinanalog, Arg-vasopressinandacrinoid
VP/OT-typepeptide (crinotocin). Substitution of D-glutamateat
position8ofasterotocinresultedinadecreaseinpotency (ECso =
1x10-$M), whilst Arg-vasopressin exhibited little orno agonist
activity. Crinotocin exhibited very weak agonist activity but
at 100 pM decreased the potency of asterotocin by more than
30-fold, suggesting thatitcan act as a competitive antagonist.

Toscreenmorewidelyfor AstRantagonistsalibraryofknown
human VP/OTR antagonists and VP/OT-type peptide analogs
weretested, including the non-peptide human Vi, R antagonist
relcovaptan. However,noneofthesecompoundshadasignificant
effectontheactivationof AstRbyasterotocin. Wealsodesigned
an asterotocin analog (MCA-Tyr(Me)2-asterotocin) based on
the Manning compound, which is a highly-potent V1a R/OTR
antagonist. MCA-Tyr(Me)2-asterotocin exhibited very weak
agonistactivitybutdidnothaveasignificanteffectonthepotency
ofasterotocin.

@ EDWARD M DZIALOWSKI (UNIVERSITY OF NORTH TEXAS,
UNITED STATES), TUSHAR S SIRSAT (UNIVERSITY OF NORTH
TEXAS, UNITED STATES), SARAH KG SIRSAT (SUNY POTSDAM,
UNITED STATES)KINGDOM), CHRISTIAN W GRUBER (MEDICAL
UNIVERSITY OF VIENNA CENTER FOR PHYSIOLOGY AND
PHARMACOLOGY, AUSTRIA), MAURICE R ELPHICK (QUEEN MARY
UNIVERSITY OF LONDON SCHOOL OF BIOLOGICAL AND CHEMICAL
SCIENCES, UNITED KINGDOM)

@ EDZIALGUNT.EDU

Thyroidhormones (TH)arekeyregulatorsofavianmetabolism
andarethoughttoregulatedevelopmentofendothermy. Tobetter
understand the role of TH in avian metabolic development, we
examineddevelopmentofsystemicoxygenconsumption (Vo,)and
ventilation(frequencyandtidalvolume-Vr)inprecocial Pekinducks
andaltricial Red-wingedBlackbirds (RWBB)underhypothyroid
conditionsviaadministration ofthe thyroperoxidaseinhibitor
methimazole (87.6 mM/kg). Ducksweredosedonday 24 ofa?28-
dayincubationperiodandstudiedduringexternal pippingand 1day
posthatching(dph). Blackbirdsweredosedon2,3,4,and5dphand
measuredondays5,7,and9post-hatching. InPekinduckhatchlings,
hypothyroid treatment blunted the endothermic metabolic
responsewhen gradually cooledfrom32t015°C.Hypothyroid1
dphhatchlingshadalowerresting Vo, thatdidnotincreasetothe
sameextentascontrolanimalsduringgradualcooling. Ventilation
frequencyofallhatchlingsincreasedduringcoolingwhile VT only
increasedincontrolanimals,resultinginlowerminuteventilationin
hypothyroidhatchlings. Hypothyroid RWBBnestlingsexhibiteda
delayedmaturationoftheendothermicmetabolicresponse. Aswith
hypothyroidducks, Vrof RWBBnestlingswaslowerthan control
nestlingsandremained constantduringcooling. Ourdatasuggest
THplaysanactiveroleinsystemicdevelopmentofendothermic
metaboliccapacityincludingontogeny ofventilationinprecocial
and altricial birds. In neonatal birds, multiple systems develop
inconcerttoproduceanendothermicphenotype,butreduced TH
can delay maturation of endothermic capacity and alter
physiologicalfunction.
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A12.3 EVALUATION OF D1 AND D2
DOPAMINE RECEPTORS INVOLVEMENT IN
THE FINAL STAGES OF REPRODUCTIVE
CYCLE IN PIKEPERCH, A TELEOST FISH

™ WEDNESDAY 5 JULY, 2017 ©® 09:30

@ JENNIFER ROCHE (UNIVERSITY OF LORRAINE UR AFPA,
FRANCE), DANIEL ZARSKI (UNIVERSITY OF WARMIA AND
MAZURY DEPARTMENT OF LAKE AND RIVER FISHERIES, POLAND),
AMINE KHENDEK (UNIVERSITY OF LORRAINE UR AFPA,
FRANCE), CORALIE BROQUARD (UNIVERSITY OF LORRAINE
UR AFPA, FRANCE), YANNICK LEDORE (UNIVERSITY OF
LORRAINE UR AFPA, FRANCE), TOMAS POLICAR (UNIVERSITY
OF SOUTH BOHEMIA RESEARCH CENTER OF AQUACULTURE AND
BIODIVERSITY OF HYDROCENOSES, CZECH REPUBLIC), PASCAL
FONTAINE (UNIVERSITY OF LORRAINE UR AFPA, FRANCE),
SYLVAIN MILLA (UNIVERSITY OF LORRAINE UR AFPA, FRANCE)

@ JENNIFER.ROCHE@UNIV-LORRAINE.FR

Inaquaculture, toproduce synchronously offspringofhigh quality,
hormonaltreatmentssuchasdopaminereceptor (DR) antagonists
incombinationwith salmon-GnRHaareusuallyapplied. Unlike
DRD2(DR-D2)antagonist,thereisalackofdataabouttheeffects
of DR D1 (DR-D1) antagonist and the respective involvements
ofbothDRinthefinal stagesofreproductivecycleinteleosts. To
addressthisquestionwehavemadethefirstattempttodetermine
theinvolvementof DR antagonistsinmature pikeperchfemales,
ahighlyvaluablecommercialspeciesforwhichthehormonally-
controlledreproductionprotocolisofurgentneedinaquaculture
sector. Fishwereinjectedwithmetoclopramide (DR-D2antagonist;
40r20mg.kg?)orSCH23390(DR-D1antagonist;0.8or4mg.kg?)
in combination or not with salmon-GnRHa. Sampling of brain,
pituitary,oocytesandblood wereperformedbeforeinjection,24h
and48hafterinjection.Lastsamplingwasmadeatovulationtime
orl4daysafterinjectioninfishthatdidnotovulate. Theantagonists
alonedidnotinduceovulationorgonadotropicaxisactivationexcept
if associated with salmon-GnRHa where all females ovulated.
Besides, theapplicationof SCH23390at4mg.kg* associated with
salmon-GnRHasignificantlyincreased testosterone plasmatic
concentrations. Thesepreliminaryresultswouldsuggestthatthe
DR-D1wouldbeinvolvedinthefinalstagesofreproductivecycle
inpikeperch.Supplementarystudiesnamelybraintranscriptome
analysisandinvitrobiological testsofbrainculture withdopamine
arecurrentlyrunningtogofurtheraboutthemechanismsinduced
bythesedopaminereceptorsinpikeperchreproduction.
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A12.4 GABA, RECEPTORS AND BEYOND:
FROM MAMMALS TO ZEBRAFISH

™ WEDNESDAY 5 JULY, 2017 ©® 09:45

& ARIANNA COCCO (UPPSALA UNIVERSITY, SWEDEN),
PER-OVE THORNQVIST (UPPSALA UNIVERSITY, SWEDEN),
SVANTE WINBERG (UPPSALA UNIVERSITY, SWEDEN)

@ ARIANNA.COCCO@NEURO.UU.SE

Theg-aminobutyricacid(GABA)isthemajorinhibitorytransmitter
intheadultvertebratebrain. Theionotropic,anionselectivetype
AGABA(GABA)receptorsarehomo-orheteropentamers. The
zebrafish (Danio rerio Hamilton, 1822) genome comprises at
leasttwenty-twogenesencodingfor GABA A receptor subunits,
dividedinsevensubfamilies(a, 3,Y,d,, ¢, p). Thecombination,
distributionandpharmacology of GABA A receptorsubunitshave
beenwidelyinvestigatedinthebrainofrodents. However,such
informationis surprisingly scarce in non-mammalian species.

The present study presents the gene expression profile of
thealmostcompletepanelofthe GABA A receptorsubunitsinthe
adultzebrafishbrain,fivegroupedbrainareas,andretinas. Asfor
ratsandmicethea;,b;,g. GABA  receptorsubunitswereamong
thoseexpressedtothehighestlevelintheadultzebrafishbrain.
Zebrafish,asmammals,alternatively splicethega subunitinatleast
twovariants. Thedsubunitwasabundantlytranscribedmostlyin
groupedcerebella. Thisresultoncemoreresembledthemammalian
GABA receptorsystem, wherethedsubunitismostlyacerebellar
one.Thepresentstudyhighlightsatissuespecificexpressionof
thea6subunits, withoneisoform,a6,,beingmoreabundantinthe
retinasandtheother,a6y,inthebrains. The GABA sreceptorsystem
ofthezebrafishsharessimilaritieswiththemammalianone, but
alsohasitsownfeatures. Morestudiesarerequired, especiallyat
thefunctionalproteinlevel.

A12.5 MOLECULAR CHARACTERIZATION
AND FUNCTIONAL ANALYSIS OF

THE GULF TOADFISH SEROTONIN
TRANSPORTER (SERT)

™ WEDNESDAY 5 JULY, 2017 ® 10:00

@ MOLLY HB AMADOR (UNIVERSITY OF MIAMI, UNITED
STATES), M DANIELLE MCDONALD (UNIVERSITY OF MIAMI,
UNITED STATES)

© MBROOME@RSMAS.MIAMI.EDU

The serotonin transporter (SERT) functions in the uptake of
the neurotransmitter serotonin (5-HT) from the extracellular
milieu. SERTisalsoknownasthemoleculartargetoftheselective
serotoninreuptakeinhibitors (SSRIs), which compriseacommon
group of antidepressants. We have previously demonstrated
that SERT mRNA is widely expressed across tissuesin the Gulf
toadfish, Opsanusbeta.Buildingonthesedata, thecurrentstudy
comprehensively assesses the sequence, mRNA expression,
transport kinetics and pharmacological sensitivity, and
physiologicalfunctionsofateleost SERT. The2,022-bptoadfish
SERT sequence encodes a protein of 673 amino acids, which
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shows83%similaritytozebrafish SERT andgroups with SERT of
otherteleostsinphylogeneticanalysis. SERT cRNA expressedin
XenopuslaevisoocyteshasrevealedaKnvalueof2.08+0.45uM,
similartopreviouslyreported valuesforzebrafishandhuman SERT.
ConsistentwithmRNA expressiondata,alltissuescontainingSERT
transcriptaccumulate [*H]-5-HT.Furthermore, acutesystemic
blockade of SERT byintraperitonealadministration ofthe SSRI
fluoxetine (FLX) producesadose-dependentincreaseinplasma
5-HT, indicating effective inhibition of 5-HT uptake from the
circulation. Asteleostslackplatelets,whichareimportant5-HT
sequestrationsitesinmammals, the FLX-inducedincreaseinplasma
5-HTsuggeststhattoadfishtissuesmaynormallyberesponsible for
maintaininglow5-HT concentrationsinthebloodstream. Ongoing
workisinvestigatingthesensitivityoftoadfishSERT expressedin
XenopusoocytestoFLXandother SSRIsandusingFLX treatmentto
determinetheextentof SERT-mediated 5-HT uptakebythetissues.

A12.6 THE INVOLVEMENT OF
RHOPR-CRF/DH IN FEEDING AND
REPRODUCTION IN THE KISSING BUG,
RHODNIUS PROLIXUS

™ WEDNESDAY 5 JULY, 2017 ©® 10:15

@& IANORCHARD (UNIVERSITY OF TORONTO MISSISSAUGA,
CANADA), SHIRIN MOLLAYEVA (UNIVERSITY OF TORONTO
MISSISSAUGA, CANADA), ANGELA LANGE (UNIVERSITY OF
TORONTO MISSISSAUGA, CANADA)

@ IAN.ORCHARD@UTORONTO.CA

Feeding, growthanddevelopmentareinterrelated processesin
thekissingbug, Rhodniusprolixus,withblood gorginginitiating
bothshort-termandlong-termneuroencrinologicalevents. InR.
prolixus,acorticotropin-releasingfactor-relateddiuretichormone
(Rhopr-CRF/DH)isreleasedatfeedingandstimulatesrapid post-
feedingdiuresis. The Gprotein-coupledreceptor for Rhopr-CRF/
DHispresentindigestivetissues,includingMalpighiantubules,
butalsoisfoundinthereproductivesystem. Thus, Rhopr-CRF/DH
mayhavecoordinatingrolesinR. prolixus,associatedwithfeeding-
relatedeventsandreproduction. Immunohistochemistryreveals
diminished CRF-likestaininginneurosecretorycells (NSCs)ofthe
mesothoracicganglionicmass (MTGM)immediately following
feeding, withpartialrestockingtwohourslater. TemporalgPCR
analysisofthe Rhopr-CRF/DHtranscriptisconsistentwiththe
immunohistochemical findings, withanincreasein transcript
expressionin the MTGM immediately after feeding. Elevating
haemolymphRhopr-CRF/DHtitresbyinjectionof Rhopr-CRF/DH
priortofeedingresultedintheintakeofasignificantly smallerblood
mealwithoutaffectingtherateofshort-termdiuresis. Adultfemales
injectedwithRhopr-CRF/DHproducedandlaidsignificantly fewer
eggs.InvitrooviductcontractionassaysillustratethatRhopr-CRF/
DHinhibitstheamplitudeof contractionsofthelateraloviducts,
highlighting one potential mechanism via which the hormone
diminishesreproductivecapacity.
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A12.7 STRESS COPING STYLES
IN FISH - BEHAVIOURAL
CORRELATES, NEUROENDOCRINE
AND MOLECULAR MECHANISMS

™ WEDNESDAY 5 JULY, 2017 ©® 11:00

@ SVANTE WINBERG (UPPSALA UNIVERSITY, SWEDEN), ARSHI
MUSTAFA (UPPSALA UNIVERSITY, SWEDEN), GONCALO ANDRE
(UNIVERSITY OF WESTERN AUSTRALIA, AUSTRALIA), PER-OVE
THORNQVIST (UPPSALA UNIVERSITY, SWEDEN)

©@ SVANTE.WINBERG@NEURO.UU.SE

Inteleosts,asinothervertebrates,divergentstresscopingstyles
usuallyreferredtoasproactiveandreactivehavebeendescribed.
Proactiveanimalsarebold, aggressive, makeactiveattemptsto
escape or fight stressors whereas reactive individuals are shy,
non-aggressive and respond to threats by a passive response.
Differencesinstresscopingstylearealsoreflectedinneuroendocrine
stressresponsesandhowindividualsperceiveandreacttotheir
environment. Stresscopingstyleisheritablebutisalsomodified
byenvironmentalcues, especiallysocialinteraction. Weareusing
zebrafish (Daniorerio)asamodeltostudymechanismscontrolling
stresscopingstyles. Aselectivebreedingprogramisperformedto
generatetwostrainsofzebrafishdisplayingdivergentstresscoping
styles.Initialbreeders(F0)wereidentifiedfromapopulation ofwild
caughtzebrafishbybehaviouralscreening. Thesefishwereused
togeneratethefirstgeneration (F1). Thereaftertheprocedureis
repeatedin subsequent generations (F2). The behaviour of fish
fromtheF1generationofthesestrainswasscreenedthroughout
development.Inanattempt to study the effects of social stress
braintissuewassampledfromproactiveandshyreactivefishwith
experienceofbeingeithersociallydominantorsubordinateinapair.
TheresultsshowthatalreadyintheF1generationthereisaclear
divergenceinbehavioural profilesofselectedfish. Stresscoping
style,aswellassocialexperience,isalsoreflectedinbrainexpression
ofgenesrelatedtoserotonergic,dopaminergic, histaminergicand
theopioidergicsystems.

A12.8 MELATONIN REGULATES
NA* HOMEOSTASIS DURING STRESS
RESPONSE IN FISH

™ WEDNESDAY 5 JULY, 2017 ©® 11:15

@ M C SUBHASH PETER (UNIVERSITY OF KERALA, INDIA)

@ SUBASHPETER@YAH00.COM

Cortisolandthyroidhormones (TH)arewellknownforitsvitalrole
inionregulationinfishes.Onthecontrary,therole of melatonin
iniontransportparticularlyonNa‘regulationanditsinteraction
withcortisoland THhavenotyetadequatelyaddressedinfish. We,
therefore,focusedonNa*./K*- ATPase (nka), the keytransporter
thatmaintainsNa* and K+ gradientsacross plasmamembrane. We
examinedthedirectactionofmelatoninonnkafunctionsinthe
osmoregulatoryepitheliaofair-breathingfisheitherinstressed
and non-stressed conditions. Analysis of mRNA expression
patternofnkaaisoformssuchasnkaala,nkaalbandnkaalcin
thesetissuesshoweddifferentialregulation. Immunocytochemical
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localizationofnkainthesetissuesfurtherprovidedevidencethat
melatonincouldmodifythepatternofnkaimmunoreactivityin
hypoxia-stressedfish.Likewise, thenkaproteinabundancealso
showedvariedpatternaftermelatoninchallenge. Collectively,our
dataindicatethatmelatonincanregulate Na*homeostasisduring
stressresponsebyitsspatialanddifferentialactionsonthevaried
osmoregulatorytissuesinair-breathingfish (supportedbygrants
fromiCEIBproject, UGC-SAPDRSIIand UoK).

A12.9 MAKING A HOME AWAY FROM
HOME - PLASTIC PHYSIOLOGY,
BEHAVIOUR AND HORMONAL PROFILES
OF THE INVASIVE CHAMELEON
CICHLID AUSTRALOHEROS FACETUS
IN SOUTHERN PORTUGAL

™ WEDNESDAY 5 JULY, 2017 ©® 11:30

@& PEDRO M GUERREIRO (CENTRE FOR MARINE SCIENCES,
PORTUGAL), FLAVIA BADUY (CENTRE FOR MARINE SCIENCES,
PORTUGAL), JOAO L SARAIVA (CENTRE FOR MARINE SCIENCES,
PORTUGAL), PETER C HUBBARD (CENTRE FOR MARINE
SCIENCES, PORTUGAL), ADELINO V M CANARIO (CENTRE
FOR MARINE SCIENCES, PORTUGAL)

@ PMGG@UALG.PT

Invasive species are agrowing concern for habitats worldwide.
Thechanchito,Australoheros facetus, aneotropicalcichlidwhich
displays high tolerance to abiotic factors and marked social
behaviours,iscurrentlyfoundinsouthernPortugalinsmallstreams
with striking seasonal variations in hydrological regimes. We
studieditsendocrinephysiologyinthe contextofenvironmental
acclimation, hierarchy formation and reproductive behaviour.
Fish were exposed to arange of temperature and salinities
during short and long-term trials simulating seasonal and/or
estuarine conditions.CTm.xand CTninweredetermined, showing
wide thermal tolerance, and the expression of metabolic and
stressgenesanalyzed.Behaviourishighlyandrapidilyaffected
by temperature changes, with territorial aggression ensuing
withinhours above threshold temperatures.Growth and social
behaviorareabolished above 18ppt. Monogamouspairsestablish
and defend breeding territories. Social groups were followed at
differentperiodsoftheyear.Dominanceindexesandfishsizeare
highly correlated (9: R=0.55; J: R=0.84; p <0.05) and even very
smallsizedifferencesaccountforsocialranking. Nocorrelation
tosex, GSIorHSIwasfound. Significantdifferencesininitialand
final 11K-testosterone(11KT)levelsoccurredamongdominant
and subordinates males but not in females of different status.
Members of the pair perform parental duties during offspring
development but males spend more time patrolling while
femalescarefortheyoung. Whethersuchbehavioursareunder
hormonal/pheromonal controliscurrentlyunderinvestigation.
FBhasa Science Without Borders (CNPq/Brasil) doctoral
fellowship. Fundedpartiallyby FCT-Foundationfor Scienceand
Technology-UID/Multi/04326/2013.
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A12.10 REGULATION OF RED BLOOD
CELL PH AND HAEMOGLOBIN-O0,
AFFINITY DURING THE POST-FEEDING
ALKALINE TIDE

™ WEDNESDAY 5 JULY, 2017 ® 13:50

& ROD WWILSON (UNIVERSITY OF EXETER, UNITED KINGDOM),
ROBERT P ELLIS (UNIVERSITY OF EXETER, UNITED KINGDOM),
MAURICIO A URBINA (UNIVERSIDAD DE CONCEPCION, CHILE)

© R.W.WILSON@EX.AC.UK

Thefeeding-inducedalkalinetide (initialrapidrise, thenslower
recovery of blood pH due to bicarbonate absorption from the
stomach which matches gastric acid secetion) is probably the
mostcommonacid-basedisturbancefishexperience,buttheleast
studied. Thealkalinetidemayaid oxygenuptakeatthegills(viaa
Bohrshiftincreasinghaemoglobin’saffinity foroxygen),butmay
bemaladaptivefortissueoxygendeliveryduringmetabolically
demandingdigestiveprocesses. Weinvestigatedtheregulationof
extracellularanderythrocytepHandassociatedcharacteristics of
haemoglobin-oxygenbindingfollowingamealinvoluntaryfeeding
(3%ration)freshwaterrainbowtrout. Fishexperiencedthelargest
alkalinetidefoundtodateinanyanimal (+0.35pHunitsanddoubling
of [HCO3]).Erythrocytesexperiencedhalftheinitialalkalosis of
plasma(1.5-6h),butredcellalkalosiswasmaintained well after
plasmapHhadrecovered by 48 hours. A Blood Oxygen Binding
System(BOBS)wasusedtoanalyseoxygendissociationcurves
(anddetermineP50values) of microlitre wholeblood samplestaken
atdifferenttimesafterfeeding,andtocomparewithcontrolblood
withextracellularacid-basechemistrymanipulatedinvitro. The
additionalrolesofpostprandialchangesinintracellularammonium
andorganicphosphateswillalsobediscussedinrelationtosatisfying
oxygendeliverytotissuesduringthepostprandialperiod when
oxygenconsumptionisinitiallyelevated more thantwo-foldand
takesmorethan4daystorecovertopre-feedinglevels.

A12.11 PANCREATIC BASE SECRETION
COMPENSATES THE ALKALINE TIDE
IN PYTHONS

™ WEDNESDAY 5 JULY, 2017 ® 14:05

& LARS HVASS (DEPARTMENT OF BIOSCIENCE AARHUS
UNIVERSITY, DENMARK), TOBIAS WANG (DEPARTMENT OF
BIOSCIENCE AARHUS UNIVERSITY, DENMARK)

@ LATSHVASS.1993@GMAIL.COM

Digestion causes an ‘alkaline tide’ where the concentration of
bicarbonate ((HCO;]) in plasma and other body fluids increase
as a consequence of gastric acid secretion. This alkaline tide
is particularly pronounced in ectothermic animals that feed
infrequentlyonlargemeals,and whereatemporaldissociation of
gastricpancreaticsecretionsoccurs. Toassessthecompensatory
roleofbase secretionintothe smallintestine fromthe pancreas
and gall bladder, we blocked the passage of chyme into the
small intestine by surgical ligation of the pyloric sphincter in
catheterizedpythons (Pythonmolurus). Wecouldthenmeasure
changesinarterial pH (pH.) and partial pressure of CO; (Pacoz)
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duringtheinitial 18 hoursof thepostprandialperiod,andcalculate
plasma [HCOs] using the Henderson-Hasselbalch equation.
Theun-manipulated controlanimalsexhibited the typical
riseinplasma[HCO3 ] ofapproximately8mMaccompaniedbya
riseinarterial PaCO; thatalleviated theeffectsonpHa. Therise of
[HCOs]wasclearlyexacerbated whenpassage oftheacidicstomach
contentwaspreventedfromenteringthesmallintestine. Arterial
pH,PaCO; andplasma[HCO;]increased approximately 2-,4-and
3-fold, respectively, compared to control animals. This finding
demonstratesthatacid-inducedbicarbonatesecretionintothesmall
intestineindeedisamajormechanismofacid-basebalanceduring
digestionandthatthismechanismgreatly compensatesthealkaline
tideduringthepostprandialperiodinPythons.

A12.12 DOES THE LEFT AORTA IN
CROCODILIANS PROVIDE PROTON-RICH
BLOOD TO THE GUT DURING DIGESTION?

™ WEDNESDAY 5 JULY, 2017 © 14:20

@ JUSTIN L CONNER (UNIVERSITY OF NORTH TEXAS, UNITED
STATES), JANNA L CROSSLEY (UNIVERSITY OF NORTH TEXAS,
UNITED STATES), RUTH ELSEY (ROCKEFELLER WILDLIFE
REFUGE, UNITED STATES), DEREK NELSON (UNIVERSITY
OF NORTH TEXAS, UNITED STATES), OLIVER H WEARING
(MCMASTER UNIVERSITY, CANADA), TOBIAS WANG (AARHUS
UNIVERSITY, DENMARK), DANE A CROSSLEY II (UNIVERSITY
OF NORTH TEXAS, UNITED STATES)

@ JUSTINCONNER@MY.UNT.EDU

Reptilesareendowed withthecapacitytodifferentiallyperfuse
the systemic and pulmonary vascular circuits via autonomic
regulationoftheheartandthevasculartrees. Whilethisaptitude
is widely recognized, the role of ‘shunting’ as a homeostatic
mechanismtomatch convectivetransportwithtissuedemand
remainsquestionable.Incrocodilians,ithasbeenhypothesizedthat
apulmonaryvascularbypassofsystemicvenousblood, righttoleft
shunt (R-L),servestodeliver CO;-richbloodwithprotonsneededfor
gastricacidsecretionduringdigestion. Thishypothesisispartially
basedontheuniquecrocodilianvascularanatomywherealeftaorta
arisesfromtherightventricle,andappearstopreferentially supply
thegastrointestinalsystem, whereastherightaortaemergesfrom
theleftventricle. However,directmeasurementsofblood gases
inthe major systemic outflow vessels and venousreturn to the
hearthavenotbeenconducted.Forthisreason, wemeasuredblood
parametersincludingPO,,PCO,,pHe,[HCOs]inbothaorta(right
andleft)aswellasbothatriafollowingingestionofagavagefed
standardizedmeal (5%bodymass).Blood sampleswerewithdrawn
at3hr,6hr,12hr,24hr, 36hr,48hrintothedigestive period. Atnopoint
didPCO; orpHdifferbetweentheleftandrightaorta, whereasPO,
wassignificantlylowerintheleftaortaatseveraltimepointsduring
digestion.Ourfindingsfailtosupportthehypothesizedrole ofthe
R-Lshunttoincrease CO, deliverytothegastrointestinal system
incrocodiliansafterfeeding.
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A12.13 CLASS MATTERS:
EVOLUTION OF CARBONIC
ANHYDRASE IN MARINE FISH

™ WEDNESDAY 5 JULY, 2017 ® 14:35

@ ANGELINA M DICHIERA (UNIVERSITY OF TEXAS AT AUSTIN
MARINE SCIENCE INSTITUTE, UNITED STATES), OLIVIA J
MCMILLAN (UNIVERSITY OF BRITISH COLUMBIA, CANADA),
ALEXANDER M CLIFFORD (UNIVERSITY OF ALBERTA, CANADA),
GREG G GOSS (UNIVERSITY OF ALBERTA, CANADA), COLIN J
BRAUNER (UNIVERSITY OF BRITISH COLUMBIA, CANADA),
ANDREW J ESBAUGH (UNIVERSITY OF TEXAS AT AUSTIN MARINE
SCIENCE INSTITUTE, UNITED STATES)

© ANGELINA.DICHIERA@UTEXAS.EDU

Carbonicanhydrase (CA),anenzyme foundinalmostallliving
organisms, catalyses the reversible dehydration/hydration
reactionsofcarbondioxide (CO,).Inmostvertebrates, CAwithinred
bloodcells(rbes) playsacriticalrolein CO,transportand excretion
across epithelial tissues. Ancestral fish, such as hagfish and
elasmobranchs,areuniqueinthattheypossessplasma-accessible
membrane-bound CA-IVinthegills, allowing CO, excretion to
occur completelyoutside oftherbcs,andpossiblyalleviatingthe
requirementforhighactivityrbc CA. Throughhomologycloning
techniques, weidentifiedtheputative proteinsequencesforrbc CA
from5sharkand3rayspecies,aswellasthePacifichagfish. Inall
cases, thestructurecontainedamodification of the protonshuttle
residueHis-64-analterationknowntodramaticallyreducecatalytic
rateinmammalianisoforms.Bayesiananalysesof54 vertebrate
CAisoforms,includingthenovelhagfishandelasmobranchrbc
CAsequences,demonstrateindependenteventsthatledtothis
modificationof His-64and thepossiblelossofhighactivity CAin
vertebrates. Measurementsoftotal CAactivityacrossselectteleosts
andelasmobranchssuggestthatsharkspecieshavesignificantly
reducedrbcactivity comparedtoteleosts. Surprisingly,ray species,
whichalsohavetheHis-64modificationwithintheiractivesite
structure, have comparabletotal CA activity toteleosts, which
may suggest areducedreliance on plasma-accessible CA-IV for
CO;excretion.
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A12.14 FUNCTIONAL
CHARACTERIZATION OF HEMOGLOBIN
ISOFORMS FROM HIGH AND LOW
ALTITUDE GEESE SPECIES

™ WEDNESDAY 5 JULY, 2017 ©® 14:50

@ AGNIESZKA JENDROSZEK (AARHUS UNIVERSITY, DENMARK),
HANS MALTE (AARHUS UNIVERISTY, DENMARK), ROY E. WEBER
(AARHUS UNIVERISTY, DENMARK), JAY F. STORZ (UNIVERSITY
OF NEBRASKA, UNITED STATES), ANGELA FAGO (AARHUS
UNIVERISTY, DENMARK)

@ AGNIJEN@BIOS.AU.DK

Each year bar-headed goose (Anser indicus) migrate over the
HimalayatooverwinterinIndia.Energeticallydemandingflap
flightataltitudeswheretheoxygenisreducedtoapproximately 30%
ofsealevelisanastonishingachievementinpartduetoanadaptive
increaseintheoxygenaffinity ofbar-headedgoosehemoglobin (Hb),
comparedtothatoflowlandgreylaggoose (Anseranser). Although
avianredbloodcellscontaintwoHbisoforms, HbAandHbD, the
oxygenaffinitiesof Hbisoformsofbar-headedand greylaggoose
havenotbeencharacterizedseparately yet.Inthe presentstudy, we
usedequilibriummethodstocharacterizeindetail oxygen-binding
andallostericpropertiesof purified HbAand HbD frombar-headed
andgreylaggoose,inpresenceandabsenceoftheallostericeffector
inositolhexaphosphate (IHP),ananalogueoftheavianredbloodcell
organicphosphate.Bothbar-headedgoose Hbisoformsdisplayed
higherintrinsicoxygenaffinitythantherespectivegreylaggoose
Hbs. ThisdifferenceinHboxygenaffinitybetweenthespecieswas
evenmoremarkedwithaddedIHP,whichreduced oxygenaffinity
atleast9-fold. Curvefittinganalysesaccordingtothetwo-state
MWCmodelindicatedthattheeffectof IHPwasprimarilydueto
stabilisationofhighlylabiletensestatemolecules. Moreover, IHP
stabilisedlow-affinitytenseandhigh-affinityrelaxed Hbtetramers
whichotherwisetendedtodissociatetodimers. The presentstudy
provides a novel detailed analysis on the allosteric regulation
propertiesofgeeseisoHbsexplainingthehighoxygenaffinity of
bar-headedgoosehemoglobinsatamolecularlevel.

A12.19 IONS BEFORE OXYGEN:

LARVAL LAMPREYS AND PROTOCHORDATE
REPRESENTATIVES QUESTION THE
ORIGINS OF CHORDATE GILL FUNCTION

™ WEDNESDAY 5 JULY, 2017 ©® 15:45

@ MICHAEL A SACKVILLE (UNIVERSITY OF BRITISH COLUMBIA,
CANADA), CHRISTOPHER B CAMERON (UN IVERSITY OF
MONTREAL, CANADA), JONATHAN M WILSON (WILFRED LAURIER
UNIVERSITY, CANADA), COLIN J BRAUNER (UNIVERSITY OF
BRITISH COLUMBIA, CANADA)

@ MIKESACK@ZOOLOGY.UBC.CA

Thegillisbelievedtohaveplayedakeyroleintheadaptiveradiation
ofearlychordatesbysupplantingtheskinasthedominantsitefor
oxygenuptake.Inthisuntestedhypothesis, shiftingoxygenuptake
tothegillrelaxed constraintsassociatedwith oxygenuptakeat
the skin, thus allowing chordates toincrease body size, dermal
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thickness and activity. Interestingly, larval teleosts undergo
similarincreasestobodysize,dermalthicknessandactivityduring
development. However, thelarvalteleostgillfirstsupplantstheskin
asthedominantsiteforionfluxwellbefore oxygenuptake. Here,we
wanttodetermineifthegillalsobecame critical forionfluxbefore
oxygenduringearlychordateevolution. Weuselarvallampreysas
arepresentativesystemtotesthowincreasingorganismsizemight
haveaffectedearly chordategillfunction. Wedirectlymeasurethe
fluxofoxygen, carbondioxide,ammoniaandsodiumsimultaneously
atthegilland skinofwholelarvaeinvivoacrossarange ofbody
sizes(0.02-2.00g). Wefindthatsodiumfluxisdominatedbythegill
atmuchsmallerbodysizesthangasflux,evenwhenchallengedby
hypoxiaandtemperature. Complimentarydatacollectedinmore
ancestralprotochordaterepresentatives (amphioxusandacorn
worms)alsoindicateadominantroleforthegillinionfluxbeforegas.
Ourresultssuggestthationregulationratherthangasexchange
mighthavebeentheprimaryfunctionoftheearlychordategill,
questioninglong-standingviewsofchordategilloriginsandthe
constraintsshapingearly chordateevolution.

A12.20 INTERACTIVE EFFECTS OF
SALINITY AND AMMONIA STRESS ON
MARINE FISH: INSIGHTS FROM GENOME-
WIDE TRANSCRIPTIONAL ANALYSIS

™ WEDNESDAY 5 JULY, 2017 ©® 16:00

& AMIT KUMAR SINHA (UNIVERSITY OF ANTWERP, BELGIUM),
MARIOS N NEKTARIS (UNIVERSITY OF ANTWERP, BELGIUM),
GAURAV ZINTA (UNIVERSITY OF ANTWERP, BELGIUM), AJAY
A KUMAR (UNIVERSITY OF ANTWERP, BELGIUM), GERRIT T
S BEEMSTER (UNIVERSITY OF ANTWERP, BELG IUM), RONNY
BLUST (UNIVERSITY OF ANTWERP, BELGIUM), GUDRUN DE
BOECK (UNIVERSITY OF ANTWERP, BELGIUM)

@ SINHA_CIFE@REDIFFMAIL.COM

The objective of the present study was to elucidate genome-wide
transcriptional responses underlying reduced seawater salinity
challenge and ammonia toxicity as singleand combined factorin
Europeanseabass(Dicentrarchuslabrax). Fishwereprogressively
acclimated to normal seawater (32 ppt) and reduced seawater
salinity (10ppt).Followingacclimationtothesesalinitiesfortwo
weeks, fishwereexposedtohighenvironmentalammonia(HEA,
1.18mMrepresenting50%of96hLCso) for12h,84hand 180h.RNA
sequencing(IlluminaHiSeqplatform)ofbraintissuesamplesfrom
theexperimental conditionsyieldedatotal of 12,490 contigs, out
ofwhich2,128 weresignificantlymodulatedinany of the applied
treatments(salinity, HEA orcombination). Lowsalinityresulted
in the up-regulation of 370 and down-regulation of 832 contigs,
whereasin HEA exposure 122 contigs wereup-regulatedand 270
contigsweredown-regulated. Whilelookingforthe combinatorial
effects, wefoundthat74 contigswerecommonlyup-regulatedand
94weredown-regulatedinboththesetreatments. Geneenrichment
analysisrevealedthat genesdifferentiallyexpressedinresponseto
saltstresswerehighlyenrichedforNa+ transporter,celladhesionand
communication, transmembranesignallingreceptor,Na*/K*-ATPase
andoxidativestress. Geneswhichweredifferentiallyexpressedto
HEA showed enrichment in amino acid biosynthetic/metabolic
process,anti-oxidantsystem,n eurotransmitterandion-regulation.In
combinationtreatment,iontransporters,oxidativeandanti-oxidant
relatedgeneswerehighlyrepresented. Overall,ourdatahighlights
thecomplexityoftranscriptionalresponseswhicharetriggeredwhen
fishfaceindividualand/orcombinatorialenvironmentalchallenges.
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A12.21 EPIDERMAL EPIDEMIC:
EFFECTS OF CHYTRIDIOMYCOSIS ON
AMPHIBIAN EPITHELIAL TRANSPORT
DURING SLOUGHING

™ WEDNESDAY 5 JULY, 2017 ©® 16:15

@ NICHOLAS C WU (THE UNIVERSITY OF QUEENSLAND,
AUSTRALIA), JULIA GAUBERG (YORK UNIVERSITY, CANADA),
REBECCA L CRAMP (THE UNIVERSITY OF QUEENSLAND,
AUSTRALIA), CRAIG E FRANKLIN (THE UNIVERSITY OF
QUEENSLAND, AUSTRALIA)

@ NICHOLAS.WUeUQ.EDU.AU

Amphibiansareattheforefrontofthecurrentglobalbiodiversity
crisis,withdeclinesandextinctionsdueinparttotheemergenceofa
novelfungalskindisease,chytridiomycosis. Thecauseofdeathhas
beenlinkedtothedisruptionoftheskinfunctionandlowelectrolyte
levelsinthebody. Amphibiansincreasetherateof skinshedding
(sloughing)asanattempttoremove cutaneouspathogensbeforethe
onsetofthedisease. However,sloughingalsocausesphysiological
changesintheskinfunction, specifically cutaneousiontransport.
Thus, sloughing may act as a double edge sword, where in the
processofremovingthepathogen,itmayexasperatetheeffectsof
cutaneousionloss. Wethereforehypothesisedthatinfected frogs
wouldshowareductionorinhibition ofepithelialiontransporters,
which are responsible for regulating normal skin function and
internalelectrolytebalance. Wealsopredictedthatduringsloughing
infectedfrogswoulddemonstrateanincreaseincutaneousionloss,
andgreaterelectrolyteimbalanceindicatingapotential susceptible
periodwhichultimatelyleadstohyponatremia.Greentreefrogs
Litoriacaeruleawereinfectedwithchytridfungusandsloughing
episodes monitored. We measured cutaneous ion loss, blood
electrolytelevels,abundance,activity,distribution,and expression
oftwokeyiontransportproteinsNa*/K*-ATPase(NKA),andthe
epithelialsodiumchannel (ENaC).Insupportofourhypotheses,we
foundsignificantchangesinosmoregulatoryfunctionandepithelial
transportininfectedfrogsduringsloughingthatimpactedupon
ionicand osmotichomeostasis.

A12.22 GAP JUNCTIONS PLAY

A ROLE IN COUPLING ION FLOW
THROUGH THE PRINCIPAL AND
SECONDARY CELLS IN THE MALPIGHIAN
TUBULES OF LEPIDOPTERANS

™ WEDNESDAY 5 JULY, 2017 © 16:30

@& DENNIS KOLOSOV (MCMASTER UNIVERSITY, CANADA),
MICHAEL J O’DONNELL (MCMASTER UNIVERSITY, CANADA)

@ KOLOSOVD@MCMASTER.CA

Thelarvaeofmanyspeciesoflepidoptera (butterfliesand moths)
aremajoragriculturalpests. Highratesoffeedingandgrowthand
maintenanceofextremelyalkalineconditionsintheanteriormidgut
posedramaticionoregulatorychallengesfortheseinsects. Excretion
ininsectsisaccomplishedbythecombinedactionsofthe Malpighian
tubulesandhindgut, whichtogetherformthefunctionalkidney.
Thefluidsecretoryportionofthetubuleiscomposedofprincipal
andsecondarycells.Na*/K* ATPase, whichenergizesiontransport
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invertebrateepithelia,hasbeenassumedtoplayaminorroleinthis
process. Currentstudy, however, foundNa*/K* ATPasetobelocalized
tothebasolateralmembraneofprincipal cellsinthe Malpighian
tubulesof T.ni.Interestingly,blockingNa*/K* ATPaseactivitywith
ouabainresultedindiminishedreabsorptionofNa* andK' by the
secondarycells (whichlackNa*/K* ATPaseimmunoreactivity),
suggestingcouplingofthetwo celltypesviagapjunctions. The
effectsofdrugswhichblockgapjunctionsindicated coupling of
iontransportinthe two cell types and thelevels of transcripts
encodingseveralgapjunctionproteinsinthe Malpighiantubules
changedinresponsetovariationsindietaryNa*andK*. Thecoupling
ofiontransportbetweenthetwocelltypesishypothesizedtoaid
recyclingofionsnecessaryforconstantfluidsecretionandexcretion
of metabolicwastesinLepidopterans.

A12.15 THE EFFECTS OF ANAESTHESIA
AND SURGERY ON CARDIORESPIRATORY
PHYSIOLOGY AND PHYSIOLOGICAL
STRESS MARKERS IN THE TERRAPIN
TRACHEMYS SCRIPTA

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ CATHERINE J WILLIAMS (AARHUS UNIVERSITY, DENMARK),
WILLIAM JOYCE (AARHUS UNIVERSITY, DENMARK), DANE
CROSSLEY IT (UNIVERSITY OF NORTH TEXAS, UNITED
STATES), MADS F BERTELSEN (COPENHAGEN Z00, DENMARK),
TOBIAS WANG (AARHUS UNIVERSITY, DENMARK)

©@ CATHERINE.WILLIAMS@BIOS.AU.DK

Reptilesareincreasinglytreatedinveterinarypracticeandtheir
usecontinuesinphysiologicalresearch. However,informationon
optimalanaestheticand analgesicprotocolsforreptileare poorly
delineatedincomparisonwithothertaxaandthecardiorespiratory
effectsof commonanaestheticagentsarelargelyunknown. Our
overallaimwastoprovideinsightintotheimpactofanaesthetic
andsurgicalinterventionsinreptiles,hence, weevaluated whether
atropine (1mgekg?)altersinhalationanaesthesiainductionand
recoveryinaspeciesofterrapin (Trachemysscripta). The cholinergic
antagonistatropineabolishesvagally-mediatedregulationofthe
pulmonaryartery,resultinginarelativeincreaseinpulmonary
bloodflowandtachycardiainconsciousterrapins. Wetherefore
hypothesisedthatatropinewouldhastenrecoveryfrominhaled
volatile (isoflurane) anaesthesiaviachangingcardiacshunting
patternsduringisofluraneelimination. We quantifytheeffectof
atropine,aswellasthatofintracoelomicsurgerytoplacecannulae
and flow probes, under isoflurane anaesthesia with analgesia
(lidocaine, prilocaine and meloxicam) on blood flow patterns,
pressureandheartrateover48hrecovery. Wealsocomparedthe
perioperativeeffectofisofluranewiththatofpentobarbital, the
standardanaestheticforuseduringinsitustudies.Finally,weassess
periandpostoperativecatecholamineconcentrationstakentogether
withplasmaglucose,lactateand cardiovascular parameters as
physiological stressproxies. Atropinedidnotsignificantlyaffect
recovery time when administered preoperatively in animals
undergoinginstrumentation (recoverytime:atropinisedanimals
114+44,control 127 +56 mins), butreflexassessmentrevealeda
morestableanaestheticwithlongerrecoveryafteratropineinnon-
instrumentedanimals.
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A12.16 TERRESTRIAL ANURAN RANA
TEMPORARIA AVOIDS THERMALLY
INDUCED HEART FAILURE DUE TO
MAINTENANCE OF ATRIOVENTRICULAR
AND VENTRICULAR CONDUCTION

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@& VLAD S KUZMIN (DEPARTMENT OF HUMAN AND ANIMALS
PHYSIOLOGY BIOLOGICAL FACULTY MV LOMONOSOV MOSCOW
STATE UNIVERSITY, RUSSIA), EUGENY A KLIMOV (BIOLOGICAL
FACULTY MV LOMONOSOV MOSCOW STATE UNIVERSITY, RUSSIA)

@ KU290381@GMAIL.COM

Most of ectothermic animals are unable to cope with acute
temperaturechangesduetoheartfailure.Ithasbeensuggested
that heart failure occurs as a result of atrioventricular (AV)
or ventricular conduction blockade. However, amphibian
anurans are well known poikilotherms and their heart
tolerates well the fast temperature changes in wide diapason.
Electrophysiologicalmechanismsunderlyingthepreservation
ofcardiacperformanceinanuransarenotcompletely elucidated.
Here, standard surface ECG was recorded in anesthetized
frog Rana temporaria after double autonomic blockade at
varioustemperatures (2-25°C,n=18) andRR, PQintervals were
calculated. Optical mapping approach wasused toevaluate AV
and ventricular conduction at various temperatures (4-25°C).
Optical action potentials were recorded using the CCD camera
(WuTechInstruments)inmulticellularisolated, perfused, di-4-
ANEPPS-stained and blebbistatin-treated preparations (n=6)
consistingofatrialandventricularheartregionswithintact AVring.
Frogsdemonstratednormal ECGindiapasonfrom2to25°C.
BothRRandPQintervalsrevealedsimilartemperaturedependence,
Q10coefficients. Temperaturealterationnevercaused AVblocks,
however, coolingresultedinprolongation of AV delay (210+22 at
25°Cand740+102msat2°C).Identical (associatedwithinteratrial
septumridges)pathwaysofconductioninfrog AVringwere observed
atalltestedtemperatures. Excitationinventriclewasconducted
without blocks or disturbances in 4-25°C range. Temperature
alterationhadsignificantlyweakerinfluenceonventricularthenon
AV conduction. Thus,maintenance of AVandventricularconduction
may underlie thermal tolerance of anuran heart. This study is
supportedbyRussianScience Foundationgrant 14-15-00268.
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A12.17 NEW MECHANISM OF ACTION
POTENTIAL WAVEFORM MODULATION BY
ADRENERGIC COMPOUNDS IN FISH HEART

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

& DENIS V ABRAMOCHKIN (LOMONOSOV MOSCOW STATE
UNIVERSITY, RUSSIA), THOMAS ELIOT HAWORTH (UNIVERSITY
OF MANCHESTER, UNITED KINGDOM), MAEVA GACOIN
(UNIVERSITE DE POITIERS, FRANCE), VLADISLAV S
KUZMIN (PIROGOV RUSSIAN NATIONAL RESEARCH MEDICAL
UNIVERSITY, RUSSIA), HOLLY A SHIELS (UNIVERSITY OF
MANCHESTER, UNITED KINGDOM)

@ ABRAM340@MAIL.RU

Adrenalinehasbothapositivechronotropic(rate) andinotropic
(force) effectontheheartwhichincreasescardiacoutputandthus
participatesinthe ‘fightorflight’response. Theinotropicincrease
incontractileforceisdrivenmainlybyanadrenergicincreasein
myocyteCa? influxduringcardiacactionpotentials (APs).Inthe
present study we demonstrate that ventricular APis prolonged
inmyocytesfromrainbowtroutfollowingstimulationofaand
adrenoreceptorswiththeendogenousligand,adrenaline (10-°M).
Interestingly, selective a-adrenoreceptorstimulation (isoprenaline/
isoproterenol, 10-°*M)producedaweakerprolongationof APthan
selectivea-adrenoreceptorstimulation (phenylephrine, 10-6M).
WhileB-adrenoreceptorinduced APprolongationisattributedto
enhancementoftheL-type Ca*-current (Ic..), weshowthatstronger
a-mediated prolongationis duetothe attenuation of K* delayed
rectifier current (Ix, ) in both atrial and ventricular myocytes.
Adrenaline (10*M)reducedthemaximaltailIx; to61.4+3.9% of
controlinventricularand76.4+2.7%inatrialmyocytes. Thiseffect
wasreproducedbythea-adrenergicagonist, phenylephrine (10-$M),
butnottheB-agonistisoproterenol (10-°M),whichtendedtoincrease
taillKr.Interestingly,adrenaline (10-°*M)inthepresenceof 31and
B2-blockers(10-°*Matenololand 10-°MICI118.551,respectively)
also inhibited Ik, slowing the repolarization and prolonging
AP. The inward rectifier K* current (Ix;) was insensitive to the
adrenomimetics. Thus, theincreaseof APDfollowingsympathetic
adrenergicstimulationinfishheartismediatedbyactivationof
a-adrenoreceptorsleadingtoIKrsuppression. Wespeculatethis
mechanismmay complement the well-known 3-adrenoreceptor
mediatedenhancementoflc,.intheinotropicresponsetoadrenaline.
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A12.18 FLUORESCENT IMPLANTABLE
ELASTOMER TAGS FOR THE MEASUREMENT
OF OXYGEN WITHIN INSECTS

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

& ANNE B ROBERTSON (UNIVERSITY OF BRITISH COLUMBIA,
CANADA), PHILIP G D MATTHEWS (UNIVERSITY OF BRITISH
COLUMBIA, CANADA)

@ ANNARO@ZOOLOGY.UBC.CA

Monitoring oxygen partial pressure (PO;) within an organism
providesessentialinformationforunderstandingoxygenuptake
andnumerousotheraspectsofrespiratoryphysiology. However,
in vivo measurements using currentimplantable O, probes are
limited by the small size of many organisms; This study sought
todevelop fluorescentimplantable elastomertags (FIETs)asan
alternativemethodforaccuratemeasurementof PO, withinsmall
semi-transparentorganisms. The FIETsweredesignedwithanO,
-permeablematrixandafluorescent, ratiometricdyesystem:the
fluorescenceofanindicatordye (emission650nm)isquenchedinthe
presenceof O, whereasthefluorescenceofareferencedye (emission
530nm)doesnotchange. A custommicrofluidicchipproducedhighly
uniformbatchesofspherical FIETs, with FIET diametersassmallas
67pm.TheFIETsresponsetoO,wasquantifiedbymeasuringboth
dyes’fluorescenceintensitiesacrossarangeof O, tensions (0-20.26
kPa)usinganinvertedfluorescencemicroscope. Qurresultsshow
alinearrelationshipbetweenthefluorescenceratiosand PO, (R?
=0.963),althoughovertimephotobleachingcausesanapparent
driftinthePO;signal. Next, wewilldemonstratethe FIETs useina
biologicalcontextand observewhetherauto-fluorescenceinterferes
withtheiraccuracy.

A12.23 HIGH COST OF CALCIFICATION
AND UNEXPECTED INTRACELLULAR
ADAPTATIONS IN MARINE MUSSELS
LIVING AT EXTREMELY LOW SALINITY
IN THE BALTIC SEA

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@& TRYSTAN SANDERS (GEOMAR, GERMANY), JORN THOMSEN
(GEOMAR, GERMANY), JENNIFER NASCIMENTO SCHULZE
(GEOMAR, GERMANY), LARA SCHMITTMANN (GEOMAR,
GERMANY), CHRISTIAN BOCK (ALFRED WEGENER INSTITUTE,
GERMANY), FRANK MELZNER (GEOMAR, GERMANY)

@ TSANDERS@GEOMAR.DE

Thesteepsalinitygradientfrom30psuto6psuinthe WesternBaltic
Seaprovidesanexcellentsystemtoinvestigateadaptationtolow
salinityinmarinecalcifyinginvertebrates. Climaticmodelspredict
adesalinationoftheBalticSeaoverthenext100yearsandashifting
ofthesalinity gradientfurtherwestincreasingthe osmoticstress
onmarineorganisms,suchasthebluemussel,alreadylivingatthe
edgeoftheirenvironmentaltolerancerange. Metabolomicanalysis
using'H-NMRspectroscopy wasusedtoinvestigatechangesin
intracellularorganicosmolytesandenergybudgetsfromdifferent
populations were measured following long-term acclimation.
Resultsreveal that extremelylow salinities (6 psu) donot elicit
significant alterations in whole animal oxygen consumption;
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howevertheenergeticcostofcalcificationisdramaticallyincreased
2-3fold. Thisismirroredbystronglyelevated metabolicrates of
mantletissue, thetissueresponsibleforshellsecretion. Contrary
toexpectations,intracellularorganicosmolyteanalysisshowed
thatatthesamesalinity,lowsalinityadapted populationsmaintain
lowerconcentrationsofthemainosmolytestaurine, glycineand
aspartatecomparedtohighsalinityadaptedpopulations.Ongoing
workfocusesonanalyzingintracellularinorganicionconcentrations
toseeifreducedexternalsalinityelicitssimilarpatternsofchange
aswithorganicosmolytes. Thesefindingspresentsomepotential
costsofadaptingtolifeinanextremelydiluteenvironmentaswellas
the ability for marine mussels to drastically change their
intracellularenvironment.

A12.24 TEMPORAL ASSESSMENT OF
METABOLIC RATE, AMMONIA DYNAMICS
AND ION-STATUS IN COMMON CARP
DURING FASTING: OPTIMIZING FASTING
PERIOD PRIOR TO TRANSPORT

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

& JYOTSNA SHRIVASTAVA (UNIVERSITY OF ANTWERP, BELGIUM),
AMIT KUMAR SINHA (UNIVERSITY OF ANTWERP, BELGIUM),
SARAH CANNAERTS (UNIVERSITY OF ANTWERP, BELGIUM),
ELINE VERROSTTE (UNIVERSITY OF ANTWERP, BELGIUM),
RONNY BLUST (UNIVERSITY OF ANTWERP, BELGIUM), GUDRUN
DE BOECK (UNIVERSITY OF ANTWERP, BELGIUM)

© JYOTSNA.SHRIVASTAVAGUANTWERPEN.BE

Theobjectiveofthisstudywastoevaluateanideal fastingperiod
priortothefishtransportation. Forthis purpose,common carp
(Cyprinuscarpio)wereprogressively fastedupto 14days. Temporal
effect of fasting on oxygen consumption rate (MO_), ammonia
excretionrate (Jamm), plasmaammonia (Tamm), plasmaions, branchial
Na'/K*-ATPase(NKA)andH*-ATPaseactivity,aswellasbranchial
mRNA expressionof NKA,H*-ATPase,Na*/H* exchanger (NHE-3)
andRhesus(Rh) glycoproteinswereassessed. Resultsshowthat
MO;and].mmwereconsiderably depressedfrom4-6daysoffasting
onwards. Thiscoincidedwiththeonsetofhigherrestingplasma
Tamm fromday 6 onwards, possiblybecauseinfastedfishthebasal
expressionlevelsof Rhcg-aandRhcg-bwereonlymaintainedup
to6and8daysrespectively, afterwhichadown-regulationwas
recorded.Plasma[Na*]and[Cl-]Jweretemporarilyreducedduring
4-8 days of fasting, while an augmented [K*] was evident. The
transcriptlevelof NHE-3wasraisedin12-14daysfastedfish, which
alongwithup-regulationinNa*/K*-ATPaseactivityandmRNA
expressionfacilitatedtherecoveryof[Na*]tocontrollevel.First
signsofenergystoredepletioninliver, especially glycogen, were
recordedfromday8onwards.Overall,thesedatasuggestthatthe
beneficialreductionofmetabolicrate (MO;and].mm) startedat6days
offasting.Interestingly, atthistimefishwerestillabletoregulate
ammoniatransportefficiently,anddidnotcompromisetheirenergy
storesyet. Therefore, wepropose6daysasanideal fastingperiod
beforetransport.
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A12.25 ONTOGONY OF UREA

AND AMMONIA TRANSPORTERS IN
MAHI-MAHI (CORYPHAENA HIPPURUS)
EARLY LIFE STAGES

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

& YADONG WANG (UNIVERSITY OF MIAMI, UNITED STATES),
EDWARD M MAGER (UNIVERSITY OF NORTH TEXAS, UNITED
STATES), CHRISTINA PASPARAKIS (UNIVERSITY OF MIAMI,
UNITED STATES), JOHN STIEGLITZ (UNIVERSITY OF MIAMI,
UNITED STATES), DANIEL BENETTI (UNIVERSITY OF MIAMI,
UNITED STATES), MARTIN GROSELL (UNIVERSITY OF MIAMI,
UNITED STATES)

@ YADONG.WANGE@RSMAS.MIAMI.EDU

Thetimingandlocation ofthe 2010 Deepwater Horizon (DWH)
incidentwithinthe GulfofMexico coincidedwiththespawningof
many ecologicallyand commerciallyimportantfishspecies, such
asmahi.Recentstudiesbyourlabandothersrevealedupregulation
of ammonia transporter genes (Rhag and Rhbg) and increased
ammoniaexcretioninoil-exposedmahiembryos. Thepresentstudy
foundthat,similartootherteleosts,mahiavoid the toxicbuild-up of
ammoniabybeinglargelyureotelicduringtheembryonicstageand
graduallyswitchtobeingammonotelicatthetimeofhatch. Thus,
anychangeinthetimingoftheseprocessescouldindicatesignificant
physiologicalimpactswithimplicationsforsurvival.Inthisstudy,
unexposedmahiembryosandlarvaerevealedmRNA expression
changesforsevengenesinvolvedinnitrogenouswasteexcretion
overtheinitial96hoflife:Rhag,Rhbg,Rhcgl andRhcg2 (ammonia
transporters),SLC14a2 (ureatransporter), NHE2andNHE3 (Na*/H*
exchanger)whicharepotentiallyinvolvedinammoniatransport.
ThemRNAlevelsofthetransportersarehighlyconsistentwith
ammoniaandureaexcretionratesinmahiembryosweobserved.
Additionally,in situ hybridization examined tissue-specific
expressionofthesegenes.EachRhproteinhasaunique expression
patternalongthegills,skinandyolksac.Contrarytowhathasbeen
shownforotherspecies, NHEsappeartoplaylessaroleinammonia
transport. Theresultscontributetoourunderstandingofammonia
excretion in pelagic fish and physiological consequences of oil
exposuresduringearly development.
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A12.26 NITRIC OXIDE INHIBITS NACL
SECRETION ACROSS THE OPERCULAR
EPITHELIUM OF THE SEAWATER
KILLIFISH BY DUAL MECHANISMS:
CGMP SIGNALLING AND S-NITROSATION

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

& LUCIE GERBER (AARHUS UNIVERSITY, DENMARK), FRANK B
JENSEN (UNIVERSITY OF SOUTHERN DENMARK, DENMARK),
STEFFEN S MADSEN (UNIVERSITY OF SOUTHERN DENMARK,
DENMARK), WILLIAM S MARSHALL (ST. FRANCIS XAVIER
UNIVERSITY, CANADA)

@ LUCIEGERBER@BIOS.AU.DK

Active transport of ions is essential for the maintenance of
homeostasis and is under control of a large array of signalling
molecules and mechanisms. The signalling molecule nitric
oxide (NO),knowntoinfluencevariousphysiological functions,
emergesasanovelregulatorofepithelialiontransportpathways
in vertebrates. Hypotheses for NO modulation of ion transport
include (1) bindingtosoluble guanylylcyclase (sGC) tostimulate
cyclic guanosine monophosphate (cGMP) production and (2)
S-nitrosationofiontransporters. However, thepreciserole of NO
inionicregulationandmechanism(s)triggeringitsactionremain
largelyunexaminedinfish. AnUssingchamberapproachwasusedto
exploretheinvolvementof NOincontrollingiontransportacrossthe
opercularepitheliumoftheseawaterkillifishandtotestitscGMP-
dependence.Inparallel,amodified biotin-switchassaywascarried
outtoinvestigate S-nitrosationof proteinsby NO. Wefoundthat
theepithelialshort-circuitcurrent,anindicatorof NaClsecretion,
wasdecreasedby stimulation ofendogenous NO productionand
addition ofexogenousNO. WefurtherdemonstratedthatthisNO-
induceddecreasewasabolishedbyinhibitorsofsGC,revealingcGMP
dependenceofNOsignalling.Inaddition, wereported S-nitrosation
of severalproteinsby exogenousNO,includingthemajorion pump:
Na'/K'-ATPase.OurresultsdemonstratehowNOislikelytofunction
asaphysiologicalregulatorofiontransportprocessesinfishvia
combined mechanisms. This study brings new insightinto the
paracrinemodulatingsystemoffishinvolvedinthefine-tuningofion
transporttodealwithfluctuatingandchallengingenvironments.
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A12.27 THE USE OF PULSATILE
UREA EXCRETION TO CHEMICALLY
COMMUNICATE REPRODUCTIVE STATUS
IN GULF TOADFISH, OPSANUS BETA

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION
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A12.28 MIXTURES OF ZINC,
COPPER AND CADMIUM CAUSE
DIFFERENT RESPONSES IN
CAENORHABDITIS ELEGANS

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ MARIA C CARTOLANO (UNIVERSITY OF MIAMI ROSENSTIEL
SCHOOL OF MARINE AND ATMOSPHERIC SCIENCE, UNITED
STATES), KATHLEEN KUBICKI (UNIVERSITY OF MIAMI
ROSENSTIEL SCHOOL OF MARINE AND ATMOSPHERIC SCIENCE,
UNITED STATES), PHALLON TULLIS-JOYCE (UNIVERSITY OF
MIAMI ROSENSTIEL SCHOOL OF MARINE AND ATMOSPHERIC
SCIENCE, UNITED STATES), M DANIELLE MCDONALD
(UNIVERSITY OF MIAMI ROSENSTIEL SCHOOL OF MARINE
AND ATMOSPHERIC SCIENCE, UNITED STATES)

@ MCARTOLANO@RSMAS.MIAMI.EDU

Gulftoadfish (Opsanus beta) are uniquely capable of switching
from excreting ammonia as their primary nitrogenous waste
to excreting predominantly urea in distinct pulses across the
gill. Previous studies suggest that these pulses may be used for
intraspecificchemicalcommunication. Manyaquaticorganisms
release sex pheromones, but little is known about the use of
pheromones in marine teleosts. To determine if pulsatile urea
excretioncommunicatesreproductivestatus,toadfishweresexed
usingultrasoundanddelivered pre-conditioned seawater (PC-SW)
thatpreviouslyhousedaconspecificofthe oppositesex,apreycue
madeofshrimphomogenate (attraction control),oraconspecific
chemicalalarmcue(avoidancecontrol). Behaviourwasmonitored
tomeasureattractiontooravoidanceofthecuesandwatersamples
werecollectedtodeterminechangesinthepatternofpulsatileurea
excretion. Toadfishdidnothaveadirectionalresponsetoanyofthe
chemicalcues,butsignificantlymoretoadfishpulsedwithin7hours
of PC-SW delivery (67%) comparedtocontrolseawater (38%).Pulse
frequencywasalso1l.6timesgreaterinresponsetoPC-SWthan
controlseawater.Incomparison, toadfishdidnotpulseinresponse
tothepreyoralarmcues. Althoughnoneofthecuesattractedor
repelledtoadfish, theresultssuggestthattoadfishofeithersexpulse
tocommunicatewith conspecificswhenexposedtochemosensory
cuesfromtheoppositesex. Furtherexperimentswillinvestigatethe
roleofsexhormonesinthe controlofpulsatileureaexcretion, possible
reproductive pheromones released in pulses, and the adaptive
significanceofchemical communicationintoadfish.

& SOFIE MOYSON (UNIVERSITY OF ANTWERP, BELGIUM), KRIS
VISSENBERG (UNIVERSITY OF ANTWERP, BELGIUM), GEERT
BAGGERMAN (UNIVERSITY OF ANTWERP, BELGIUM), RONNY
BLUST (UNIVERSITY OF ANTWERP, BELGIUM), STEVEN HUSSON
(UNIVERSITY OF ANTWERP, BELGIUM)

©@ SOFIE.MOYSON@UANTWERPEN.BE

Anincreaseinmetalaccumulationisseenthelastdecades, whichcan
leadtoserioushealthhazardsfordiverseanimalsincludinghumans,
resultinginapersistent (eco)toxicological concern.Incontrasttothe
increasingunderstandingofthetoxiceffectsofsinglemetals,much
lessisknownabouttheireffectsuponinteraction, whichfrequently
occursinthenaturalenvironment. Especiallysoils,sedimentsand
surfacewaterscanbecontaminated withmetalmixtures.Sincesoil
nematodeslivewithintheinterstitialwatersofsoilparticles, they
areindirectcontactwithdissolvedcontaminantsandarethusgood
modelsforthesetoxicitytests. Theaimofthisstudywastogain
insightsintothesensitivity totheselectedmetals (Cu,Cd,Zn),and
toinvestigatewhetherandhowthesesensitivitiesareaffectedin
mixtureexposurescenarios. Todoso, wefully exploitedthebenefits
ofthefree-livingsoilnematodeCaenorhabditiselegansasaunique
modeltoinvestigatetheeffectsof metalexposureonpopulation
growthandlocomotorybehaviour. Crawlingspeedonagarplates
andtrashingbehaviourinliquidmediumwasevaluatedbyusing
videotracking. These experiments were preceded by mortality
experiments to determine LC20 concentrations used in the
behaviouraltests.C.elegansexhibitedadifferentsensitivitytothe
threemetals,bothasindividualmetalsasincombination.Different
interactioneffectswereobservedforthemixturesZnCd,ZnCu,CuCd
andZnCuCd.Ourstudyshowedthatevenatlowconcentrationsthe
locomotion,bothonagarplatesandinliquidmedium, wasdisturbed.

A12.29 SPATIAL SUMMATION IN
HAWKMOTH LAMINA MONOPOLAR CELLS

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ ANNA STOCKL (AALTO UNIVERSITY, FINLAND; LUND
UNIVERSITY, SWEDEN), DAVID O’CARROLL (LUND UNIVERSITY,
SWEDEN), ERIC WARRANT (LUND UNIVERSITY, SWEDEN)

© ANNA.STOCKL@AALTO.FI

Many nocturnal animalsrely on vision as their primary sense.
Thechallengingconditionsatnight-lowsignalandahighnoise
background - are met by adaptations in the eyes and retina. In
insects,neuralprocessinginthebrainfurtherincreasessensitivity
bysummingvisualsignalsinspaceandtime,thusboostingthe
correlatedsignalwhilereducingtheuncorrelatednoise, yetatthe
expenseofspatialandtemporalresolution. Theneuronsresponsible
forthissummationremainunknown, although cluesexistthat
laminamonopolarcells (LMCs)-foundinthefirstvisual processing
areaoftheinsectbrain-havethenecessarymorphologytoperform
spatialsummation. Herewe give thefirstphysiologicalevidence
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tosupportthishypothesis.WerecordedfromLMCsintracellularly
andcharacterisedtheirspatialresponsesatarangeofintensities
inthehawkmothMacroglossumstellatarum.TheLMCsresponded
to 100 times dimmer light levels than the photoreceptors they
receiveinformationfrom,andtheirspatialresolutiondecreased
withlightintensity, strongly suggestingthattheycarryoutspatial
summation. Moreover, thespatialresponsesoftheLMCsatdifferent
lightintensitiescloselymatched theextentofspatialsummation
previouslymeasuredinthemotionvisionsystemofthishawkmoth
species.Finally,thespatialreceptivefieldsof LMCscloselymatched
thelateralextentsoftheirdendrites,suggestingthatthelateral
dendritesof LMC areresponsibleforintegratinginformationin
space.Qurworknotonlyansweredadecade-oldquestionindim
lightvision,butalsoprovidesnewinsightsintospatialinformation
processingininsects.

A12.30 CHOLESTEROL-RICH

MEMBRANE RAFTS REGULATE BASAL

ATP RELEASE AND ALTER CONTRACTILITY
OF THE BLADDER

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

& DARRYL G KITNEY (UNIVERSITY OF BRISTOL, UNITED
KINGDOM), CHRISTOPHER H FRY (UNIVERSITY OF BRISTOL,
UNITED KINGDOM)

@ DK14265@BRISTOL.AC.UK

Basal ATPisreleased fromthemucosaofthebladderwallandis
importantinmanyphysiologicalresponsesincludingtheregulation
of spontaneous contractions, and its mechanism of release is
unknown. Cholesterol-rich microdomains may be responsible
forregulating this ATP release. We hypothesise, ‘depletion of
cholesterol-rich microdomains inhibits the release of ATP and
reducescontractility’. Pigbladdersobtainedfromalocalabattoirwas
dissectedintostripsand superfusedwithheated Tyrode’ssolution.
Preparationswerelefttostabilisefor60minandthensuperfused
withmethyl 8-cyclodextrin (MCD)oraTyrode’scontrolfor S0min.
Superfusatesamplesweretaken 5minbeforeaddition of MCD or
controlandevery30minafter. Superfusate ATPmeasurementswere
doneusingaluciferin-luciferasebioassayandreadinaluminometer.
Bladder contractions were measured using a force-transducer.
Comparisonsbetweendatasetsweredoneusingatwo-way ANOVA
withSidak’smultiple comparison. The depletion of cholesterol-
rich microdomains using MCD (15mM) significantly inhibited
basal ATPreleasebetween30-90mincomparedtopre-controland
Tyrode’s (vehicle) control. Therewasanoppositeeffectonbasal
toneandspontaneouscontractionsshowingsignificantincreases
between60-90min. Cholesterol-richmicrodomainsseemtohavean
importantroleinregulatingbasal ATPreleasewhichisindependent
totheeffectsoncontractility.Itisimportanttofurtherexplorethe
releaseof ATPandtheregulationofcontractilityby cholesterol-rich
microdomainsthatcontrolnormalbladderphysiology.

ANIMAL ABSTRACTS 255

A12.31 THE GENERATION OF BLADDER
WALL SPONTANEOUS CONTRACTIONS
IS INFLUENCED BY DIFFUSIBLE
SUBSTANCE(S) FROM THE MUCOSA

™ TUESDAY 4 JULY, 2017 POSTER SESSION

@ DARRYL G KITNEY (UNIVERSITY OF BRISTOL, UNITED
KINGDOM), CHRISTOPHER H FRY (UNIVERSITY OF BRISTOL,
UNITED KINGDOM)

©@ DK14265@BRISTOL.AC.UK

The bladder possesses spontaneous contractions (SC) which
hasbeenanintegral partofbladderphysiology,butitsoriginand
generationisstillunknown. Itisknownthatthemucosainfluences
theseSCasthedetrusorsmoothmuscle(DSM)layeralonelacks
activity. Whetherthisinfluenceisbytherelease of a diffusible
substance or cell-to-cell communication remains unclear. We
hypothesise, ‘bladder SC are enhanced by the diffusion of an
excitatorychemicalreleasedfromthemucosa’.Invitrocontractility
studies were done using porcine bladders obtained from alocal
abattoir. Thebladderwasdissectedasanintact (mucosa+detrusor)
preparations or the mucosa was removed (DSM). Bladder
preparationswereattachedtoaforcetransducerinatissuebath
andsuperfusedwithwarmed Tyrode’s. DSMpreparations were
allowedto equilibrate for 1h prior tointervention. The mucosal
layer (fromthesamepreparation) wasthenlaidontopofthe DSM
for1h,andremovedagainforafurther 1h.Experimentsweredone
withthelayersreversed,andtimecontrolsareintactbladders. DSM
preparationsdidnotproduceany SCwithin 1h. Theadditionofthe
mucosainitiatedthe generationof SCwhichpersistedevenifthe
mucosawasthenremoved.SCfromthemucosawasnotinfluenced
bytheDSM.Intactpreparationshadconsistent SCwhichlastedto
similarmagnitude for 3h. Themucosaofthebladderwallshowsa
fundamentalinfluenceintheinitiationandgenerationof SCwhich
is,inatleast,partcontrolledbyadiffusiblesubstance.
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A12.33 OXYGEN DICTATED THE
EVOLUTION OF THE VERTEBRATE EYE

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ CHRISTIAN DAMSGAARD (AARHUS UNIVERSITY, DENMARK),
HENRIK LAURIDSEN (AARHUS UNIVERSITY, DENMARK),
ANETTE M D FUNDER (AARHUS UNIVERSITY, DENMARK),
JESPER S THOMSEN (AARHUS UNIVERSITY, DENMARK), THOMAS
DESVIGNES (UNIVERSITY OF OREGON, UNITED STATES), DANE
CROSSLEY (UNIVERSITY OF NORTH TEXAS, UNITED STATES),
DO T T HUONG (CAN THO UNIVERSITY, VIETNAM), WILLIAM
DETRICH (NORTHEASTERN, UNITED STATES), ANNEMARIE
BRUHL (AARHUS UNIVERSITY, DENMARK), JENS R NYENGAARD
(AARHUS UNIVERSITY, DENMARK), MICHAEL BERENBRINK
(UNIVERSITY OF LIVERPOOL, UNITED KINGDOM), TOBIAS
WANG (AARHUS UNIVERSITY, DENMARK), MARK BAYLEY
(AARHUS UNIVERSITY, DENMARK)

@ CDAMSG@GMAIL.COM

Thehighmetabolicdemandsofthevertebrateeyerequireefficient
oxygensupply,yetmostnon-mammalianretinaeareavascular.
Hence, evolutionofimproved visual performancebyvirtueofthicker
retinaeandlargereyesrequiresaparallelaugmentationforretinal
oxygenation. Toovercomethelargediffusivebarrierforoxygen,
threemorphologicalandphysiologicalmechanismshaveallowed
theevolutionoflargereyesandretinalthickness:i) oxygensecretion
bythecombinationofRooteffecthaemoglobinsandachoroidrete,ii)
intraretinal-oriii) vitreouscapillarization. By reconstructingthe
evolutionofretinaloxygensupplyandretinal-andeyemorphologies
acrossan87-speciesvertebratephylogeny, weshowthatthethree
distinctpathwaysforretinal oxygenationevolved multipletimes
amongvertebrates,andweshowparallelevolutionofthe capacityfor
retinaloxygenationandeye/retinalmorphology. Oxygensecretion
seemstobethemostefficientmechanismforretinal oxygenation
allowingavascularfishretinaethicknesstovastly exceed that
of tetrapods. We show that Root effect was lost seven times
independently,andtheconservationofretinal oxygenationafter
suchlosses,required compensationsbythetwoalternativeroutes.
Thisreflectsthesamephylogeneticconstraintsexperiencedbystem
tetrapods, whereevolutionoflargereyeswasachievedbyeither
intraretinal-orvitreouscapillarization. Ouranalysisillustrates
thelimitinsolutionsavailableforincreasingvisual performance,
andthatthephylogeneticcontextdetermines whichphysiological
pathwaysthatenablesufficientoxygendeliverytoevolveeye-and
retinal complexity,andhenceprovidesnovelinsightintoonthe
evolutionofthevertebrateeye.
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A12.34 A MULTI-TASKING STOMACH:
DEFENCE THROUGH INFLATION AND
DIGESTION THROUGH ACID-PEPSINOGEN
PRODUCTION. THE CASE OF THE
SARGASSUM FISH, HISTRIO HISTRIO

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ PATRICIA G FERREIRA (CIIMAR - INTERDISCIPLINARY CENTRE
FOR MARINE AND ENVIRONMENTAL RESEARCH, PORTUGAL),
ODETE GONCALVES (CIIMAR - INTERDISCIPLINARY CENTRE
FOR MARINE AND ENVIRONMENTAL RESEARCH, PORTUGAL),
DIOGO MARTINS-FERREIRA (CIIMAR - INTERDISCIPLINARY
CENTRE FOR MARINE AND ENVIRONMENTAL RESEARCH,
PORTUGAL), FILIPE CASTRO (CIIMAR - INTERDISCIPLINARY
CENTRE FOR MARINE AND ENVIRONMENTAL RESEARCH,
PORTUGAL), JONATHAN M WILSON (DEPARTMENT OF BIOLOGY
WILFRID LAURIER UNIVERSITY WATERLOO CANADA, CANADA)

©@ FERREIRAGPATRICIA@GMAIL.COM

Thestomachischaracterizedbytheoccurrenceofacid (HCl)and
pepsin-producing glands that enable acid-peptic digestion. As
evolutionary pressures fluctuated over time, some organisms
appear to have lost the gastric phenotype. Examples can be
foundinmultiplelineagesofvertebrates,suchasmammals (e.g.
monotremes)andnumerousfishesasthechimaeras (Holocephali),
thelungfishes(Dipnoi)andagreatnumberofteleosts. Thislossof
functionisintriguing,asthestomach’sdevelopmentisamongst
themajorinnovationsthatarosewithintheearlygnathostomes.
Inthe Tetraodontiformpufferand porcupinefishes(Diodontidae
andTetraodontidae) stomachinflationfordefence correlateswith
thelossofthegasticphenotypeandacid-pepticgenesandmaybea
potentialdriverforlossofthegastricphenotype. Thesargassumfish
Histriohistrio(Lophiiformes)displaysasimilarinflationresponse
andthisworkaimstodetermineifinflationisapossibledriverfor
gastricfunctionlossinthisspecies. Thestomachphenotypewas
confirmedbyhistologyandimmunohistochemistrythroughthe
detection of gastric glands, zymogen granules, and the gastric
protonpumpH*/K* ATPaseimmunoreactivity.Inaddition, through
molecularmethods, genesassociated withthe gastricfunction:
atp4a(theasubunitoftheH*/K* proton pump),andtwopepsinogens
pgc(pepsinogen C) andpga (pepsinogen A) were detectedinthe
stomach. Atp4aproteinexpressionwasconfirmedthroughWestern
blotting. Takentogether, theseresultsindicateafully functional
stomachinH. histrio,demonstratingthepossibility of coexistence
of both acid-peptic digestive and inflation phenotypes
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A12.36 PREFERRED TEMPERATURE IS
SIZE DEPENDENT IN EUROPEAN PERCH
PERCA FLUVIATILIS

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ EMIL AF CHRISTENSEN (UNIVERSITY OF COPHENHAGEN,
DENMARK), JOHN F STEFFENSEN (UNIVERSITY OF
COPENHAGEN, DENMARK)

@ EMIL.FLINDT@BIO.KU.DK

Behavioural thermoregulation is utilised by fishes to seek out
beneficial thermal habitats and correlates with the optimal
temperatureoftheanimal. Therefore, thetraitisof greatinterestfora
varietyofscientificfields,including conservationbiology, fisheries,
andaquaculture. Thetemperaturepreference of Europeanperch
Percafluviatilis,aeurythermalfreshwaterfish, wasdetermined
in a two tank choice system, where the temperature changed
dynamicallyaccordingtothepositionofthefish. Thedetermined
preferredtemperaturerangedbetween22.0and28.6°Candwas
significantly decreasingwithfishsize(bodymassrangingbetween
3and54g)inalogarithmicfashion. Asgillsurfacetobody volume
ratioalsodecreaseswithbodysizeinmanyfishes, gillsurfaceto
bodyvolumeratiomaybelimitingmaximumoxygenuptake,and
consequentlybe thelimiting factor for the scope for activity as
reflectedinthetemperaturepreference. Theseresultsshowthat
fishsizeisasignificantcovariateintemperaturepreference offishes,
andcouldhavealargeinfluenceonthespatialdistributioninsituof
aspeciesthroughoutitslifehistory.

A12.37 USING A MULTI-STRAIN
PROBIOTIC TO MEASURE THE EFFECTS ON
GROWTH, MORTALITY, FOOD CONVERSION
RATIOS (FCRS), AND BEHAVIOR IN RED
DRUM (SCIAENOPS OCELLATUS)

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ WREN A BUSBY (UNIVERSITY OF NORTH TEXAS, UNITED
STATES), IONE HUNT VON HERBING (UNIVERSITY OF NORTH
TEXAS, UNITED STATES)

@ WRENGAFFORD@MY.UNT.EDU

Bacteriaareimportanttoafunctionaldigestivesystem,andthe
use of probiotics, defined as “good bacteria”, has become more
commoninthelast10yearstohelpre-establishthegutfloraafter
treatmentofantibiotics. Littlework,however,hasbeendoneusing
probioticsincommercialmarinefish culture,e.g.inreddrum.Red
drum (Sciaenopsocellatus)acommerciallyimportantcarnivorous
marinefishhasashortgutandrapidfoodtransport.Rapiddigestion
andassimilationratesareimportanttorapidgrowth. Thegoalsofthe
currentstudywastodeterminetheeffectsof probioticsongrowth
&mortalityrates,food conversionratios (FCRs),behaviour,and
toevaluate gut health. Theindividuals treated with probiotics
(1.0x108CFU/g)untilday 56 hadanoverallincreased growthof
33.7% comparedtocontrols,largerthanprobioticstillday 28, but
not significantly different. FCR calculations show the control
fishrequirealmostdoubletheamountoffeedtomake 1 goftissue
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masscomparedtoprobioticstreatedfish.Behaviourwascompared
onanaggressionindexcreatedinthelabbased onobservations.
Futureworkwillinclude quantifyingtheeffectsof probioticson
thediversityofthereddrumgutmicrobiomeusingdeepsequencing
studies. Togethertheseinvestigationswillprovideanindexofhealth
ofthereddrumwhilebeingtreatedwithprobiotics. Thiswillaidus
indeterminingifprobioticsisaviableandsustainablealternative
toantibioticsasagrowthandfishhealthenhancer.

A12.38 DEALING WITH DANGER:
INVESTIGATING HOW PREY RESPOND
TO CHANGES IN THREAT

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

& MAUD KENT (UNIVERSITY OF SYDNEY, AUSTRALIA),
ASHLEY WARD (UNIVERSITY OF SYDNEY, AUSTRALIA)

©@ MAUD.KENT@SYDNEY.EDU.AU

Foreveryanimal,findingfoodandavoidingpredationareessential
to survival. This need to locate prey while avoiding predation
influences decisions and shapes predator-prey behaviour and
distribution. Despite the importance of these predator-prey
interactions, many studies have overlooked the interplay
between predator and prey behaviour and assessed behaviour
ofoneintheabsenceoffeedbackfromtheother.Bytreatingone
sideasnon-interactiveagents,previousstudieshavepotentially
missedthedynamicmannerinwhichpredatorandpreyadjustor
adapttheirbehaviour.Inthisexperiment,jadeperchpredators,
Scortumbarcoo,wereplacedintoclearcirculararenassurrounded
bygroupsof10mosquitofish, Gambusia holbrooki.Both predator
andpreymovementswererecorded for 12minutes. Wefoundthat
preymovementcorrelatedtopredatormovementwiththetimelag
inresponsetopredatormovementchangingasafunctionoftime.
Furthermore,byanalysingeachpreywithinthegroupseparately, we
foundthatthisrelationshipbetweenpredatorandpreylocomotion
wouldswitchwhenpredatorstrackedprey,demonstratingflexibility
intherelationshipbetweenpredator-preybehaviour. Theseresults
demonstrate that predator and prey adjust their behaviour in
responsetoeachother,whichcanultimatelyreshapethe current
perspectiveonpredator-preyinteractions.
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A12.39 NADPH OXIDASE SUBTYPE
EXPRESSION AND ROS GENERATION
IN THE MOUSE URINARY BLADDER

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

& MAX ROBERTS (UNIVERSITY OF SURREY, UNITED KINGDOM),
MICHAEL R RUGGIERI (TEMPLE UNIVERSITY, UNITED STATES),
CHANGHAO WU (UNIVERSITY OF SURREY, UNITED KINGDOM)

@ MAX.ROBERTS.90@GMAIL.COM

Reactiveoxygenspecies (ROS) producedinvivocanirreversibly
destroy or alter the function of biological molecules, where
this process is widely accepted as a major contributor to aging.
NADPH oxidases (NOX) have gained increasing interest, as
they are the only known enzymes to produce ROS as a primary
function, forthefirsttimeindicatingROStoalsohaveimportant
physiological functions. Few studies have explored the role of
ROSinthebladder. Sincetheelucidation ofthesensoryroleofthe
urothelium-theinnermucosalliningofthebladder, therehasbeen
intenseinterestinidentifyingnewphysiologicalregulatorsinthis
structure. Weinvestigatedforthefirsttime, theexpressionand
functionalimportance of NOX enzymesin the bladder mucosa.
Tissueswereobtained fromyoung WTmice (male C57BL/6).
Immunohistochemistry and western blotting were employed
to detect NOX subtype expression, and lucigenin-enhanced
chemiluminescencemethodusedtoevaluatesuperoxideproduction
inthepresenceofvariousinhibitors.NOX1,2and4 wereexpressed
throughoutthebladder,withhighestexpressionobservedinthe
urothelium. Bladder urothelium produced significantly more
superoxide than other tissues assessed. Inhibitors revealed
thatmitochondriaareresponsibleforapproximately 30-35% of
superoxideproduction, withNOXenzymesaccountingfor70%.
These findings demonstrate high release of ROS from the
urotheliumnotobservedinothertissues,whereNOXareresponsible
forasignificantproportion, possiblyimplicatingNOX-derivedROS
asimportantphysiologicalregulatorsofbladder function.

A12.40 THE GILL PARASITE PARAMOEBA
PERURANS COMPROMISES AEROBIC SCOPE
AND SWIMMING CAPACITY IN ATLANTIC
SALMON SALMO SALAR

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ MALTHE HVAS (INSTITUTE OF MARINE RESEARCH, NORWAY),
EGIL KARLSBAKK (UNIVERSITY IN BERGEN, NORWAY),
FRODE OPPEDAL (INSTITUTE OF MARINE RESEARCH, NORWAY)

@ MALTHE.HVAS@IMR.NO

Theparasite Paramoebaperuransisanetiologicalagentofamoebic
gill disease (AGD), a serious problem in seawater salmonid
aquacultureglobally. Otherfinfishspeciesarealsoinfectedand
infection events are associated with periods of unusual high
temperatures. Currentlylittleisknownabouttheimpactof AGD
on wild fish, butin a time with global warming and increasing
aquaculture production a potential threat could be on the rise.
Abetterunderstandingofthepathophysiologyofinfectedfishis
thereforewarranted.Inthisstudygroupsof Atlanticsalmonwithout
andwithsevere AGDweretestedinalargeswimtunnelrespirometer
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inseawaterat13°Ctoassessswimmingcapacity,oxygenuptakeand
bloodparameters. Thecriticalswimmingspeedwasreduced from
3.0BLs'incontrolsto2.5BLsininfectedfish. Standardmetabolic
ratesweresimilarbetween groups, butthemaximumrateofoxygen
uptake wasdrasticallyreducedin AGD fish, whichresultedina
smalleraerobicscopeof260mgO;kg*h* comparedto410mg0, kg
h'inhealthyfish. Furthermore AGDfishhadlowerhaematocritand
[haemoglobin],butsimilarconditionfactortocontrols.Before swim
trialsAGDfishhadhigherplasmaosmolalityandelevatedplasma
[Na*]and[Cl']comparedtocontrolsindicatingreduced capacityto
maintainionichomeostasis, whilecortisollevelswerehigherin AGD
fishbothbeforeandafterswimtrials. Theseresultsshowthat AGD
inhibitsgillfunction,isasignificantstressfactor,anddecreases
swimmingperformance.

A12.41 INTERROGATION OF THE GULF
TOADFISH INTESTINAL PROTEOME
RESPONSE TO HYPERSALINITY EXPOSURE
USING MASS SPECTROMETRY

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

& MARTIN GROSELL (ROSENSTIEL SCHOOL OF MARINE AND
ATMOSPHERIC SCIENCE UNIVERSITY OF MIAMI, UNITED
STATES), KEVIN L SCHAUER (ROSENSTIEL SCHOOL OF MARINE
AND ATMOSPHERIC SCIENCE UNIVERSITY OF MIAMI, UNITED
STATES), AALEKHYA REDDAM (ROSENSTIEL SCHOOL OF
MARINE AND ATMOSPHERIC SCIENCE UNIVERSITY OF MIAMI,
UNITED STATES), ELVIS G XU (UNIVERSITY OF CALIFORNIA
RIVERSIDE, UNITED STATES), LISA M WOLFE (COLORADO
STATE UNIVERSITY, UNITED STATES)

@ KSCHAUER@RSMAS.MIAMI.EDU

Themarineteleostintestineisamultifunctional organinvolved
innumerousprocessesincludingdigestionand osmoregulation.
Severallarge-scaleinvestigationsofthemarinefishintestinehave
beencompletedonthetranscriptlevel,butin-depthinvestigationsof
theproteomearelacking. Here,ashotgunproteomics methodology
employingisobarictandemmasstags(TMT)wasusedtointerrogate
the anterior intestine, posterior intestine, and intestinal fluid
proteomesof Gulftoadfish (Opsanusbeta) acclimated tonormal (35
ppt)orhypersaline (60ppt) seawater. Relative proteinabundance
betweentheintestinalsegmentsandtheintestinalfluidwasalso
investigatedusinglabelfreequantitativemethods.Proteinproducts
fromnearly 3,000uniquetoadfishlociwereidentifiedand quantified
betweenthetissues,includingnumerousinvolvedintheregulation
ofiontransport,digestion, nutrientuptake,and CaCOs precipitation.
Several proteinsinvolved in digestion and nutrient absorption
werefoundatlowerabundanceinthehypersalinityacclimated
fish,suggestingthatdigestiveprocessesintheintestinemaybe
reducedtocompensatefortheincreasedenergeticdemandsimposed
bytheosmoticstress. Additionally,several proteinsfoundinthe
organicmatrixoftheintestinallyderived CaCOs precipitates showed
differentialabundancebetweensalinities,suggestingtheymay
playaroleinregulatingprecipitationinvivo,as CaCOs production
is increased more than 2-fold during hypersalinity exposure.
Theresults fromthis experiment provide newinsightsintothe
regulationofseveralosmoregulatoryprocessesthatwarrantfurther
investigation,andprovide datathatcanbeusedbyresearchers
interestedinwide-rangingaspectsofintestinalphysiology.
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A12.42 HIGH RESOLUTION 3D IMAGING
OF A PARASITIC WASP OVIPOSITOR BASE
SHOWS ITS ROLE IN PROBING

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ NORALY MME VAN MEER (WAGENINGEN UNIVERSITY
AND RESEARCH, NETHERLANDS), UROS CERKVENIK
(WAGENINGEN UNIVERSITY AND RESEARCH, NETHERLANDS),
SANDER WS GUSSEKLOO (WAGENINGEN UNIVERSITY AND
RESEARCH, NETHERLANDS)

@ NORALY.VANMEER@WUR.NL

Parasiticwaspsusehighlyspecializedovipositorstodrillinavariety
of substratestoreachhiddenhosts. These ovipositorsconsistofa
baseinsidetheabdomenandthreelong,slenderelementsforminga
needle-likestructure. Theseelements,orvalves,areinterconnected
andcanslidealongeachother. Thisslidingmotionisimportant, asit
hasbeenhypothesisedthatalternatingvalvemovementsimplifies
insertionandisusedtosteertheovipositor. Asthevalvesdonot
containanymuscles,allmovementmustbeinitiatedatthebase.
Currentlyitisunclearhowvalvemovementiscontrolled. Weanalyse
theworkingmechanismoftheovipositorapparatusinthewasp
Diachasmimorphalongicaudata,infourstagesofprobing,namely
rest position, and probing position with a dorsal valve, ventral
valve and equal valve protraction. We used synchrotron X-ray
microtomographytocreate3Dreconstructionsoftheovipositor
apparatus. Theseshowedthatthevalvesandtheirinterconnections
extendinsidetheabdomen,formingasemicircularstructureto
whichtwopairsofplates, termed valvifers,rigidly attach. This
basecanrotatearoundahingetogetitintoprobingposition. An
additional hingeislocated between the valvifers which allows
for,andalsolimits,therelativemovementofthevalves. Theangle
betweenthevalvifersclearlychangeswiththemovementofthe
valves.Severalmusclesattachtothevalvifers, thissuggeststhat
thesemusclesinducevalvemovement.Ourfindingsimprovethe
understanding ofthe Hymenopteranprobingkinematicsandisa
firststepinunderstandingthevalvecontrolmechanism.

A12.44 COMPARISON OF MULTIPLE
ACID COMPOUNDS IMPACTS ON THE
ONTOGENESIS OF PURPLE SEA URCHIN
(ANTHOCIDARIS CRASSISPINA)

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ YI TA SHAO (INSTITUTE OF MARINE BIOLOGY NATIONAL
TAIWAN OCEAN UNIVERSITY, TAIWAN), CHIH AN WEI
(INSTITUTE OF MARINE BIOLOGY NATIONAL TAIWAN OCEAN
UNIVERSITY, TAIWAN), YUNG-CHE TSENG (MARINE RESEARCH
STATION ACADEMIA SINICA, TAIWAN)

@ ITSHAO@MAIL.NTOU.EDU.TW

TheseaurchinlarvaehaveshowntheirsensitivereactiontoCO,
-inducedreductionsinseawater pH. Underthe experimentcondition,
thelevelsof pCO,and [H*] were highly co-related, but they may
havedifferentphysiologicalandimpedingeffectsalongseaurchin
development.Thisstudyaimedtoinvestigatewhetherthehigher
[H*],butnormal pCO;,canreducethegrowthofseaurchinlarvaeor
not. Thepurpleseaurchin (Anthocidariscrassispina) gameteswere
fertilizedandkeptat25°Cunderthenormalortheacidifiedseawater
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(pH7.8)inducedby CO;,HCl,andH2S0,,where HCltreatmentdid
notchangeseawater [Cl-]significantly. Thepluteuslarvaewere
collectedfromeachgroupat24,48and72hrafterfertilization,and
theirlengthofthelongestskeletalrod weremeasured. Theresults
showedthatboth CO,-andHCl-inducedacidificationsignificantly
affectthelarvaedevelopment. Moreoverafterincubationfor48hr,
theHCltreatedlarvaehassignificantlylongerskeletalrodthanthe
CO;counterparts.Ontheotherhand, H,SOsperturbationleaded
highmortalitiesbefore48hr,andthesurvivors grewtheslowest
amongtreatments. Thiscomparativestudyinferredthathigher
pCO.mighthavesynergisticroleonthephysiologicalimpactson
high[H*]environment, especiallyfortheearly stages. Furthermore,
theobservationsfromH,SO,acidifiedgroupindicatedtheindustrial
pollutantscanseverelyaffecttheseaurchinlarvaethatweshould
paymoreattentionto.

A12.47 PTEROICIDINS:
ANTIMICROBIAL PEPTIDES RELATED
TO PISCIDINS IN THE VENOMOUS FISH
PTEROIS VOLITANS

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

& BAPTISTE HOUYVET (UNIVERSITY OF CAEN-NORMANDY,
FRANCE), YOLANDE BOUCHON-NAVARO (UNIVERSITE DES
ANTILLES, FRANCE), CLAUDE BOUCHON (UNIVERSITE DES
ANTILLES, FRANCE), BENOIT BERNAY (UNIVERSITY OF CAEN-
NORMANDY, FRANCE), ERWAN CORRE (STATION BIOLOGIQUE DE
ROSCOFF, FRANCE), CELINE ZATYLNY-GAUDIN (UNIVERSITY
OF CAEN-NORMANDY, FRANCE)

© BAPTISTE.HOUYVET@UNICAEN.FR

Piscidinsarefish-specificantimicrobial peptides (AMPs)thatplay
importantrolesintheinnateimmune defencesystem. Theycanbe
foundinawiderangeoffishspecies.Piscidins exhibit variability
in their sequences, yet with a similar amphipathic a-helical
conformation. Weusedatranscriptomicapproachtoanalysethe
venomapparatusofthelionfish (Pteroisvolitans),andidentified
threetranscriptsencodingpeptidesrelatedtopiscidinsandcalled
pteroicidins-A, B, C.Pteroicidin-Asharesrelativelyhigh sequence
identity (55%)withmoronecidin, thefirstpiscidinidentifiedfrom
thehybridstripedbass.Massspectrometryanalysis confirmed
thepresenceofpteroicidin-A,whichis21aminoacidresidueslong.
Pteroicidin-Bseemstobeclosertopiscidin-4fromhybridstriped
bass, whichisanunusuallylargememberofthepiscidinfamilywith
alengthof44aminoacidresidues. Thelastpteroicidin (C) shareslow
identitywiththecurrentlyknownpiscidins,and seemstobemore
original. Massspectrometryanalysisdidnotallowustodetermine
thelengthsofpteroicidinsBandC.Finally,wesynthesizedseveral
forms of pteroicidins with different lengths to evaluate their
antibacterial and hemolytic activity. Each peptide exhibited a
differentactivity spectrum, suggestingthatpeptidelengthand
physicochemicalcharacteristicsplayedadeterminingroleinthe
interactionswithbacterialorerythrocytemembranes.
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A12.48 DEMYSTIFYING ANIMAL
‘PERSONALITY’ (OR NOT):

WHY INDIVIDUAL VARIATION MATTERS
TO EXPERIMENTAL BIOLOGISTS

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

& DOMINIQUE G ROCHE (UNIVERSITY OF NEUCHATEL,
SWITZERLAND), VINCENT CAREAU (UNIVERSITY OF
OTTAWA, CANADA), SANDRA A BINNING (UNIVERSITY
OF NEUCHATEL, SWITZERLAND)

@ DOMINIQUE.ROCHE@UNINE.CH

Animal ‘personality’, defined as repeatable inter-individual
differencesinbehaviour,isaconceptinbiologythatfacesintense
controversy. Criticsarguethatthefieldisriddledwithterminological
andmethodologicalinconsistenciesandlacksasoundtheoretical
framework.Nevertheless, experimentalbiologistsareincreasingly
studyingindividualdifferencesinphysiologyandrelatingthese
todifferencesinbehaviour,whichcanleadtofascinatinginsights.
We encourage this trend, and highlight some of the benefits of
estimatingvariationin (and covariationamong) phenotypictraits
attheinter-andintra-individuallevels. Wefocusonbehaviourwhile
drawingparallels with physiological and performance-related
traits. First, we outline some of the confusion surrounding the
terminologyusedtodescriberepeatableinter-individualdifferences
inbehaviour. Second, we argue that acknowledgingindividual
behaviouraldifferencescanhelpresearchersavoid samplingand
experimentalbias,increase explanatory powerand, ultimately,
understandhow selectionactsonphysiologicaltraits. Third, we
summarizethelatestmethodstocollect,analyseandpresentdata
onindividualtraitvariation. Wenotethat, whilemeasuringthe
repeatabilityof phenotypictraitsisinformativeinitsownright,it
isonlythefirststeptowardsunderstandinghownaturalselection
andgeneticarchitectureshapeintra-specificvariationincomplex,
labiletraits. Thus,understandinghowand whybehaviouraltraits
evolverequireslinkingrepeatableinter-individualbehavioural
differenceswithcoreaspectsofphysiology (e.g.neurophysiology,
endocrinology, energymetabolism)andevolutionarybiology (e.g.
selectiongradients, heritability).

A12.49 INTERSPECIFIC VARIATION
AND PLASTICITY IN HEMOGLOBIN
NITRITE REDUCTASE ACTIVITY AND
ITS CORRELATION WITH OXYGEN
AFFINITY IN VERTEBRATES

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ FRANK B JENSEN (UNIVERSITY OF SOUTHERN DENMARK,
DENMARK), RASMUS A H KOLIND (UNIVERSITY OF SOUTHERN
DENMARK, DENMARK), NATASHIA S JENSEN (UNIVERSITY OF
SOUTHERN DENMARK, DENMARK), GABRIELLA MONTESANTI
(UNIVERSITY OF SOUTHERN DENMARK, DENMARK), TOBIAS
WANG (AARHUS UNIVERSITY, DENMARK)

@ FBJ@BIOLOGY.SDU.DK

Deoxygenated hemoglobin (Hb) is a nitrite reductase that
reducesnaturallyoccurringnitritetonitricoxide (NO), supplying
physiologicalrelevantNOunderhypoxicconditions. Thenitrite
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reductase activity is modulated by the allosteric equilibrium
betweentheRandT structuresof Hbthatalsodeterminesoxygen
affinity. Weinvestigatednitritereductaseactivityand O.affinityin
Hbsfromtendifferentvertebratespeciesunderidentical conditions
todiscloseinterspecificvariationsandallowanextendedtestfor
acorrelationbetweentherateconstantfornitritereductionand
0. affinity. We also tested plastic changes in Hb properties via
additionof T-structure-stabilizingorganicphosphates (ATPand
GTP).ThedecayindeoxyHbduringitsreactionwithnitritewas
exponential-likeinectotherms (Atlantichagfish, carp, crucian
carp,browntrout,rainbow trout, cane toad, Indian pythonand
red-earedsliderturtle), whileitwassigmoidinmammals (harbor
porpoiseandrabbit). Typically, hypoxia-tolerant species showed
afasterreactionthanintolerantspecies. Additionof ATPand GTP
decreasedO.affinityandreduced therateofnitritereductionina
concentration-dependentmanner. Theinitialsecond orderrate
constantofthedeoxyHb-mediatednitritereductionshowedastrong
curvilinearcorrelationwithoxygenaffinityamongallectothermic
vertebrates,andtherelationshipalsoappliedtoplasticvariations
of Hbpropertiesviaorganicphosphates. Therelationshippredicts
highnitritereductaseactivityinhypoxictolerantspecieswithhigh
Hb-0;affinityandrevealsthatthedecreaseinerythrocyte ATP
and/or GTPduringacclimationtohypoxiainectothermsincreases
theerythrocyteNOgeneratingcapacity[CBP-A206(2017)47-53].

A12.50 NOVEL INSIGHTS INTO LOCUST
DISCONTINUOUS GAS EXCHANGE

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

& STAV TALAL (TEL AVIV UNIVERSITY, ISRAEL), ERAN GEFEN
(UNIVERSITY OF HAIFA - ORANIM, ISRAEL), AMIR AYALI
(TEL AVIV UNIVERSITY, ISRAEL)

©@ STAV.TALAL@GMAIL.COM

Insectdiscontinuousgasexchange (DGE)cyclescomprisethree
phases,definedbyspiracularstate:close, flutterand open. However,
spiraclestatushasrarelybeenmonitoreddirectly.Instead,itisoften
assumedbasedonrecordedrespiratorygastraces.Inthisstudy, we
directlymonitoredmuscularactivityassociatedwithDGEinlocusts.
Wecarriedoutelectromyogramrecordingsfromtheclosermuscleof
thesecondthoracicspiracleandfromabdominalventilationmuscles
simultaneouslywithrecordingof CO; emissioninafullyintactlocust
during DGE. Ourfindingssuggestthatthelocust’s DGE doesnot
correspondwellwiththeclassicalspiraclestatemodel. Furthermore,
wefoundthatthe DGE patterncorrelateswithand closely follow
theventilationmotorpattern. Duringthe openphase,whenCO;
emissionrateisthehighest,thespiraclesdonotremainopen;instead,
theyopenandcloserapidly. Thisspiracleactivity coincideswith
in-phaseabdominal ventilationand showsalternationwiththe
lastabdominalspiracle, thusfacilitatingaunidirectionalflowofair
alongthebody. Theflutterphaseoflocusts,rarely seeninnormoxia,
appearedasshort CO;burstspriortotheopenphase,againfully
synchronizedwithventilation. Hypoxiaresultedinanincrease
inthenumberofthesebursts,aswellastheoveralldurationofthe
flutter. Ventilationboutsduringtheclosephaseareaccompanied by
increasedspiracleclosureactivity. We offeramodifiedmechanistic
modelforDGEinactivelyventilatinginsectssuchasthelocust,
incorporatingventilationandspiraclesstate.
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A12.51 MOLECULAR STRESS RESPONSE
IN LUMBRICUS TERRESTRIS

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

& VICTORIA DRECHSEL (UNIVERSITY OF INNSBRUCK, AUSTRIA),
MAJA SRUT (UNIVERSITY OF ZAGREB, CROATIA), KARL
SCHAUER (UNIVERSITY OF INNSBRUCK, AUSTRIA), MARTINA
HOCKNER (UNIVERSITY OF INNSBRUCK, AUSTRIA)

@ VICTORIA.DRECHSEL@UIBK.AC.AT

The issue of anthropogenic soil pollution, growing industries,
andagricultureisverywidespreadandthereforereceivingmore
attentionintherecentyears.Onemajorsoilpollutantis Cadmium
(Cd),ahighlytoxicandcarcinogenicheavymetal. Earthwormsare
importantbioindicatorsandwellsuitedtoexaminethecellularand
molecularmechanisms, whichenablethemtosurviveinheavy
metalcontaminatedsoils. Thespecies Lumbricusterrestrishasbeen
appliedinthepresentstudytocharacterizethefitnessandbiomarker
response,aswellastheexpressionofdetoxification-related genes
and epigenetic modifications in a long-term experiment upon
environmentallyrelevant Cdexposure. Ourresultsrevealedthatthe
fitnessparametersandthebiomarkersaremainlyunaffectedbyCd,
maybeasaresultoftheactivationofdetoxificationmechanismslike
theexpressionofMetallothionein (MT).MTsaremultifunctional,
highlyconservedproteinsplaying,amajorroleinmetalhomeostasis
and detoxification processes. A significantincrease of MT gene
expression was observed upon Cd exposure in a dose and time-
dependent manner, whereas the expression of Phytochelatin
Synthase (PCS) gene,anotherproteinpotentiallyinvolvedinmetal
detoxification, wasnot affected atall. The MT expression level
indicatesadevelopmentofacclimationmechanisms. Anincrease
ofgenome-wide DNAmethylationhasbeenfound, whichremained
partlymodifiedalsoafterseveralmonths.Inconclusionwecould
showthatprobablyduetoMT expressionnoimmediatenegative
influenceonindividualearthwormscouldbeobserved, however,
epigeneticmodificationsmightbefoundinevenmoderatelypolluted
environments.
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A12.52 CHARACTERIZATION OF
PEPTIDE TRANSPORTER SYSTEMS IN THE
INTESTINE OF MOZAMBIQUE TILAPIA
(OREOCHROMIS MOSSAMBICUS)

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ PAZIT CON (THE HEBREW UNIVERSITY, ISRAEL), TALI NITZAN
(AGRICULTURAL RESEARCH ORGANIZATION, ISRAEL), AVNER
CNAANI (AGRICULTURAL RESEARCH ORGANIZATION, ISRAEL)

©@ PAZPAZR@GMAIL.COM

The peptide transporter (PepT) systems are well-known for
theirimportancetoproteinabsorptioninall vertebrate species.
Thesesymportersuseprotongradientattheapicalmembrane of
theintestinalepithelial cellstomediatethe absorption of small
peptides. Infish, theintestineisamultifunctionalorgan,involved
inosmoregulation,acid-baseregulation,andnutrientabsorption.
Weexaminedtheeffectofthreeenvironmentalfactors;salinity,
pH and feeding, on the expression, activity and localization
of three PepT transporters (PepT1la, PepT1b, PepT2) along the
intestine of the Mozambiquetilapia (Oreochromismossambicus).
Immunofluorescenceanalysislocalizedtheallthreetransporters
ontheapicalmembraneofenterocytes,providingthefirstevidence
fortheparticipationofPepT2inintestinalnutrientabsorption.Both
Quantitative real time PCR analysis and Immunofluorescence
stainingdemonstratedthatthetwoPepT1variantsaretypicalto
theproximalintestinalsectionwhile PepT2istypicaltothedistal
intestinal sections. This first description of segment-specific
expressionandlocalizationpointstoacomplementaryroleofthe
differentpeptidetransporters,correspondingtothechangesin
nutrient availability along the intestine. Gene expression and
absorptionactivityassaysshowedthatanincreaseinwatersalinity
shiftedthelocalizationofthePepT genestranscriptionandactivity
downalongtheintestinaltract. Additionally,anunexpected pH
effectwasfoundontheabsorptionofsmallpeptides, withincreased
activityathigherpHlevels. Thisworkemphasizestherelationships
betweendifferentfunctionsofthefishintestineandhowtheyare
affectedbyenvironmentalconditions.
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A12.53 EXPRESSION AND
LOCALIZATION OF PEPTIDE
TRANSPORTERS (PEPTS) DURING
MOZAMBIQUE TILAPIA (OREOCHROMIS
MOSSAMBICUS) LARVAL DEVELOPMENT

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

& PAZIT CON (THE HEBREW UNIVERSITY, ISRAEL), AVNER
CNAANI (AGRICULTURAL RESEARCH ORGANIZATION, ISRAEL)

@ PAZPAZR@GMAIL.COM

Proteinutilizationisamajorphysiologicalprocessinfish, supplying
aminoacidsforenergeticrequirementsandtissuegrowth. While
therearemany studiesonproteinutilizationinadultfish, lessis
knownonutilizationinlarvae.Duringlarval development,before
exogenousfeedingbegins, theyolksacistheonlyproteinreservoir
forthesefundamentalprocesses.Peptidetransporter (PepT)isa
trans-membranalproteinthatmediatesintestinalabsorption of
di-andtri-peptideintotheenterocytes, withamajorroleinprotein
utilization.Infish, therearetwovariantsofthehighcapacity/low
affinityisoform, PepT1aand PepT1b,and one variantof thelow
capacity/highaffinityisoform, PepT2. Wehaveshownthatallthree
variantsareexpressedinadultMozambiquetilapiaintestineand
arelocalizedinaphysiological-complimentarymanner. Aimingto
investigatetheroleofthesetransportersinyolk-proteinutilization
duringthelarvaldevelopment, weconductedal9daysexperimentin
whichwetrackedtherelativeexpressionofthethree PepTvariants
duringthelarvaldevelopment. Costumemadeantibodieswereused
forvisualizationandlocalizationof PepTswithinthedeveloping
organs. Allthree transporters were expressed at 4-19 days post
fertilization. Theexpressionpatternofthethreevariantsalongthis
period of developmentimply complementaryrelationships, witha
decreaseinPepT2expressioninparalleltoincreaseexpressionofthe
PepT1variants.Immunolocalizationofthe PepTsinthedeveloping
larvaeplacethemontheapicalmembraneofepithelialcellsinthe
primordialintestine. Theresultswillbepresentedwithinthecontext
ofembryonicdevelopment.

A12.54 EPIGENETIC INHERITANCE
OF PAH RESISTANCE IN THE ZEBRAFISH
(DANIO RERIO)

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ NAIMBAUTISTA (UNIVERSITY OF NORTH TEXAS, UNITED
STATES), WARREN W BURGGREN (UNIVERSITY OF NORTH TEXAS,
UNITED STATES)

@ NAIMMARTINEZ@MY.UNT.EDU

Uptake of polycyclicaromatichydrocarbons (PAHs)occurs via
gillsordietaryintakeinfishes,duringoilexposure. Incontrastto
adaptiveresponsesviagenomicmodifications, short-termepigenetic
inheritanceacrossafewgenerationsmayactasabridgeforsurvival
whilefacingadverseenvironments. Weused thezebrafishtotest
theproximateeffectsof PAHexposureinthePOgeneration,andto
thenassesswhethertherewasanytransgenerational, epigenetic
transferof PAH-related effectstotheirF'generation. Aftera2-week
acclimationperiod,adultzebrafishPOweretreatedfor21dayswith
flakefoodspiked with water (control) orwithlow, mediumorhigh
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PAHsconcentrations(~1500,90000r 17000pug/gdw). TheF1larvae
obtainedfromtheseparentaltreatmentswassubsequently exposed
at5dpftoPAHsviawater.Nodifferencesinadultbodylength,body
andorganmassorconditionfactorwerefound. TheF,;larvaefrom
adultsexposedtothehigherlevelsof PAHsshowedpoorsurvival
incleanwater (upto55%decrease) comparedtolarvaefromcontrol
adults.Incontrast,comparedtoF;larvaefromthecontrolgroup,
larvaefromtreatedparentsshowedenhancementof PAHresistance
(uptoa30%increaseinsurvivorship) whenchallenged toPAH
exposureviawater. Epigenetictransgenerationalinheritance of
PAHresistanceintheF,larvaecanarisefromlowlevelsofparental
dietary PAH exposure. This adaptive response may help fish
populationssurviveacrossasmallnumberof generations while
facingpersistentenvironmentalstressors.

A12.55 RNA-SEQ ANALYSIS OF
SHELL REPAIR IN MYTILUS EDULIS
IDENTIFIESCRITICAL ROLE

OF TRANSPORTER PROTEINS

IN BIOMINERALIZATION

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ TEJASWI YARRA (UNIVERSITY OF EDINBURGH, UNITED
KINGDOM), ANNE HUNING (HELMHOLTZ INSTITUTE FOR OCEAN
RESEARCH, GERMANY), MARKUS SCHILHABEL (INSTITUT FUR
KLINISCHE MOLEKULARBIOLOGIE, GERMANY), MARK BLAXTER
(UNIVERSITY OF EDINBURGH, UNITED KINGDOM), KARIM
GHARBI (UNIVERSITY OF EDINBURGH, UNITED KINGDOM),
MELODY S CLARK (BRITISH ANTARCTIC SURVEY, UNITED
KINGDOM), FRANK MELZNER (HELMHOLTZ INSTITUTE FOR
OCEAN RESEARCH, GERMANY)

©@ TEJAKCA@GMAIL.COM

Bivalveshellsareknowntobesecretedbythemantletissue,but
molecularprocessesofbiomineralizationinbivalvemolluscsare
poorlyunderstood. Inthisstudy, weusedhighresolutionRNA-Seq
analysisof Mytilusedulisindividualsduringshellrepairtogainan
improvedunderstandingofgenesinvolvedinbiomineralization
processesinthespecies. Wedrilledholesintothecentralshellarea
oftheleftvalveandcollectedtheedgeandcentralmantlefromthe
injured and non-injured valves of Mytilus edulisindividuals for
mRNA sequencing. Existingmethodsarelimitedtoidentifying
and functionally characterizing shell matrix proteins fromthe
organicmatrixofshells.Ratherthanretroactively characterizing
theexpressionlevelsofpreviouslyidentified shellmatrixproteins,
ourRNA-Seqapproach (utilizingfivebiologicalreplicates) made
itpossibletominethemantletranscriptomeandidentifyalarge
number of differentially expressed transcripts during shell
repair.Forthefirsttime, wewereabletoidentifytransmembrane
proteinsasimportantplayersduringshellformation:bicarbonate
transporters,sodiumneurotransmittersymportersandinward
rectifyingpotassiumchannelswereallhighlyexpressedduring
shellrepairin Mytilusedulis. Moreover, severaltranscriptswith
shellmatrixdomainswerealsofoundtobeupregulatedduringshell
repair,implicatingtheimportance of organiccomponentstoshell
formation.Finally, we wereabletoprovidesomeclarificationon
haemocyteinvolvementinshellbiomineralization,aswewereable
todistinguishbetweenhaemocyteandmantlespecificdomains
duringshellrepair.
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A12.56 MITOCHONDRIAL
REGULATION PROTECTS THE ANOXIC
TURTLE HEART FROM OXIDATIVE
DAMAGE AFTER REOXYGENATION

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ AMANDA BUNDGARD (AARHUS UNIVERSITY, DENMARK),
ANDREW M JAMES (CAMBRIDGE UNIVERSITY, UNITED
KINGDOM), MIKE P MURPHY (CAMBRIDGE UNIVERSITY, UNITED
KINGDOM), ANGELA FAGO (AARHUS UNIVERSITY, DENMARK)

@ AMMAGABU@BIOS.AU.DK

Reintroducing oxygen afteraperiod of anoxia causes oxidative
damage to tissues by production of reactive oxygen species
(ROS). Freshwater turtle hearts (Trachemys scripta) are
remarkablyresilienttooxidativedamageandsuffersnodamage
fromreoxygenation evenaftermonthsofanoxiaduringwinter
hibernation. PreventingROS productionfrommitochondriamight
bekeytothisresilience.Inthemouse,inhibitionof mitochondrial
complex I by the post-translational modification S-nitrosation
hasbeenshowntoinhibitROSproductionuponreoxygenation.In
thisstudy, wetestedthehypothesisthatturtlespreventoxidative
damageafteranoxia/reoxygenationbylimitingROS production
via S-nitrosation of complex I. We acclimated turtles to low
temperatureandanoxiaornormoxiaandanalysedisolatedheart
mitochondriaforrespirationrate, ROSproduction,enzymeactivity
and S-nitrosation of mitochondrial proteins. We also used the
mitochondriaspecificS-nitrosatingagentMitoSNOtoanalysethe
effectofS-nitrosationonturtleheartmitochondriainvitro. Wefound
thatanoxiaacclimationdoesreduceROSproductionandrespiration
rateofpurifiedmitochondria,andthatS-nitrosation of complexI
inhibitsactivityand ROS production afteranoxia/reoxygenation
invitro.However,activityandS-nitrosationofturtlecomplexIwas
notaffectedbyanoxiaacclimationinvivo.Instead,loweractivity
ofthemitochondrialmarkerenzymecitratesynthaseandlower
maximalrespirationrate ofanoxicturtlemitochondriaindicates
down-regulationofthe contentofmitochondriaintheturtleheart
duringanoxia.Reducingthe contentof mitochondriaintheturtle
heartduringprolonged anoxiamaypreventROS productionupon
reoxygenationandprotectagainstoxidativedamage.

A12.57 DIVERSITY IS THE KEY -
FUNCTIONAL ANALYSIS OF THE
SEVEN MYOGLOBINS OF THE WEST
AFRICAN LUNGFISH

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

& JULIA K LUEDEMANN (UNIVERSITY OF HAMBURG, GERMANY),
ANGELA FAGO (AARHUS UNIVERSITY, DENMARK), THORSTEN
BURMESTER (UNIVERSITY OF HAMBURG, GERMANY)

@ JULIA.LUEDEMANN@UNI-HAMBURG.DE

Fromanevolutionaryviewpoint, thelungfishisofhighparticular
interest because it is considered the closest living relative of
terrestrialvertebrates. Recentstudiesofthe West African Lungfish
Protopterusannectensrevealedsevendistinctmyoglobingenes
inthis species. Such diversity appears tobe unique throughout
theanimalkingdom.Myoglobinisarespiratoryproteinandone
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ofthebest-studied proteinsinbiologicalscience.Itiswellknown
foritsfunctioninoxygen(0;) transportand storageinmuscles.
Furthermore, myoglobinhelpsreducingnitritetonitricoxide (NO).
Givenitsprominentrolein O;supplyandtheunusualdiversity of
myoglobin genesin P.annectens, this species provides anideal
systemtostudytheevolutionofrespiratoryproteinsinthetransition
fromwatertoland. Themyglobingenesdivergedearlyinlungfish
evolution. UsingquantitativeqRT-PCR, wefoundthatthemyoglobin
genes are differently expressed in various tissues, suggesting
distinctfunctions. Also,themyoglobinsrevealeddifferencesintheir
oxygen-bindingkinetics, cooperativity, nitritereductaserateandin
autoxygenation.Untanglingtherolesofthedifferentmyoglobinsin
lungfishwillfurtherhelpunderstandingthefunctionalplasticity
ofthisproteininevolution.

A12.58 EFFECTS OF CORONARY
LIGATION ON HEART RATE AND AEROBIC
METABOLIC SCOPE IN RAINBOW TROUT,
ONCHORHYNCHUS MYKISS

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

& ANDREAS EKSTROM (UNIVERSITY OF GOTHENBURG, SWEDEN),
MICHAEL AXELSSON (UNIVERSITY OF GOTHENBURG, SWEDEN),
ALBIN GRANS (SWEDISH UNIVERSITY OF AGRICULTURAL
SCIENCES, SWEDEN), JEROEN BRIJS (UNIVERSITY OF
GOTHENBURG, SWEDEN), ERIK SANDBLOM (UNIVERSITY OF
GOTHENBURG, SWEDEN)

© ANDREAS.EKSTROM@BIOENV.GU.SE

Thecapacityofthehearttopumpoxygenatedbloodtothetissuesis
afundamentaldeterminantofhowmuchaerobicmetabolismcanbe
elevatedaboverestinglevels(i.e.aerobicscope) duringphysically
demandingchallenges.Cardiacperformanceinturnisinherently
dependentontheoxygensupplytotheheart.Insalmonids,acoronary
circulationperfusetheoutercompactmyocardiumwithoxygenated
arterialblood, whileluminalvenousblood providesoxygentothe
innerspongymyocardium. However, therelativeimportanceofthese
oxygensupplyroutesforcardiacandaerobicmetabolicperformance
remainspoorlyunderstood. Here, wetestedhow chronicligation of
thecoronaryarteryaffectedwholeanimal oxygenconsumption i.e.
aproxyformetabolicrate)andheartratebeforeandafterexhaustive
exerciseinrainbowtroutimplantedwithheartratedatastoragetags.
Coronaryligationdidnotaffectrestingmetabolicrate (45+5vs49+4
mlO; kg'h?),butrestingheartratewaselevatedrelativetosham
operatedtrout(54+8vs42+11beatsmin?),likelytocompensatefor
areducedcardiaccontractilityand stroke volume. However, while
maximumheartrateduringexercisewasnotaffected (56+6vs58+6
beatsmin?),coronaryligationreducedthemaximummetabolicrate
(245+27vs329+13mlkg* h?). Thus,bothaerobicscopeandheartrate
scopewerereducedinligatedtrout. Thesefindingssuggestthatthe
presenceofcoronariesinrainbowtroutallowanincreaseinaerobic
metabolicscope,andiscrucialformaintainingcardiaccontractility
andtissueoxygentransportduringbothrestingconditionsand
physicallydemandingchallenges.
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A12.59 PARASITES AND A HOST’S
SENSE OF SMELL: EFFECTS OF A NEW
SPECIES OF TREMATODE DACTYLOGYRUS
OLFACTORIUS (MONOGENEA,
DACTYLOGYRIDAE) ON OLFACTORY
PERFORMANCE OF FATHEAD MINNOWS

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ EBRAHIM LARI (UNIVERSITY OF LETHBRIDGE, CANADA),
RACHAEL WILBOURN (UNIVERSITY OF LETHBRIDGE, CANADA),
CONE CONE (SAINT MARY’S UNIVERSITY, CANADA), CAMERON P
GOATER (UNIVERSITY OF LETHBRIDGE, CANADA), GREG G PYLE
(UNIVERSITY OF LETHBRIDGE, CANADA)

@ E.LARIGULETH.CA

Dactylogyridflukes arecommonectoparasites offishand other
vertebratehosts. Theseflukeshavedirectlife-cyclesinvolvingfree-
livinglarvae,makingthemamenabletoexperimentalexposures
inthelaboratory. Inthe presentstudy, Dactylogyrusolfactorius
n. sp. (Monogenea) is described from the olfactory chamber of
fatheadminnows (Pimephalespromelas)in Alberta,Canada. The
pathophysiology of D.olfactoriusinhabitingtheolfactoryepithelium
offatheadminnowwasexaminedthroughelectro-olfactography
(EOG)andolfactorysensoryneuron (OSN)responsestochemical
cues(L-alanineandtaurocholicacid),inadditiontohistologyand
scanning electron microscopy (SEM) imagery of the olfactory
epithelium. TheEOGresultsshowedthatD.olfactoriusinhibited
theolfactoryacuityofindividualminnows. However,disinfected
fishrecoveredtheirolfactoryacuity withinoneweek. SEMimaging
showedthatthedensityofciliacoveringtheolfactoryepithelium
wasreducedininfected fish. Parasite-induced alteration to the
olfactoryepitheliumislikelytheunderlyingmechanismsleading
totheobservedreductioninfisholfaction. Histologicalanalysisof
theolfactorysystemshowedthatthenumberofmucouscellslining
theolfactoryepitheliumdramaticallyincreasedininfectedfish. Our
resultsshow, forthefirsttime, thatinfectionwithacommonparasite
caninfluencethesenseofsmellofitshost,potentiallyleadingto
declinesinanindividual’sabilitytodetect predators,competitors,
food,andmates.
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A12.60 THE INNATE NATURAL
GEN(E)IUS OF THE ACYTOTA:
AN OBVERSE C-VALUE PARADOX

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

& TIMSHAW (THE DOHERTY INSTITUTE NUCLEOPHARMGT,
AUSTRALIA), ANDREW PEEL (SCRAM SOFTWARE
NUCLEOPHARMGT, AUSTRALIA)

©@ TIM.SHAWeMH.ORG.AU

Evenconsideringthatalotof non-coding DNA isnow knownto
be involved in sophisticated regulatory networks that are not
yet understood, most living organisms maintain an excess of
“junk” DNA. Thislack of correlation between genome size and
organismal complexity (the “C-value paradox”) has intrigued
biologistsfordecades. The genomesofthe Acytota (thedomain
of cell-free replicons, which includes viruses, plasmids,
bacteriophages and viroids) represent the opposite extreme.
Acytotacompriseanoverwhelmingmajority ofthebiosphere’s
genetic resource and become “alive” only when provided with
asuitable cellular environment, but they exerta vastly greater
influence on the biosphere than would be expected from their
minimal coding capacity. Unsurprisingly, those that have
attracted most attention are potentially pathogenic. Rice
Yellow Mottle Virus Satellite (RYMVS), a tiny (220 nucleotide)
single stranded RNA molecule is the smallest of these.

We examined the behaviour of RYMVS in detail from a
controlsystemsperspective, withtheaimofdevisingthesimplest
conceivablemodel ofabiologicalnano-computer. Computational
methods and resources were used to predict RYMVS genomes’
response to change. The results showed that a population of
RYMVScanbehavelikeaperceptron,modifyingitsactivitiesto
maximiseitssurvival. Physicochemicalparametersthatdefinethe
microenvironmentinfluence “decisions” toreplicate, transcribe,
translate, or disassemble. Although viroids and virusoids are
regardedasexclusivelybotanicalphenomena, these observations
alsoareveryrelevanttoanimals:neurons, forexample,harbour
multitudesofsmallcircularRNA “perceptrons” thatare presumed
toprocessandstorememory.

A12.61 CHEMICAL COMMUNICATION
DURING SPAWNING IN THE SEA
CUCUMBER HOLOTHURIA ARGUINENSIS

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

& PETER C HUBBARD (CENTRO DE CIENCIAS DO MAR, PORTUGAL),
NATHALIE MARQUET (CENTRO DE CIENCIAS DO MAR,
PORTUGAL), JOAO AFONSO (CENTRO DE CIENCIAS DO MAR,
PORTUGAL), JOSE PAULO DA SILVA (UNIVERSIDADE DO
ALGARVE, PORTUGAL), ADELINO VM CANARIO (CENTRO DE
CIENCIAS DO MAR, PORTUGAL)

@ PHUBBARD@UALG.PT

Synchronizationofgametereleaseisvitalforbroadcastspawners;
thisisoftenachievedusingpheromones.Inechinoderms,however,
littleisknownabouttheorigin,identity ormechanismsofactionof
thechemicalsinvolved. Thecurrentstudyaddressedtheseissues
duringaggregationand spawningoftheseacucumber Holothuria
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arguinensis.InaY-mazeassay, water conditionedbymalesattracted
bothmalesandfemales, whereasfemale-conditionedwaterdidnot.
Coelomicfluidandgonadalextractsfailed toreplicatethiseffect.
Inaspawningassay,malespawningwater (seawaterwithfreshly
released semen) induced spawning in both males and females,
whereasfemalespawningwater(seawaterwithfreshlyreleasedova)
didnot.Removalofsperm,byfiltration,frommalespawning water
didnotreduceitsaffect,suggestingthatchemicalsreleasedwith
thesperm-putativepheromones-areresponsible,ratherthanthe
spermthemselves.Initialattemptstoisolatetheactive components
bysolid-phaseextractionsuggestedthatthespawningpheromoneis
multi-component;bothhydrophilicandhydrophobiccomponentsare
involved. However, atleastoneofthe componentsislabile; biological
activitywasmuchreducedafterfourhours. Nevertheless,candidate
moleculesweredetectedby LC-MSinmale,butnotfemale,spawning
water. Althoughfurtherworkisrequiredtoconfirmchemicalidentity
andbiologicalactivity ofthecompoundsinvolved, thecurrentstudy
showsthatmale-releasedpheromonesareimportantinaggregation
andspawningofH. arguinensis.

A12.62 GLOBIN EXPRESSION PROFILE
IN DIFFERENT TISSUES OF ZEBRAFISH
EXPOSED TO HYPOXIA

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ KATHRIN HELFENRATH (UNIVERSITY HAMBURG, GERMANY),
ANDREJ FABRIZIUS (UNIVERSITY HAMBURG, GERMANY),
MICHELLE KRUSE (UNIVERSITY HAMBURG, GERMANY),
THORSTEN BURMESTER (UNIVERSITY HAMBURG, GERMANY)

@ KATHRIN.HELFENRATH@UNI-HAMBURG.DE

Globins are smallrespiratory proteins thatbind oxygen and are
involved in the oxidative metabolism. While the functions of
myoglobin and hemoglobinin O; supply is well established, the
physiologicalroles of the more recently discovered globins, i.e.
neuroglobin, cytoglobin,androglobin, globinE, globinX,and globin
Y, arestillnot fully established. Here, we haveinvestigated the
expressionpatternandtheresponseoftheglobinsofthezebrafish
(Daniorerio)tolow O;levelsindifferenttissuesviaquantitative
RT-PCR.Neuroglobin, globinXandtheduplicated cytoglobingenes
(cytoglobin1,cytoglobin 2), weredifferentially expressedinliver,
heart,brainandgills. GlobinXshowedlowlevelsinalltissues, while
neuroglobinandcytoglobin2weremostprominentinthebrain,and
cytoglobinlhaditshighestlevelintheliver. Theglobinsshoweda
differentialresponsetohypoxia,indicatingdifferentfunctionsof
neuroglobin, globinX, cytoglobin1andcytoglobin2.Further,we
studythefunctionsofglobinsbygeneratingknockout-mutantsby
meansof CRISPR-Cas9.
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A12.63 HYPOXIA TOLERANCE IN
WHALES: A TRANSCRIPTOME ANALYSIS
OF THE DIVING BRAIN

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

& ALENA KRUGER (UNIVERSITY OF HAMBURG INSTITUTE OF
Z0OLOGY, GERMANY), ANDREJ FABRIZIUS (UNIVERSITY OF
HAMBURG INSTITUTE OF ZOOLOGY, GERMANY), LARS P FOLKOW
(UNIVERSITY OF TROMS@ DEPARTMENT OF ARCTIC BIOLOGY,
NORWAY), THORSTEN BURMESTER (UNIVERSITY OF HAMBURG
INSTITUTE OF ZOOLOGY, GERMANY)

©@ ALENA.KRUEGER@UNI-HAMBURG.DE

Diving mammals are repeatedly exposed to low oxygen
conditions (hypoxia), which may have immediate effects
on the oxidative metabolism and thus on brain function.
In most terrestrial mammals, even brief periods of reduced
oxygen supply cause severe brain damage. However, many
whales and seals must have developed strategies of hypoxia
tolerancethatallowthemtodiveforupto2hwithoutsurfacing.
Physiological adaptations in diving mammals have been
extensivelyexamined, whilelittleisknownaboutthemolecular
mechanisms underlying the hypoxia tolerance of the diving
brain. Recent studies have suggested a unique shift in the
oxidativeenergymetabolismfromneuronstoastrocytesindeep-
diving phocid seals which would explain an enhanced hypoxia
tolerance. Such shift has not been observed for Cetaceans.
Forabetterunderstandingofthemolecularadaptationsinthe
cetaceanbrain,wecomparedIllumina-generatedtranscriptomes
ofthedeep-divingpilotwhale (Globicephalamelas) andthekiller
whale (Orcinusorca)withaterrestrialrelative, thecattle (Bostaurus).
Weanalyzedthe abundances of transcriptsinthe visual cortex
andthecerebellumaswellasmRNA expressionlevelsofenzymes
of the energy metabolism and typical stress-related genes. The
resultswerecomparedwithasimilarapproach,inwhichthebrain
transcriptomesofthehoodedseal (Cystophoracristata)andtheferret
(Mustelaputoriusfuro)werecompared. Theresultssuggestdivergent
evolutionarystrategiesinwhalesandsealstosustainthedemands
formetabolicenergyduringcerebralhypoxia.
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A12.64 JOINT CUSTODY AND ITS
EFFECTS ON JUVENILE DEVELOPMENT
IN MONGOLIAN GERBIL FAMILIES

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@& SARAH A OHRNBERGER (UNIVERSITY OF VETERINARY MEDICINE
VIENNA, AUSTRIA), TERESA G VALENCAK (UNIVERSITY OF
VETERINARY MEDICINE VIENNA, AUSTRIA)

@ SARAH.OHRNBERGER@VETMEDUNI.AC.AT

Mongoliangerbils (Merionesunguiculatus) aredomesticatedrodents
previouslyusedaslaboratoryanimalsbutmeanwhilereceiving
lessattentiondespitetheiroutstandingsociablebehaviour. Gerbils
establishpairbondsatca.6weeksofageandthenremaininthese
groups throughout their reproductive time span. They get into
oestruspostpartumsothefemaleisconcurrently pregnantand
lactating. Interestingly,andcontrarytomanyotherrodents, the
femalenotonlytoleratesthemaleinsidethenestbutrather, gerbil
pairsseemtosharethedemandsofraising young. What effects
doespairwiseraisingofyounghaveonmaternalenergybudgets
andonmilkproduction? Whatroledoesthemalegetindiminishing
theadverseheatload produced by the femalesduringlactation?
Weaddressedthisquestionbyobservingatotalof11gerbilpairs
fromtheageof6weekstoca.7-8 monthswhilequantifyingbody
weights,foodintake,subcutaneousbodytemperaturesaswellas
littersizeandjuvenilegrowthineachfamily.Ourfirstdatapoint
towardsaverysuccessfulreproductiveratewithanaveragelitter
sizeatweaningamountingto4.5+1.9pups.Lactationperformance
wascloseto5foldRMR comparedto6-8foldinlaboratorymiceand
8-10foldRMRingoldenhamsters. We concludethatsocialbehaviour
largelyaffectsmaternalenergyturnoverandthatfemalegerbilsmay
haveanadvantage ofthemalepresenceinthenest.

A12.65 LOSING HOMEOSTASIS

AT LOW TEMPERATURE:

LOW TEMPERATURE IMPAIRS
OSMOREGULATORY FUNCTION IN THE
HINDGUT OF THE CHILL-SUSCEPTIBLE
LOCUST, LOCUSTA MIGRATORIA

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@& LUCIE GERBER (AARHUS UNIVERSITY, DENMARK),
JOHANNES OVERGAARD (AARHUS UNIVERSITY, DENMARK)

@ LUCIEGERBER@BIOS.AU.DK

Lossofionandwaterbalanceatlowtemperaturehasbeensuggested
asamaincauseofchillinjuryandmortalityininsects. Thehindgut
ofterrestrialinsectsiscriticallyimportantformaintainingosmotic
homeostasisasitselectivelyregulatessolute-and water-balance.
Usingachillsusceptibleinsect,weheretestthehypothesisthat
hypothermia causes disruption of the hindgut osmoregulatory
capacity in a manner that is proportional to the homeostatic
disruptionobservedundersuchcondition. Usinganinvitroeverted
gutsacpreparation, wemeasuredratesofion(Na*,K*and Cl)and
waterfluxacrossthehindgutunderarangeofthermal conditions
alowingQ10analysis. Thesefindingswerecorrelated torecordings
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of the critical temperature at which ion and water balance is
disruptedinvivo.Preliminaryresultsshowthatwaterabsorptionis
criticallyloweredduringexposureto0°C (atemperaturethatcauses
graduallossofionbalance)andthattheabilitytoreabsorbNa*was
particularlyimpairedduringhypothermia.Lossofosmoregulatory
capacityseemstobeprimarily causedbyreducedactivetransport
assimilarimpairmentsareseenduringexposuretoanoxicmedium.
Furthermore,duringtherecoveryperiod,ionandwaterfluxrates
returnedtocontrol valuesindicatingtheinvolvementofanactive
componenttore-establishion-andwater-balance.Inconclusion, the
capacitytomaintaintransportmechanismsinthehindgutatlow
temperatureappearsessentialforinsectcoldtolerance. Wetherefore
speculatethatthesemechanismsgreatlyinfluenceadaptiveand
acclimationresponsesthatalterinsectthermaltolerance.

A12.66 THE EFFECT OF NUTRIENT
LEVELS ON GROWTH AND TELOMERE
DYNAMICS IN WILD ATLANTIC SALMON

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

& DARRYL MCLENNAN (UNIVERSITY OF GLASGOW, UNITED
KINGDOM), SONYA K AUER (UNIVERSITY OF GLASGOW,
UNITED KINGDOM), JOHN D ARMSTRONG (MARINE SCOTLAND
- SCIENCE, UNITED KINGDOM), SIMON MCKELVEY (CROMARTY
FIRTH FISHERY TRUST, UNITED KINGDOM), PAT MONAGHAN
(UNIVERSITY OF GLASGOW, UNITED KINGDOM), NEIL B
METCALFE (UNIVERSITY OF GLASGOW, UNITED KINGDOM)

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

Fish that return from the ocean to spawn in fresh water are an
importantsourceofmarine-derivednutrientsforinlandfreshwater
ecosystems. However, populationdeclines,incombinationwith
barrierstoupstreammigration,arereducingtheirnutrientinput
toriversandlakesinmanytemperateandborealregions. Usinga
wildsysteminvolving experimental manipulations of nutrient
levels across replicate Scottish streams, we show that this
‘oligotrophication’reducesthefood supply, somaticgrowthand
body conditionofwildjuvenile AtlanticsalmonSalmo salar. Life-
historytheorypredictsthatgreaterinvestmentinsomaticgrowth
maycomeatacosttosomaticmaintenance. Moreover,agrowing
bodyofresearchsuggeststhatmeasuringthelengthoftelomeres,the
protectivecapsattheendofeukaryoticchromosomes,maybeagood
wayofquantifyingsomaticstate,sincearelatively shorttelomere
lengthisindicative of poorbiological state. Wefound that faster-
growingfishhadshortertelomeres, whichsupportsthehypothesis
thatinvestmentin growth can have negative consequences for
somaticstate.Inaddition, wealsofoundsignificant differences
intelomerelengthamongstreams, suggestingthatthebalance
betweensomaticgrowthandmaintenancemayinturndependon
nutrientlevels.
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A12.67 DECIPHERING THE FUNCTION OF
THE PLEUROPODIA IN INSECT EMBRYOS

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

& BARBORA KONOPOVA (UNIVERSITY OF GOTTINGEN, GERMANY)

@ BARBORA.KONOPOVA@BIOLOGIE.UNI-GOETTINGEN.DE

Pleuropodiaarepeculiarappendagesthattransientlyappearonthe
firstabdominalsegmentofmanyinsectembryos. Perhapsbecause
theydegeneratebeforethelarvahatchesandare completelymissing
inthe geneticmodelinsect Drosophilathe pleuropodia escaped
attentionandtheirfunctionisunclear. Experimentscarried outmore
thanahalfcenturyagohaveshownthatthepleuropodiasecrete
anenzymedegradingtheserosalcuticletoenablehatchingand
synthesizeamoultinghormoneecdysone. Ultrastructuralstudiesby
electronmicroscopyrevealedthatthepleuropodiacontainahighly
specialized epitheliumthatresemblesepitheliainvolvedintransport
ofwaterandions (osmoregulation) and excretion. Todecipherby
moderntechniqueswhatfunctionsthepleuropodiareallyhave
weisolatedtranscriptomesfromseveraldevelopmentalstagesof
theseappendagesfromthelocustSchistocercagregaria. OurRNAseq
experimentssupportthefunctioninosmoregulationandsecretionof
cuticledegradingenzymes,butnotecdysonesynthesis. Ourresults
newlyrevealaroleinimmunity. Thesedatawillformafoundation
forthesubsequentphysiologicalexperiments.

A12.68 INVERTEBRATE IMMUNITY:
ARENICOLA MARINA

(ANNELIDA, POLYCHAETA)

AS AN EXPERIMENTAL OBJECT

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ MARIIAV STANOVOVA (LOMONOSOV MOSCOW STATE
UNIVERSITY, RUSSIA), IGOR A KOSEVICH (LOMONOSOV
MOSCOW STATE UNIVERSITY, RUSSIA), YULIA V LYUPINA
(KOLTZOV INSTITUTE OF DEVELOPMENTAL BIOLOGY OF
RUSSIAN ACADEMY OF SCIENCES, RUSSIA)

@ MVSTANOVOVA@GMAIL.COM

Organizationandfunctioningofimmunesystemremainsoneof
theleaststudiedproblemsininvertebratephysiology. Comparative
investigationofimmunereactingwaysindifferentphylogenetic
groupsofinvertebrateanimalsisimportantforunderstanding of
theimmunityevolutionarypatterns. Annelids (or “polychaetes”)
composesignificantpartofmarinebottomecosystems. Theyare
involvedinformationoffoodchainsandalsomaintainthelifecycles
of several parasites. Annelids are characterized by metameric
bodystructure, presenceof coelomiccavityandawell-developed
circulatorysystem.Combination ofthesefeaturesprovideshigh
levelofadaptiveplasticityandenablesdevelopmentofaneffective
immune (defensive) system. Freecellelementsofthe coelomicfluid,
coelomocytes, constitutethemaincomponentofimmunesystem
inannelids. Coelomocytesofferrecognition of foreignmaterialand
itssubsequenteliminationorisolation. Moreoverthesecellsrelease
humoralfactorswhichareinvolvedinimmuneresponseproviding.
Arenicolamarina,themarinelugworm,isacommonannelidspecies
of cold-wateredseastidalzone. Thesewormsarerelativelylarge
(lengthupto15cm)andtheircoelomicfluid contains greatnumbers
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of coelomocytes. Thesefeaturesmake A. marinaaconvenientobject
fortheexperimentalworkwhichis. Westudied morphology of A.
marinacoelomocytes, theirability toperformphagocytosisand
encapsulationofdifferentforeignbodiesusinglight, transmission,
scanningandconfocalmicroscopy. Wealsoperformedprimarily
investigationsonthechangesinubiquitin-proteasomal system of
thesecellsduringtheexperimentalinflammation. Ourresultscreate
thebasisforfurtherexperimentsonthisspecies.

A12.69 CARDIAC TISSUE OF
AMPHIBIAN AND REPTILIAN CAVAL
VEINS DEMONSTRATES ELECTRICAL
EXCITABILITY AND AUTOMATICITY
AND MAY CONTRIBUTE TO PACEMAKING

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

& VIKTORIIA M KARIMOVA (LOMONOSOV MOSCOW STATE
UNIVERSITY, RUSSIA), VLADISLAV S KUZMIN (LOMONOSOV
MOSCOW STATE UNIVERSITY, RUSSIA), DENIS V ABRAMOCHKIN
(LOMONOSOV MOSCOW STATE UNIVERSITY, RUSSIA)

@ VM-KARIMOVA@YANDEX.RU

The heart of amphibians and reptiles is characterized by
myocardialized sinus venosus (SV).Similarlywith SV, thewall
of anterior caval veins (CVs) in various lower vertebrates may
containcardiactissue. Thistissuederivesfromthesameembryonic
precursorsasmyocardiumofSVchamber. Bioelectrical propertiesof
CVmyocardiuminlowervertebrateshavenotbeeninvestigatedyet.
Optical mapping technique was used to evaluate action
potentials (APs) waveform and excitation pattern in CVs of
frog (Rana temporaria) and lizard (Eublepharis macularius).
Optical signals were recorded using CCD camera (WuTech
Inst.) from isolated multicellular preparations consisting
of SV and anterior CV, perfused with adapted physiological
solution (22°C), stained with di-4-ANEPPS (5 pM) and treated
with blebbistatin (1 pM) to minimize the motion artefact.
AnteriorCVswereelectricallyexcitableinbothspecies. APs
werespontaneouslyinitiatedinSVinmostcases,howeverexcitation
derivedfrom CVorCV-SVjunctionzonewasalsoobservedinseveral
experiments(3of7infrogs,2of6inlizards). CV-derivedrhythm
was31.6+4.5min-linfrogand43.5-45min-linlizard. APsinthe
anterior CV are characterized by diastolic depolarization, low
plateaudurationandupstrokevelocity, slowexcitation conduction
(0.02+0.01and0.03+0.01m/s,respectively)eitherinfrogorlizard.
In conclusion, CV myocardium at least in two different
lower vertebrates (terrestrial and, predominantly, aquatic) is
characterizedbysimilarability togenerate pacemaker-like APs
andprobablymayactasacardiacpacemakerinparticularconditions.
Thisstudywassupportedby RFBR [17-04-01921].
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A12.70 ECOLOGICALLY-RELATED
VARIATION IN GROWTH RATE AND
MUSCLE PROTEIN DEGRADATION
IN ATLANTIC SALMON OF NURSERY
BROOKS AND NATAL RIVERS
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A12.71 KNOCKDOWN OF MULTICOPPER
OXIDASE 4 ELIMINATES THE
PERITROPHIC MATRIX AND ALTERS
LARVAL GROWTH AND ADULT
MICROBIOME IN DROSOPHILA
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& NINANNEMOVA (INSTITUTE OF BIOLOGY KARELIAN RESEARCH
CENTRE OF THE RUSSIAN ACADEMY OF SCIENCES, RUSSIA),
LIUDMILA A LYSENKO (INSTITUTE OF BIOLOGY KARELIAN
RESEARCH CENTRE OF THE RUSSIAN ACADEMY OF SCIENCES,
RUSSIA), NADEZDA P KANTSEROVA (INSTITUTE OF BIOLOGY
KARELIAN RESEARCH CENTRE OF THE RUSSIAN ACADEMY OF
SCIENCES, RUSSIA), MARINA YU. KRUPNOVA (INSTITUTE
OF BIOLOGY KARELIAN RESEARCH CENTRE OF THE RUSSIAN
ACADEMY OF SCIENCES, RUSSIA), ELENA I KAIVARAINEN
(INSTITUTE OF BIOLOGY KARELIAN RESEARCH CENTRE OF
THE RUSSIAN ACADEMY OF SCIENCES, RUSSIA)

@ MURZINA.SVETLANA@GMAIL.COM

Teleost fishes, including Atlantic salmon (Salmo salar), are
indeterminate growers with maximal growthrate observed at
the early years. Young salmonids of northern, low-production
watercoursesofthe WhiteSeabasin(North-WesternRussia) are
characterizedbyextremelylowgrowthrateattheriverperiodof
theirlivecomparingtotheirconspecificsfromthelower-latitude
watercourses. Salmon juveniles of 0+ and 1+ year-classes are
differentiatedinmorphologyand metabolismontotwoecological
groupspreferentially settlingsmallbrooksornatalrivers. Nursery
brookspossessmorefavorable growth-promotingfactorssuchas
driftingfood, watertemperatures, etc.resultinginincreasedfish
growthrates.Fishgrowthmostlyreliesonmuscleproteinsynthesis
and accumulation counterbalanced with protein degradation.
Calpainandlysosomalproteolyticsystemsdominateinfishmuscles
whileproteasomaldigestionplaysaminorrole. Positiveage-related
correlationofcalpainandcathepsinBactivitiesinfishmusclesand
bodygrowthincrementswasshowninsalmonjuvenilesboth of
nurserybrooksandnatalrivers.Sincegrowthratewasdetected
tobehigherinjuvenilesinhabitbrooks,thesignificantincreasein
proteolyticactivitieswasexpected;however,thispatternappears
toexpandonlyonsalmonof0+year-classofbutnotlaterstages (1+).
TheresearchwassupportedbytheRussianScientificFoundation,
projectno.14-24-00102.

@ EDWARD M BLUMENTHAL (MARQUETTE UNIVERSITY,
UNITED STATES), SEAN CONWAY (MARQUETTE UNIVERSITY,
UNITED STATES)

© EDWARD.BLUMENTHAL@MARQUETTE.EDU

Extracellularepithelialbarriersalloworganismstoregulatetheir
interactions with the environment; one dynamic site of such
interactionsisthegut. Likemanyinsects, Drosophilamelanogaster
producesanextracellularstructurecalledtheperitrophicmatrix
(PM),whichlinesthemidgutandistheorizedtoaidindigestionand
organismaldefense. However,anabsenceofflylinesthatlackaPM
limitsinvestigationofitsphysiologicalrole. AnRNAiscreenofgenes
encodingputativecross-linkingenzymesnowrevealsthatsilencing
multicopperoxidase4 (mco4)inthecardia, thesiteof PMsynthesis,
producesfliesthatlackaPM.mco4encodesalaccaseandisexpressed
athighlevelsandnearlyexclusivelyinthecardia. Experimentswith
mco4knockdownsrevealedthatlackingaPMsignificantlyreduces
adultbodymass,extendsthelengthofthethirdlarvalinstar,and
decreasestherateoflarvalweightgain. Consistentwithastarvation
phenotype, thenutrient-sensitive decreasein Dilp8expressionis
delayedinknockdownlarvae. Inadults,knockdownofmco4reduced
microbiomeabundanceby850-fold,asmeasuredby 16SqPCR,and
augmentedthelossofgutbacteriacausedbydailytransferofflies
tofreshmedia. Atthesametime, expressionoftheantimicrobial
peptide diptericin was increased 10-20 fold in knockdown flies,
indicatinghyperactivationoftheimmunesystem. Theseresults
suggestaroleforthePMinlarvalnutritionandgrowthandinthe
maintenanceoftheadultgutmicrobiome. Supportedby NSF grant
10S-1355087.
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A12.72 3D ULTRASTRUCTURE STUDY
OF Ca RELEASE PATHWAYS IN AVIAN
CARDIOMYOCYTES
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@ CLARISSE DUPIN (UNIVERSITY OF POITIERS FACULTY OF
FUNDAMENTAL AND APPLIED SCIENCES, FRANCE), HOLLY
SHIELS (UNIVERSITY OF POITIERS FACULTY OF FUNDAMENTAL
AND APPLIED SCIENCES, UNITED KINGDOM), TOM SHEARD
(UNIVERSITY OF LEEDS FACULTY OF BIOLOGICAL SCIENCES
GARSTANG BUILDING WOODHOUSE LANE, UNITED KINGDOM),
SANJAY KHARCHE (DEPARTMENT OF MEDICAL BIOPHYSICS
UNIVERSITY OF WESTERN ONTARIO, CANADA), CHRISTIAN
PINALI (UNIVERSITY OF MANCHESTER FACULTY OF BIOLOGY
MEDICINE AND HEALTH, UNITED KINGDOM)

@ CLARISSE.DUPIN@HOTMAIL.FR

Birdventricularmyocytesarelong,thinandlackt-tubules. However,
birdheartsachievehighercontractileratesandarecapableofstronger
pressuredevelopmentthanmanymammalianandallectothermic
species. Excitation-contraction couplingin vertebrate heartsis
underpinnedby calcium(Ca?)diffusionbetweenthe Ca*release
units,formedby clustersofryanodinereceptorspresentonthesurface
ofthesarcoplasmicreticulum.Inbirds,Ca%+releaseatperipheral
couplings(PCs)inthesarcolemmamustdiffusetointernal corbular
SR(cSR)structuresforpropagationofthe Ca? signal. Thedistance
Ca? mustdiffuseisthereforecrucialindeterminingwhetherfurther
Ca?-induced Ca*-release occurs deep inside these cells despite
the absence of t-tubules. Electron tomography, a 3-dimensional
(3D)microscopy technique wasusedtocharacterisethe surface
sarcolemma, including caveolae, and the SR network, in all four
chambersoftheheartof WhiteLeghornchickens.Nearestedge-edge
distancesbetweenPCsandcSR,andgeometricdataaboutindividual
cSRwereobtainedandproportionof PCsincaveolaewasassessed.
Reconstruction demonstrates the pathways for Ca? diffusion
throughoutthecell. Largedifferenceswerefoundinthedistances
betweencSR comparedtothosereportedpreviously, possiblydueto
themethodology of datacollection. Computermodellingwasused
toassesstherelationshipbetweendistancesamongcalciumrelease
units,andcalciumwaveconductionvelocity,aswellasthestability of
thepropagation. This3Dstructuralcharacterisationwillbevaluable
whenfunctionalworkisdonetostudytheunderlying Ca? transient
inthecardiomyocytesofthisanimal.

ANIMAL ABSTRACTS 269

A12.73 ADRENERGIC CONTROL OF
BLOOD PRESSURE AND VASCULAR
RESISTANCE IN RAINBOW TROUT
(ONCORHYNCHUS MYKISS)
ACCLIMATING TO SEAWATER
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@ ERIKA SUNDELL (UNIVERSITY OF GOTHENBURG, SWEDEN),
DANIEL MORGENROTH (UNIVERSITY OF GOTHENBURG, SWEDEN),
JEROEN BRIJS (SWEDISH UNIVERSITY OF AGRICULTURAL
SCIENCES, SWEDEN), ANDREAS EKSTROM (UNIVERSITY OF
GOTHENBURG, SWEDEN), ALBIN GRANS (SWEDISH UNIVERSITY
OF AGRICULTURAL SCIENCES, SWEDEN), MICHAEL AXELSSON
(UNIVERSITY OF GOTHENBURG, SWEDEN), ERIK SANDBLOM
(UNIVERSITY OF GOTHENBURG, SWEDEN)

©@ ERIKA.SUNDELL@HOTMAIL.COM

Whensalmonidsmigrateintoseawater, theydrinkand absorbwater
intheintestinetomaintainosmotichomeostasis. Gastrointestinal
bloodflow (GBF)haspreviouslybeenobservedtoincreaseatleast
two-foldduringthisprocess,butitisunknownwhetherthisisdue
toanincreased dorsal aortic blood pressure (Ppa) or alterations
insystemicvascularresistance(Rsys),and whattheunderlying
neuro-humoralcausesofthesehemodynamicchangesare.Here,
wemeasured PDA andcardiacoutput(CO)andcalculatedRsysin
chronically seawater-andfreshwater-acclimatedrainbowtrout
(Oncorhynchusmykiss)invivo. Wealsodetermined theadrenergic
controlofRsysatthedifferentsalinitiesbyinjectingthea-adrenergic
agonist phenylephrine and the antagonist prazosin. Seawater-
acclimatedtroutexhibitedasignificantreductioninRsysand Ppa
comparedtofreshwater-acclimatedtrout,alongwithatendencyfor
anincreased COrevealingthattheelevated GBF followingseawater
acclimation is a consequence of reductions in gastrointestinal
vascularresistance. Phenylephrineincreased Rsys and Ppa dose-
dependently in both groups, and although Rsys and Ppa were
consistentlylowerin seawater-acclimated trout, the increases
frombaselinewithphenylephrineweresimilarorlarger,mostlikely
indicatingunaltered a-adrenoceptorsensitivity. Moreover, while
prazosinreduced Rsys andPps inboth groups,bothvariableswere
stilllowerinseawater-acclimatedtroutaftera-adrenergicblockade.
Collectively, thesefindingssuggestthatreduceda-adrenergictone
alonewasnotresponsibleforthereducedRsysinuntreated seawater-
acclimated trout and that otherlocal or hormonal vasodilatory
factorsreducethevascularresistanceofthegastrointestinaltract
duringseawateracclimation.
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A12.75 ROLE OF THE CLOACA
IN SALT AND WATER BALANCE
IN ESTUARINE CROCODILES
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A12.76 THYROID HISTOLOGY
OF THE PACIFIC TREE FROG,
PSEUDACRIS REGILLA

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@& NICHOLAS C WU (THE UNIVERSITY OF QUEENSLAND,
AUSTRALIA), MARTIN GROSELL (UNIVERSITY OF MIAMI,
UNITED STATES), RACHAEL M HEUER (UNIVERSITY OF MIAMI,
UNITED STATES), EDWARD M MAGER (UNIVERSITY OF MIAMI,
UNITED STATES), YADONG WANG (UNIVERSITY OF MIAMI,
UNITED STATES), REBECCA L CRAMP (THE UNIVERSITY
OF QUEENSLAND, AUSTRALIA), CRAIG E FRANKLIN (THE
UNIVERSITY OF QUEENSLAND, AUSTRALIA)

@ NICHOLAS.WUeUQ.EDU.AU

Crocodiles live across a range of salinities from freshwater to
seawater. Seawaterrepresentsadehydratingenvironmentand
crocodileshavetocopewithanincreasedsaltload. Thekidneyis
notabletoproduce concentratedurine,andinsteadthecloacawith
thelingualsaltglandsareresponsible forexcreting excesssalt.
Whilethesaltglandsarerelativelywell-studied, themechanisms
underpinningtheregulation of waterandelectrolytesfromthe
cloacal-coloniccomplexarelargelyunknown, thustheaimofthis
studywastocharacterize epithelial transport properties of the
cloacaofestuarinecrocodiles (Crocodylusporosus)ineitherfresh
orsalinewater. Hatchingcrocodileswereacclimatedinfreshwater
and70%seawaterfor6weeks, andin-vitroactivity, distribution,
andexpression of epithelial sodium-potassium ATPase (NKA),
andvacuolarprotonpump (V-ATPase) of theurodaeumandrectum
wereexamined. Wholeanimalsaltbalanceandhydrationstatevia
bloodandmuscletissueanalysiswerealsoassessedtodetermine
hydration and salt balance. We found a significant increase in
transepithelialpotentialandactiveepithelialtransportasindicated
byincreasedshortcircuitcurrentoftheurodaeumunderseawater
conditions,howevernodifferencewithintherectum. Theshort
circuit current of the urodaeum and the rectum appears to be
mediatedbysodium-hydrogenexchanger (NHE2)andisamiloride-
sensitive. Muscle hydration, and blood plasma electrolyte and
osmolalitylevelsdidnotdifferbetweentreatments. Ourresults
revealthephysiologicalrolesplayedbytheproximalintestineand
cloacalsegmentsinosmoregulationofestuarinecrocodilesunder
seawaterconditions.

@ RICHELLE M ACREMAN (UNIVERSITY OF THE FRASER VALLEY,
CANADA), KATHERINE FLACH (UNIVERSITY OF THE FRASER
VALLEY, CANADA), ALLAN ARNDT (UNIVERSITY OF THE
FRASER VALLEY, CANADA), VICKI L MARLATT (SIMON FRASER
UNIVERSITY, CANADA)

@ RICHELLEACREMAN@GMAIL.COM

Severalamphibianpopulationshavebeendeclininginrecentyears
andmanyspeciesareonthebrinkofextinction. Thereismounting
evidencethatanthropogenicallyderivedenvironmental pollutants
arecontributingtoamphibianpopulationdeclines. Amphibians
havelongbeenusedtostudy the effects of pollutants,and have
uniqueattributes, suchasincreased skinpermeabilityand thyroid
hormone dependent metamorphic development, that warrant
careful considerationduringtoxicity testing. The Organization
forEconomic Co-operationand Development (OECD) publisheda
guidelinein2009foralaboratory-basedinvivoassay,the Amphibian
Metamorphosis Assay. This assay is mainly used to screen for
chemicals that disrupt the hypothalamic endocrine axis using
methodsspecificto Xenopuslaevis,asolelyaquaticspeciesfound
inSub-SaharanAfrica. Previousstudiesinourlabhaveexamined
themolecularandmorphometricadverseendpointsinthe AMA
usingasemi-aquaticamphibianspeciesnativetoNorth America
(Pseudacrisregilla),buttodatenohistopathologyhasbeenreported
inthisspecies. Therefore, the objectiveof thisstudy wastodevelop
anatlasofthyroiddevelopmentfor Gosnerstages25to43 Pseudacris
regilla. Thisatlaswillserveasareferenceforthenormalhistology of
thyroiddevelopmentthroughoutkeyperiodsduringmetamorphosis
inthisspecies,andfurtherfacilitatetheuseofthisnativeNorth
Americanamphibianinenvironmentaltoxicity testingregimes.

A12.77 SCIENTIFIC MISCONDUCT -
ADVICE ON BEING A WHISTLEBLOWER

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ JOSEFIN SUNDIN (UPPSALA UNIVERSITY, SWEDEN), TIMOTHY
D CLARK (UNIVERSITY OF TASMANIA AND CSIRO AGRICULTURE
AND FOOD, AUSTRALIA), DOMINIQUE G ROCHE (UNIVERSITY
OF NEUCHATEL, SWITZERLAND), GRAHAM D RABY (UNIVERSITY
OF WINDSOR, CANADA), BEN SPEERS-ROESCH (UNIVERSITY
OF NEW BRUNSWICK, CANADA), FREDRIK JUTFELT (NORWEGIAN
UNIVERSITY OF SCIENCE AND TECHNOLOGY, NORWAY)

@ JOSEFIN@TEAMSUNDIN.SE

Scientific discovery relies on high-quality research that is
transparent,reproducible,and availableforoutside examination.
Unfortunately, the current reward system can often select for
poor quality research by incentivising practices that favour
sensationalism, shortcuts,andnoveltyratherthanqualityand
rigour. Globally,theannualsciencebudgetwastedonirreproducible
researchisestimatedinthetensofbillionsofdollars.Suchalarming
levels of irreproducibility are not solely due to issues of poor
statistical practices,confirmationbias,andselectivereporting
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-variousformsofmisconductplaylargeroles. Regardlessofthe
reasonsforwhichmisconductoccurs, scientistshaveamoraland
ethical obligation to report it when observed. Here, we present
guidance for researchers who suspect or discover scientific
misconduct,rangingfromtheinitialstagesoffactcheckingtothe
laterstagesofformalinvestigations. Weuseourownexperiencesas
whistleblowersandlessonslearnedfromconversationswithother
scientistswhohavehadtheunfortunateexperienceof witnessing
fraud. Weaffirmthatwhistleblowingis one example of the self-
correctingnature ofscience.

A12.78 TRAPDOORS APPARENTLY
MODULATE THE PHYSICAL ENVIRONMENT
OF SPIDER BURROWS

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ IRENE STEVES (BEN-GURION UNIVERSITY OF THE NEGEV,
ISRAEL), PEDRO BERLINER (BEN-GURION UNIVERSITY OF THE
NEGEV, ISRAEL), BERRY PINSHOW (BEN-GURION UNIVERSITY
OF THE NEGEV, ISRAEL)

@ IRENE.STEVES@GMAIL.COM

Manyanimal-builtstructuresmanagephysiological fluxesbetween
the occupant and the physical environment. Burrows are such
structures,oftenassumedtoprotecttheoccupantfrompredators
andtoattenuatechangesintemperatureandrelative humidity
(RH)intheburrow cavity. Weinvestigated whethertrapdoorsof
desert-dwellingwolfspiderburrows (Lycosasp.)servetomaintain
favourable conditionsbyremovingtrapdoorsatdifferent times. We
testedthepredictionthattrapdoor-replacementismorefrequent
anddonefasterunderadverseambientconditions, whenambient
airtemperature(T,)increasesandRHdecreases.Inapreliminary
comparisonbetweenseasons, wefoundthatinsummer, 88% of
spiders (n=9) responded to early-morning trapdoorremoval by
closurewithsilk, whereasonly34%respondedinwinter (n=41).
However,insummer, whentrapdoors wereremoved at midday,
only 22% of spidersresponded (n=9). Thus, thereisanapparent
tradeoff between the cost of burrow repair, when daytime T, is
highandRHislow, andenergysavedbyclosingtheentrance.In
addition, weinvestigatedburrow ventilationusingfluctuations
in burrow cavity temperatures (measured with a descending
arrayoftiny thermocouples) asaproxy forturbulence. We found
strongerturbulencenearthesoilsurface(<5cm)inopenthanin
coveredburrows. Wedeterminedthateddiesreachedadepthof~1
cmbycross-correlatingtemperaturefluctuationsintheburrow. The
associationbetween T, andthespiders’responsetotrapdoorremoval
suggeststhattrapdoorsindeedprotecttheburrowmicroclimate
fromthevagariesofsurfaceconditions.
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A12.79 BAROREFLEX FUNCTION IN
FISH WITH UNIMODAL AND BIMODAL
RESPIRATION
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& VINICIUS A ARMELIN (FEDERAL UNIVERSITY OF SAO
CARLOS (UFSCAR), BRAZIL), VICTOR HUGO S BRAGA (SAO
PAULO STATE UNIVERSITY (UNESP), BRAZIL), MARIANA T
TEIXEIRA (SAO PAULO STATE UNIVERSITY (UNESP), BRAZIL),
FRANCISCO T RANTIN (FEDERAL UNIVERSITY OF SAO CARLOS
(UFSCAR), BRAZIL), MARK BAYLEY (AARHUS UNIVERSITY
(AU), DENMARK), TOBIAS WANG (AARHUS UNIVERSITY (AU),
DENMARK), LUIZ HENRIQUE FLORINDO (SAO PAULO STATE
UNIVERSITY (UNESP), BRAZIL)

@ VINICIUS.ARMELIN@GMAIL.COM

The baroreflex is an important short-term regulator of
cardiovascularhomeostasisinvertebrates, wheredisturbances
ofarterialbloodpressurepromptlyelicitaninverselyproportional
changeinheartrateandsystemicvascularresistancetorestore
arterial blood pressure. Considering that gravitational stress
can impair animals’ venous return and consequently arterial
blood pressure in terrestrial, but not in aquatic environments,
the present study’s intent was to investigate whether fish
species that were exposed to the influences of gravity during
theirevolutionaryhistoryareendowed with greaterbaroreflex
sensitivity and efficiency compared to those that were not. We
thereforestudiedthecardiaclimbofthebarostaticresponseinfish
thatperform (Hoplerythrinusunitaeniatusand Anguillaanguilla)
anddonotperform (Hopliasmalabaricus, Oreochromisniloticusand
Pangasianodonhypophthalmus)terrestriallocomotion. Allfishwere
instrumentedwithaventralaorticcannulatomeasurearterialblood
pressure and heartrate, and afterrecordings from undisturbed
animals, serialinfusionsof phenylephrine (10to80pg.kg?)and
sodiumnitroprusside (20to 160pg.kg?) wereadministeredthrough
thecathetertocorrelatethechangeinarterialblood pressurewith
heartrate. Thebaroreflexfunctionswereanalysed throughKent’s
sigmoidallogisticfunctiontoidentifytheoperatingpointofthe
baroreflexanditssensitivity. Preliminarydata (on H. malabaricus,
H.unitaeniatusandO. niloticus) suggeststhatexclusivelyaquatic
fishhavelowerbaroreflexsensitivity compared toamphibiousfish
-andalsopresentbaroreflexoperatingpointslocatedintheupper
partofthesigmoid, contrarytotheirpositioninamphibiousfish.
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A12.80 LONG-TERM CARDIAC
INFLUENCES OF ANGII IN THE
EEL A. ANGUILLA: ROLE OF
THE NOS/NO SYSTEM
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@ MARIACRISTINA FILICE (UNIVERSITY OF CALABRIA, ITALY),
SANDRA IMBROGNO (UNIVERSITY OF CALABRIA, ITALY),
DANIELA AMELIO (UNIVERSITY OF CALABRIA, ITALY),
FILIPPO GAROFALO (UNIVERSITY OF CALABRIA, ITALY),
SABRINA DAVID (UNIVERSITY OF PALERMO, ITALY), FRANK
BO JENSEN (UNIVERSITY OF SOUTHERN DENMARK, DENMARK),
MARIA C CERRA (UNIVERSITY OF CALABRIA, ITALY)

@ MARIACRISTINA.FILICE@LIBERO.IT

Angiotensin II (AnglI), the active end-product of the Renin-
AngiotensinSystem (RAS), playsimportantrolesintheregulation
of cardiovascular homeostasis and fluid osmolarity. In the eel
A. anguilla, if administered for a month, AnglI improves the
performanceoftheheart,enhancingitsabilitytosustainincreased
afterload. These effects involve the AT2 receptor, and factors
whichregulatecellgrowthandapoptosis (Imbrognoetal.,2013.
Gen. Comp. Endocrinol. 194,189-197). To deeperinvestigatethe
morpho-functionalchronicinfluencesof Angllontheeelheartand
themolecularmechanismsinvolved,freshwatereels (A. anguilla)
wereintraperitoneallyinjected for2monthswith AnglI(1nmolg
BW). Theheartswereisolatedandsubjected tomorphologicaland
westernblottinganalyses,andnitritemeasurements.Ifcompared
tocontrolanimals,theventricleof Angll-treatedheartsshowedan
increaseincompactathickness,vascularization, musclemassand
fibrosis. Structuralchangeswereparalleledbyahigherexpression
of AT2 receptorandanegativemodulation ofthe ERK;., pathway,
togetherwithadecreaseinnitriteconcentration,indicativeofa
reduced NitricOxide Synthase (NOS)-dependentNO production.
Moreover, immunolocalization revealed, particularly on the
endocardialendothelium (EE) of AnglI-treated hearts,asignificant
reduction of phosphorylated NOS detected by peNOS antibody
accompaniedbyanincreased expression of the eNOS disabling
protein NOSTRIN, and a decreased expression of the positive
regulatorsof NOS activity,pAktandHsp90.Resultssuggestthat
Angll,byinfluencingthemolecularmechanismsthatcontrolNOS
activityandtheERK;.; pathway,inducesstructuralandmolecular
remodellingoftheeelheart.
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A12.81 BARORECEPTOR LOCATION
IN FISH WITH UNIMODAL AND
BIMODAL RESPIRATION
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& MARIANA T TEIXEIRA (SAO PAULO STATE UNIVERSITY
(UNESP), BRAZIL), VINICIUS A ARMELIN (FEDERAL
UNIVERSITY OF SAO CARLOS (UFSCAR), BRAZIL), VICTOR
HUGO S BRAGA (SAO PAULO STATE UNIVERSITY (UNESP),
BRAZIL), TOBIAS WANG (AARHUS UNIVERSITY (AU),
DENMARK), LUIZ HENRIQUE FLORINDO (SAO PAULO STATE
UNIVERSITY (UNESP), BRAZIL)

© MARIANAO3.BIO@GMAIL.COM

Thebarostaticreflexisone ofthemostimportantblood pressure
regulatingmechanismsthatenablesstableperfusionpressures
and cardiovascular homeostasisin vertebrates. Thereis ample
evidencethatheartrateinteleostfishrespondsreciprocallytoblood
pressure,andwhilebaroreceptorshavebeenlocatedinthegills, it
remainsuncertainwhetherreceptorsatotherlocationsareinvolved.
Furthermore,thereisvirtuallynoinformationonbloodpressure
regulationinair-breathingfishes. The presentstudy, therefore,
wasdesignedtoinvestigatethelocalizationofbaroreceptorsintwo
closelyrelatedfishbelongingtotheErythrinidaefamily, where
Hoplias malabaricusis an exclusively water breathing species,
while Hoplerythrinus unitaeniatusis afacultative air-breather
that uses the swimbladder for gas exchange. We choose trout
(Oncorhynchusmykiss)asanoutgroupbecauseitscardiorespiratory
responsesarewell-known. Tocharacterizethe cardiaclimbofthe
barostaticreflex,heartratewasderivedfromtheeletrocardiogram
beforeandafterintraperitonealinfusionsofthealpha-adrenergic
agonist phenylephrine (100 pg.kg?) to cause vasoconstriction
andthevasodilatingnitricoxidedonorsodiumnitroprusside (250
pe.kg").Bothdrugswereinfusedthroughacannulainsertedinto
theperitoneal cavity throughasmall cutaneousincisionunder
anaesthesia on the previous day. To locate the baroreceptors
responsiblefortheseresponses,thepharmacologicalmanipulations
ofbloodpressure wererepeatedafterdenervation (G4 group)ofall
branchialnerves.Preliminaryresultsrevealthatbarostaticreflexes
wereabsentinthe G4groupin H.malabaricus,whichdemonstrates
that baroreceptors are exclusively located in the gill arches in
thisspecies.
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A12.82 VENTRICULAR CA*" CYCLING
AND CONTRACTILITY IN HYPOXIA-
ACCLIMATED ALASKA BLACKFISH
(DALLIA PECTORALIS)
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A12.83 DRAGONFLY LARVAE

AS MODELS FOR INVESTIGATING
BEHAVIOUR-PHYSIOLOGY SYNDROMES
IN CHANGING ENVIRONMENTS
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@ HOLLY A SHIELS (UNIVERSITY OF MANCHESTER, UNITED
KINGDOM), ED WHITE (UNIVERSITY OF LEEDS, UNITED
KINGDOM), CHRISTINE COUTURIER (UNVIESIRTY OF ALASKA
ANCHORAGE, UNITED STATES), DIARMID HALL (UNVIESIRTY
OF ALASKA ANCHORAGE, UNITED STATES), SHANNON ROYAL
(UNVIESIRTY OF ALASKA ANCHORAGE, UNITED STATES), GINA
LJ GALLI (UNIVERSITY OF MANCHESTER, UNITED KINGDOM),
JONATHAN STECYK (UNVIESIRTY OF ALASKA ANCHORAGE,
UNITED STATES)

@ HOLLY.SHIELS@MANCHESTER.AC.UK

Fewvertebrateshavethecapabilitytosurvivemonthsinhypoxia.
Weinvestigated ventricularCa? cyclingandcontractility of one
suchspecies,the Alaskanblackfish (Dallia pectoralis).Isolated
ventricular myocytes loaded with Fura-2 and isometrically-
contractingventricularstripsfrom5°Cfishacclimated (5-8 weeks)
tonormoxiaorhypoxia(10-20%airsaturation;noairaccess) were
stimulatedtocontract(0.2-0.6 Hz) duringexposure tonormoxic,
hypoxic(20min; 10%airsaturation)andreoxygenated perfusate
at5°CandtheimpactonintracellularCa? transients(A[Ca?]i)and
contractile parameters assessed. The A[Ca%]i and contraction
kinetics from normoxic animals in normoxia were very slow.
Ca? risetime, time-to-peakforce (Tpr),Ca?* 50%decay timeand
time-to-50%relaxation (To sz ) were 909+ 135,984 +75,707 +83
and647+83ms,respectively. Hypoxiaacclimationdidnotaffect
A[Ca?]i amplitude ormaximalcontractileforce (Fumax), butfurther
slowed Tpr (by 30%) andalmostdoubled To sz. Acutehypoxiadidnot
dramaticallyaffectthekineticsoramplitude of A[Ca?]i or Tpr and
T0.5R ofbothacclimationgroups, whereasFmax wasdecreased,
butbyonly~50%inboth groups. However,maximalattainable
contractionfrequencieswerelowerinhypoxia-acclimatedmyocytes
andstripsthanpreparationsfromnormoxicanimalsinhypoxia.
Moreover,theinability of hypoxia-acclimatedstripscontractat
highfrequencypersisteduponreoxygenation. Thefindingssuggest
ventricularCa? cyclingandcontractilityareresistanttohypoxia
atroutinecontractionfrequency. However,theremaybelimitsand
consequencestoheartrateelevationduringhypoxia, whichmay
impactcardiacoutputinvivo.

@ JOACIM NASLUND (UNIVERSITY OF SOUTH BOHEMIA IN
CESKE BUDEJOVICE, CZECH REPUBLIC), DAVID S BOUKAL
(UNIVERSITY OF SOUTH BOHEMIA IN CESKE BUDEJOVICE,
CZECH REPUBLIC)

@ JOACIM.NASLUND@GMAIL.COM

Intraspecificconsistentindividualdifferences(CID)inbehaviour
(i.e.animalpersonality) andphysiologyareahottopicinorganismal
biology, with possible consequences scaling fromindividual life
historiestocommunitydynamics. Traitsshowing CIDarecommonly
hypothesizedtobeco-selectedtoformsyndromesofcovaryingtraits,
sothatexpressionof.e.g.physiologicaltraitscanbepredicted from
thebehaviouraltraitsofanindividual. Weshowthatlarvaeofthe
Southern hawker dragonfly (Aeshna cyanea) display consistent
individual differences in their spontaneous activity rates and
respirationrates(usedasaproxyformetabolism)acrossontogeny
andtwotemperatures.Respirationratesofthelarvaewerepositively
influencedbybodysizeandtemperature,whileactivityrateswerenot.
Relativelyhighrepeatabilityinspontaneousactivity, togetherwith
amoderaterepeatabilityofrespirationrate,suggeststhat A.cyaneais
asuitablemodelforinvestigationsoftheroleofintra-specificCIDsin
theeffectsofclimatechangeonaquaticecosystems. Surprisingly,we
foundnorelationshipbetweenactivityratesandmetabolism, which
contradictssomeofthecurrentlyrecognizedtheory. Theseresults
indicatethattheinferenceofphysiologicalcharacteristicsbasedon
behaviouraltraits,andviceversa,isnotuniversal.

A12.84 TWO-CURRENT CHOICE
FLUMES FOR TESTING AVOIDANCE AND
PREFERENCE IN AQUATIC ANIMALS

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ FREDRIK JUTFELT (NORWEGIAN UNIVERSITY OF SCIENCE
AND TECHNOLOGY, NORWAY), JOSEFIN SUNDIN (UPPSALA
UNIVERSITY, SWEDEN), GRAHAM RABY (UNIV. OF WINDSOR
WINDSOR, CANADA), ANNA-SARA KRANG GRANS (TVL SWEDISH
ENVIRONMENTAL RESEARCH INSTITUTE, SWEDEN), TIMOTHY D
CLARK (UNIV. OF TASMANIA CSIRO AGRICULTURE AND FOOD
HOBART, AUSTRALIA)

© JFREDRIK.JUTFELT@NTNU.NO

Aquaticchemicalecologyisanimportantandgrowingresearch
field that involves understanding how organisms perceive
and respond to chemical cues in their environment. Research
assessingthepreferenceoravoidanceofawatersourcecontaining
specificchemical cueshasincreasedinpopularityinrecentyears,
and a variety of methods have been described in the scientific
literature. However, there is a clear absence of standardised
methodology, whichmakescomparisonsacrossstudiesdifficult.
Somemethodological problemsoccurringintheliteratureinclude
turbulentflowscausingmixingofcues,inappropriatesize of choice
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arenasfortheanimals,shortexperimentswithstressedanimals,
failure to report how observation- and researcher-biases were
eliminated, general underreporting of methodological details,
andunderutilisationof collecteddata. We proposebest-practice
guidelinesonhowtobuild, testandusetwo-currentchoiceflumesto
measurethebehaviouralresponsesofaquaticanimalstochemical
cues.Theguidelinesincludestepsthatcanbetakentoavoidproblems
commonlyencountered whenusingtwo-currentchoiceflumes.
Ouraimistoprovideasetofstandardsthatwillensuredataquality,
transparency,andreplicabilityinfuturestudiesinthisfield.

A12.85 ANALYSIS OF THE EFFECT
OF BODY GROWTH ON THE STRUCTURAL
PLASTICITY IN THE EPITHELIAL
NERVE NET OF THE CTENOPHORE
PLEUROBRACHIA PILEUS

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

& AMY COURTNEY (UNIVERSITY COLLEGE DUBLIN, IRELAND),
CIARAN HICKIE (UNIVERSITY COLLEGE DUBLIN, IRELAND),
MADELEINE LOWERY (UNIVERSITY COLLEGE DUBLIN,
IRELAND), SARA LOLATTE (UNIVERSITY COLLEGE DUBLIN,
IRELAND), JEREMY LIEGEY (UNIVERSITY COLLEGE
DUBLIN, IRELAND), MARK PICKERING (UNIVERSITY
COLLEGE DUBLIN, IRELAND)

@ AMY.COURTNEY@UCDCONNECT.IE

Thectenophore, Pleurobrachiapileushasadecentralised polygonal
neuronalnetworkbeneaththeepitheliallayer. Thisnervenetmust
undergostructuralrearrangementastheanimalgrows.Inorder
tocompletethisworkweneedtoaccuratelymeasureoverallbody
surfaceareaandthecharacteristicsofthe polygonalshapeswithin
the nerve net. The nervous systemin fixed P. pileus specimens
collectedfromthelrishseawasvisualisedusingananti--tubulin
antibody. A novel semi-automated neural tracing package was
developedusingMatlabtoextractpolygoninformation.Overall
surfaceareawasestimatedusingaxialmeasurements,assuming
aspheroidshape.Polygonareawasnotcorrelated withbodysurface
area(range:181-646mm?)ineithertheaboralregion(n=6,p=0.563,
r2=0.099) orthemid-bodyregion (p=0.919,r2=0.007). Similarly,
polygoneccentricitydidnotcorrelatewithsize (aboral:p=1,r2=
0.001;mid-body:p=0.356,r2=0.236). Thissuggeststhatpolygon
morphology remains constant throughout growth; implying a
processofpolygonaddition. However, thevalidity of thisconclusion
dependsontheaccuracyofbodysurfaceareaestimation, themost
likely source oferror. 3D wholeanimalreconstructionusingoptical
projectiontomography (OPT)wasusedformoredirectmorphometry
isa separate cohort of animals, and indicated an unpredictable
patternofoverestimationofsurfaceareabyspheroidmodelling.
Therefore, ourconclusionsremaintentative pendingpaired OPT
andnervenetimaging, whichwewillinvestigateinthefuture.
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A12.86 AN OXYTOCIN RECEPTOR
ANTAGONIST INHIBITS SOCIAL
PREFERENCE IN ZEBRAFISH

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

& JENNY LANDIN (UNIVERSITY OF GOTHENBURG DEPT
OF PHARMACOLOGY, SWEDEN), PETRONELLA KETTUNEN
(INSTITUTE OF NEUROSCIENCE AND PHYSIOLOGY, SWEDEN),
DANIEL HOVEY (INSTITUTE OF NEUROSCIENCE AND
PHYSIOLOGY, SWEDEN), ANNA ZETTERGREN (INSTITUTE OF
NEUROSCIENCE AND PHYSIOLOGY, SWEDEN), LARS WESTBERG
(INSTITUTE OF NEUROSCIENCE AND PHYSIOLOGY, SWEDEN)

@ JENNY.LANDIN@NEURO.GU.SE

Thezebrafishisamodel systemsuitableforpsychiatricresearch
duetowellestablishedbehaviouraltests,easeof pharmacological
treatment, and available mutated lines of genes involved in
humansyndromesanddisorders. Duetotheirstrongtendencyto
shoal,zebrafishserveasagoodmodeltostudysocialbehaviour.
Althoughtheneuropeptideoxytocinisknowntobecrucialforsocial
behavioursinmammals, theroleofisotocin (thefishhomologof
oxytocin)inmodulatingsocialbehavioursinzebrafish,isnotyet
clear.Ouraim:toinvestigateifanoxytocinreceptorantagonist
inhibitssocialbehaviourinadultzebrafish. Methods:adultmale
andfemalezebrafishwereintraperitoneallyinjectedwitheitherthe
oxytocinreceptorantagonistL-368,899orvehicle,andsubsequently
tested in a social preference paradigm as well as a shoal study.
Results: zebrafishtreated withthe oxytocinreceptorantagonist
displayedatendencytodecreasedsocial preference comparedtofish
injectedwithvehicle. Conclusions:resultsindicatethatendogenous
isotocinmaybeinvolvedinsocial preferenceinzebrafish,and show
promiseforfutureexplorationsofthenetworkunderlyingsocial
behaviourinthezebrafish.

A12.87 SHOAL SIZE INFLUENCES
CAPTURE VULNERABILITY IN A
SIMULATED PASSIVE GEAR FISHERY

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

& DAVIDE THAMBITHURAI (UNIVERSITY OF GLASGOW, UNITED
KINGDOM), JACK P W HOLLINS (UNIVERSITY OF GLASGOW,
UNITED KINGDOM), TRAVIS E VAN LEEUWEN (CAPE ELEUTHERA
INSTITUTE, BAHAMAS), ANITA RACZ (UNIVERSITY OF
GLASGOW, UNITED KINGDOM), JAN LINDSTROM (UNIVERSITY
OF GLASGOW, UNITED KINGDOM), KEVIN J PARSONS
(UNIVERSITY OF GLASGOW, UNITED KINGDOM), SHAUN KILLEN
(UNIVERSITY OF GLASGOW, UNITED KINGDOM)

© D.THAMBITHURAI.1@RESEARCH.GLA.AC.UK

Humaninducedperturbationsandharvestdominatecontemporary
evolution. A starkexampleofsuchchangeisreflectedinwildfish
populationswhereselectiveanthropogenicharvestfarinexcess
ofnaturalmortalityhashadprofoundevolutionary consequences.
Ourcurrentunderstandingofhowphysiologicalandbehavioural
traitsshapepotentialselectioninfishishoweververylimited. High
inter-individual variationinshoaling preferenceand metabolic
ratehasbeenrecordedinfishandthuscouldpotentiallybeatarget
forevolution, whetherdirectly, orindirectly throughcorrelated
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selection. Here we study experimentally the effect of shoal size
andmetabolicrate onthe vulnerability of wild zebrafish (Danio
rerio) totrap capture. By testing fishindifferent shoal sizesand
measuringtheirmetabolicphenotypeweshowthatfishingroups
are significantly more vulnerable to capture than fish tested
individually or at smaller group sizes. The results suggest that
groupbehaviour,whichistypically consideredtobeevolutionarily
beneficial, mayunderatrapharvestscenarioprovemaladaptive.
Contrarytoourexpectationsmetabolicvariablesshowlittleorno
relationwithvulnerability tocapture, with groupsize potentially
overwhelminganypotentialmodulationfrommetabolicphenotype.
Togetherourfindingsareofbroadinterestforunderstandingsome
ofthepotentialselectivepathwaysofpassiveharvestfisheriesand
thephysiologicalandbehaviouralmechanismsunderpinningthem.

A12.88 PRENATAL HYPOXIA

CAUSES SEX-DEPENDENT ALTERATIONS
TO MITOCHONDRIAL FUNCTION IN

THE ADULT HEART

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

& KIMTHELLGREN (UNIVERSITY OF MANCHESTER, UNITED
KINGDOM), ANDREW W TRAFFORD (UNIVERSITY OF
MANCHESTER, UNITED KINGDOM), GINA GALLI (UNIVERSITY
OF MANCHESTER, UNITED KINGDOM)

@ KIM@KIMHELLGREN.COM

Insufficientoxygensupplyduringdevelopment (prenatalhypoxia)
hasbeenlinkedtoarangeofcardiovascularabnormalitiesinadult
life, including structural and functional changes to the heart.
Nevertheless, thedysfunctional cellularpathwaysthatunderlie
thealteredcardiacphenotyperemainlargelyunknown. Asahighly
oxidativeorgan,theheartisespecially sensitivetohypoxia,due
toitsdependence onoxygenformitochondrial ATP production.
Therefore,wehypothesised thatprenatalhypoxiaduringearlylife
maypermanentlyaltermitochondrialpathwaysandcauseelectron
transportchaindysfunctioninadulthood.Maleandfemale C57
miceat6monthsofagewereeitherexposedtonormoxiaduring
development,orhypoxia (14% oxygen) during gestationaldays
6to 18. Mitochondrial function was assessed with an Oroboros
microrespirometer. Prenatalhypoxiahadsex-dependenteffects
onmitochondrialfunction. Femalesexposedtoprenatalhypoxia
hadanoverallreductioninreactive oxygenspeciesproductionand
anincreaseinroutinerespirationrate, suggestinganenhanced
capacitytogenerate ATP.Males,ontheotherhand,showanincrease
inROSproductionandnochangeinrespiration. Themechanismfor
thesechangesiscurrentlyunderinvestigation,butpreliminary
dataindicateprenatalhypoxiacausessex-dependentmetabolic
changestocardiacmitochondriawhichmaypredispose (males)or
protect(females)offspringtocardiovasculardiseaseinlaterlife.
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A12.89 CARDIAC PLASTICITY

OF THE GOLDEN GREY MULLET IN
RESPONSE TO LOWERED OMEGA 3
LEVEL IN FOOD SOURCE IN A WARMING
SEAWATER CONTEXT

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ MARIE VAGNER (UMR LIENSS, FRANCE), THOMAS LACOUE-
LABARTHE (UMR LIENSS, FRANCE), NATHALIE IMBERT (UMR
LIENSS, FRANCE), JOSE LUIS ZAMBONINO INFANTE (UMR
LEMAR IFREMER, FRANCE), EMMANUEL DUBILLOT (UMR
LIENSS, FRANCE), VALERIE HUET (UMR LIENSS, FRANCE),
PATRICK QUAZUGUEL (UMR LEMAR IFREMER, FRANCE), HERVE
LE DELLIOU (UMR LEMAR IFREMER, FRANCE), CHRISTEL
LEFRANCOIS (UMR LIENSS, FRANCE)

@ MARIE.VAGNER@UNIV-LR.FR

Recently,weobservedthathigh-temperatureacclimationundera
low-omega3diet,asexpectedunderglobalchange,increasesenergy
expenditureduringswimminginthegoldengreymullet,afishof
highecologicalvalueintemperatecoastalareas. Herewefocuson
theunderlyingmechanismsgoverningthismetabolicresponseat
theindividuallevel,particularlyonthecardiacfunction,akeyfactor
determiningthephysiological performanceofteleostfish. Mullets,
fedwithtwodietsdifferingintheiromega3concentrations, were
exposedtotwodifferenttemperaturesduringfourmonths. Then,
theirperformances were measured (1) attheindividuallevel by
respirometrytodeterminethecriticalswimmingspeed,aswell
asthestandardandactivemetabolicrates, (2)attheheartlevelin
ordertounderstandthefunctionalityandtherelativeimportance of
trans-sarcolemmal (SL)calciuminfluxandsarcoplasmicreticulum
(SR) calciumfluxontheexcitation-contractioncoupling,and(3)at
thetranscriptomicleveltoinvestigatedifferential geneexpression
patternsinhearttissueamongtheconditionstested. Theresults
suggest that the combination of a low-omega3 diet and high
temperatureinducesashiftincardiacfunctioningstrategy, witha
lowerSRparticipationandahigherinvolvementoftheextracellular
calciumthroughadrenergicpathway. Wehypothesizethatthese
combinedfactorscouldhavechangedtheomega3contentinthe
cardiomyocytemembranes, modifyingtheirfunctionalityand
leadingtotheactivationoftheadrenergicreceptorsand/orinhibition
oftheSRreceptorspresentonthemembranoussurface. Thecardiac
adaptivecapacityofthisspecieswillbediscussedinachanging
environmental context.
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A12.90 ENDOTHELIN-1 INDUCES
BOTH SYSTEMIC AND PULMONARY
VASOCONSTRICTION IN PYTHON REGIUS

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@& MAJA FUHLENDORFF (ZOOPHYSIOLOGY DEPARTMENT OF
BIOSCIENCE AARHUS UNIVERSITY, DENMARK), NINI
SKOVGAARD (ZOOPHYSIOLOGY DEPARTMENT OF BIOSCIENCE
AARHUS UNIVERSITY, DENMARK), TOBIAS WANG
(ZOOPHYSIOLOGY DEPARTMENT OF BIOSCIENCE AARHUS
UNIVERSITY, DENMARK)
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A12.91 EFFECTS OF ACUTE HEAT
STRESS ON HSP70 MRNA AND PROTEIN
EXPRESSION IN ADULT ZEBRAFISH
(DANIO RERIQ)

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

& GIOVANNA MOTTOLA (UNIVERSITY OF TURKU, FINLAND),
MIKKO NIKINMAA (UNIVERSITY OF TURKU, FINLAND),
KATJA ANTTILA (UNIVERSITY OF TURKU, FINLAND)

@ GIOMOTeUTU.FI

@ MAJA.FUHLENDORFF@MBG.AU.DK

Thepeptidehormoneendothelin-1(ET-1)isoneofthemostpotent
vasoregulatorsknown.Inmammals, theprimaryresponsetoET-1
isaprolongedvasoconstrictionmediatedthroughET,-receptors,
whereasETg-receptorsseemtohaveamorecomplexrole, where
theyeitherinduce vasorelaxation throughnitric oxiderelease,
orvasoconstrictionwhenlocatedinthevascularsmoothmuscle
tissue.ETgs-receptorsalsofunctionas‘clearancereceptors’removing
circulating ET-1viathelysosomalpathway.Lessisknownabout ET-1
signalinginreptiles.Inturtles, ET-1causessystemicvasodilatation
mediatedthroughactivation of ETs-receptors.Inalligators, ET-1
causes systemic vasodilation followed by constriction, whilst
the pulmonary arteries constrict through stimulation of ETa
-receptors.Inthepresentstudy, weinvestigate ET-1signalingin
pythons (Pythonregius) using both fully recovered snakes and
studiesofisolatedblood vesselsinmyographs. Myograph studies
showthatET-1(101°-107 M)leadstoprolonged dose-dependent
vasoconstrictioninbothmesentericand pulmonaryarteries. We
foundthatthemesentericvasoconstrictionwasattenuatedafter
specificblockageofbothET and ETs-receptors,respectively,using
ETa-antagonistBQ-123 (3x10® M)and ETs-antagonist BQ-788
(3x10-M). Thegeneral ET-receptorantagonistbosentan (10~ M)
didnotreducetheresponsefurther.Invivostudiesoninstrumented,
recovered Pythonregiusshowthatbolusintraarterialinjectionsof
ET-1(120pmol/kg)causesamajorriseinsystemicbloodpressure
thatlastsforatleast1.5hours.Injectionsof ETA-receptorantagonists
BQ-123(0.15pmol/kg) attenuated thispressorresponseby55+12
%.Itwashowevernotpossibletoabolishtheresponse completely.

Virtually all organisms respond to acutely increasing
temperature (heat shock) by expression of heat shock proteins.
Theexpressionofheatshockgenesinfishhasusuallybeentaken
tobetranscriptionallyregulated, whereby hspmRNA andprotein
changeinconcert. WehaveearlierfoundthatthemRNA andprotein
productionneednotbecoupledinastenothermal Arcticsalmonid,
theArcticchar. Tofind out,ifthisisapeculiarpropertyof Arctic
fish,studiesarealsoneededonspeciesnaturallyinhabitingtropical
areas. Therefore,theaimofthisstudyistoinvestigatetheeffect
ofacutetemperaturestressontheexpressionandtransductionof
hsp70mRNA andproteinlevelinapopulationofadultzebrafish
(Daniorerio).Forthispurpose, 90zebrafishweremaintainedat26°C
andexposedtothreedifferentstresstemperatures(26,31,33°C)
for30min, whitemusclesampledat 3 differenttimepointsafter
thestress(0,2,24h)andrt-PCRand WBwere performedinorderto
investigatethequantity of HSP70mRNA andproteinlevels.

A12.92 ANAESTHESIA IN BALL
PYTHONS: LOCATION MATTERS WHEN
INJECTING ALFAXALONE

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

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

@ LJAMES0910@GMAIL.COM

Thesyntheticneuroactivesteroidalfaxalone providessafe,rapid
anaesthesia in vertebrates, and unlike most other injectable
anaesthetics,canbeadministeredintramuscularly, whichenables
easysedationinanimalswherevascularaccessischallenging. This
studydemonstratesthefirstuseofintramuscularalfaxalonein
snakes,whereweidentifytheminimumrequireddoserequiredto
providesufficientsedationforintubationformechanicalventilation,
to provide surgical anaesthesia with inhalant agents. Six ball
pythons (Pythonregius)wereeachadministeredthreedoses (10,20
and30mg/kg)ofalfaxaloneandanaestheticinductionandrecovery
wereevaluatedbyassessingmuscletone,rightingreflex,response
topainfulstimulationandabilitytointubate. Wheninjectedintoa
caudalregionofthebody, 30mg/kgwasfoundtobethemosteffective
dose,with100%intubationsuccessandrapidinduction. Asthisis
ahigherdosethanthatrecommendedforotherreptilespecies,the
effectofinjectionsitewasalsoexamined. Thesamesixpythons
wereadministered20mg/kgatalocationcranialtotheheart,and
bothspeedandqualityofinductionweredramaticallyimproved.
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Evenwith20mg/kg,itwaspossibletointubateallsixsnakes, whilst
onlyonecouldbeintubatedwhenalfaxalonewasinjected caudally.
Totalanaesthetictimealsoincreasedfrom35to88minuteswhen
theinjectionsitewasmoved. Thisstudyindicatesthatinjectionsite
hasamarkedinfluenceonalfaxaloneinductioninsnakes,andhas
stimulatedfurtherstudiesinvestigatingthe pharmacokinetics of
thisdrugtoexplainthesestarkdifferences.

A12.93 THE EFFECTS OF NATURAL
SEASONAL ACCLIMATIZATION AND
ARTIFICIAL ACCLIMATION ON CARDIAC
ELECTRICAL ACTIVITY IN EUROPEAN
SCULPIN (MYOXOCEPHALUS SCORPIUS)

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ TATIANA S FILATOVA (LOMONOSOV MOSCOW STATE
UNIVERSUTY, RUSSIA), DENIS V ABRAMOCHKIN (PIROGOV
RUSSIAN NATIONAL RESEARCH MEDICAL UNIVERSITY, RUSSIA)

@ FILKA1994@GMAIL.COM

Ectothermic animals of high latitudes face great temperature
changes during a year. Some of them are able to adjust their
physiologicalfunctionstolowtemperatures. Mostofthe studies
ofthermalacclimationarebasedonartificiallymodelledseasonal
acclimation.Someoftherecentworksfocusonacclimatizationin
natural conditionsand suggestthatitseffectsaremuchstronger.
Theaimofthepresentstudywastoinvestigateand comparethe
effectsofnaturalacclimatization (winter)andartificialseasonal
acclimation (cold) onactionpotentials (APs) configurationand
ioniccurrentsinmyocardiumofEuropeansculpin (Myoxocephalus
scorpius). APsandionic currents wererecorded using standard
whole-cell patch-clamp method from enzymatically isolated
cardiomyocytes of sculpin. All experiments were approved by
localbioethical committee. Significantdecreasein APdurationon
thelevelsof50%and90%repolarizationwasfoundinventricular
myocytesfromwinter-acclimatized (WA)animalsifcompared
tocellsfromsummerwarm-acclimated (SA)ones;nodifferences
werefoundbetweenSA andsummercold-acclimated (CA)animals.
RepolarizingcurrentsIx; and Ik, weresignificantlyupregulatedin
atrialandventricularmyocytesfrom WA animalscomparedtoSA
andCAgroups. CalciumL-typecurrentwassignificantlyhigherin
atrialandventricularmyocytesof WA animalsifcomparedtoSA
andCA.Sodiumcurrentwassignificantlydownregulatedinatrial
andventricularmyocytesbothin WA and CA groupsifcomparedto
SA.Thus,winteracclimatizationinnatural conditions greatlyalters
electricalactivityof sculpinheart, whileartifitial coldacclimation
of summerfishfailstodothesame.
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A12.94 THE EFFECT OF
TEMPERATURE ON METABOLIC TRAITS
AND WITHIN-SCHOOL POSITIONAL
PREFERENCE OF EUROPEAN MINNOWS
(PHOXINUS PHOXINUS)

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ VAR D YERLI PINEDA (UNIVERSITY OF MANCHESTER,
UNITED KINGDOM), SHAUN S KILLEN (UNIVERSITY OF
GLASGOW, UNITED KINGDOM)

@ MAR.YERLIPINEDA@STUDENT.MANCHESTER.AC.UK

Grouplivinghasavarietyof costsandbenefits,butthesearenot
always distributed equally among individuals within a group.
Individualstowardthefrontof groupsmayhavebetteraccessto
foodbut maybe more vulnerableto predation. Furthermore, the
spatialpositionthatindividualsoccupymayberelatedtoindividual
characteristicssuchasfooddemandoraerobiccapacity. Inswimming
fishschools,individualswithhighermetabolicdemandsorthatare
betterswimmersmaybelocatednearthefrontofgroups. However,
weknowlittleabouthowenvironmentalfactorssuchastemperature
modulatelinksbetweenpositional preferencewithinfishschoolsand
physiologicaltraits. Hereweexaminehowacclimationtemperature
affectsmetabolictraitsinjuvenile Europeanminnows (Phoxinus
phoxinus)andinturnhowthisaffectstheirpositional preference
withinaswimmingschool. Sixty-three groupsof10wild-caught
minnowseachwereacclimatedtothreetemperatures(16°C,19°C,
22°C)andthepositional preference (rank withinthe swimming
school) ofonefocalfishpergroupwasrecordedinaswimtunnelat
twodifferentspeeds(3cms?,6cms™). Metabolictraits(standardand
maximummetabolicrates) offocalindividualswithineachgroup
werethenestimatedusingintermittentflowrespirometry. Analyses
examinewhetherthereisanymodulatingeffectoftemperatureon
thelinkbetweenmetabolictraitsandpositional preferencewithin
agroup. Theresultsfromthisstudywillincreaseourunderstanding
ofhowthelinkbetweenfishsocialbehaviourandphysiologymaybe
affectedbyfluctuatingtemperatures.
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A12.95 THE EFFECT METABOLIC
RATE ON CHOICE OF GROUP SIZE
IN A GREGARIOUS CORAL REEF FISH

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ SHAUN S KILLEN (UNIVERSITY OF GLASGOW, UNITED
KINGDOM), LAUREN E NADLER (SCRIPPS INSTITUTION OF
OCEANOGRAPHY, UNITED STATES), KATHRYN GRAZIOSO
(ROLLINS COLLEGE, UNITED STATES), AMY COX (JAMES COOK
UNIVERSITY, AUSTRALIA), MARK I MCCORMICK (JAMES COOK
UNIVERSITY, AUSTRALIA)

@ SHAUN.KILLEN@GLASGOW.AC.UK

Grouplivingcomeswithavarietyoftradeoffsassociatedwithfood
acquisitionandpredatoravoidance.Individualsinlargergroupsmay
experiencelesspredationriskbutgreaterintraspecificcompetition
forfoodresources.Inaddition,individualanimalswithinaspecies
varywidelyinmetabolicrequirements,suchthatsomeindividuals
mustfeedmorethanothers. Apossibleoutcomeisthatindividuals
withahighermetabolicratemightbelesssocial, orprefertoassociate
withsmallergroupsofconspecificsasthe costsofcompetitionmay
outweighthebenefitsof predatoravoidance. Westudied theseissues
inredbelly yellowtail fusilier, Caesio cuning, a gregarious coral
reeffish. Themetabolicrateofallindividualswasestimatedvia
intermittentflowrespirometry.Fishwerethentestedforsociability
inarectangulararena, wheretheyweregivenachoicebetween
associatingwithgroupsofvarioussizes(2fishversus5fish;2fish
versusOfish;and5fishversusOfish). Allfishweretestedunderall
threeexperimentalconditions. Trialswererecordedandanalysed
usingautomatedtrackingsoftwaretodeterminetheamountof
timeinproximitytoeachshoalsize. Earlyanalysessuggestthat
fishwithahigher SMR prefersmaller groups, mostlikelyduetoa
higherprioritisationofforagingandareductionincompetition. This
effectmayalsointeractwithinbaselinesociabilityasopposedto
preferenceforshoalofaparticularsizeperse. Theseresultsprovide
insightinto the costs and benefits of group behaviours and the
mechanisticunderpinningsofsociabilityand groupformation.
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A12.96 NA*/K*-ATPASE ACTIVITY
IN THE ANOXIC TURTLE (TRACHEMYS
SCRIPTA) BRAIN AT DIFFERENT
ACCLIMATION TEMPERATURE

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

& JONATHAN A W STECYK (UNIVERSITY OF ALASKA ANCHORAGE,
UNITED STATES), ANTHONY P FARRELL (UNIVERSITY OF
BRITISH COLUMBIA, CANADA), MATTI VORNANEN (UNIVERSITY
OF EASTERN FINLAND, FINLAND)

© JSTECYK@ALASKA.EDU

Survivalofprolongedanoxiarequiresabalancebetweencellular
ATPdemandandanaerobic ATPsupplyfromglycolysis, especially
incritical tissues such asthe brain. To add insightinto the ATP
demandofthebrainoftheanoxia-tolerantred-earedsliderturtle
(Trachemysscripta)duringprolonged periods ofanoxicsubmergence,
wequantifiedand comparedthenumberofNa*-K'-ATPaseunits
andtheirmolecularactivityinbraintissuefromturtlesacclimated
toeither21°Cor5°Candexposedtoeithernormoxiaoranoxia(6h
21°C;14dat5°C). Na*-K*-ATPaseactivityanddensitypergtissue
weresimilarat21°Cand5°Cinnormoxicturtles. Likewise,anoxia
exposure at 21°C did not induce any change in Na*-K* -ATPase
activityordensity. Incontrast, prolongedanoxiaat5°Csignificantly
reducedNa*-K'-ATPaseactivityby55%, whichwaslargelydriven
bya50%reductionofthenumberofNa*-K*-ATPaseunitswithouta
changeintheactivityofexistingNa*-K*-ATPasepumpsora-subunit
composition. Thesefindingsareconsistentwiththe “channelarrest”
hypothesistoreduceturtlebrainNa*-K*-ATPaseactivityduring
prolonged,butnotshort-termanoxia,achangethatlikelyhelpsthem
overwinterunderlowtemperature,anoxicconditions.
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A12.97 EFFECT OF ECOLOGICAL
FACTORS ON GROWTH AND DEVELOPMENT
OF THE DAUBED SHANNY LEPTOCLINUS
MACULATUS POSTLARVAE FROM
KONGSFJORD AND BILLEFJORD
(SVALBARD)

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ SVETLANA N PEKKOEVA (INSTITUTE OF BIOLOGY OF KARELIAN
RESEARCH CENTRE OF THE RUSSIAN ACADEMY OF SCIENCES,
RUSSIA), SVETLANA A MURZINA (INSTITUTE OF BIOLOGY
OF KARELIAN RESEARCH CENTRE OF THE RUSSIAN ACADEMY
OF SCIENCES, RUSSIA), EVGENY P IESHKO (INSTITUTE OF
BIOLOGY OF KARELIAN RESEARCH CENTRE OF THE RUSSIAN
ACADEMY OF SCIENCES, RUSSIA), ZINAIDA A NEFEDOVA
(INSTITUTE OF BIOLOGY OF KARELIAN RESEARCH CENTRE
OF THE RUSSIAN ACADEMY OF SCIENCES, RUSSIA), STIG
FALK-PETERSEN (AKVAPLAN-NIVA AS FRAM CENTRE, NORWAY),
JORGEN BERGE (THE ARCTIC UNIVERSITY OF NORWAY (UIT),
NORWAY), OLE J LONNE (THE UNIVERSITY CENTRE IN
SVALBARD, NORWAY), NINA N NEMOVA (INSTITUTE OF BIOLOGY
OF KARELIAN RESEARCH CENTRE OF THE RUSSIAN ACADEMY OF
SCIENCES, RUSSIA)

@ PEK-SVETLANA@MAIL.RU

Leptoclinusmaculatusisademersalfishthathasalongmulti-stage
period of early development in the pelagic under the changing
Arcticconditions (lowtemperatures, changes of watermasses,
photoperiod, food availability et al.). General and specific
characteristicsofgrowthanddevelopmentofthedaubedshanny
postlarvae(pelagicandbottom)andtheirprovisionorgan-«lipidsac»
werestudied. Theresearchwasmadeusingofthe EquipmentSharing
CentreoftheIBKarRCRAS.Itwasshownthelineargrowthofthe
daubedshannyinearlyontogeny. Manyorganismsarecharacterized
byacceleratedgrowthinthecertainperiodsoftheirlife. Amarked
increaseinlengthwasshownforpelagicpostlarvaeofL2stageand
isassumedconnectedwiththeirtransitiontoexogenousnutritionof
zooplankton. ThelipidsacisformedatL2stage,reacheditsmaximum
sizeatL4*stageandresorbed whenfishbecamesjuvenile(L5). The
availabilityofadaptivefacilitiesinearlyontogenyreflectstheways
ofdirectionalinfluence of ecological factorsonmorphophysiological
andbiochemicalprocesses, whichcontributestotheformationof
phenotypicvariability. Theresearchwasmadeintheframeofthe
budgetarythemeNo.0221-2014-0033 andwas supportedby The
PresidiumofRAS«Searchingfundamentalresearchfordevelopment
of the Russian Arctic» (No.0221-2016-0001); theinternational
project «SpitsEco» (ES504895).
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A12.98 LATERALIZATION OF
PARASYMPATHETIC CARDIAC
CONTROL IN A TELEOST FISH
(COLOSSOMA MACROPOMUM)

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

& VICTORH S BRAGA (SAO PAULO STATE UNIVERSITY (UNESP),
BRAZIL), VINICIUS A ARMELIN (FEDERAL UNIVERSITY OF
SAO CARLOS (UFSCAR), BRAZIL), MARIANA T TEIXEIRA (SAO
PAULO STATE UNIVERSITY (UNESP), BRAZIL), FRANCISCO T
RANTIN (FEDERAL UNIVERSITY OF SAO CARLOS (UFSCAR),
BRAZIL), LUIZ H FLORINDO (SAO PAULO STATE UNIVERSITY
(UNESP), BRAZIL)

@ VICTOR.BRAGAOOO@GMAIL.COM

Forlongtime,possiblefunctionaldifferencesbetweentheright
andleftsidesofthevertebrates’nervoussystemhaveintrigued
researchers.Someevidencepointtotheexistenceoflateralization
inboththecentralandperipheralnervoussystemsinseveralspecies
ofvertebrates.Consideringthatlittleisknownaboutthismatter
infishes,andthatthisisanimportantissuefortheknowledgeon
theevolution of the nervous systeminvertebrates, the present
study sought to verify whether the cardiac parasympathetic
modulation is lateralized in Colossoma macropomum. For this,
fishwereinstrumentedwithaventralaorticcannulaandabuccal
cannulatoallowformeasurementsofarterialblood pressure/heart
rateandintrarterial/intrabuccalpharmacologicaladministrations
-they were also divided into “Intact Group”, “Right-Vagotomy
Group”, “Left-Vagotomy Group” and “Bilateral-Vagotomy Group”.
All animals were submitted to the following situations that
triggersparasympatheticcardiacmodulation: fright caused by
astandardizedhitintheirexperimental chamber, chemoreflex
induced by an intrabuccal administration of sodium cyanide,
and baroreflex induced by an intrarterial administration of
phenylephrineandsodiumnitroprusside. Ourpreliminarydata
suggeststhattheleftvagusnerveplaysagreaterroleinthecardiac
modulationoftheseanimals,asthe “Left-Vagotomy Group” present
higher heart rate/blood pressure and less pronounced cardiac
responses to the studied stimuli when compared to the “Right-
Vagotomy Group”. Thus, althoughbothrightandleftvagusnerve
participateinthe modulation of these cardiac adjustments, our
resultspointtotheexistenceof certainlevel oflateralizationin
cardiacparasympatheticcontrolinteleosts.
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A12.100 TRACHEMYS SCRIPTA HCN
ISOFORMS DISPLAY DIFFERENTIAL
AFFINITY FOR THE SECONDARY
MESSENGER cAMP

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@& CHRISTINE S COUTURIER (UNIVERSITY OF ALASKA
ANCHORAGE, UNITED STATES), JASON BURKHEAD (UNIVERSITY
OF ALASKA ANCHORAGE, UNITED STATES), TIMOTHY
HINTERBERGER (UNIVERSITY OF ALASKA ANCHORAGE, UNITED
STATES), JONATHAN A W STECYK (UNIVERSITY OF ALASKA
ANCHORAGE, UNITED STATES)

@ CSCOUTURIER@ALASKA.EDU

A resetting of the intrinsic cardiac pacemaker is a significant
contributor tothe bradycardia essential for anoxia tolerancein
the turtle Trachemys scripta. The hyperpolarization-activated
cyclicnucleotide-gatedchannel (HCN, pacemakerorlschannel)is
consideredakeydeterminantofcardiacpacemaking. HCN channels
are homo- or hetero-tetramers formed by HCN 1-4 subunits. In
mammals, thebiophysical properties of HCN channels, suchas
kinetics, voltagedependenceandsensitivitytointracellularand
extracellular modulators such as cyclic nucleotides cAMP and
cGMP, aredetermined by the subunitcomposition. Therefore, a
differential expressionof HCNisoformwithanoxiacould contribute
totheslowingofintrinsicheartrate. Ourobjectivewastodiscover
if T. scripta HCN isoforms exhibit differences in cAMP binding
affinity. Wecloned T. scriptaHCN subunitsanddiscoveredanovel
HCN3isoform (HCN3b) containinganinsertof7aminoacidsinthe
cyclicnucleotidebindingdomain (CNBD). Then, directfluorescence
polarizationwasperformedtoassay8-fluo-cAMP (0.3nM)affinity
usingconstructsoftheC-Linkerand CNBDforeachisoform (protein
concentrationsof 1nMto100pM). HCN4showed thehighestaffinity
(Kp=684nM),HCN3btheleast(Kp=6256nM)andtheothersubunits
wereintermediate (Kp =1623,2613,4424nMforHCN2,HCN3aand
HCN1,respectively). Ourresultssupportthataremodelingof HCN
channelisoformexpression withanoxiaexposure could contribute
toresettingintrinsiccardiacpacemakerrateviaalteredsensitivity
tocyclicnucleotides, theproportionof whichvarieswithanoxiain
theturtleheart.
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A12.101 CHANGES IN CHEMICAL
PROFILE PREDICT INFECTION STATUS
IN MARINE FISH

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ JOANNA J MIEST (UNIVERSITY OF GREENWICH, UNITED
KINGDOM), DANIEL P BRAY (NATURAL RESOURCES INSTITUTE,
UNITED KINGDOM)

@ J.J.MIEST@GRE.AC.UK

Animaldiseasesposeamajorthreattothesustainability ofglobal
foodproduction.Diagnosisisespeciallydifficultinaquaculture
andinfections are often not detected before serious symptoms
anddeathoccurs.Inaddition, currentstandarddiagnostictools
(ELISAs,PCR)onlytestforthepresenceof previouslydescribed
pathogens,aremostofteninvasive,andonlydetectinfectionin
eachindividualtested,andnotthepopulationasawhole. Theaimof
thisprojectwastotestwhetherinfectiousstatuscouldbeinferred
through changes in the chemical profile released from marine
fish. Thisknowledge couldbeusedtodevelopinnovative water-
basedtechnologiestomonitordisease outbreaksinaquaculture.
Wecomparedtheprofileofchemicalsreleasedintowaterby
juvenileturbot (Scophthalmus maximus)infectedwith Vibriosp.
bacteriawiththechemicalprofilesofmockinfected controls. We
alsocomparedcortisolrelease (asanindicatorofstress)andchange
in gene expression between the two groups. In our experiment,
differencesinthechemicalprofilecouldbeusedtopredictinfection,
with76% of casesfish allocated tothe correct treatment group.
Additionally,expressionofbothimmunegenesandgenesinvolved
inmetabolismwereaffectedbyinfection. Thenextstep ofthiswork
willbeto correlate differencesin gene expression and chemical
profile,withtheeventualaimofelucidatingmechanismsthrough
whichinfection causeschangesinchemicalsreleasedbyfish.
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A12.102 EFFECT OF OIL EXPOSURE
ON SOCIAL BEHAVIOUR

™ TUESDAY 4 JULY, 2017 POSTER SESSION

& TIFFANY A ARMSTRONG (UNIVERSITY OF GLASGOW, UNITED
KINGDOM), ALEXIS J KHURSIGARA (UNIVERSITY OF TEXAS,
UNITED STATES), SHAUN S KILLEN (UNIVERSITY OF GLASGOW,
UNITED KINGDOM), ANDREW J ESBAUGH (UNIVERSITY OF
TEXAS, UNITED STATES), KEVIN J PARSONS (UNIVERSITY
OF GLASGOW, UNITED KINGDOM)

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

In2010,anestimated4.9millionbarrelsofoilweredischargedinto
the GulfofMexicoduringthe Deepwater Horizonoil spill. Itwasthe
largestoilspillinhistory. Theexposureoffishtocrudeoilisknownto
negativelyinfluencedevelopingfishembryos,damagetissuesand
organs,resultinosmoregulatorydifficulties,alterbrainfunction
andmetabolicrates,andimpactswimmingandfeedingbehaviours.
Todeterminetheeffectofoilexposureonexplorationandsocial
behaviour we exposed groups of four Atlantic croaker toahigh
dose (2%)andlowdose (0.7%),aswellasnoexposure,resultingin
groupsofeithernotreatment, mixed (oneexposed, threenot),and
allexposed. Wefoundthathigh dosesofoilalteredtheactivity of
fishinanopenfield, withlargernearestneighbourdistancesanda
greaterdistancefromtheedgethannon-exposedfish.Interestingly,
mixed groupswereeffectedmorestrongly thangroupswhereallfish
weretreated. Theseresultssuggestthatacuteoilexposurecanhave
animpactonsocialbehaviourinshoalingspecies. Additionally,a
singleexposedfishmayhaveagreaterinfluence onshoalbehaviour
thanwhenallfishareequallyexposed.

A12.103 LIPID AND FATTY ACIDS
CHANGES ASSOCIATED WITH THE
SMOLTIFICATION OF SALMONID FISHES

™ TUESDAY 4 JULY, 2017 POSTER SESSION

@ SVETLANA A MURZINA (INSTITUTE OF BIOLOGY KARELIAN
RESEARCH CENTRE OF THE RUSSIAN ACADEMY OF SCIENCES,
RUSSIA), ZINAIDA A NEFEDOVA (INSTITUTE OF BIOLOGY
KARELIAN RESEARCH CENTRE OF THE RUSSIAN ACADEMY OF
SCIENCES, RUSSIA), SVETLANA N PEKKOEVA (INSTITUTE
OF BIOLOGY KARELIAN RESEARCH CENTRE OF THE RUSSIAN
ACADEMY OF SCIENCES, RUSSIA), NINA N NEMOVA (INSTITUTE
OF BIOLOGY KARELIAN RESEARCH CENTRE OF THE RUSSIAN
ACADEMY OF SCIENCES, RUSSIA)

©@ MURZINA.SVETLANA@GMAIL.COM

Smoltificationisoneofthemainperiods,characterizedbyalterations
inmetabolism,andphysiological, morphologicalandbehavioral
changes, in the complex life cycle of salmonids through which
juvenilesinhabitingfreshwaterriversitespreparetomovetothe
sea-new environment. Populations of Atlantic salmon (Salmo
salarL.)andbrowntrout (SalmotruttaL.)areabundantandhavea
reproductioninriversofthe White SeaBasin (KolaPeninsula). We
studiedthechangesintheparametersoflipidmetabolism:total
lipidcontent, certainlipid classes(14lipids)andfattyacids (FAs)
profileofsmoltsofsalmonandtroutduring smoltificationusing
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Shared Equipment Centre IB KarRC RAS. The elevated level of
biochemicalmetabolism, highhormonelevel (additionalstudies)
of the smolts provides them with physiological readiness for
transitiontothemarineenvironment. Certainlipidparametersand
FAsratioscanbeconsideredasindicators:theratiosofcholesterol
tototalphospholipids (PLs),and PLstotriacylglycerols,andthe
ratio of saturated FAs to polyunsaturated FAs, 16:0/18:1®-9,
18:20-6/18:3®-3,22:6 ®-3/18:3®-3,20:40-6/18:2-6.0btained
resultsareclearlydefinethechangesinthesynthesisofenergyor
structurallipidsanddemonstratediverseand complexmechanisms
ofadaptationtochangetheenvironment(seawater). Determined
differencesinthebiochemicalstatusofjuvenilesmayidentifythe
beggingandlengthofthesmoltification,respectively, thetimeof
migrationtothesea, whichingeneralisthebasisforformationof
theheterogeneousagestructureofthepopulation. Theresearch
wassupportedbytheRussianScientificFoundation, projectno.
14-24-00102.

A12.104 TESTING THE OXYGEN
HYPOTHESIS OF POLAR GIGANTISM:
CUE THE AMPHIPODS

™ TUESDAY 4 JULY, 2017 POSTER SESSION

& JOHN I SPICER (PLYMOUTH UNIVERSITY, UNITED
KINGDOM), SIMON A MORLEY (BRITISH ANTARCTIC SURVEY,
UNITED KINGDOM)

©@ JI.SPICERE@PLYMOUTH.AC.UK

Highoxygenavailabilityanditslinktopolargigantismhasattracted
considerableattentionparticularly since Chapelle & Peck’s (1999
Nature399,114-5) study concludedthat ‘maximumpotentialsizeis
limitedbyoxygenavailability’. Oneofthepredictionsofthis ‘oxygen
hypothesisofpolargigantism’isthatreductionsinenvironmental
oxygentensionsshouldaffectlarger-bodiedanimalsmorethan
small-bodiedanimals. Woodsetal.(2009:ProcRoySoc276B:1069-
75) found no evidence for any interaction between size and
experimentallyreduced oxygentensionsonseaspiderperformance,
providing littlesupportforthehypothesis. Consequentlywehave
investigatedtheeffectsofhypoxiaonaspectsoftherespiratory
performanceofanumberof Antarcticamphipodspecies,spanninga
widerangeofbodysizes. Someofthesedatawillbepresentedandthe
level of supporttheyprovideforthe ‘oxygenhypothesis’discussed.




ANNUAL MEETING GOTHENBURG 2017

A12.105 FUNCTIONS OF INTERNAL
MELANIN COLORATION IN ANURANS
AND FISHES

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ LILIAN FRANCO-BELUSSI (SAO PAULO STATE UNIVERSITY,
BRAZIL), CLASSIUS DE OLIVEIRA (SAO PAULO STATE
UNIVERSITY, BRAZIL)

@ LILIAN.BELUSSI@GMAIL.COM

Fish and amphibians have in addition to colourful skin also
pigmented cells on internal organs and membranes. Two
cells types are observed in internal organs: melanocytes and
melanomacrophages. Melanocytes are similar to dermal
melanocytes and they found on the surface of various organs
and connective tissue. In contrast, melanomacrophages occur
in hematopoietic organs and have phagocytic activity similar
to macrophages. Both melanocytes and melanomacrophages
produceandstoremelanin, howevermelanomacrophagesalsohas
catabolicsubstances(e.g.hemosiderinandlipofuscin).Internal
melanocytesoccurdifferentially between species,and seemto
exhibit phylogenetic characteristics in some anuran lineages.
Althoughtherearesomeevidencesthatthisvisceralpigmentation
mayberelatedtoaccumulationofresidualmelaninandmayhasarole
intheinnateimmunesystem, thefunctionsofvisceral pigmentation
infishandanuransarelargelyunknown,antioxidantfunctions,
and protect tissues against DNA damage. Now we will test the
potentialfunctionsofvisceralpigmentationinprotectinginternal
organsofanuransandfishagainstUVdamage. Specifically, wewill
measureDNAdamageandcelldeathintwolineagesofpigmented
cells;melanocytesandmelanomacrophages. Furthermore, possible
functionsrelatedtoinnateimmunitywillbeevaluatedbymeasuring
phagocytosisandproductionofmelaninafterexposuretobacteria.
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A12.106 LOCALISATION AND
CHARACTERISATION OF DORSAL

HORN SPINAL NEURONS IN THE WISTAR
RAT AND THEIR RESPONSE TO SACRAL
NEUROMODULATION

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ KEIRA TURNER (SCHOOL OF MEDICINE UNIVERSITY COLLEGE
DUBLIN, IRELAND), RONAN O’CONNELL (CENTRE FOR
COLORECTAL DISEASE ST VINCENT’S UNIVERSITY HOSPITAL
DUBLIN, IRELAND), JAMES FX JONES (SCHOOL OF MEDICINE
UNIVERSITY COLLEGE DUBLIN, IRELAND)

© KEIRA.TURNER@UCDCONNECT.IE

Theaimofthisresearchistoinvestigatethemechanismofaction
of sacralneuromodulation (SNM)forfaecalincontinenceinarat
model. Asafirststepthelocationandinputsofspinaldorsalhorn
neurons receiving anorectal sensory drive have been studied.
All experiments were conducted in accordance with protocols
approvedbytheanimalethicsresearchcommitteein University
College Dublin and licensed by the Health Product Regulatory
Authority,Ireland. Femaleadult Wistarrats (n=6,200-300g) were
anaesthetizedwithintraperitonealurethane(1-5g/kg)following
isoflurane (5%)induction. AfteralaminectomyoftheLlandL2
vertebrae, extracellular recordings were taken using a glass
microelectrodefilledwitha2g%Pontamine skybluesolutionin
0.9%saline.Theanalcanalwasstimulatedat 1Hz(12V)and SNM
wasappliedtotheS1spinalnerve(3-5V,3Hz,3mins). Following
conclusionoftheexperiment, spinal cordswereharvested, fixed
in4%paraformaldehyde,cyrosectioned,andimaged. Results:In
total, 16unitswithanorectalinput wererecordedatthe S1segmental
levelineitherlamina 3 or4 ofthedorsalhorn. Tenofthe 16 units
wereclassifiedaswidedynamicrange (WDR)neuronsand 13units
received Adinputand 3units C-fibreinput. Convergent S1input
wasobservedin3units. SNMproducedanincreaseinthedischarge
of8unitsandadecreasein4units. Futurestudieswillattemptto
characterisethetransmitter(s)involvedinmodulatinganorectal
inputtothespinal cord.
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A12.107 THE AUTOMATIC DEVICE
OF SCORPION VENOM MILKING VES4

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ MOUAD MKAMEL (FACULTY OF SCIENCES BEN MSIK HASSAN
IT UNIVERSITY, MOROCCO), OMAR TANANE (FACULTY OF
SCIENCES BEN MSIK HASSAN II UNIVERSITY, MOROCCO),
ANASS KETTANI (FACULTY OF SCIENCES BEN MSIK HASSAN
IT UNIVERSITY, MOROCCO), RACHID SAILE (FACULTY OF
SCIENCES BEN MSIK HASSAN IT UNIVERSITY, MOROCCO)

@ CONTACT@MKAMELMOUAD.COM

Inthisresearchwehavedevelopedadevicereliedupontoextract
scorpionvenombyusingelectricstimulusacrossthemusclesofthe
venomglandthendropletsofvenomaresecretedfromtheaculeus.
Theautomaticextractorofscorpionvenom VES4®isspecificallyused
forthispurpose;itcanbeusedinlaboratoryorinthefield. Thisarticle
describesthecomponentsofthe VES4®alsohowtoprogramitand
howtooperateitwithasimpleremotecontrol. Theelectronicdevice
wastestedefficiently onfourspeciesofscorpionsthatwerebreedin
thelaboratorywhilerespectingthevitalparameters. The VES4®is
designedtobeafastandsecureinstrumentforthe experimenterand
scorpionitcouldalsoberequired formorethanfourspecies.
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A12.108 PHYSIOLOGICAL MECHANISMS
BEHIND INTESTINAL L-LYSINE
ABSORPTION IN RAINBOW TROUT
(ONCORHYNCHUS MYKISS)

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

& IDAHEDEN (UNIVERSITY OF GOTHENBURG DEPARTMENT OF
BIOLOGICAL AND ENVIRONMENTAL SCIENCES, SWEDEN),
HENRIK SUNDH (UNIVERSITY OF GOTHENBURG DEPARTMENT
OF BIOLOGICAL AND ENVIRONMENTAL SCIENCES, SWEDEN),
ELISABETH J BERGMAN (UNIVERSITY OF GOTHENBURG
DEPARTMENT OF BIOLOGICAL AND ENVIRONMENTAL
SCIENCES, SWEDEN), KRISTINA S SUNDELL (UNIVERSITY
OF GOTHENBURG DEPARTMENT OF BIOLOGICAL AND
ENVIRONMENTAL SCIENCES, SWEDEN)

©@ IDA.HEDEN@BIOENV.GU.SE

Theintestineisakeyorganfornutrientuptakeandosmoregulation
infish.Na*/K*-ATPases (NKA)inthebasolateralmembraneofthe
enterocytescreateasodiumgradientthatactsasamaindrivingforce
forion-coupledfluidandnutrienttransport. Previousstudies show
thatrainbowtrouthavehigherL-lysineabsorptioninfreshwater
(FW)thanseawater (SW). Wehypothesized thatthereisatrade-off
betweenion-drivenfluidandnutrienttransport,i.e.,that SWfish
allocatemoreofthesodiumgradientforfluiduptakeatthecostof
aminoacid (AA)transport. Theaimofthisstudywastoclarifyif
intestinal L-lysineabsorptioninrainbowtroutissodium-dependent,
andifinhibitionofion-drivenfluiduptakein SWwouldincrease
theL-lysineuptake.IntestinesfromFWand SWadaptedrainbow
troutweremountedin UssingchambersandL-lysinetransportwas
assessed. Knowninhibitorsof primaryandsecondarytransports:
Ouabain; NKA, Bumetanide; NKCC and Hydrochlorothiazide;
NCC),wereadded. Intestinal NKA activitywasalsomeasuredand
foundtobehigherin SW comparedtoFW fish.Inhibition of NKA
andprimaryactivetransportresultedinasignificantdecreasein
L-lysinetransportinbothFW-and SW-acclimatedfish. Inhibition of
NKCC2andNCCdidnotaffecttheL-lysinetransport.Inconclusion,
thisstudyshowthatL-lysinetransportislargelysodiumdependent
andthatthesodiumgradientisincreasedafter SWacclimation, butit
cannotbeconfirmedthatthelowerL-LysineuptakeinSWisaresult
ofatrade-offbetweenintestinalion-drivenfluidand A Auptake.
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A13 OPEN ANIMAL BIOLOGY

ORGANISED BY: CRAIG FRANKLIN (ANIMAL SECTION CHAIR, SEB)

A13.1 REASSESSING THE EFFECTS
OF OCEAN ACIDIFICATION ON
FISHES USING ROBUST AND
TRANSPARENT APPROACHES

™ WEDNESDAY 5 JULY, 2017 ©® 09:00

@ TIMOTHY D CLARK (UNIVERSITY OF TASMANIA AND CSIRO
HOBART, AUSTRALIA), FREDRIK JUTFELT (NORWEGIAN
UNIVERSITY OF SCIENCE AND TECHNOLOGY, NORWAY),
DOMINIQUE G ROCHE (UNIVERSITE DE NEUCHATEL,
SWITZERLAND), GRAHAM D RABY (UNIVERSITY OF WINDSOR,
CANADA), SANDRA A BINNING (UNIVERSITE DE NEUCHATEL,
SWITZERLAND), BEN SPEERS-ROESCH (UNIVERSITY OF
NEW BRUNSWICK, CANADA), MIRJAM AMCOFF (STOCKHOLM
UNIVERSITY, SWEDEN), FERNANDO MATEOS-GONZALEZ
(UNIVERSITY OF TEXAS, UNITED STATES), JOSEFIN SUNDIN
(UPPSALA UNIVERSITY, SWEDEN)

@ TIMOTHY.CLARK.MAIL@GMAIL.COM

Forecastedlevelsof COzandoceanacidificationoverthenextcentury
havebeenreportedtodramatically compromisethebehaviourof
fishes, particularlythoseoncoralreefs. Most ofthisinformation
hasstemmedfromshort-termexperimentalmanipulations, yetin
manycasestheexperimentalapproachesareunusualandtherehas
beenlittleefforttoremove experimenterbias. Using >2500 coralreef
fishesfromdifferentspeciesandlifestages, wesoughttoreplicatethe
previously-reportedbehaviouralimpairmentswithanobjectiveto
investigatetheunderlyingphysiologicalmechanisms. Usingend-of-
centuryestimatesof CO,(~1000patm)androbustandtransparent
approaches (e.g., continuous video monitoring and automated
trackingsoftware), wehavebeenunabletoreplicatethereported
behaviouralimpairmentsdespiteamultitudeof studiesacrossthree
years. Specifically, coralreeffishesacclimatedtoend-of-century CO;
donotdifferfromcontrolindividuals (at~400-500patm)intheir (1)
abilitytorecogniseandavoid predatorchemical cues, (2) activity
levels,metabolismand growthrates, (3)behaviourallateralisation,
(4)acutethermaltolerance,or (5)boldnessandsusceptibility to
predation. Thesefindingsaresurprisinggiventhatmanyofthemost
prominentstudiesdocumentingdetrimentaleffectsof CO; onfish
behaviourreportstrikinglylowvariabilityandlargeeffectsizes,
whichshouldmaximisetheprobability of successfulreplication.
Ourinabilitytoreplicatethedramaticeffectssuggeststhatresearch
groupmethodologyiscausaltothediscrepancy,castingdoubtson
thegeneral applicability of thephenomenon.

A13.2 TRANSCRIPTIONAL EFFECTS
OF MICROPLASTICS EXPOSURE IN
DEVELOPING ZEBRAFISH

™ WEDNESDAY 5 JULY, 2017 ® 09:15

& CHRISTOPHE MR LEMOINE (BRANDON UNIVERSITY, CANADA),
BAILEY M KELLEHER (BRANDON UNIVERSITY, CANADA),
BRYAN J CASSONE (BRANDON UNIVERSITY, CANADA)

©@ LEMOINEC@BRANDONU.CA

Microplasticsaresmallplasticparticles,lessthan5mm, thatare
manufacturedortheresultof physicaldegradationoflargerplastic
debris. Microplasticspollutionhasreceivedalotofattentioninthe
lastdecadesgivenitsprevalenceworldwideandtherepercussions
this type of pollution could have on our environment. Recent
surveys have established the omnipresence of microplastics
in aquatic ecosystems, including freshwater lakes and rivers
worldwide.Despitetheserecentdiscoveries, thereisonlylimited
information on the impact these particles may have on the
freshwatervertebratespecies. Thepurpose ofthe presentstudy
wastoevaluatethephysiologicalimpactofmicroplasticsonthe
earlylifestagesofzebrafish. LarvalzebrafishwereexposedtoO0,5
and20mg/Loffluorescentlylabelled polyethylenemicrospheres
forupto14daysand analyzed for particle content, growth, and
globalgeneexpressionbyRNA sequencing. Overthecourseofthe
experiment,fishshowedanaccumulation of microplasticsintheir
gastrointestinaltractinaconcentrationdependentmanner, but
theseparticlesdidnotseemtobeaffectingthedevelopmentand
growthofthefishoverall. Interestingly, ourresults from whole
larvaetranscriptomicssuggestthatexposuretotheseparticles
caused arapid differential regulation of thousands of essential
metabolicandcellularprocessgeneswithin2days,butthatthese
effectswereonlytransientastheylargelydisappearedby 14days.
Howeverastheselargechangesingeneexpressionhappenedat
acriticalperiodof development, furtherstudiesarewarrantedto
assesslong-termimpactofthispervasivepollutant.
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A13.3 IS THERE A TRADE-OFF BETWEEN
PEAK PERFORMANCE AND PERFORMANCE
BREADTH ACROSS TEMPERATURES FOR
AEROBIC SCOPE IN TELEOST FISHES?

™ WEDNESDAY 5 JULY, 2017 ® 09:30

@& JULIE JHNATI (UNIVERSITY OF GLASGOW INSTITUTE OF
BIODIVERSITY ANIMAL HEALTH AND COMPARATIVE MEDICINE,
UNITED KINGDOM), JAN LINDSTROM (UNIVERSITY OF
GLASGOW INSTITUTE OF BIODIVERSITY ANIMAL HEALTH
AND COMPARATIVE MEDICINE, UNITED KINGDOM), LEWIS G
HALSEY (UNIVERSITY OF ROEHAMPTON DEPARTMENT OF LIFE
SCIENCES, UNITED KINGDOM), SHAUN S KILLEN (UNIVERSITY
OF GLASGOW INSTITUTE OF BIODIVERSITY ANIMAL HEALTH AND
COMPARATIVE MEDICINE, UNITED KINGDOM)

@ JULIENATIGHOTMAIL.COM

Environmentalthermalconditionsstronglyinfluence physiological
andbehaviouraltraitsinectotherms. Atthespecieslevel, different
thermalphenotypes(thermalspecialistand thermalgeneralist)
mayarisefromeco-evolutionaryadaptationunderdifferentthermal
environmentalregimes. The “jackofalltradesisamasterofnone”
hypothesissuggeststhatthermalspecialistspeciesmighthave
ahigherpeakperformancebutcouldonlyperformoverareduced
thermalrange, whereasthermal generalistspeciescould perform
over alargerrange of temperatures but to through the cost ofa
reducedpeakperformance. Asaresultanyperformancetraiteither
relatedtogrowth, reproduction,locomotionormetabolism, species
would experienceanegative correlationbetweenthermal peak
andbreadthperformanceaccordingtotheirthermalphenotypes.
Wetestedthistrade-offtheorybetweenthermal peakandbreadth
foraerobicscopeperformance (AS),whichstandsforthewhole-
animal capacity available to carry out simultaneous oxygen-
demanding processes (e.g. growth, locomotion, reproduction)
abovemaintenancelevels,across28fishspecies. By performing
aphylogenetically-informed comparativeanalysisoncollected
literaturedatafor AS,wefoundnolinkbetweenthermalpeakand
breadthperformancefor AS. Theresultsofthisstudyindicatethat
underlyingphysiologicalmachineryinfluencinganddetermining
thermaltolerancemay compensateandstopsuchatrade-offfrom
appearing. Therefore due these flexible, labile functional links
betweenpeakandthermalbreadthfor AS,maysuggest ASmay
notbeconstrainedbyevolutionaryresponsestoenvironmental
changessuchasclimatewarming.
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A13.4 EFFECTS OF TEMPERATURE
AND HYPOXIA ON SMALL-SPOTTED
CATSHARK, SCYLIORHINUS CANICULA
METABOLISM DURING EARLY
DEVELOPMENT

™ WEDNESDAY 5 JULY, 2017 ©® 09:45

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

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

Due to human activities, our oceans are becoming warmer and
coastalareasarebecomingmorehypoxic. Thismaybeaproblem
foranimalsthatdevelopintheintertidalzone,asearlylifestages
canbeparticularly vulnerable. We studied the effect of chronic
warming (from15°Cto20°C)and chronichypoxia (fromnormoxia
to 50% oxygen saturation) on metabolic rate of Small-spotted
catshark, Scyliorhinus caniculafromearly developmenttohatch,
tounderstandhowthisanimalsurvivesinitschanginghabitat. A
totalof508. caniculaeggcaseswererearedindifferentholdingtanks
withdifferentclimaticconditions (normoxiaat15°C,normoxiaat
20°C,hypoxiaat15°C,hypoxiaat20°C). Oxygenconsumptionof
S.caniculainsidetheeggcasesandathatchwasmeasuredusing
acustom built 350 mL respirometry chamber and intermittent
stop-flow respirometry. Results show that warming increased
bothrestingandmaximummetabolicrateinS. caniculainsidethe
eggcasesandafterhatching. Hypoxiadepressedmetabolicrateat
bothtemperaturesandacrossalllifestages. Moreover,maximum
metabolic rate increased during development whereas resting
metabolicratedidnot. Thisstudyincreasesourunderstanding
oftheeffectsofclimatechangeonthemetabolismofmarinetop
predatorsduringtheirdevelopmentintheintertidalzone,and may
helpinsharkconservationforcoastalareas.

A13.6 TEMPERATURE IMPACTS ONTOGENY
OF THE IMMUNE SYSTEM IN EUROPEAN
EEL, ANGUILLA ANGUILLA LARVAE

™ WEDNESDAY 5 JULY, 2017 ® 10:15

& JOANNA J MIEST (UNIVERSITY OF GREENWICH, UNITED
KINGDOM), SEBASTIAN N POLITIS (TECHNICAL UNIVERSITY
OF DENMARK, DENMARK), JONNA TOMKIEWICZ (TECHNICAL
UNIVERSITY OF DENMARK, DENMARK), IAN AE BUTTS (AUBURN
UNIVERSITY, UNITED STATES)

©@ J.J.MIEST@GRE.AC.UK

Inendothermstemperatureisamajormodulatoroftheimmune
systemsanditsreactivity. Additionally,littleknowledgeexistson
theimmunesystemof Europeaneel, Anguillaanguilla,especially
duringearlylifehistory,asthosestageshaveneverbeenencountered
innature. Advancementsinthisfieldarevitaltounderstandthe
stillenigmaticnaturalecologyandthepotentialimpactofocean
warmingonthiscriticallyendangeredspecies.
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Wedevelopedanewmoleculartoolboxtostudytheimmune
system in European eel, involving 19 immunity-related genes
fromboththeinnateandtheadaptivearm.Inordertounderstand
theregularontogenyoftheimmunesystemandtheinfluence of
temperatureduringthisprocesswerearedlarvaeinfourdifferent
temperaturesthroughouttheirthermaltolerancerange(16,18,20,22
and24°C). Westudied theexpressionofimmune genesfromhatchto
first-feedingstageandestablished geneexpressionpatternsduring
regularontogenyattheoptimaltemperatureat18°C. Temperature
levelsbelowandabovethisoptimuminfluencedexpressionofmhc?2,
il1Bandc-typelysozyme.Larvaedidnotsurviveat24°C.Atthelower
endofthethermalspectrum (16°C)immune competencyappeared
reduced, whilstclosetotheupperthermallimit(22°C)larvaeshowed
signsofthermalstress. Thisled toincreasedimmune expression
probablyinresponsetodamagedcells.Protectionagainstpathogens
isthusprobablyimpairedattemperatures closeto CTmax, Whichcan
influencesurvivalandproductivityinaquacultureaswellasnatural
recruitmentwithrespecttoanticipatedglobalandoceanwarming.

A13.7 MITOCHONDRIAL
ADAPTATIONS OF INTERTIDAL
FISH TO SURVIVE HYPOXIA:

A MULTIDIRECTIONAL APPROACH

™ WEDNESDAY 5 JULY, 2017 ©® 11:00

@ JULES B L DEVAUX (UNIVERSITY OF AUCKLAND, NEW ZEALAND),
TONY J R HICKEY (UNIVERSITY OF AUCKLAND, NEW ZEALAND),
CHRIS HEDGES (UNIVERSITY OF AUCKLAND, NEW ZEALAND),
CRYSTAL JAMES (UNIVERSITY OF AUCKLAND, NEW ZEALAND)

@ JDEV864@AUCKLANDUNI.AC.NZ

Most of a cell’s energetic requirements in ATP is supplied by
mitochondrial (mt) oxidative phosphorylation (oxphos). During
hypoxicexposure oxphos slows, and a cascade of physiological
mechanisms may arrest life if metabolism is not appropriately
adjusted. Aswitchtoanaerobicmetabolismalterscellularredox
balance, greater ATPhydrolysisthanformation,leadstolactate
andassociated protonaccumulationwithsubsequentintracellular
acidosis,allofwhicheventuateindysregulationofthecell. Along
with lactate, the neurotransmitter glutamate is released and
accumulates in ischemic brain, which activates postsynaptic
receptors, causingabnormal Ca? entry. Whileneuronemtactively
bufferCa?, excessCa? candamagemtandpromoteapoptosisviamt
cytochromecrelease.Succinatealsoaccumulatesinischemicbrain
andonreperfusionisassociatedwithdeleteriousmtROSproduction.
We predicted that hypoxia tolerant species (HTS) such asrock-
pool/intertidalfishshouldbettertolerateacidosis,display greater
glutamateclearance,havegreater Ca* bufferingcapacities,andlimit
succinate-induced ROSproduction. Therefore, four New Zealand
triplefinfishspecies (Family: Tripterygidae) werecompared, each
withdifferenthypoxia-tolerances,rangingfromhighintertidalto
subtidalniches. Although Ca?bufferingwassimilaramongallfish
species,subtidal speciesweremoresensitivetolactate-induced
acidosis, while HTS mt maintained mtfunction. Moreover, HTS
showed greater glutamate clearance capacity,andlowermtROS
production.Overall,brainmitochondriafromintertidalfishdisplay
ametabolicprofilethatlikelyaidssurvivalduringhypoxiaexposure
intheintertidalzone.
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A13.8 HYPOXIC PRECONDITIONING
PROTECTS BRAIN MITOCHONDRIA
FROM RE-OXYGENATION INJURY

™ WEDNESDAY 5 JULY, 2017 ® 11:15

& CAMILLE L E RIDDE (SCHOOL OF ALLIED HEALTH SCIENCES
GRIFFITH UNIVERSITY SOUTHPORT QLD, AUSTRALIA), GILLIAN
M C RENSHAW (SCHOOL OF ALLIED HEALTH SCIENCES GRIFFITH
UNIVERSITY SOUTHPORT QLD., AUSTRALIA)

©@ C.RIDDE@GRIFFITH.EDU.AU

Diminished oxygen supply occurring during environmental
challengeorphysiologicaltraumaisprimary causesofischemia/
reperfusion (I/R) injury in the brain resulting in irreversible
brain damage or death. Investigating and identifying the
neuroprotective mechanisms used by two tropical animals
withthe capacity totolerate several hours of hypoxia or anoxia
followed by re-oxygenation could provide novel strategies for
useinconservationandinclinicalsettings. Theepauletteshark
(Hemiscyllumocellatum)andthegreycarpetshark(Chiloscyllium
puntatum)haveevolvedhypoxia/anoxiatoleranceusingdifferent
mechanisms: metabolic depression or the release of stored red
blood cells, respectively. The effect of hypoxia preconditioning
onmitochondrialrespirationisunknown and was examinedin
cerebellartissuefrombothspecieswithorwithoutpriorexposure
to2hrsofhypoxicpre-conditioninginvivo,administered 24hours
priortotissuecollection. Animalswereeuthanized withbenzocaine,
thecerebellumremoved,homogenizedincoldMiRO5and examined
inanOroborosrespirometer. Thereweresignificantdecreasesin
fluxthrough oxidative phosphorylation (complexIandII)inboth
hypoxiapreconditionedepaulettesharksandgreycarpetsharks
duringthere-oxygenationphaseincomparisontothelevelbefore
anoxicchallenge. Thisdidnotoccurinnormoxiatreatedgreycarpet
sharks. Thesedatademonstratethathypoxicpreconditioningcan
haveaprotectiveeffectduringre-oxygenationeveninspeciesthat
donotnaturallyenteraphaseofmetabolicdepressionandcouldhave
relevanceinspeciesconservationandinclinicalsettings.

A13.9 DAILY CYCLIC HYPOXIA
ACCELERATES THE MOULT CYCLE

IN THE SHRIMP PALAEMON VARIANS
AND INDUCES MORPHOLOGIC CHANGES
IN THE GILLS

™ WEDNESDAY 5 JULY, 2017 ©® 11:30

& LUCA PERUZZA (NATIONAL OCEANOGRAPHY CENTRE
SOUTHAMPTON, UNITED KINGDOM), LAWRENCE HAWKINS
(NATIONAL OCEANOGRAPHY CENTRE SOUTHAMPTON, UNITED
KINGDOM), SVEN THATJE (NATIONAL OCEANOGRAPHY CENTRE
SOUTHAMPTON, UNITED KINGDOM), CHRIS HAUTON (NATIONAL
OCEANOGRAPHY CENTRE SOUTHAMPTON, UNITED KINGDOM)

@ LUCA.PERUZZA@SOTON.AC.UK

Inshallow-water areas hypoxiaisincreasing in frequency and
isconsideredamajorthreattobiota,ultimatelytranslatinginto
changesinbiodiversityandecosystemfunctioning. Todetermine
theecophysiologicalimplicationsofhypoxiaweexposedashallow-
watermodel-theshrimpPalaemonvarians-tooxygenfluctuations
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downtospecies’ critical oxygenpartial pressure (pcrit) for 7hour
eachnight.Wehaveidentifiedsignificantchangesinmoult-related
geneexpression,whichhasneverbeendescribedincrustaceans.
To furthervalidate changesin gene expression with an altered
phenotype,weconductedexperimentstodeterminechangesin
thedurationofthemoultcycle. Collectively,resultsclearlyidentify
changestotheregulationanddurationofthemoultcycle, which
is accelerated in response to hypoxia. Qur data support earlier
observationsofhowinsectsacceleratemoult cycleand develop
alargertrachealsystemasaconsequenceofsustained hypoxia,
andpotentiallyindicateanevolutionarily conservedphysiological
responsetoenvironmental perturbationforterrestrialandmarine
phyla. Finally, in order to investigate the relation between a
physiological constraint (hypoxia)andgillmorphology inPvarians,
wecomparedhistological, morphometricand computed tomography
analysisofgillsof shrimpkeptinnormoxiaandincyclichypoxia.
Resultsshowedthatlamellarlengthandsurfaceareaareincreasedin
shrimpskeptinhypoxia,comparedtoshrimpsinnormoxia(p-values
0.029,0.028, respectively).Resultsclearlyunderlinetheextentto
whichaphysiologicallimitationtriggersamorphologicalchange
inashallow-watershrimpandidentifythemechanismbywhich
thistakesplace.

A13.10 INTRASPECIFIC VARIATION
AND THERMAL ACCLIMATION EFFECTS
ON MITOCHONDRIAL FUNCTION IN A
EURYTHERMAL TELEOST (FUNDULUS
HETEROCLITUS)

™ WEDNESDAY 5 JULY, 2017 ©® 13:50

@ DILLON J CHUNG (UNIVERSITY OF BRITISH COLUMBIA,
CANADA), PATRICIA M SCHULTE (UNIVERSITY OF BRITISH
COLUMBIA, CANADA)

@ DCHUNGCH@ZOOLOGY.UBC.CA

Whole-animalthermallimitsandhypoxiatolerancearethoughtto
beconstrainedbyprocessesactingatthelevelofthemitochondrion.
Understandingthesemechanismsisbecomingmoreimportant
asanthropogenicclimatechangedrivesshiftsinspecies’ranges.
In the present experiments, we tested the effects and trade-
offs of thermal acclimation on mitochondrial performance in
locally adapted subspecies of the Atlantic killifish, Fundulus
heteroclitus. Weacclimated (5,15,33°C)northernand southern
killifishandmeasured mitochondrial performance (respiratory
capacity, O, binding affinity) and associated trade-offs (loss of
mitochondrialmembranepotential,increased ROS production).
We demonstrate greater mitochondrial respiratory capacity
inthenorthernsubspeciesandgreater O;bindingaffinityinthe
southernsubspecies. Thesedataindicatearole formitochondrial
functioninsettingaerobicperformancelimitsandputativetargets
of selection. Thermalacclimationwasassociatedwithlargechanges
inmitochondrialrespirationrate, particularlyat33°C. Theseshifts
inperformance occurred primarily through electron transport
chaincomplexIandwerenotassociatedwithlargetrade-offsin
maintenanceof membranepotentialorROS productionperhaps
accounting for the eurythermal physiology of this species.
Our observations strongly support the probable importance of
mitochondrialfunctioninthesettingofaerobicperformancelimits
inectotherms.
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A13.11 DOES OXIDATIVE STRESS
LIMIT COLD ACCLIMATION IN
MOSQUITOFISH (GAMBUSIA
HOLBROOKI)?

™ WEDNESDAY 5 JULY, 2017 ® 14:05

@ ISABELLA LOUGHLAND (UNIVERSITY OF SYDNEY, AUSTRALIA),
FRANK SEEBACHER (UNIVERSITY OF SYDNEY, AUSTRALIA)

@ ISABELLALOUGHLAND@GMAIL.COM

Thermalacclimationallowsindividualstoremodeltheirphysiology
tocompensateforthenegativeeffectsofchangingenvironmental
temperatures on performance. There is considerable variation
betweenindividualsinthecapacityforacclimationwithinnatural
populations, whichimpliesthattheremaybecoststhatconstrainits
evolution. Oxidativestress, wheretheproductionofreactive oxygen
species (ROS)exceedsantioxidantdefences, mayrepresentacostof
acclimationtocoldertemperaturesduetoincreasedmitochondrial
respirationrates. Here, weusedmosquitofish (Gambusia holbrooki)
totestthehypothesisthatinter-individual variationinthe capacity
forcoldacclimationwasmediatedbyvariationinthesusceptibility
tooxidativedamage. Wefoundthatneitheracclimationtemperature
(3-4weeksat18°Cor28°C)norincreasingantioxidantcapacityby
administering N-acetyl-cysteine (NAC) affected ROS-induced
proteindamage. However,coldacclimatedfishhadsignificantly
highercatalaseantioxidantactivity,and NACreducedthisincrease
inactivity,suggestingthatROSproductionishigherduringcold
acclimationbecausecatalaseisinducedbyROS. Catalaseactivity
washigherinfishwithalowacclimationcapacity, suggestingthat
theyproducemoreROSthanfishwithahighacclimationcapacity.
Concurrently, mitochondrial couplingand ATP productionrates
were higher in cold acclimated fish. Acclimation of sustained
swimmingperformancewasincomplete,and NAChadnoeffect,
indicatingthatcoldacclimation oflocomotorperformanceisnot
limited by ROS production or ATP supply. Therefore, increased
oxidative damage was avoided by upregulating antioxidant
activitiesduringcoldacclimation, howevertheenergeticcostof
maintainingoxidativebalancemayrepresentacostofacclimation.
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A13.12 DEVELOPMENTAL AND
REVERSIBLE THERMAL PLASTICITY
AFFECT DISPERSAL IN GUPPIES
(POECILIA RETICULATA)

™ WEDNESDAY 5 JULY, 2017 ® 14:20
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A13.13 TEMPERATURE EFFECTS
ON BODY AND MUSCLE GROWTH IN
TWO ECOTYPES OF WHITEFISH
COREGONUS LAVARETUS

™ WEDNESDAY 5 JULY, 2017 ©® 14:35

@ AMELIE LE ROY (THE UNIVERSITY OF SYDNEY, AUSTRALIA),
FRANK SEEBACHER (THE UNIVERSITY OF SYDNEY, AUSTRALIA)

@ AMELIE-ROY@HOTMAIL.FR

Evolutionarytheorypredictsthatintergenerationalenvironmental
fluctuations should favour developmental modifiers that
match offspring phenotype to their environment. However,
in highly fluctuating environments, mismatches between
parental and offspring environments occur, in which case
reversible acclimation in offspring could alleviate the cost of
developmental plasticity. Our aim was to determine whether
reversiblethermalacclimationreducesthecostofdevelopmental
thermal plasticity on performance and exploratory behaviour
inguppies. Wepredictedthatmatchingbothdevelopmentaland
acclimationtemperaturestoacuteenvironmental temperature
wouldmaximizelocomotorperformance,andthereforeincrease
exploratory behaviour and dispersal. Alternatively, when
developmental temperature was mismatched to the acute
environmentaltemperature, wepredictedthatthermalacclimation
wouldalleviatethismismatchbyshiftingperformancecurves.
Ashypothesised,locomotorperformance (U.i) was greatest
whendevelopmental, acclimation and acute test temperatures
matched. Whentherewasamismatchbetween developmental
andacutetesttemperatures, coldacclimationpartiallyalleviated
the performance cost of this mismatch. Interestingly, Uk,
representing maximal swimming capacity, was not correlated
to exploration. We measured exploration in an 8 m channel
interspersed by five pools. Developmental conditions did not
affectexplorationinfemales, but affected all exploration traits
(time to leave first pool, voluntary movement speed, number
ofdispersaldecisions) measuredinmales, whichexplored more
than females. Acclimation affected exploration in both sexes.
Our results question the ecological relevance of maximal
performance measures, and suggest that developmental and
reversiblethermalplasticityplayakeyroleindeterminingdispersal
rates, withpotential consequencesformeta-populationdynamics,
invasionratesandrangeshifting.

& PETER STEINBACHER (UNIVERSITY OF SALZBURG, AUSTRIA)

@ PETER.STEINBACHER@SBG.AC.AT

Temperatureisanimportantfactorthatinfluencesteleostbody
andmusclegrowth. However,littleisstillknownaboutthecellular
processesbehindthisphenomenon.Here,dataarepresentedthat
demonstratethatdifferentthermalexperiencesinembryoniclife
aidthesegregation oftwophenotypically divergentformsofwhite
fish Coregonuslavaretus. Batchesoffishofadwarfandanormal
formwerekeptat2°and6°untilhatchingandsubjectedtosimilar
thermaltreatmentafterwards.Resultsdemonstrateclearlythat
fishoftheregularformaremuchsmallerwhenimprintedatthermal
conditionstypicalforthespawningsitesofthedwarfform (6°C)
than when imprinted at the conditions usually experienced at
theirownspawningsites (2°C). Surprisingly, thefishofthedwarf
formexhibitasimilarresponsepatterntothermalhistory (2°-fish
much larger than 6°-fish), indicating that in their case, normal
spawningsitetemperature (6°C)isindeedlikelytoactasagrowth
limitingfactor.Resultsalsodemonstratethathypertrophicand
hyperplastic muscle growth modes are similarly affected by
temperature. Immunolabelling experiments for Pax7, H3P and
MEF2wereperformedtoquantitativelyexaminemuscleprecursor
cellsincluding such that are mitotically active or have entered
differentiation.Resultsdemonstratethatincubationtemperature
hasanimportantinfluence ontheproliferation/differentiation
balanceofsuchcellsinthetwoecotypes.
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A13.14 THE EFFECT OF STRESS
ON IMMUNOCOMPETENCE OF BANK
VOLES FROM A MULTIDIRECTIONAL
SELECTION EXPERIMENT

™ WEDNESDAY 5 JULY, 2017 ©® 14:50
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A13.19 HOW TO CATCH AN ANCHOVY:
CHARACTERISTICS OF HUMPBACK
WHALE LUNGES AND THE TIMING OF
ANCHOVY ESCAPE

™ WEDNESDAY 5 JULY, 2017 ©® 15:45

@ PAWEL KOTEJA (INSTITUTE OF ENVIRONMENTAL SCIENCES
JAGIELLONIAN UNIVERSITY, POLAND), JULIA WYSZKOWSKA
(INSTITUTE OF ENVIRONMENTAL SCIENCES JAGIELLONIAN
UNIVERSITY, POLAND), JAGODA DUDA (INSTITUTE OF
Z0OLOGY AND BIOMEDIAL RESEARCH JAGIELLONIAN
UNIVERSITY, POLAND), MARTA RAS (INSTITUTE OF ZOOLOGY
AND BIOMEDIAL RESEARCH JAGIELLONIAN UNIVERSITY,
POLAND), EDYTA T SADOWSKA (INSTITUTE OF ENVIRONMENTAL
SCIENCES JAGIELLONIAN UNIVERSITY, POLAND), MAGDALENA
CHADZINSKA (INSTITUTE OF ZOOLOGY AND BIOMEDIAL
RESEARCH JAGIELLONIAN UNIVERSITY, POLAND)

@ PAWEL.KOTEJA@UJ.EDU.PL

One of topical problems in evolutionary physiology concerns
proximate mechanisms limiting development of complex
adaptations. A tradeoff-based argument implies that benefits
achievedbyselectionforincreased performanceinonefunction
are compromised by decreased performance in others. On the
otherhand,theimprovementinonetraitmayopenapossibility of
positivechangesinseveralothers. Weapproached the problemusing
auniqueexperimentalevolutionmodelsystem-linesofbankvoles
(Myodesglareolus) selectedinthreedirections:highaerobicexercise
metabolism (A), predatorybehaviour (P),andability tocopewith
low-qualityherbivorousdiet (H),andunselected controllines (C).
Weaskedwhetherimmunocompetence, measuredasantibodies
leveldevelopedafterinjectionofanon-pathogenicantigen (SRBC),
haschangedasacorrelatedresponsetotheselection,andwhether
the hypothetical selection-related differences depend also on
environmental conditionsunderwhichtheimmuneresponseis
mounted: a) comfortablevsexposuretob)thermoregulatoryburden
orc)acuterestrainstressord)achronicmildstress.Preliminary
resultsshowedthatthesecondaryhumoralresponse (aftersecond
injectionof SRBC) wasstrongerthantheprimary,buttherewere
no effects of selection. Thermoregulatory burden (exposure to
+5°C)resultedindecreasedresponse (andalsoadecreasedmassof
thymus),but, surprisingly, exposuretotheacuteorchronicmild
stresstendedtoincreasetheresponse (butthedifferencewasnot
significant). Nointeractionbetweenselectionandstress-exposure
was observed. Thus, large increases of the performance traits
observedintheselectedlineswerenotaccompaniedbycompromised
immunocompetence.

& NICHOLAS CAREY (HOPKINS MARINE STATION STANFORD
UNIVERSITY, UNITED STATES), PAOLO DOMENICI (IAMC-CNR
ISTITUTO PER L’AMBIENTE MARINO COSTIERO, ITALY), DAVID
E CADE (HOPKINS MARINE STATION STANFORD UNIVERSITY,
UNITED STATES), JEREMY A GOLDBOGEN (HOPKINS MARINE
STATION STANFORD UNIVERSITY, UNITED STATES)

@ CAREY@STANFORD.EDU

Forage fish, such as anchovies and sardines, occur in large
aggregationswhicharetargetedbynumerousmarinepredators
usingvariousattackstrategies. Onemajorpredatorofforagefish,
thehumpbackwhale (Megapteranovaeangliae),capturespreyvia
high-speed, high-accelerationlunges, withthecharacteristicsand
timingsoftheselungesvaryingaccordingtothespeciestargeted.
Thissuggeststhattooptimisecapturesuccess,theseenergetically
expensivelungesaremodifiedaccordingtotheprey?sability to
escape.Preyescaperesponsesarealsoenergeticallyexpensive,
soareusuallyonlyinitiatedwhenaperceivedthreatisatacertain
distanceandapproachingatacertainspeed. Wepresentastudy
which brings together data from whale lunge-feeding events
on anchovies andkrill, and experimental tests of the timing of
anchovyescaperesponses.Speeds,acceleration,and gapetimingsof
humpbackwhalelungesoneitheranchoviesorkrillweremeasured
usingbiologgingtagswithon-boardvideoand3Daccelerometry.In
subsequentlabexperiments, escaperesponsesofPacificanchovies
(Engraulismordax)weretriggeredbyaloomingshapeonascreen
simulatingawhaleapproaching,basedonvariousspeedprofiles.
Escape responses were filmed using high-speed cameras and
analysedforthetiming, escapedirection,andperceiveddistance
ofthethreat. OQurresultsillustratethecomplexbalancebetween
whaleattacksandanchovyescaperesponses,andhowthelunge
characteristicsofthewhalesmayberelatedtotheescapeabilities
oftargetedprey.
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A13.20 A NON-LINEAR RELATIONSHIP
BETWEEN SWIMMING METABOLISM AND
SPEED IN A NEGATIVELY BUOYANT FISH

™ WEDNESDAY 5 JULY, 2017 ©® 16:00

@ VALENTINA DI SANTO (HARVARD UNIVERSITY, UNITED STATES),
CHRISTOPHER P KENALEY (BOSTON COLLEGE, UNITED STATES),
GEORGE V LAUDER (HARVARD UNIVERSITY, UNITED STATES)

@ VDISANTO@FAS.HARVARD.EDU

Swimming performance is considered a key trait determining
the ability of afish tofind food, refugia, and mates, and to avoid
unfavorableconditionsandescapepredators. Typically, metabolic
ratesincreasewithspeeduptoacriticalpoint:thecriticalswimming
speedatwhichfishfatigue. Atthesametime,fishmuststabilizetheir
bodypostureatverylowspeedsandtherebyincurhighenergetic
costs. Thecombinationofhighmetaboliccostsatextremespeedsand
relatively-lowercostsatanintermediate cruisingspeed, mayresult
inanon-linearmetabolic-speedrelationship. However,todatethere
arenocompletedatasetstoconfirmthishypothesis.Inthisstudywe
quantifiedthemetaboliccostsassociatedwithvaryingspeed(0.75-
2.25BLxs?1)inanegativelybuoyantfish,theclearnoseskateRaja
eglanteria. Weemployedtwoapproaches, aclassiccritical swimming
speedprotocolandasingle-speedexerciseandrecoveryprocedure.
Wefoundadiscrepancyinthemetabolic-speedrelationshipsusing
the two methods. When using the single-speeds approach we
observeda]-shapedaerobicmetabolic-speedrelationshipandan
anaerobiccomponentateachvelocitytested. Theseresultssuggest
thatanaerobicmetabolismisinvolvedduringlowaswellashigh
swimmingspeedsintheclearnoseskateandthatcriticalswimming
protocolsmightmisrepresenttruecostsoflocomotionacrossspeeds
innegativelybuoyantfishes.

A13.21 VERTICAL FLIGHT -

A TRACTABLE METHOD FOR
STUDYING ENERGY-ACCELEROMETRY
RELATIONSHIPS IN BIRDS

™ WEDNESDAY 5 JULY, 2017 ©® 16:15

@ TESSA A VAN WALSUM (UNIVERSITY OF ROEHAMPTON, UNITED
KINGDOM), LEWIS G HALSEY (UNIVERSITY OF ROEHAMPTON,
UNITED KINGDOM), ANDREA PERNA (UNIVERSITY OF
ROEHAMPTON, UNITED KINGDOM), PHILIP M COLLINS
(UNIVERSITY OF ROEHAMPTON, UNITED KINGDOM), CHARLES M
BISHOP (BANGOR UNIVERSITY, UNITED KINGDOM)

@ VANWALST@ROEHAMPTON.AC.UK

While accelerometry sometimes correlates withrate of energy
expenditureinterrestrial species,itssuitability forvolantanimals
hassofarreceivedlittleattention. Thisisinpartbecausecalibrating
aproxyofenergyexpenditureduringflightisparticularlydifficult.
However, the external energy costs of gaining height during
verticalflightcanbeeasilycalculated, providingtheopportunity
tocomparethis costagainst measures of acceleration onadata
loggerinstrumentedtoatrainedbird. We calibrateddynamicbody
acceleration(DBA)-aderivationofaccelerationmeasuredonan
animal-instrumentedaccelerometer-againsttheexternal power
requiredtogainheightinHarris’ Hawksatthe Hawk Conservacy
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Trustin Andover. Thehawksflewto6differentheights(range:0-
4.1m)withonlyaminimalhorizontaldistancecovered(4.1m).The
flightswereshort-averageflightdurationwas2s,duringwhichthe
hawkstypicallyflappedtheirwings5to7times. Wefoundthatthe
Hawks’externalpowerincreasedlinearlyasthe DBAoftheircentre
ofmassincreased(preliminaryanalysis:R2=0.55). Ifitisassumed
thattherelationshipbetweenpowerand DBA duringnear-vertical
flightholdsforhorizontalflyingthenDBA couldbeusedtoestimate
externalpowercostsinthewild. Furthermore,assumptionsabout
theratioofexternalpowercoststointernalpowercostscouldenable
DBAtoalsopredicttotalenergycosts,i.e.metabolicrate,duringflight.

A13.22 GUT MOTILITY - AN
ESSENTIAL BUT UNDERAPPRECIATED
ASPECT OF A MULTIFUNCTIONAL ORGAN

™ WEDNESDAY 5 JULY, 2017 ©® 16:15

@ CATHARINA OLSSON (DEPARTMENT OF BIOLOGICAL AND
ENVIRONMENTAL SCIENCES UNIVERSITY OF GOTHENBURG,
SWEDEN), JEROEN BRIJS (DEPARTMENT OF ANIMAL
ENVIRONMENT AND HEALTH SWEDISH UNIVERSITY OF
AGRICULTURAL SCIENCES, SWEDEN), ALBIN GRANS
(DEPARTMENT OF ANIMAL ENVIRONMENT AND HEALTH SWEDISH
UNIVERSITY OF AGRICULTURAL SCIENCES, SWEDEN), GRANT
HENNIG (DEPARTMENT OF PHARMACOLOGY UNIVERSITY OF
VERMONT, UNITED STATES)

@ C.OLSSON@BIOENV.GU.SE

Gutmotility provides the fundament for proper performance of
thegastrointestinaltract,indigestionand absorptionofnutrients
aswellasinmaintaininghomeostasisandoverallhealth. Thisis
reflectedinavarietyofdifferentmotility patterns.Inaseries of
studieswehavedescribedgeneralmotilitypatternsinfish,andhere
wesummarizethemaindifferencesandsimilaritiesbetweentwo
teleosts, withslightlydifferent gutmorphologyandfeedinghabits,
namelyrainbowtrout (Oncorhynchusmykiss)andshorthornsculpin
(Myoxocephalus scorpius).Intestinalmotility of thetwospecieswas
qualitativelyandquantitativelydescribedusingspatio-temporal
mapsconstructedfrominvivovideorecordings.Bothspeciesshowed
propagatingandstandingcontractionofvariousstrength, speed
andfrequencies. The predominating propagating contractions
were shallow, relatively high frequency, high speedripplesand
moreslowanallypropagatingcontractions. Thelatter,atleastin
rainbowtrout, showed clearresemblance withthemammalian
migrating motor complexes (MMCs) that serve housekeeping
functionsinthegut. Thecontractionfrequencyinrainbowtrout
wasgenerallylowerthaninsculpin,butincreasedwhentroutwas
transferredtoseawater,indicatingaroleinosmoregulationaswell.
Furthermore, by combining videorecordings and recordings of
entericelectricalactivity(EEA)inanaesthetizedfishwehavenow
verifiedthecorrelationbetweencontractionsandEEA. Thisopens
upthepossibilitytouseEEArecordingsinconsciousfishtostudy gut
motilitypatternsinmoredetails,includinghowtheyareaffected
bychangesinenvironmental conditionssuchastemperatureor
salinityaswellasbyfeeding.
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A13.15 TRANSGENERATIONAL
EPIGENETIC RESPONSE OF ZEBRAFISH
(DANIO RERIQ) EXPOSED TO PAHS:
MOLECULAR, MATERNAL AND

PATERNAL EFFECTS

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ AMELIE CRESPEL (UNIVERSITY OF GLASGOW, UNITED
KINGDOM), NAIM BAUTISTA (UNIVERSITY OF NORTH TEXAS,
UNITED STATES), JANNA CROSSLEY (UNIVERSITY OF NORTH
TEXAS, UNITED STATES), PAMELA PADILLA (UNIVERSITY
OF NORTH TEXAS, UNITED STATES), WARREN BURGGREN
(UNIVERSITY OF NORTH TEXAS, UNITED STATES)

@ AMELIE.CRESPEL@GMAIL.COM

Parental exposure to environmental stressors can have
repercussions on offspring phenotype. Such effects modify the
capacity of populations to cope with environmental stressors
acrossgenerations. However, littleisknownaboutthemechanisms
underlyingthetransgenerationalresponse,suchastherelative
importance of maternal or paternal effects, in addition to the
molecularepigeneticeffectsthatcanbeinvolved. Toaddressthese
issues,adultzebrafish (Daniorerio) were fed with 0% or 100% of
crude oil extract (HEWAF) supplemented diet for 21 days. Four
groups of offspringwerethencreated: control group (parentsfed
0%HEWAF),maleexposedgroup (femalefed 0% HEWAF, malefed
100% HEWAF),femaleexposed group (femalefed 100% HEWAF,
male0%HEWAF),andexposedgroup (parentsfed 100% HEWAF).
Thephenotypicresponseonthefitnessandcardiaccapacityofthe
parents and the offspring was then evaluated and tissues were
sampledforDNA methylationanalysis. Nodifference wasobserved
intheparentalphenotype. However,anenhancedtolerancetoPAHs
wasobservedintheoffspring. Atthemolecularlevel,adecreasein
theglobal DNAmethylationwasobservedintheparentsexposedto
PAHsandintheoffspringderivedfromoneorbothparentsexposed
toPAHs.Thisdecreasewasaccompaniedwithanup-regulationof
agene(GNMT)involvedinmethylationtransferintheparentsbut
notintheoffspring. Theseresultssuggestthatthemodification of
theDNA methylationmighthavebeenepigeneticallyinherited
andthatbothparentsinfluenced themolecularand phenotypic
responseoftheoffspring.
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A13.16 REACTIVITY STUDIES OF
FERRIC HAEMOGLOBIN REVEAL A
POTENTIAL ROLE IN HYDROGEN
SULFIDE (H,S) SIGNALLING

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

& BIRGITTE JENSEN (DEPARTMENT OF BIOSCIENCE AARHUS
UNIVERSITY, DENMARK), ANGELA FAGO (DEPARTMENT OF
BIOSCIENCE AARHUS UNIVERSITY, DENMARK)

@ BIRGITTE.JENSEN@BIOS.AU.DK

Theill-smellinggashydrogensulfide (H,S)isasignallingmolecule,
contributingtoseveralimportantphysiologicalfunctionssuch
asregulation of vasculartone and suppressed metabolism. The
importance of its biological role and metabolism is still largely
elusive.Eventheinvivoconcentrationintissuesisstillamatter
ofdebate.Recently,anewheme-dependentoxidationofH,Swas
discovered wherethe O; binding protein of blood, haemoglobin
(Hb), in its ferric state Hb(Fe3*) can oxidize H,S to thiosulfate
(S2 03 %) and iron-bound hydropolysulfides (R-S-S. -H), thus
preventing accumulation of H, S to toxiclevels that willinhibit
mitochondrialrespiration. Byapplyingspectrophotometricmethods
tostudythekineticsandequilibrium oftheheme-H, S complex of
humanHb(Fe*"), wefoundevidenceforadditionalrolesofthisprotein
inrelationtosulfidemetabolismandsignalling. Duringanaerobic
conditions, we found a high affinity of Hb(Fe**) for H, S, which
appearedtobepH-dependent. Wespeculatethat Hb(Fe3*) canact
asaphysiologicalcarrierofH,S,whereby the smallamount (approx.
1%) of Hb(Fe*")intheredblood cellsmaybeabletorelease H2Stothe
surroundingtissues. Thiswouldimplyanewpossibleroleforferric
Hb,normallybelievedtobeoflittle ornobiologicalrelevance.H,S
transportinthebloodmayhelpexplainthe profoundphysiological
effectsof H,Sinvertebrates, particularlyinhibernatingmammals,
wherearedistributionofsulfidepoolsmaytakeplaceinthebloodof
hibernatingbrownbearsduringmetabolicsuppression.
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A13.17 CAN BIO-LOGGERS BE USED TO
ASSESS STRESS AND WELFARE OF FISH
IN AQUACULTURE?

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION
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A13.18 DO FISH PREFER TO ASSOCIATE
WITH CONSPECIFICS WITH SIMILAR
METABOLIC RATES?

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ ALBIN GRANS (DEPARTMENT OF ANIMAL ENVIRONMENT
AND HEALTH SWEDISH UNIVERSITY OF AGRICULTURAL
SCIENCES, SWEDEN), JEROEN BRIJS (DEPARTMENT OF
ANIMAL ENVIRONMENT AND HEALTH SWEDISH UNIVERSITY
OF AGRICULTURAL SCIENCES, SWEDEN), ERIK SANDBLOM
(DEPARTMENT OF BIOLOGICAL AND ENVIRONMENTAL SCIENCES
UNIVERSITY OF GOTHENBURG, SWEDEN), DAVID HUYBEN
(DEPARTMENT OF ANIMAL NUTRITION AND MANAGEMENT
SWEDISH UNIVERSITY OF AGRICULTURAL SCIENCES,
SWEDEN), HENRIK SUNDH (DEPARTMENT OF BIOLOGICAL AND
ENVIRONMENTAL SCIENCES UNIVERSITY OF GOTHENBURG,
SWEDEN), CHARLOTTE BERG (DEPARTMENT OF ANIMAL
ENVIRONMENT AND HEALTH SWEDISH UNIVERSITY OF
AGRICULTURAL SCIENCES, SWEDEN), ANDERS KIESSLING
(DEPARTMENT OF ANIMAL NUTRITION AND MANAGEMENT
SWEDISH UNIVERSITY OF AGRICULTURAL SCIENCES,
SWEDEN), MICHAEL AXELSSON (DEPARTMENT OF BIOLOGICAL
AND ENVIRONMENTAL SCIENCES UNIVERSITY OF
GOTHENBURG, SWEDEN)

@ ALBIN.GRANS@SLU.SE

Highmortalityratesof commerciallyfarmedfishhasbeenshownto
belinkedwithacuteandchronicstresslevels,andthusresearchin
stressphysiologyisofincreasinginterest. Since physiologicalstress
responsesoffreelyswimmingfarmedfisharesparse, weimplanted
20rainbowtrout(Oncorhynchusmykiss)withdatastoragetags
recordingheartrateandreleasedthemintoseacageswith 5000
conspecifics for 3 weeks. Following this period, the fish were
subjectedtoaseriesofstressfuleventsthatnormallyoccurduring
harvesting(i.e.crowding,netting, transportand CO;narcosis).
To further quantify and validate these stress responses, a sub-
sample (n=20foreachevent) ofuninstrumentedfishweresampled
forplasmacortisol. Crowdinginitiatedaclearstressresponseas
evidentfromelevatedheartrateandplasmacortisol. Following
crowding, thefishwerenettedontoawell-boatandtransportedfor
60min,duringwhichheartrateandplasmacortisolcontinuedto
increase. Thefishwerethenlefttorecoverovernight(18h)before
commonslaughterroutinesensuedthefollowingday (i.e.crowding,
nettingand CO; narcosis). Heartrateandplasmacortisollevelswere
stillelevated thefollowingmorningindicatingthatthefishhadnot
yetfullyrecoveredfromthepreviousday. Furthermore, thefishwere
moresensitivetostressorsasthemerepresenceofhumansinitiated
aclearstressresponse. Theseresults highlight theimportance
of sufficientrecoverytimeiffisharetobesubjectedtoaseriesof
stressorsduringoneormoredays.

@ ANNA S M PERSSON (UNIVERSITY OF GLASGOW, UNITED
KINGDOM), TOMMY NORIN (UNIVERSITY OF GLASGOW, UNITED
KINGDOM), SHAUN S KILLEN (UNIVERSITY OF GLASGOW,
UNITED KINGDOM)

© A.PERSSON.1@RESEACH.GLA.AC.UK

Shoalingfishareknowntoassociatewithindividualsofasimilar
phenotype to themselves to decrease the risk of predation by
reducingindividual conspicuousnesswithinthegroup. Thus, the
mechanismbehindhowfishassortintoshoalscanhaveimplications
ongroupdynamicsaswellassurvivability. Previousstudieshave
investigated fish preferences to associate with individuals of
similarbodysize,shapeandcolouration,however,littleisknown
regarding the usage of otherimportant traits as a determinant
forshoalassortment.Inthisstudy weusedintermittent-closed
respirometrytomeasurethestandardmetabolicrate (SMR)of 180
individualwild caught Europeanminnows (Phoxinusphoxinus)to
investigateifindividualmetabolicphenotypeinfluencestheshoal
choice.Individualfishwiththehighestorlowest SMRwereidentified
andgivenachoicetoassociate withsize-matchedgroupsoffourfish
of similarphenotypestothemselves,i.e.witheitherhighorlowSMR.
Itwashypothesisedthatfishwouldprefertoassortwith groupsof
lowSMRtoreduce competition, howeverourresultssuggestthe
opposite; focalfishwithbothlowandhighSMRtendtoassociatewith
high-SMRconspecifics. Thismayindicatethat,ratherthanlooking
toreduce competition, fishshowapreferenceforconspecificsthat
haveahighermetabolicratecomparedtothemselves.
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A13.23 HISTONE (DE)JACETYLATION
MODULATES EXERCISE-INDUCED
SKELETAL MUSCLE PLASTICITY

IN ZEBRAFISH (DANIO RERIO)

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION
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A13.24 STRESS RESPONSE
AND RECOVERY IN BANK VOLES
FROM A MULTIDIRECTIONAL
SELECTION EXPERIMENT

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@& ALEC IM SIMMONDS (UNIVERSITY OF SYDNEY, AUSTRALIA),
FRANK SEEBACHER (UNIVERSITY OF SYDNEY, AUSTRALIA)

@ ASIMB6083@UNI.SYDNEY.EDU.AU

AerobicexercisehasapositiveimpactonhealthandDarwinian
fitness by enhancing skeletal muscle function and locomotor
performance. Response of skeletal muscle to exercise involves
changes in energy metabolism, calcium handling, and the
composition of contractile protein isoforms, which together
influence contractileproperties. Histone (de)acetylationcancause
short-termchangesingeneexpression,andmaytherebymediate
plasticityincontractile propertiesof muscleinresponsetoexercise.
Theaimofthisprojectwastodetermine (inzebrafish, Daniorerio)
thetraitsthatmediateinter-individualdifferencesinsustainedand
sprintperformance,andtodeterminewhetherinhibitinghistone
deacetylases (HDACs)mediatesexercise-inducedchangesinthese
traits. Highsustained performershad greateraerobicmetabolic
capacity (citratesynthase[CS]activity),calciumhandlingcapacity
(sarco/endoplasmic reticulum ATPase [SERCA] activity), and
slowcontractile proteinconcentration(slowmyosinheavychain
[MyHC]) comparedtolowperformers. Highsprint performershad
lower CSactivityandslowMyHC concentrationthanlowperformers,
buttherewerenodifferencesinlactatedehydrogenaseactivity
or fast MyHC concentrations. Four weeks of exercise training
increased sustained performance, CSactivity, SERCA activity,
andslow MyHC concentration.InhibitingHDACsincreased slow
MyHC concentration in untrained fish but not in trained fish.
However,inhibitingHDACsreduced SERCA activity, whichwas
paralleled by areduction in sustained and sprint performance.
Understanding how HDACs mediate skeletal muscle plasticity
andlocomotor performanceislikely tohave future medicaland
ecologicalsignificance.

& MALGORZATA M LIPOWSKA (INSTITUTE OF ENVIRONMENTAL
SCIENCES JAGIELLONIAN UNIVERSITY, POLAND), EDYTA
T SADOWSKA (INSTITUTE OF ENVIRONMENTAL SCIENCES
JAGIELLONIAN UNIVERSITY, POLAND), PAWEL KOTEJA
(INSTITUTE OF ENVIRONMENTAL SCIENCES JAGIELLONIAN
UNIVERSITY, POLAND)

©@ MALGORZATA.LIPOWSKA@DOCTORAL.UJ.EDU.PL

The scope of response to a stressor, as well as a resistance to
stress, arereflectedin the activity of Hypothalamo-Pituitary-
Adrenal (HPA)axisanddynamicsofitsmaineffectorhormones
(glucocorticoids)levelsinblood. Modulationof the HPA axisactivity
mayaidadaptationtodifferentselectionpressures. Thisproblem
canbeapproachedusinganartificial selection experiment. We
askedwhetherthe HPA axissensitivity differsbetweenlinesof
bankvoles(Myodesglareolus)selectedinthreedirections:high
aerobicexercisemetabolism (A), predatorybehavior (P),ability
to cope with low-quality herbivorous diet (H), and unselected
control lines (C). We compared baseline plasma corticosterone
(CORT)levelanditschangesinresponsetorestraintstressorto
maximumpharmacologicalstimulation. Preliminaryanalyses,
basedonpartialresults,didnotindicateanystatistically significant
differences in baseline CORT between selection directions.
On average, restraint stress elicited a 5.7-fold, and maximum
stimulationa8.5-foldincreasein CORT concentrations, withno
significantdifferencesbetweenselectiondirections.InthePlines,
peak CORTresultingfromtheartificial stimulationlastedlonger
thaninotherlines. However, the post-peakrecovery of CORT to
thebaseleveltendedtobefasterinanimalsfrombothPandAlines
thaninthosefromthe CandHlines. Thissuggeststhatselection
fortraitsrequiringeitherbursthighenergyoutputoralertnessto
unexpectedtriggersinmildly stressful conditionsresulted primarily
inanimprovedability ofrecoveringafterexposuretoshortperiods
of stressful conditions. (Funding:NCN2014/13/B/NZ8/04683and
UJ:DS/WBINOZ/INOS/757)
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A13.25 DIFFERENTIAL RESPONSE OF
ION TRANSPORTERS TO NITRIC OXIDE
IN STRESSED FISH BRAIN

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ VALSA S PETER (UNIVERSITY OF KERALA, INDIA), GAYATHRY
R (UNIVERSITY OF KERALA, INDIA), M C SUBASH PETER
(UNIVERSITY OF KERALA, INDIA)

@ VALSASP@YAH0O.IN

Theneuronalcircuitriesofbrainanditsiontransporterscontribute
tothephysiologicalhomeostasisinfishes. Thesensitivity ofthese
physiologicalmachineriestotheenvironmentalchallengesfurther
impliesitsplasticityandthatcontributestostressadaptation.As
transportersthatprovidethedrivingforceformanyothertransport
systems,Na*/K*-ATPase,H*/K*-ATPaseandH*-ATPasearevital
for Na*/K*, and H* homeostasis in fish brain. Nitric oxide (NO),
a gasotransmitter, is known for its role in ion transport in the
osmoregulatory tissues of fish. However, the mechanism of NO
actiononiontransporterfunctionhasnotyetunderstoodinstressed
fishbrain.Subsequently, weinvestigated theresponsepatternofion
transporterstotheactivatororinhibitorof NOinthebrainofhypoxic
ornet-confinedfish. Wefound thatchangesintheavailability of
NO can alter the functions of these transporters including the
mRNA expressionofnkaalphasubunitisoformsand NKA protein
abundance. Wealsowefoundthatthesetransporterscouldregainits
basalactivitylevelduringrecoveryoreaseresponse. Theseresults
indicatethattheiontransportershavedifferential sensitivityto
NOandareabletomitigatethestress-induceddisturbanceinion
transporterfunctionsinfishbrain (Supportedbyagrantfrom DBT,
NewDelhiand EmeritusScientistscheme of KSCSTE).
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A13.26 TIME COURSE AND MECHANISM
OF PHENOTYPIC FLEXIBILITY OF
INTESTINAL ENZYMES DURING
ONTOGENY IN HOUSE SPARROW

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

@ ENRIQUE CAVIEDES-VIDAL (UNIVERSIDAD NACIONAL DE
SAN LUIS-CONSEJO NACIONAL DE CIENCIA Y TECNICA,
ARGENTINA), MELISA MAGALLANES (UNIVERSIDAD NACIONAL
DE SAN LUIS CONSEJO NACIONAL DE CIENCIA Y TECNICA,
ARGENTINA), KATHERINE ROTT (UNIVERSITY OF WISCONSIN-
MADISON, UNITED STATES), ANTONIO BRUN (UNIVERSITY OF
WISCONSIN- MADISON, UNITED STATES), CLAUDIA GATICA-
SOSA (UNIVERSIDAD NACIONAL DE SAN LUIS, ARGENTINA),
WILLIAM KARASOV (UNIVERSITY OF WISCONSIN - MADISON,
UNITED STATES)

©@ ENRIQUE.CAVIEDES@GMAIL.COM

Housesparrowsduringontogenyarechallengedtoadjustdigestive
capacitytochangesinfoodcomposition. Parentsfeednestlings
afterhatchwithaprotein-(insects)-baseddietandthenwithina
timeframe of of 12-days. Wepreviously demonstratedthatnestlings
havesmallspare-digestive capacity (<20%)andthattheymainly
relyonphenotypicflexibility ofintestinalenzymeactivities[e.g.,
sucrase (SI), maltase (MG)andaminopeptidase-N (APN)]when
exposedtoanincrease/decreaseintherespectivesubstrateinthe
diet. However,ourunderstanding ofthemolecularmechanisms
underlyingtheseactivitychangesanditstime-courseareunknown.
Therefore, 3-day-oldnestlings were capturedandfedeitheralow
carbohydrate-highproteindietorahighcarbohydrate-lowprotein
diet. Thenbirds weredividedin groups: (A) keptonthe original
dietuntil30-days-old, (B) atage 12-days-old wereswitchedtothe
alternativedietuntil30-days-old, (C)fedeitherdietfor 3-daysbefore
beingswitchedtotheotherdiet.Intestinewasharvestedingroups
(A)and(B)at3,6,12and30-days-old,and(C) 24,48,and 72-hours
afterdietswitch. Sampleswereanalyzedforlevelsofactivityand
RNA of MG-like-enzyme (NCBI-accession#GQ919053.1)and APN.
Experiment-(A), (B)and (C) showedthatactivitiesand RNA levels
ofenzymesvariedinthedirectionofthemaindietarysubstrate
indicatingatranscriptional-compatiblemechanismofregulation
underlyingthephenotypicflexibility. Additionally, experiment-
(C)demonstrateda (withnofurtherchanges)enzymedigestive
responsetoasubstrateswitchin24-h.NSF-I0S-1354893, CONICET-
PIP-834.
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A13.27 SLEEP DEVELOPMENT
AND SOUND RECOGNITION IN
KING PENGUINS

™ WEDNESDAY 5 JULY, 2017 POSTER SESSION

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

©@ VANWALST@ROEHAMPTON.AC.UK

Kingpenguinsareexposedtoincessantnoisethroughouttheirlife
onland.Kingpenguinchicksandjuvenilesdonotgoouttoseauntil
theyhavefullylostalltheirchick (browncoloured) plumageafter
10-11months.Duringthistime, maturingchicksundergovarious
stagesofdevelopment. Thismightaffecttheirsleepingbehaviour
asbraindevelopmentrequiresmoreresttime. Wehypothesisethat
sleepingchicksrespondtosoundstimulionlyatsignificantlyhigher
volumesthandojuvenilesandadults. Furthermore, weexpectchicks
tomoveaway fromthesoundlessoften. Chicks withoutparents
stayincreches,seekingrefugeinnumberstoprotectthemfrom
land predators. We randomly applied 1 of 6 sound stimuli (each
15sinduration,duringwhichthe volumesteadilyincreased) to
bothwakefulandsleepingpenguinsatthreelifestages: (1) chick,
(2)juvenile, (3) Adult. Werecorded the penguins’responseand
quantified their response time, walk time (time at which they
walkedawayfromthesoundsource),andresponserate. Overallwe
foundthatchicksandadultsshowanincreasedresponsetimewhen
sleepingcomparedtowhenawake, whilejuvenilesdidnot.Interms
oftimeuntilwalkingaway fromthestimulus,chicksandjuveniles
takelongertorespondthanadults. Thismaybebecauseyounger
penguinsaremorecautiousaboutleavingthearea.Interestingly,
sleepingchicksrespondupto5slatertotheplaybackofanorcasound
thandojuveniles or adults. Furtherresults willbe discussedin
thepresentation.
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