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DELEGATE

INFORMATION

BADGES

DELEGATE INFORMATION 02

|
LIABILITY

Name badges contain abarcode which willbe
scanned onentry torecord attendance at meeting
for SEB administrative purposes only. Each badge
barcode contains the following information which
hasbeen supplied during theregistration process:
fullname, institution and email address.

Badges mustbe worn for the duration of

themeeting, both for security purposes
and cateringidentification.

CATERING

Lunch andrefreshments during the satellite
meetingareincludedin yourregistrationfee and
willbe servedinthe breakout arealocated onthe
ground floor of Palazzo Affari.

CERTIFICATE OF ATTENDANCE

Delegatesrequiring a certificate of attendance
should visit the SEBregistration desk on their
departure or by email from admin@sebiology.org

VENUE

Firenze Fiera Congress and Exhibition Centre
Piazza Adua, 1,50123, Firenze FI, Italy

Tel: +3905549721

Web: www.firenzefiera.it/en/

Thescientificsessions will be taking placeinroom
AduaZ2located onthesecondfloorinPalazzo Affari.

WI-FI INTERNET ACCESS

Internetaccessisavailable during the meetingand
free of charge. Logindetails willbe available at the
registration desk.

Neitherthe Society for Experimental Biology
nor the Firenze Fiera Congress and Exhibition
Centre will acceptresponsibility for damage or
injury to persons or property during the meeting.
Participants are advised to arrange theirown
personalhealth and travelinsurance.

PHOTOGRAPHY

Nophotographs aretobe taken of the speakersand
theirslides during the satellite meeting unless
consentis given by the speaker.

*Pleasenote: The SEBwill be taking photos during

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

POSTER SESSION

Theposter session will be taking placein the
breakout areabetween 17:00—-18:00 on Sunday
1]July. Poster presenters areinvited to hang their
posterontheirarrival (Velcrowill be provided)
and are asked toremove their posters by 18:00.
Any postersleftbehind will be disposed of.

REGISTRATION

Theregistration desk will be open during the hours
ofthemeetingand a SEB staff member willbe on
hand during therefreshment andlunch breaks
should yourequire any assistance.

SOCIAL MEDIA

We’relookingtoincrease the conversation at the
meetingusing:

#SEBAMM @SEBiology
www.facebook.com/SEBiology
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® 08:30 REGISTRATION

® 09:00

Introduction

Simon Morley, John Spicer
and Francisco Bozinovic
Meeting organising committee

CHAIR: JOHN SPICER

©® 09:10

PLENARY LECTURE

Prof Steven Chown

Monash University, Australia

Thermal foraging traits as mediators of
ant abundance and occupancy variation
AS18.1

© 09:40

Dr Jennifer Sunday

McGill University, Canada
Environmental variability across
marine and terrestrial gradients
AS18.2

® 10:00

Prof Andrew G Hirst

University of Liverpool, United Kingdom
Patternsin the temperature, latitudinal and
seasonal body size gradients within aquatic
and terrestrial arthropod species

AS18.3

©® 10:15

Prof Johannes Overgaard

Aarhus University, Denmark

Assessing the role of acclimation and adaptation
in thermal performance curves

AS18.4

PROGRAMME 03

©® 10:30

Wilco CEP Verberk

Radboud University Nijmegen, Netherlands
Can an oxygen perspective explain the
temperature-size rule?

AS18.5

® 10:45 REFRESHMENT BREAK/POSTERS

CHAIR: FRANCISCO BOZINOVIC

® 11:15

Enrico Rezende and Prof Francisco Bozinovic
Pontifical Catholic University of Chile, Chile
Thermal performance across levels of biological
complexity

AS18.6

® 11:35

Dr Curtis Deutsch

University of Washington, United States
Diversity of marine hypoxia traits:
Implications for biodiversity and extinction
AS18.7

©® 11:55

Dr Scott Bennett

Mediterranean Institute of Advanced Studies
(IMEDEA), Spain

Population vulnerability to ocean warming
across latitudinal gradients

AS18.8

©® 12:15

Lisa B Jgrgensen

Aarhus University, Denmark

How to measure insect heat tolerance:
unifying static and dynamic assays
AS18.9
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PROGRAMME

® 12:30

Prof David Atkinson

University of Liverpool, United Kingdom

Water depth and contrasting correlations among
metabolic scaling, metabolic level and body shape
change: cephalopods versus teleost fish

PROGRAMME 04

© 14:30

Miss Saskia Jurriaans

James Cook University, Australia
Thermal acclimation strategies of
reef-building corals along a latitudinal
gradient on the Great Barrier Reef

AS18.10 AS18.14
(® 12:45 LUNCH/POSTERS © 14:45
Ms Jacinta D Kong

CHAIR: SIMON MORLEY

® 13:40

Prof John Spicer

University of Plymouth, United Kingdom

Dr Simon Morley

British Antarctic Survey, United Kingdom

There may be giants —but why? Testing the
oxygen hypothesis of gigantism with amphipod
crustaceans

The University of Melbourne, Australia

The egg stage drives life cycle adaptation to
climate in the widely distributed matchstick
grasshoppers (Vandiemenella and Warramaba,
Orthoptera: Morabidae)

AS18.15

© 15:00
Discussion: Key Research Questions

® 15:40 REFRESHMENT BREAK/POSTERS

AS18.11
© 14:00 © 16:10
Dr Christine E Cooper Presentation of discussion points
Curtin University, Australia
Macrophysiology informs conservation © 16:40
for widespread species Closing Remarks
AS18.12
©® 17:00
® 14:15 Poster Session
DrNormanL CRagg

Cawthron Institute, New Zealand

Genetic basis for acute thermotolerance in

the mussel Perna canaliculus distributed across
awide latitudinal range

AS18.13

(® 18:00 END OF MEETING
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PROGRAMME 05

POSTER SESSION

1 JULY 2018

Richelle L Tanner

University of California Berkeley, United States
Plasticity of upper critical limits in the eelgrass
sea hare, Phyllaplysia taylori, not correlated with

DrEric] Armstrong

Genoscope CEA, France

Warm adaptation trades-off against
heat tolerance plasticity in intertidal

habitat thermal history nudibranch molluscs
AS18.16 AS18.19
Miss Pauline C Dufour Nigel R Andrew

The University of Hong Kong, Hong Kong
Divergent melanism strategies in Andean
butterfly communities structure diversity
patterns and climate responses

AS18.17

Dr Oldrich Tomasek

Charles University Faculty of Science,

Czech Republic

Latitudinal and altitudinal variation in blood
glucose levels in songbirds

AS18.18

University of New England, Australia
Ant thermal tolerances under climate,
land cover and land use change
AS18.20
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AS18.1 THERMAL FORAGING TRAITS
AS MEDIATORS OF ANT ABUNDANCE
AND OCCUPANCY VARIATION

™ SUNDAY 1 JULY 2018 ® 09:10

& STEVEN CHOWN (MONASH UNIVERSITY,
AUSTRALIA)

Inthiswork, wetestkey hypothesesaboutthewayin
whichthermaltraitsmediateinterspecificvariation
in abundance and occupancy across broad spatial
scales, and theirimplications for global changeimpact
forecasts. Weuseadecade-long, bi-annual survey of
abundance variationin 53 ant species from 37 sites,
spanning major climatic gradientsin Southern Africa.
We show that broad relationships do exist between
microclimate, thermal tolerance limits and foraging
limits. However, interspecific variation in the range
of temperatures over which ants can forage and, in
consequence, thetime available for foragingin given
settings (whichincludes theinfluence ofinterspecific
interactions),aremuchbetter predictors of variationin
abundanceandoccupancy.

AS18.2 ENVIRONMENTAL
VARIABILITY ACROSS MARINE
AND TERRESTRIAL GRADIENTS

™ SUNDAY 1 JULY 2018 ® 09:40

& JENNIFER SUNDAY (MCGILL UNIVERSITY, CANADA)

@ SUNDAY@ZOOLOGY.UBC.CA

Connectingphysiologicalresponsesatthe organism
level to species-level patterns of abundance and
distribution is a key challenge in ecology. Indeed, as

ABSTRACTS 06

the world has warmed over the past half-century,
speciesdistributionshaveresponded throughrange
shift, throwingintofocus ourneed tomechanistically
understand these connections. HereI present macro
physiological analyses showing that marine and
terrestrial ectothermsdifferin theextenttowhich they
arephysiologically limited within their distributional
ranges. I then exploretherole of temporal variability
in temperature in improving linkages between
physiological data and species distributions, and
projectingresponsestoenvironmental change. [use
records of species’range shiftstofurtherelucidatethe
relativeroles of environmental variabilityinmediating
range shiftsinawarming world.

AS18.3 PATTERNS IN THE
TEMPERATURE, LATITUDINAL AND
SEASONAL BODY SIZE GRADIENTS
WITHIN AQUATIC AND TERRESTRIAL
ARTHROPOD SPECIES

™ SUNDAY 1 JULY 2018 ® 10:00

& ANDREW G HIRST (UNIVERSITY OF LIVERPOOL,
UNITED KINGDOM), CURTIS R HORNE (UNIVERSITY
OF LIVERPOOL, UNITED KINGDOM), DAVID
ATKINSON (UNIVERSITY OF LIVERPOOL,
UNITED KINGDOM)

@ AGHIRST@LIVERPOOL.AC.UK

Bodysizeisfundamental tothefitnessof speciesand
relates to the speed of many biological rates, while
the variation in body size has fascinated scientists
for over a century. In ectotherms, individuals of the
same species commonly growtoasmalleradultbody
sizeinthewarmthaninthe cold. Thisnear-universal
biological phenomenon, knownasthe Temperature-Size
Rule (TSR), occursinover 80% ofectothermicspecies.
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Similarly, largeradultswithinaspecies are oftenfound
athigher colder latitudes, whilst seasonal body size
variationisalsocommoninawiderangeofectotherms
thathavemultiple generationsinayear, as successive
cohortsexperiencedifferent environmental conditions
during ontogeny. Yet, thereislimited appreciationofthe
patternsanddrivers of thesemajorbody sizeresponses
withinspecies,and the degree towhich they co-varyand
shareexplanatorymechanisms. Wepresent thelargest
meta-analysistodate ofthesemajorbody size gradients
inarthropods. Wefind thataquatic species consistently
showthegreatestreductioninbody size withincreasing
temperatureinthelaboratoryand across seasons,and
with decreasing latitude towards the equator. We
suggestthisisindicative ofthelowavailability of oxygen
inwaterincomparisontoair,and theincreaseddemand
foroxygeninthe warm. We showthat the directionand
magnitudeofall three ofthesemajorbody size gradients
co-varyamong taxonomicorders, suggestingthat they
aredrivenbysimilarselective pressures.

AS18.4 ASSESSING THE ROLE OF
ACCLIMATION AND ADAPTATION IN
THERMAL PERFORMANCE CURVES

™ SUNDAY 1 JULY 2018 ® 10:15
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22 species of Drosophila reared at a common
temperature. For 10 species we also measured these
traitsfollowingacclimation to different temperatures.
Usingthis datawetestassumptionsaboutthe evolution
andplasticity of TPCs. As expected, low temperature
tolerance varied strongly and predictably with
environmental origin of species and in response to
cold acclimation. This confirms the marked effect
ofadaptationandacclimation onthermaltolerance.
However, contrary toexpectation thebreadth of TPCs
issimilarintemperate, widespread and tropical species
andwealsofind thatplasticity of TPCsis verylimited.
Accordingly, thermaltolerancelimits areunder strong
selectionbythe extreme environmental conditionsthat
limits species persistence. In contrast, the temperature
range for optimal thermal performance is under
selectionbythe temperatures thatprevail during the
growingseasonand TPCsin Drosophila are therefore
morestableoverevolutionaryandecological spacethan
predicted by current theories.

AS18.5 CAN AN OXYGEN
PERSPECTIVE EXPLAIN THE
TEMPERATURE-SIZE RULE?

™ SUNDAY 1 JULY 2018 ® 10:30

@ JOHANNES OVERGAARD (AARHUS UNIVERSITY,
DENMARK), HEIDI J MACLEAN (AARHUS
UNIVERSITY, DENMARK), TORSTEN N KRISTENSEN
(AARHUS UNIVERSITY, DENMARK), JESPER G
S@RENSEN (AARHUS UNIVERSITY, DENMARK),
VOLKER LOESCHCKE (AARHUS UNIVERSITY,
DENMARK), KRISTIAN BEEDHOLM (AARHUS
UNIVERSITY, DENMARK), VANESSA KELLERMANN
(MONASH UNIVERSITY, AUSTRALIA)

@ JOHANNES.OVERGAARD@BIOS.AU.DK

Thermal performance curves (TPC) of ectotherms
areoftenusedtoinferspeciesresponsestochangesin
temperature, includinglong-termresponsestoclimate
change. Evensotherearestillmanyaspectsof TPC’s
thatarepoorly studied as only few empirical studies
haveinvestigated theories about the evolution, shape
andplasticity of TPCs. Textbook examples often show
temperate speciestohavebroaderthermal performance
curves and lower optimal temperature compared to
tropical species. Furthermore, theory predicts that
plasticity of TPCislargerinspeciesoriginating from
variable environments. Here we measure thermal
tolerance limits and TPCs of fitness components in

& WILCOCE P VERBERK (RADBOUD UNIVERSITY
NIJMEGEN, NETHERLANDS), NATAN HOEFNAGEL
(RADBOUD UNIVERSITY NIJMEGEN, NETHERLANDS)

@ WILCO@AQUATICECOLOGY.NL

Bergmann noted that animal species from colder
habitats (high latitude or altitude) tend to be larger
thancloselyrelated specieslivingin warmerhabitats
(lowlatitude oraltitude). These Bergmann’sclinesare
mirroredby thermalresponsesinbody sizewhenrearing
ectothermsinthelaboratory:temperature stimulates
juvenile growth, but decreasesadult size, resultingin
animalsgrowingfasterbuttoasmallersize. Themajority
ofectotherms follow this temperature-sizerule,and
many physiological and evolutionary mechanisms
havebeen proposed to explain the temperature-size
rule. A promising idea that is gaining traction in the
literatureis thatan oxygen perspective may be helpful
forunderstandinghowthermalresponsesin growth,
developmentandbody sizearelinked. Adequate supply
of oxygen could be a prerequisite foranimals to grow
to a large body size even under warmer conditions.
Here I discuss this idea in light of recent laboratory
experiments ontwo crustaceanspeciesand published
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studies that compareresponsesacrosslatitudinaland
altitudinal clines. Unravelling the physiological basis for
the TSRmayalsoshedlight onBergman’scline.

AS18.6 THERMAL PERFORMANCE
ACROSS LEVELS OF BIOLOGICAL
COMPLEXITY

™ SUNDAY 1 JULY 2018 ©® 11:15

& ENRICO L REZENDE (CENTRE OF APPLIED
ECOLOGY AND SUSTAINABILITY (CAPES),
PONTIFICAL CATHOLIC UNIVERSITY OF CHILE,
CHILE), FRANCISCO BOZINOVIC (CENTRE
OF APPLIED ECOLOGY AND SUSTAINABILITY
(CAPES), PONTIFICAL CATHOLIC UNIVERSITY
OF CHILE, CHILE)

@ ENRICO.REZENDE@GMAIL.COM

Forecasting which lineages and ecosystems are
vulnerable or resilient to ongoing global climate
changeremainsacrucial challenge. Therelationship
between environmental temperatureand performance
among ectotherms, orthermal performance curve, is
currentlyusedasabaseline toexamine theresponse
of organisms under scenarios of global warming.
Unfortunately, predictions ignore the confounding
effects ofincreasing complexity asbiologicallevels of
organisationincrease: whereasmeasurements often
focus on performance at the level of the organism,
responsesinvolve demographicprocessesotherthan
survival thatare expressedatthepopulationlevelor
higher. Wedevelopedanintegrative analysistostudy
ifthermal performance curves vary predictably across
levels of biological complexity, and show that this
isindeed the case. We discuss how this observation
mightimpacttheirputativeuseasanindicator ofthe
effect of global warming on organisms along geographic
gradients.

FundedbyaFONDECYT grant1170017toELRand
aCAPESFB0002-2014 granttoFB.
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AS18.7 DIVERSITY OF MARINE
HYPOXIA TRAITS: IMPLICATIONS FOR
BIODIVERSITY AND EXTINCTION

™ SUNDAY 1 JULY 2018 ©® 11:35

@ CURTIS DEUTSCH (UNIVERSITY OF WASHINGTON,
UNITED STATES), JUSTIN PENN (UNIVERSITY
OF WASHINGTON, UNITED STATES), BRAD SEIBEL
(UNIVERSITY OF SOUTH FLORIDA, UNITED STATES)

@ CDEUTSCHeUW.EDU

The role of climate in shaping species habitats is
mediatedbyavariety of physiological and ecological
traits. Herewe analyse threetraitsregulating aerobic
habitatof marine animals: the physiological oxygen
tolerance, its sensitivity to temperature, and the
factorbywhichresting O.demandis elevated by the
energeticrequirement forecological activity. Across
>70 diverse species, hypoxia vulnerability varies
widely, andis showntoarise from coupled variations
in Oz supply and demand. Despite this physiological
diversity, species from disparate ocean environments
all currently encounter a lower limit of Oz supply to
demand (Metabolic Index) whosedistribution of values
isindistinguishable fromthe active toresting energetic
ratios of terrestrial animals. Theseresults extend and
strengthen previous findings that the geographic
range of marine speciesislimitedinpartbyenergetic
requirements common toalllife.

AS18.8 POPULATION VULNERABILITY
TO OCEAN WARMING ACROSS
LATITUDINAL GRADIENTS

™ SUNDAY 1 JULY 2018 ©® 11:55

& SCOTT BENNETT (MEDITERRANEAN INSTITUTE OF
ADVANCED STUDIES (IMEDEA), SPAIN), FRANGOIS
DUFOIS (UWA OCEANS INSTITUTE, UNIVERSITY OF
WESTERN AUSTRALIA, AUSTRALIA), AMANDA BATES
(OCEAN SCIENCES CENTRE MEMORIAL UNIVERSITY,
CANADA), GRAHAM J EDGAR (INSTITUTE FOR
MARINE AND ANTARCTIC STUDIES, UNIVERSITY
OF TASMANIA, AUSTRALIA), RICK D STUART-
SMITH (INSTITUTE FOR MARINE AND ANTARCTIC
STUDIES, UNIVERSITY OF TASMANIA,
AUSTRALIA), THOMAS WERNBERG (SCHOOL OF
BIOLOGICAL SCIENCES, UWA OCEANS INSTITUTE,
UNIVERSITY OF WESTERN AUSTRALIA, AUSTRALIA)
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@ SBENNETT@IMEDEA.UIB-CSIC.ES

Global projections of the biologicalimpactsof climate
changehave primarily considered that thermalniches
remain constantacrossaspeciesrange, overlooking
important variation in adaptive capacity among
populations, with major implications for predicting
warming vulnerability. Here we estimate warming
vulnerability for coastalmarine communitiesacrossthe
globe, capturingthe full spectrumoflocal physiological
adaptability that may exist among species within
a community. We identify several global hot-spots
and safe-spots of climate change vulnerability for
marine communities and highlight many coastal
areas where populations with locally-adapted and
conserved thermalnichesdisplay stark differencesin
climate changevulnerability. These findings highlight
important variationinwarming vulnerability within
andamongbiological communitiesacrosslatitudinal
gradients,enhancingour capacitytoanticipateclimate
change impacts and identify areas of management
priority fromlocal toglobalscales.

AS18.9 HOW TO MEASURE INSECT
HEAT TOLERANCE: UNIFYING STATIC
AND DYNAMIC ASSAYS

M SUNDAY 1 JULY 2018 ® 12:15

@ LISABJORGENSEN (AARHUS UNIVERSITY,
DENMARK), HANS MALTE (AARHUS UNIVERSITY,
DENMARK), JOHANNES OVERGAARD (AARHUS
UNIVERSITY, DENMARK)

@ LISA.B.JOERGENSEN@GMAIL.COM

Temperatureisone ofthemostimportantdeterminants
of speciesdistribution and climate change willlikely
affect future distributions of many species. Prediction
of such distributional changes calls for simple and
comparablemeasures ofheat tolerance that correlate
withspeciesperformancein theirnaturalenvironments.
Arecentmodel (thermal tolerancelandscapes—TTLs)
usestheexponentialrelationbetweentemperatureand
knockdown time todescribe the thermal tolerance of
ectothermsindifferent time/temperatureintervals.
TTLsthereforeallowforparametrisation of the complex
interaction between absolute temperature (i.e. heat
stressintensity) and duration ofheat exposure across
arange of stressful temperatures. Previous analyses
of TTLshavereported an apparent trade-offbetween
tolerancetoacuteand chronicheatstressinectotherms.
However, this trade-off may represent an inherent
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property of the model, rather than a true biological
phenomenon. Totest the “ecological applicability” of
TTLsandexamine theapparent trade-off, wemeasured
knockdown time at 9-17 static temperatures (0.5°C
intervals)toestablish TTLsfor 11 species of Drosophila
representing different thermal ecotypes. Additionally,
we measured knockdown temperature during three
dynamic assays (heating flies with different ramp
rates). Withthisdatawe showthatstaticand dynamic
assays give comparableinformationonheattolerance.
Wealsoshowthatbothdynamicandstaticmeasuresof
heattolerance correlate tightlywith the environmental
characteristics encountered by the 11 species. Finally,
ourdataclearlydemonstratesthattrade-offsbetween
chronic and acute tolerance are absent within and
between specieswhenthedataisanalysedusingcurve
interpolation.

AS18.10 WATER DEPTH AND
CONTRASTING CORRELATIONS AMONG
METABOLIC SCALING, METABOLIC
LEVEL AND BODY SHAPE CHANGE:
CEPHALOPODS VERSUS TELEOST FISH

™ SUNDAY 1 JULY 2018 ©® 12:30

& DAVID ATKINSON (UNIVERSITY OF LIVERPOOL,
UNITED KINGDOM), HANRONG TAN (QUEEN MARY
UNIVERSITY OF LONDON, UNITED KINGDOM),
DOUGLAS S GLAZIER (JUNIATA COLLEGE, UNITED
STATES), ANDREW G HIRST (UNIVERSITY OF
LIVERPOOL, UNITED KINGDOM)

@ DAVIDA@LIVERPOOL.AC.UK

Biological power drives many ecological processes,and
commonlyscaleswithbodymass withanexponent (bg)
between2/3and 1forreasonsstilldebated. According
to the ‘Metabolic-Level Boundaries Hypothesis’, br
varies systematically,depending on metaboliclevel
(Lr).Likemanyanimals, cephalopods and teleostfish
fromshallow sunlit waters are generally more energetic
(haveahigher ‘metaboliclevel’) thanbenthicspecies
andthosefromgreaterwater depths. However, we show
that,in contrasttoteleostfish, which showanegative
correlationbetweenbr and Lz, cephalopod br during
ontogeny correlates positively across species with
notonly L, but also the degree to which estimated
body surface area increases with mass. The most
active epipelagiccephalopod species maintainnearly
constantmass-specificrates ofnotjustmetabolism, but
alsogrowthandprobably cutaneous material exchange
throughout their lives. The contrasting metabolic
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scaling of cephalopods and fish can be explained by
combining body shape-shifting with costs and size-
scaling of growth andlocomotion, adapted todifferent
mortality and energetic pressures. Thus, ratherthan
emphasisinguniversal metabolicscaling, weillustrate
how differencesin lifestyle, growth and body shape
with changing water depth may be used to predict
contrastingmetabolic scaling, even for similar-sized
coexistinganimals.

AS18.11 THERE MAY BE GIANTS
- BUT WHY? TESTING THE OXYGEN
HYPOTHESIS OF GIGANTISM WITH
AMPHIPOD CRUSTACEANS

™ SUNDAY 1 JULY 2018 © 13:40

& JOHN SPICER (UNIVERSITY OF PLYMOUTH, UNITED
KINGDOM), SIMON MORLEY (BRITISH ANTARCTIC
SURVEY, UNITED KINGDOM)

AdaptationtothePolaroceanshasledtotheevolution
of unique physiological traits to cope with life in
the constant cold, where metabolic rates are low.
The paradigm states that body size of polar marine
ectotherms can be bigger than in warmer or lower
oxygen environments. The resultant expectations
arethat: 1)large specieswillhave poorphysiological
capacityunderlow oxygenand 2) larger species and
individualswillbemore susceptible to oxygenlimitation
underwarming. Totest these hypotheses, the oxygen
consumption of 3 species of Antarctic amphipod,
collected at Rothera research station (67°S), was
investigatedin closedcellrespirometers. Paracerodocus
miersi(30-40mm), Prostabbingiabrevicornis (20mm)
andP. gracilis (15mm) alllivein hollows underneath
rocks. The swimming speeds of two of these species, P.
miersiand P.brevicornis, were tested at temperatures
rangingbetween0and 9°C.P.miersiisan oxyconformer;
its oxygen consumption fell with ambient oxygen
concentration and it did not alter its ventilation
rate. This species alsomaintained the same speed of
locomotionbetween0and 9°C. P.brevicornismaintained
constant oxygen consumption from 100to40% of air
saturation with increased ventilation rate, possibly
assistedbyits extra-branchial surfaces. The swimming
speedof P.brevicornisincreasedup to 3°Cbutdroppedat
highertemperatures. P. graciliswasintermediatetothe
twootheramphipods. The differencesbetweenthese
speciessuggestthatmixed strategieshave evolvedin
responsetooxygenavailabilityin polarwaters.
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AS18.12 MACROPHYSIOLOGY
INFORMS CONSERVATION FOR
WIDESPREAD SPECIES

™ SUNDAY 1 JULY 2018 ® 14:00

& CHRISTINE E COOPER (CURTIN UNIVERSITY,
AUSTRALIA), PHILIP C WITHERS (UNIVERSITY
OF WESTERN AUSTRALIA, AUSTRALIA), SUZY
MUNNS (JAMES COOK UNIVERSITY, AUSTRALIA),
FRITZ GEISER (UNIVERSITY OF NEW ENGLAND,
AUSTRALIA), WILLIAM A BUTTEMER (UNIVERSITY
OF WOLLONGONG, AUSTRALIA)

@ C.COOPER@CURTIN.EDU.AU

A fundamental goal of comparative physiology is
to determine how variation in physiological traits
differs spatially both between and within species.
Macro-physiological studies have commonly focused
onbroadinter-specificcomparisons, butrecognition
of lower-taxonomic-level physiological variation is
gaining prominence. Identifyingintraspecificvariation
in physiological traits is pertinent to conservation
physiology. Conservation translocationswouldbenefit
from quantitative appraisal of howthe physiology of
source populations differs, and how this relates to
differencesinhabitatand climate variables. Here we
explore geographicvariationin the physiology ofthe
brushtail possum (Trichosurus). Thiswidely distributed
marsupial is involved in numerous translocation
programmes, particularlyin Australia’s arid zone. We
foundsignificant geographical patternsinmetabolism,
bodytemperature, thermal conductance, evaporative
waterlossandrelative water economy, with possums
fromwarmer, drier habitatshavingmore frugalenergy
andwateruse, reduced environmental heat gain,and
increasedcapacityforheatlossathightemperatures.
Wesuggest thatthe sub-species T. vulpecula hypoleucus
from Western Australiawould be most physiologically
appropriate fortranslocationtoarid habitats, having
physiological traits most favourable for the low
productivity,low and variable water availability and
extreme T, of arid environments. Our data indicates
that geographically widespread populations can
differ physiologically in a manner that makes some
populations more suitable for particular habitats
than others. Consideration of these differences will
likely improve the success and welfare outcomes
of translocation, reintroduction and management
programmes.
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AS18.13 GENETIC BASIS FOR ACUTE
THERMOTOLERANCE IN THE MUSSEL
PERNA CANALICULUS DISTRIBUTED
ACROSS A WIDE LATITUDINAL RANGE

M SUNDAY 1 JULY 2018 © 14:15
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AS18.14 THERMAL ACCLIMATION
STRATEGIES OF REEF-BUILDING
CORALS ALONG A LATITUDINAL
GRADIENT ON THE GREAT BARRIER REEF

™ SUNDAY 1 JuLY 2018 © 14:30

@ NORMAN L C RAGG (CAWTHRON INSTITUTE, NEW
ZEALAND), BRENDON J DUNPHY (UNIVERSITY OF
AUCKLAND, NEW ZEALAND), MELLANIE G COLLINGS
(UNIVERSITY OF AUCKLAND, NEW ZEALAND), ELLIE
WATTS (CAWTHRON INSTITUTE, NEW ZEALAND),
KATHY RUGGIERO (UNIVERSITY OF AUCKLAND,

NEW ZEALAND), FRITZ GEISER (UNIVERSITY OF
NEW ENGLAND, AUSTRALIA), WILLIAM A BUTTEMER
(UNIVERSITY OF WOLLONGONG, AUSTRALIA)

@ NORMAN.RAGG@CAWTHRON.ORG.NZ

The Greenshell mussel, Perna canaliculus, is found
in shallow seas along the entire latitudinal range of
New Zealand (34-48°S). Populations are therefore
exposedtoabroadrange of geographically-influenced
temperatures. Ocean warming and increasingly
dramatic ENSO events have led to concerns for the
future of thiskeystone species thatalso supports New
Zealand’slargestaquacultureindustry. The potential
for genetic adaptation to local thermal conditions
associated withlatitude wasexploredinpelagicveliger
larvae, representingarguably themost vulnerablelife
stage. Full-sibling F2 larvae of populations sourced
fromD’UrvilleIsland (40°41’S,~18.5°C mean summer
maximum), Banks Peninsula (43°50’S, ~16.0°C) and
Stewart Island (47°10’S, ~13°C) were sourced from
CawthronInstitute’sselective breeding programmeand
exposedto3hheatchallenge. Thetemperature predicted
tokill50% of thelarvae (LTso-sn) was not significantly
influenced by origin (33.0-34.0°C).In contrast, LTso-3
waslowerin F2adultsand found tobeundersignificant
genetic control, with full-sibfamily LTsos: ranging from
28.9+0.3°Ct0 31.8+0.2°C, following assessment of a
cohortof43families. A 1hpre-stressat29°C 24h before
challengealsorevealed some phenotypicplasticityin
adults,demonstratedbya1.6to2.4°Cincreaseinmean
LTsosn of summer- and winter-acclimated animals,
respectively. Metabolomic profiling showed moribund
musselsaccumulated succinicacidandhadreduced
GABAergic synapse activity; mitigation of these
changesfollowingpre-stressimplyadelaytotheonset
onanaerobiosis. Larvalresilience plusadaptationand
acclimationpotentialamongadults suggeststhatthis
species will tolerate acute temperature challenges
associated withnear-future environmental changes.

& SASKIA JURRIAANS (JAMES COOK UNIVERSITY,
AUSTRALIA), MIA O HOOGENBOOM (JAMES COOK
UNIVERSITY, AUSTRALIA)

@ SASKIA.JURRIAANS@MY.JCU.EDU.AU

To cope with spatial and temporal thermal
heterogeneity, species have evolved different
thermal strategies. Forinstance, species with broad
spatialdistributions maybe thermal generalists that
perform well across a broad range of temperatures,
or subpopulations are formed within homogeneous
patchesofthethermal environmentthatare thermal
specialists withahighermaximal performance. Here
we quantified the variation in thermal performance
alongalatitudinal temperature gradient on the Great
Barrier Reefof two coral species with broad geographic
distributions. The performance ofathermally tolerant
coral species, Porites cylindrica, was compared with
that of a thermally sensitive coral species, Acropora
sp., at Lizard Island (northern GBR, 14°S), Orpheus
Island (central GBR, 18°S) and HeronIsland (southern
GBR, 23°S).Several physiological performance traits
weremeasured on coral fragmentsexposed toanacute
temperature increase and decrease up to 5°C above
and below the local environmental temperature.
Resultsshowed that there was geographicvariation
inthe performance curvesforall physiological traits of
bothspecies,indicating that these species areplastic
thermalspecialists. However, the optimal temperature
forperformance was generallywellbelow the average
temperature of the local environment, suggesting
thatthe capacity forthermalacclimation of the coral
populationswas constrainedresultingin suboptimal
performance. Yet, significant within-population
variability showed that some colonies were coping
betterwith high temperatures,indicating thatsome
individualmay bettertolerate heat stressfromocean
warming. Thesefindings may contribute toimprove our
understanding oftraits thatfacilitate coralresilience.
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AS18.15 THE EGG STAGE DRIVES
LIFE CYCLE ADAPTATION TO CLIMATE
IN THE WIDELY DISTRIBUTED
MATCHSTICK GRASSHOPPERS
(VANDIEMENELLA AND WARRAMABA,
ORTHOPTERA: MORABIDAE)

™ SUNDAY 1 JuLY 2018 © 14:45
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Life cycles mediate the responses of insects to
variableand changingclimates. Life cycles of widely
distributedinsectsmaybe adaptedtolocal climatesat
theeggstagebecauseeggsareimmobileandrelianton
environmental conditions to develop. Variationinlife
cyclesmaybe generatedbyvariationinenvironments,in
developmentalresponses, orthrough theirinteraction.
Teasing these causal factors apart requires an
understanding the consequences ofthe egg stage for
lifecyclesundervariable climates. Here, we examine
genetic, phenotypic and environmental sources of
variationinthethermalresponse of egg development
withinand amongmatchstick grasshoppers (austral
winter active Vandiemenella and summer active
Warramaba). Matchstick grasshoppers are widely
distributed, have a simple univoltinelife cycle driven
bytheeggstage,areflightless,and have wellunderstood
phylogenetic relationships. We characterised the
thermalresponse ofeggdevelopment withinandamong
speciesandlineagesofthesetwogeneraandtested for
localadaptationineggdevelopment. Weusethedata
toparameterise a microclimate-driven model of egg
developmenttoexamine the adaptive significance of
eggdevelopmentbetween environments. Matchstick
grasshoppers showed remarkable diversity at the
egg stage, primarily in the expression of dormancy.
Interactionsbetween such developmental variation
and local environmental temperatures generated
thediversity oflife cycle syndromes expressed. This
diversity of life cycles highlights the potent role of
adaptationattheeggstage forwidelydistributedinsects
underavariableclimate.
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AS18.16 PLASTICITY OF UPPER
CRITICAL LIMITS IN THE EELGRASS
SEA HARE, PHYLLAPLYSIA TAYLORI,
NOT CORRELATED WITH HABITAT
THERMAL HISTORY

M SUNDAY 1 JULY 2018
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ARMSTRONG (CENTRE NATIONAL DE SEQUENCAGE,
FRANCE), JONATHON H STILLMAN (UNIVERSITY
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Intertidalmollusks are subject to extreme temperature
changeswhenlowtides expose these nearly-sessile
invertebrates to air on extremely hot or cold days.
Local weather or microclimate causes variation in
the frequency and severity of exposure to extreme
temperatures across populations. Furthermore,
climate changeis expected toincrease the magnitude
andfrequency of thermal extremes. Populationand
individualresponsestovariationinthermalmeans
and extremes can be through long-term genetic or
short-termplasticmechanisms. Weinvestigated short-
termplasticityin multiple populations of the direct-
developingseahare, Phyllaplysia taylori, to determine
whether differences in microclimate influenced
acclimation capacity. P. tayloriwere collected along
thewestern US coastfrom Ocean Shores, WA to Morro
Bay, CAandacclimated towinter, summer, and future
summer temperatures. Critical thermal maxima,
regardless of acclimation temperature, were well
aboveaveragehabitattemperaturesacrossallhabitats,
even when considering average daily variation in
habitat temperature (CTmax ranged from 24-35°C,
average=30.1+0.2°C; average habitat temperature
ranged from 12-20°C, average=21+0.8°C). Intraspecific
variationin CTmax inthis species was onthehighend
of valuesreportedin theliterature and was correlated
with average habitat temperatures and average
dailyvariationin these temperatures experienced by
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populations, although the plasticity of this traitwas
not. This suggeststhat the plasticity ofupper critical
limits is not driven by habitat thermal history, and
thereforemaynotbe under positive selection.

AS18.17 DIVERGENT MELANISM
STRATEGIES IN ANDEAN BUTTERFLY
COMMUNITIES STRUCTURE DIVERSITY
PATTERNS AND CLIMATE RESPONSES

™ SUNDAY 1 JULY 2018
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Distribution of speciesresult fromthe combination of
environmental exposure and sensitivity. Onekey trait
indeciphering speciesresponsesto environmentis
color. Thethermalmelanismhypothesis (TMH) states
thatectotherms would benefit from dark coloration
in environments with low temperatures and that
it would result in altitudinal and latitudinal clines
in coloration. We used a long-term data set on two
prominentbutterfly genera Catastictaand Leptophobia
forwhich werecompiled community assemblies across
elevationin the Ecuadorian Andes based on colour
lightness, species-specificheatingrateand maximum
temperature (under experimental solar exposure).
We showthat the two generaassembleaccordingto
their colour lightness across elevation but exhibit
opposite strategies to achieve it —ones are getting
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darkerandthe others are gettinglighter with altitude
—andopposite pigmentation configurationsbetween
theirbody and body + wings. However, they seemto
achieve comparable thermoregulation, assessed via
theirheatingratesunder experimental solar exposure.
We found that the elevational patterns of traits in
Catastictaremained after correction for phylogeny
but not in Leptophobia. These biogeographic trait
patterns correspond strikingly with the distribution
of montane cloud forests, where habitat fragmentation
andlossof cloud cover dueto climate change arelikely
toresultinincreased exposuretosolarradiationand
haveimportant consequencesforthevulnerabilityand
distribution of these diverse montane communities.

AS18.18 LATITUDINAL AND
ALTITUDINAL VARIATION IN BLOOD
GLUCOSE LEVELS IN SONGBIRDS
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Glucose is one of the major energetic substrates
circulating in vertebrate blood mainly fuelling
intense short-termactivities and thermoregulation.
Wehave foundrecently thatbaselineblood glucose
level correlates negatively with body mass and
positivelywithreproductive output, suggestingits
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coevolutionwithlife histories. Asbothlife histories
and thermoregulatory demands are known to vary
acrosslatitude and altitude, we here tested whether
correspondingvariation existsinbaselineandstress
blood glucose levels. To this end, we captured 488
and 602 individuals of 40 European and 51 African
songbird species, respectively,and measured blood
glucose concentration within 3 (baseline; Go ) and
after 30 minutes (stress; G30) from the capture. Using
phylogenetic MCMC GLMM models withindividual
measurements, we found that tropicallowland species
(272individuals of 22 species) had significantly lower
Gocompared to temperate songbirds, attesting to their
slow pace oflife. Although not significant, tropical
lowland species tended tohave moreintense glucose
stressresponse, resultinginnoassociationbetween
Gsoandlatitude. Inthe tropics, altitude was positively
correlated with Go, butnotwith the stressresponse
intensity suggesting higher energy demands of
thermoregulation and/or faster pace oflifein higher
altitudes. Insummary, our datashowbothlatitudinal
and altitudinal variation in blood glucose with the
lowest concentrations found in tropical lowland
species. The results suggest that this variation is
primarily due to thevariationin Go. Thelow costsand
the ease ofblood glucose measurementrendersita
promisingtool for the macrophysiologicalresearch.

AS18.19 WARM ADAPTATION
TRADES-OFF AGAINST HEAT
TOLERANCE PLASTICITY IN
INTERTIDAL NUDIBRANCH MOLLUSCS

™ SUNDAY 1 JULY 2018
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JONATHON H STILLMAN (UNIVERSITY OF
CALIFORNIA BERKELEY, UNITED STATES)
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Rapid ocean warming may alter habitat suitability
formarine ectotherms and susceptibility to thermal
perturbationswill dependin partonaspecies’relative
ability toplastically adjustits upper thermal limits
of performance. However, we currently lack data
regarding heat tolerance and tolerance plasticity
for severalmajor marine taxaincludingnudibranch
molluscs. We investigated heat tolerance limits
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(CTwmax), heattolerance plasticity (acclimationresponse
ratio), thermal safety margins (TSMs), temperature
sensitivity of metabolism (Q10), and metabolic cost
of heat-shock in nine species of nudibranchs from
severalsitesalongthenortheastern Pacific coast of
Californiain ordertodeterminerelative sensitivity to
future warming. Heat tolerance differed significantly
between species but not across latitudes within a
speciesandrangedfrom25.4+0.5°Ct032.2+1.8°C
(x-+SD). Heattoleranceplasticity (ARR) was generally
high (0.52+0.06,x-+ SE) and was strongly negatively
correlated withheattoleranceinaccordance with the
Trade-off Hypothesis ofthermal adaptation. Acute
metabolic costs of thermal challenge were low with
no significant alteration in respiration rate of any
species 1 h post-exposure to heat-shock. Thermal
safetymargins, calculated against maximumhabitat
temperatures, were negative for nearly all species
examined (-2.6 +1.1°C). From these data, we conclude
that warm-adaptation in intertidal nudibranchs
constrainsacclimatoryresponsestoacute thermal
challenge, thatwarm-adaptedspeciesarelikelymost
vulnerable to future warming, and that metabolic
recoveryisrapidafterheatshockinthese species.

AS18.20 ANT THERMAL TOLERANCES
UNDER CLIMATE, LAND COVER AND
LAND USE CHANGE
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Rapid ocean warming may alter habitat suitability
Thermal stress is a key issue for species dominant
within ecosystems especially those that carry out
key ecosystem serviceroles. Here we integrate the
observed phenotypicplasticity ofthe dominantand
ubigitousmeatant Iridomyrmex purpureusin critical
thermallimits across altitudinal,land coverandland
use gradientsto: (i) predict the adaptive capacity ofa
keyterrestrial ecosystem service provider to changes
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inclimate,land cover andland use, and (ii) assess the
ability of multiple uselandscapesto confer maximum
resilience to terrestrial biodiversity in the face of a
changingclimate. Theresearchwas carried outalong
a 270km aridity gradient in northern New South
Wales, Australia. When we assessed critical thermal
maximum temperatures (CTmax) of meat antsinrelation
tothe environmental variables, and within the model
wehad critical thermal minimums of meat ants (CTmin)
asarandomslopeand as afixed effect we detected a
negative aridity effect on CTmax, anegative effect of
land useintensity,andno overall correlation between
CTmaxand CTmin. We alsofound anegativerelationship
withwarmingtolerance of I. purpureus andlandscape
aridity. In conclusion, we expect toseeareductionin
thephysiologicalresilience of . purpureusasland use
intensityincreasesand astheclimate becomes more
arid. Meatantsarekeyecosystemengineersandasthey
areputundermorestress, wider ecologicalimplications
may occurifpopulations decline ordisappear.
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