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Abstract

1.Researcladdressinghe effects ofjlobal warming on the distributicand persistencef

speciegenerallyassumes thagtopulationvariation in thermal tolerance is spatially constant
or overridden by interspecific variation. Typically, thédionaleis implicit in sourcingone
critical thermal maximumQTmay) populationestimateperspeciedo modd spatiotemporal
crosstaxavariation in heat toleranc&heory suggests that such an approach could result in
biasedor impreciseestimates and forecastsiofpact from climatevarming, but Imited

empiricalevidence in support of thoggpectationgxists.

2.We experimentallyuantify the magnitudef intraspecificvariation inCTy,ax among lizard

populations,.and the extetatwhich incorporating such variabiligan alter estimates of
climate impacthrough a biophysical model. To do so, measureTmax from 59

populations of 13berian lizardspecieg304 individuals).

3. Theoverall mediarCTnax across all individualfrom all speciesvas 42.8 °C and ranged

from 40.5.t0.48.3 °Cwith species medians decreasing through xeric, clhgateralist and
mesic axa.. \\e found strongstatisticalsupport for intraspecific differentiation @Tyax by
up to a median of 3C among populations. We show that anmeatricted activity
(operativetemperature X T,y over the Iberian distribution of our study sped#ters by
a median.of > 80 hourser 25km? grid cell based on different populatidavel CTmax
estimatesThis discrepancyeadsto predictions olpatial variation irannualrestricted

activity to change by more th&® daydor six of the studyspecies.

4.Considefing that during restriction periodsptilesshould be unable to feed areproduce

currentprojectionsof climatechangampactson the fitness of ectotherm fauna could be
under- or oveestimatediepending onvhich populatioris chosen to represat the
physiological,spectra dhe speciesn questionMapping heat tolerancarer thefull
geographical ranges of single spedgethuscritical to address crodsxa patterns and

driversof-heat'tolerance abiologicallycomprehensivevay.

This article is protected by copyright. All rights reserved



66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100

Abstract (Spanish version)
1.Enmacroecologia, cuando se evaltan los efectos del calentamiento global erblacthsty
persistencia de lasspecies, generalmente se asume que la tolerancia térmica entre poblaciones es
constante a lo largo de la distribucionlae especie® despreciable en comparacién con su
variacion interespecificdal planteamient@simplicito cuando se utilizal maximo critico
termal CTnay de una poblaciopor especie para modelar la variacion espaigporal de la
tolerancia termat¢ntre especieJeoricamentegstopuedesesgan afiadir imprecision elas
estimaciones_ y proyecciones de impgmo elcalentamiento asociado al cambio global, pero
evidenciaempirica de tales previsiones es limitada
2.Cuantificamos éxperimentalmengemagnitud de la variacidntraespecificeenCTnyax entre
poblaciones deslagartijas, y hasta qué punto la incorporacién de esta variabilidad puede alterar la
evaluacion del impacto del clinzatravés de un modelo biofisico. Para ello, medim@Iglien
59 poblaciones de 15 especies de lagartijas ibéricas (304 individuos).
3.La medianaggeneral deCTnax fue 42.8 °Gentre todos los individuos de todas las espgegieario
desde 40.5 hasta:48.3 t@ientras quéas medianas paspeciedecrecierorde taxons de
habitats secosmpasando por generalistas, hasta taxones de habitats hUmedos. Engontramos
fuerte apoyo estadistigmra & diferenciacion intraespecifica d&l.x de hasta d8 °C
(mediana)kentre poblacioneddostramos que la actividad restringida anteinperaura operativa
> CTmax entla.distribucion ibérica dad especies dsstudio difrio en > 80 horas parelda
espacial d@5=KiT (mediana) en funcién d€lTmax poblacional Esta discrepancieonduce ajue
las prediccionedela variacién espaal de la actividad restringida anwhifieran enmas de 20
dias en seis de las especies investigadas.
4.Teniendo en.cuenta gderante los periodos de restriccion, los repslasincapaces de
alimentarse y.repraducirse, las proyecciones actuales de impactos del cambio climético sobre el
fitnessde la faunarectotérmica pueden infoasobreestimarse dependiendo de la poblacién elegida
para represeaanelespectro fisiolégico dmda especi€artografiar la tolerancia termal sobre el
rango geografico'conhgto de especies individuales por lo tanto cruciagntes deue podamos
examinar patronesyy mecanismos de variacion entre multiples especies de una manera

biolégicamente comprensiva.

INTRODUCTION

The response of individuals to climate warming and, ultimately, the combined eifiects
populations and specidgs mediated through interactions between physiology and behaviour
(Portner & Farrell 20085Somero 2012Sundayet al. 2014). Organisms eat, move and reproduce

within a thermal window bounded by their thermal tolerance, or perforntiamtg® generally
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known as critical thermal maximufCTya,) andminimum CTyin) (Cowles & Bogert 1944Huey

& Stevenson 1979)When enironmental temperatures are at or around critical limits, biological
activity is constrained and, if temperature extremes are prolonged, they might compromise
individual and population survival (Somero 2QClarke 2014). The policy consequences of these
interactions, in the context of both impacts and adaptation, havestressedy the
Intergovernmental Pahen Climate Changm its Fifth Assessment Repoft..surpassing
temperature thresholds means going into timméted tolerance, and more extreme temperature
changes lead to exceedance of thresholds that cause metabolic disturbances andyutimsatedf
cell damageé (Field et al. 2014).

Thermal metrics, including upp#rermallimits, have been documentéat manyspecies
and compiled into‘globalatabaseBennettet al. 2018).Collectively, these data constitute a
valuable resourctor researctaimingatdetermining howelinesin thermal tolerancenight affect
biotic responsg to local, regional and global environmental chamgpai{schet al. 2008 Angilletta
2009 Sunday, Bates & Dulvy 2012; we review examples focusing on climate change in Table S1).
For instance, conservatism ©f . impliesthat many species might have exhausted the
evolutionary poteiigl for developing further tolerance to climatarming @radjoet al. 2013
Grigg & Buckley 2013Hoffmann, Chown & Clusella-Trullas 2013 nd extinction risk due to
increased temperatures is expected to peak in the tropics because tropicakspetiesbeloser
to their upperthermal limits than temperspeciegDeutschet al. 2008 Sunday, Bates & Dulvy
2010 Gunderson & Stillman 2015%uchresearch is based on sizeable datasgigally collated
from multiple primaryliterature sourcesyherebythethermal tolerance of individual species is
most often characta@d based on one populatigfg. 1). Theapproach idasedon the implicit
working assumption that interspecific variation is larger than intraspeg@ifiationor, theleast,
that variationlamong populations issuaall ago have negligible impact on overall patterns.
Invariably, a potentially large source of physiological variatibthe species levehs beeto date
rarely consideredoforecastiologicalresponses to environmental chaifgelladareset al. 2014,
see below This‘aspecis important becausspatial mosaics of thermal tolerance might reduce the
vulnerability of species to climate warmirgpnsequenthaltering estimates of impact and plans for
conservation and management (Sears, Raskin & Angillettg Baithraneet al. 2015a).

Thedthermal performance species along environmental gradiaatexpected twary
considerably across both altitude and latitude and might incioiigenic and evolutionary
componentsCGlusellaTrullas & Chown 2014Sinclairet al.2016). Theoretical developments have
demonstratethatincorporatingntraspecific variability in lifehistory traitsinto modelling could
substantiallymproveforecastsof how species ranges might respond to environmental shifts such as

climate changé¢Valladareset al. 2014 Ikedaet al. 2017). This has been corroborate@ fiew
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applied studies, particularly with plariBenito Garzoret al. 2011 Cochraneet al. 2015h Smithet

al. 2017),andincluding thermal traiten ectothermsuch asnsects(Lancaster 2016)eptiles
(Artachoet al.2017) and amphibians (Kolbe, Kearney & Shine 2010). Howétter effort has

been made tquantify the magnitude, and thieely predictiveimportanceof populationdifferences

in CTmax for multiple speciegn a common biogeographical context. ddress this issyae

guantify intaspecific variabilityin CTnyax acrosss9 populations of 15 species of Iberian lizards, and
determine the extent to which amepgpulationvariability is likely tomodify forecasts and

predictions of annuakstricted activitywhen environmental temperagsrexcee@Tyax

MATERIALS AND METHODS

Sampling

Through spring/and summer 2013 and 2014, we sampled 304 adult males from 59 populations and
15 Iberian species of lacertid lizards (TableQur study populations comprised wide- and
restrictedrangestaxar(ine endemic to the Iberian Peninsula) covering all of the major climatic
regions through Spain and Portudaily S1and S2. Given thesubstantiasampling effort

involved, sampling was tailored to cover a grid of localities maximizing specig®ess,

minimizing travelled distancesée sampling maip Fig. S2), and capturing in most cases more than

50 % of the length of the climate gradient occupied by each species in the Iberian Peninsula
(climate gradientsireconstructed in Fig. S3).

Individuals were aught by noosing. We sampled 2 to 5 populations per species (median = 4
populations per species with 90% interquantile ranges of [3, 5]), and 3 to 10 males pdiquopula
(Table 1) The formetintrapopulatiorsample size is within the range of that usechany studies of
lizard thermalstolerancée.g.,Beal, Lattanzio & Miles 2034Vlufiozet al. 2016). However, &
assessed optimalsample dizan six datasets including populati@ily.x from 8 to 25 adult
lizards from the Americas, Asia and Europtuéing & Tu 2008Mufiozet al. 2014 Buckley,
Ehrenberger & Angilletta 201#ndrango, Sette & Torres-Carvajal 2QBglaseret al. 2016; and
unpublished datapnd concludethata sample size of 3 malsbouldaccuratelycapture the mean

populationCTnax estimated from larger population sizéslple S2Fig. S4 to S7).

CT max €stimation

To minimize localambient effects prior t€Tmax €stimation, allizardswere houseat 25 °C (8:00-
18:00 hours, lights-on) and 15 °C (18:00-8:00 hours, lights-off) for 14 days. Throughout, lizards
were lept individuallyin terrarialayered wih coconut fibre and a ceramic brick for shelter. We fed
lizards daily with house cricketé&¢heta domesticliisand provided them daily with spring water in
a Petri dish. Following #formeracclimation period, we determin€@I,ax through the ‘dynamic

This article is protected by copyright. All rights reserved



171 method’ after Lutterschmidt and Hutchison (19@8)follows. We insertka thermocouple some 1
172 to 2 cm (depending on body size) into the cloaca of each lizard — to avoid internal damage, the
173 thermocouple was covered with pure vaseline and the apical sensor was rounded witte arop
174  of dry nail polish. The thermocouple svavired to a HF25TC Omega Thermometer via a dong

175  cable made up of flexible polytetrafluoroethylene. For each lizard, we fasten&ccafstrip of

176  parafilm that immobilized the distal part of the cable (equipped with the thermocouple) ventrally
177  against the cloacal'and genital area. Thereafter, lizards were kept some 30 cm frdigha lesdp,
178  and body temperatures were ramped up%2tx min™’. Throughout each trial, we monitored body
179 temperature and behaviour, and ultimately estim@iBglx as thecloacal temperature at which a
180 lizard lost its righting responseytterschmidt & Hutchison 1997Ramping rates affe@Trax

181  estimation(Terblancheet al. 2007, sowe controlled fothis factor by using a single rate across all
182  individuals examinedmmediately after thermal shocks, we immersed lizards down to their necks
183  in a bath of cool.water to prevent physiological/physical danthgegafteproviding water and

184  foodadlibitum to all individuals for up to five consecutive days following the da@ Bfax

185  estimation. We-released all individuals at their point of capture.

186

187 Modelling

188  Linear model: local versus regional effects @hfimax

189  We ranked statistical support for two modii®ugh the Akaike’s information criterion adjusted to
190 finite sample’SizéSugiura 1978), using model probabiliti®sAC., which are scaledto a0 to 1

191 interval), and evidence ratios wAIC . of the firstranked model to th&AIC . of the other model

192  (Burnham & Anderson 200Q2For each species separatehg thodel set contrasted the hypothesis
193  thatCTnax variesaecording to the geographic location of populai@ocality effect: CTpax ~ loC,

194 i.e.,a unique intercept or me&nax for eachpopulation, withoc being a categorical variable

195  coding for populationdentity) against the alternativ@ull) hypothesighat CTrax is homogeneous
196  acrossall populations studied (regi@ifect: CThax~ 1, i.€., a unique intercept areanCTmax

197  acrossall populationswithin a species Throughoutwe assumed Gaussianas (corroborated in
198 the saturatedhodel [CTmax~ loc] by means of Q-Q and fit-versussidual ploty anddiscarded

199  heteroscedasticity.effeasingBartlett’s testgBartlett 1937. The ‘Im’ function in theRpackage

200 ‘stats’ waslused for the linear models and all data plots hereafter were genegigehics’ (R

201  Development Core Team 2016).

202 Sincewe sampled 3 to 10 males per population (Table 1, see above), statistical support for
203  our two models might be influenced by different sample sizes among populations. Wéezbntro

204  for this factor by sampling randomly 3 individuals per population (the minimum sample size
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collected from any one population) and contrasting our model set for eaclspaaiys (locality
versus region effects diTnax as above), and repeating this procedure 100 times each including a

different triplet of individuals per population.

Biophysical model: restriction times based®©finax

To assesghe extentto whichsinglepopulation estimates generatying predictionsof lizard
responses to climatic variatiowe usedctivity restriction time as thebiological responsesinervo

et al. (2010Q)defined ‘restriction time’ for lizards as the amount of time per day in which ‘operative
temperatures’.(d, see below) are above preferred body temperatures. We use a more conservative
metric whereby ‘restriction time’ equates with the amount of hours over which a lizarebsdeds
CTmax this metricrisbiologically realistic because diurnal lizards are bound to be active when T
surpasses their preferred tempera{@enderson & Leal 20)5Effectively, our metic equates

with diurnal restriction time$ecause there is no solar radiatioar (in our species seligard

activity, atnight. Overall, our purposeas to generate a metric of restriction time that is
biologically meaningful and comparable among populations, rather than to construct a fully
parameterizedhodel of thehermalniche €.g., Kearney & Porter 20P4or a model characterizing

the magnitude of the erosion of the thermal niche (e.g., Sie¢@®i02010).

Prior to caleulating restriction times, we estimaiedoy solving the biophysi¢anodel by
Porteret al. (29/3) namely @ = (Qs+Q)) — (Qr+Qc), which indudes climatef{uxes of ground
radiation, air.temperatusnd wind speed) araological(e.g., skin emissivity and absorbance)
information Succinctly, ths model formulateshe heat flow between an organism and its
environment (@) asa function of thesolar shortwave (§ and infrared (Q) radiations absorbed by
an individua) minus the heat the animechange$®y thermal radiation (€ and convection ().

Te is one of the factors in the four-order equation ferg@en the surface area (S) and emissivity
(¢) of the animalyand the StephBoitzman constant), i.e., Qr = Sx ¢ x o x T¢". Equations and
variablesaresfully-described ifable S4

For each population, we estimateglévery hour dailyjor an entire calendar yeaesulting
in 8784 maps (24 hours per dap66 days per year, where 366 days acctarrieap yearsn our
model of regional climate, see below) using R@ackage ‘RnetCDHMichna & Woods 2018 To
do so, we obtained hourly estimates ofc¢henate variablegaveraged over the period 1955 to
2010)from a ‘Regional Climate Mode$pecifically elaboratetbr the Iberian Pensula at a £5
km? grid-cell resolution(Dasariet al. 2014); the former represents an improvement for the study

area relative to other datasets with coarser resolution and global(lsapp&earney, Isaac &

2
Porter 2014). For every 5x5 krgrid cell, we summed the number of hours whemwds larger
thanCTqax for each population separately (= annualrietson time) using the ‘Climate Data

This article is protected by copyright. All rights reserved
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Operators’ packag@aspar, Schulzweida & Mueller 2010Jhe resulting mapaere clipped to the
geographical distribution of el speciesand converted to gedf format throughthe package
‘GDAL/OGR’ (GDAL/OGR contributors 20165pecies distributions (preseraiesence data in
10x10 knf grid cells) were obtained frodradjo et al. (2011) and from additional sources for
recently described species (Sagpmrting Information. Wetherefore downscaled species
distribution daa to 55 knt grid cells to match the resolution of the climate gatal standardized
annual restriction timsby the total numben& kn¥ grid cells occupied by each spediesheR

packages ‘rastefHijmans & van Etten 201pand‘rgdal’ (Keitt et al.2010).

RESULTS

The mediarCTyaxacrossall 304 individuals %9 populationsl5specieywas 42.8 °Qvith 90 %
interquartile limitsof [41.0, 46.0]. Th€€Tmnaxacross alindividual lizardsvaried by 8C, from 40.2
°C (Catalonianwall'iardPodarcis liolepisfrom Cuellar, Segovia-Castilla and Ledn) to 48.3 °C
(spiny-footedrlizardAcanthodactylus erythrurdsom MatalascafigHuelvaAndalucia) (Fig 2a).
The median of the populatid@iT . medians variefrom 41.2 [41.0, 41.9] in thevesten green
lizard Lacerta bilineatato 45.6 [44.5, 47.37Cin A. erythrurugTable 1).CTnax medians tended to
decrease from arido mesicadapted speciewith climategeneralists in between (Table 1).

We foundstrong statisticasupport for the hypothesihat CTyax differedamong populations
within each species separatélycality effect: different mea@Tnay), againsthe alternative
hypothesisithaTmax did not differ (egion effectsame mealTnax @among populations) we
report AIC metrics per spixs in Table S3. &ross species, the locaktgnd regioreffect
hypotheses had.a.median probability of 0.83 [0.52, 0.96] and 0.17 [0.04, 0.48], respdeiively (
2b), and we abtained similar support for both models when we controlled for intrapopulation
sample size (seesMethods, Fig. STljelocality-effectmodel explained up to 32 % of the
variation inCTmax andscoredbetween 2 to 32 times higher model probabilitig&lC ., see
Methods) than theegioneffectmodelfor 12 of the 15 study speci€éBade S3). Both models had
similar supporfor the Vaucher’s wall lizar@®. vaucherjthe Geniez’s wall lizar@. virescensand
the Spanish large psammodronisammodromus algirudableS3). Median and mean
differences irCTaxbetween populations remained mostly between 1 and 3 °C (Table 1).

Themedianannual restriction timacrosghe 59 sampledoopulations was 281 [63, 670]
hours per 5x&m? grid cell (Fig. 3 in the known Iberian distribution of the 15 study species.
Assuming an averagiaily activity d 7 hours, thoseestrictiontimes mearack ofdiurnal activity
due to overheatingver 40[9, 96| daysin a calendar yeaAnnualrestriction timesver the 59
populations varied from 3dmmon wall lizard®. muralisfrom NavacerradaMadrid) to 596

(Sahreiber’s green lizartl. schreiberifrom Gatg CaceresExtremadurahours per grid celWithin
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275  species, the medigropulationtevel range of restriction times was 83 [43,201], varying from 43
276  (large psammodromuB. algirug to 232 Geniez’s wall lizardP. virescenshours per grid cell

277  (Table 1). In particulardr 6 of the 15 study specieA.(erythrurusL. schreiberj P. virescens

278  Lacerta bilineataP. liolepis Vaucher’'s wall lizardP. vaucher) predicted annual restriction times
279  differed by > 140 hours per grid cell among populations (Table 1, Eitpr3dhe former species,
280 therefore, depending on which populatiemel CTyax was included in the biophysical model,

281 intraspecific discrepancies of > 20 days in the number of dewendays free of lizard activity

282  could resultAdditionally, for the 4 study species with tlesvest predicteé@nnualrestriction times
283  (median among populations < 90 hours per grid Belinuralis Carbonell’s wall lizardP.

284  carbonelli Iberian“rock lizard. monticolg Spanish psammodromuR. hispanicuy the range of
285  restriction timessamong populations was larger or nearly equal to the smallest restriction time
286  estimated for a single populati¢hable 1, Fig. 3).

287

288  Discussion

289  We showthatintraspecific heat tolerana@res considerablyacrosghe Iberian Peninsula, with

290 CThax differencesof up to 3C (median) among populations of single speciémse differences
291  comprise ~75% of th€Tax range observedcross our 15 study species (Table 1). This pattern
292  holdstrueacrosdberian lineages of lacertids-all represented in our species @se Pyron

293  Burbrink & Wiens.2013).

294 In contrastwhenever multiple population data are availabléhose studies that have

295 related heat tolerance to climate change across multiple ectothermic spegigsTable S1),

296 authors often average or take the maxin€ifgax of a limited number of populations (e.§inervo
297 et al.201Q ClusellaTrullas, Blackburn & Cbwn 2011 Araudjoet al.2013), or otherwisase

298  severalCTnax Values for some species amaostly, only one for others (e.¢Hueyet al. 2009

299  Hoffmann, Chown & Clusella-Trullas 201Gunderson & Stillman 2015pur results demonstrate,
300 however, that the population, or population estimaten to represent a full species casult in
301 starkly differentcrosstaxon patterns diieat tolerancebe they foICTyax Or, potentially, any oits

302 composites such d@germal performance curvéSinclairet al. 2016, ‘safety margins(e.g.,

303 Sundayet al.2014.Gunderson & Stillman 2015) owarming tolerance(e.g.,Deutschet al. 2008
304 Hoffmann,"Chown & Clusella-Trullas 2013)he rationale behind a ‘one species, one thermal trait’
305 approach®inclairet al.2016)is partly the fact that thermal limits have been estimated only once
306 for most speciewhose thermal physiology has been investigated; and partly because popular
307 statistical methods to analyse those datasets while accounting for phylogenetic relatedness among
308 species (e.g., phylogenetic leaguares regression) were originally designediet with one data
309 point per speciesdowever, from a purely analytical viewpoifsee Ives, Midford & Garland 2007
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310 Stone, Nee & Felsenstein 2011h)e effect of heterogeneous sampling can be as important as

311  phylogenetic bias, and should t@nsideredn comparative studig§&saramszegi & Mgller 2090

312 Forsix of the 15 study species, our prediction of annual restriction times, using different
313  populationlevel CTax estimatestranslatd into speciedevel variationof 20 days and longer

314  during which environmental (epative)temperatures would be abo@& . This variationcan

315 dramaticallymodify inferences about behavioural patterns and fitrdslph & Porter 1993 ) and,
316 therefore estimdions of climate impastaccounting for trait (Cochram¢ al. 2015a) or niche

317 (Pearmaret al.2010)variation within specied~or instancephenotypic and species distributions

318 can track different aspects of climate change (e.g., tempevaisgsprecipitatior) and both

319 complement impact assessme@mithet al. 2017),climate effects can be masked by

320 thermoregulatiensinteracty with topography (Sears, Raskin & Angilletta 20a4yl spatial scale

321  (Barton, Clusellalrullas & Terblanche 2018)atitudinal enhancemewf heat tolerance might

322  signal recent polewan@nge expansi@{Lancaster 2016)hile species distribution models can

323 fail to detect constrains in population expansion (Kolbe, Kearney & Shine @oafga of

324  occupancy (Benito:Garzat al. 2011)owing to tmit plasticity. To illustrate this point, we predicted
325  annual restrictionstimes of 596, 668, 697 and 715 hours per 5%§ridrcell using theC Tmax of

326  each of four populations of the Schreiber’s green litakrta schreiber{(CTyax range = 40.5 to

327  42.9 °C across'individuals, and 41.0 to 42.1 °C among population medians). This species is endemic
328 to the IberiansReninsula, where it is mostly restricted to riparian shrubguntain ranges and low
329 temperate forests close to mountain slgpésnasterioet al.2013. Our population-based modeling
330 variationabove would imply differences in predicted annual restriction times for theesem

331 85 to 102 seven-hour days per grid cell during which individuals would be forced to shelter from
332 overheating. This.is biologically important because body growth and reproductivereates a

333 compromised by high temperatures in this spediEmastericet al. 2013), while extended periods
334  of shelter might.-ecome at the expense of feeding and reproductive opportunities foretothe

335 fauna (Sinervet.al-2010).

336 Our study supports ¢hidea tlat single populations are bound to represent a snapshot of the
337  continuum of phenetypicariability in species’ heat tolerances, and reinforces the proposition that
338 intraspecific variability in thermal limits is a key factor to project reliably how species might

339 respond toq@mate warmingValladareset al. 2014). Physiologicdlexibility represents an

340 importantmechanism by which species gagrsistin variable environmenthevin & Hoffmann

341 2017) and adapt to environmental charn@eadwnet al. 2010).This is a major area of research with
342 regard tahe ways in whiclspecies responses to climate changereé@iated by the interplay

343  betweemmicroevolutionary processes aplasticity (Gienappet al. 2008). Considering the

344  heterogeneity of climatic conditis across the Iberian Peninsula and within the range of most
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Iberian lacertidsand the projected loss of climate spéugher temperatures, lower precipitation)
for reptiles in the south-west of Europe (Araujo, Thuiller & Pearson 2@0@§ ) nsurprising that
current and futurgariability in CTax might be the result of natural selection and adaptation at the
population level. The geneti@sis of this variation in lizards still needs to be disentangled
Heritability of somethermal traitamay be low Logan, Cox & Calsbeek 201Martins et al. 2018),
and determining how common such low heritability might be requires wider taxonomicagever
and larger sample sizeéRecent studies do illustrate that ectotherm thermal limitsgatvein a
few generations_in response to climate evf@tertset al. 2015 CampbellStatonet al. 2017),
while rapid climate change can also el@implex evolutionary patterns combinidigectional
(Gilbert & Miles 2047;Loganet al.2018) and correlationaf(tachoet al. 2015 Gilbert & Miles
2017)selectionsacrss populations (Logan, Cox & Calsbeek 200artinset al. 2018).These
mechanisms/can shed light on the role of plasticity and evolutionary forcing inergs€ow
latitudes(Lancaster 2016), and at the margins of the distribution of species where extarai
dispersal processes in response to environmental change might be most frequeahs@d int
(Valladarest al=2014).

It is alsesuneleawhether intraspecific variability in heat tolerance could buffer proposed
rates ofextinctionof ectothermic speciasmderclimatechange ¢ee Sinervet al.2010), and
interact with otherifehistory traits to constrain activity times and elicit concomitant effects on
population fitness (Kearney 201Rearney 2013)For instance, in insects intraspeciigriation in
thermal breadtliCTnax— CTmin) Seems latitudinally invariant only for stable and declining species,
so those taxaurrently not experiencing range expansions might be unfit to tolerate furthemgarmi
at high altitudesespeciallyin the case of insular, endemic or, overall, narrowly distributed species
(Lancaster 2006An assessment of theologicalimplications of this phenomenon seems highly
relevant for the ecology and conservation of species, particularly those with lomgtipartmes
andslow genetieresponses to rapid environmental change (Hoffmann & Sgro 2011), andecould
integrated ito-meodelling approachesvailablefor the study otlimatechangampads on
biodiversity“@acificiet al. 2015). The generation of noyghysiological datéor more speciefom
the tree of life iIsndeed a pressing endeavoBb(tner & Farrell 2008 Thus, the recertollation of
the GlobThermdatabas€Bennettet al. 2018: specietevel metrics of thermal tolerance for 2133
taxa globally) highlights voids of knowledge in the most diverse euka