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Synopsis As th e wor ld becom es warm er an d p reci p i tatio n patterns less p redictable, o rganisms wi l l experience g re ater he at 
and water s tres s. It is crucial t o under st and t he fact or s t hat predict var iation in t her mal and h ydric ph ysiology among species. 
This study focuses on invest igat ing the relatio nshi ps between t her mal and hydric diversity and their environmental predic- 
t or s in a clade of Hispa niola n a nole liza rds, which a re pa rt o f a b roader C aribb ean ad aptive radi ation. This cl ade, the <cy- 
b otoid= anoles, o ccupies a wide ran g e of t her m al h abitats (from s ea le vel to s e vera l ki lomet er s above it) and hydric hab i tats 
(such as xeric scrub, bro ad lea f f orest, a n d pin e forest), setting up th e possi bility for ecop hysio logic al speci alizatio n amo ng 
species. Am ong th e th erma l t rai ts, o nl y co ld to leran ce is corre l ated w ith env ironmen tal tem pera ture, an d n on e of our cli- 
mate va riables a r e corr el ated w it h hydr ic p hysio logy. Neverth e less, we foun d a n egative re lations hip between h eat toler- 
ance (crit ica l t her m al m axim um) and eva pora tive wa ter loss a t higher tem pera tures, such tha t m ore h ea t-toleran t lizards 
ar e also mor e desicca tion-toleran t a t higher tem pera tures. This onding hin ts a t s hared th ermal an d hydric spe cia lizat ion at 
higher tem pera tures, underscor ing t he import ance of con siderin g the interactive efects of tem pera ture and water b a lance 
in ecop hysio logical studies. While ecop hysio logic al diferenti ation is a cor e featur e of the ano le adapti ve radiation, our re- 
s ults s ugges t that close relatives in this lineage do not diverge in hydric p hysio logy and onl y di v er g e p art ia l ly in t her mal 
p hysio logy. 

Introduction 

Climat e c han g e is rapidly imp act in g biodiv ersity across 
the globe ( Pearce-Higgins et al. 2015 ; Riddell et al. 2019 ; 
Benn ett an d Cla ssen 2020 ; Zh an g et al. 2020 ; B riscoe 
et al. 2023 ). Rising tem pera tures, f or exa mple, a re im- 
posing heat s tres s and cons t raining act iv it y patterns 
( Brad sh aw a nd Holzapf el 2008 ; Sunday et al. 2012 ; Pecl 
et a l. 2017 ; Catu l lo et a l. 2019 ; Kel ly 2019 ). A long w ith 

t his incre ase in glob a l tem pera tures, an thropogenic cli- 
mat e c han g e is a lso a ltering glob a l pre cipitat ion p atterns 
( Dor e 2005 ; Tr enberth 2011 ; O’Gorman 2015 ). The fre- 
quen cy an d intensi ty o f b oth no o ds a nd droughts a re 
pre dicte d to increase ( Dai et a l. 2018 ; Al lan et a l. 2023 ), 
a nd constra in ts on wa ter b a la nce present a n existent ia l 

t hre at t o biodiver sity ( Riddell et al. 2019 ). While on- 
g oin g glob a l chan g e imp acts a l l or ganism s, its perni- 
cious efects a re expe cte d to be espe cia l ly p ro n oun ced 

in t ropica l e ctot her ms ( Huey et al . 2010 ; S inervo et al . 
2010 ; Huey et al. 2012 ). Thi s increa se d vu lnerabi lity 
t o c limat e c han g e is att ribute d t o their t em pera ture- 
dep endent p er for mance, t heir tendency for p hysio log- 
ica l spe cia lizat ion, an d th e fact th at m any of these or- 
ga nisms a r e alr e ady operating ne ar t heir upper phys- 
iolog ica l limits ( Huey et al . 2009 ; S inervo et al . 2010 ; 
Huey et a l. 2012 ). Me ch ani stic m ode l s th at pre dict vu l- 
nerab ili ty to global chan g e r equir e deta iled inf o rmatio n 

ab out the b ehavioral and p hysio log ica l cap acit ies of or- 
ganisms ( Riddell et al. 2023a ). This study focuses on 
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invest igat ing hydric and thermal specialization in a 
clade of t ropica l lizards and the environmental predic- 
t or s for their ecop hysio logical di versity. 

Wat er and t emperature play a crucial role f or lif e at 
a l l levels o f b iolog ica l organizat ion. At th e ce l lu lar level, 
f or exa m ple, wa ter serves as a so l vent of biochemical re- 
actions, and tem pera ture innuences the spe e d of those 
react ions ( Fran ks et a l. 1990 ; C h aplin 2006 ; A ng i l letta 
2009 ). At the level of or ganism s, ma inta ining water b a l- 
a nce a nd perf orma n ce within th ermal boun daries is 
pa ra mount, a nd navigating complex hydric and thermal 
enviro nments p res ents s e vera l cha l len g es ( An g i l letta 
2009 ; Sea rs a nd Ang i l leta 2015 ; R ozens-R ech e ls et al. 
2019 ). The sa tura tion va po r p res s ure increases expo- 
nent ia l ly with tem pera ture, s o the e va pora tive demand 

of the air (known as the vapor pres s ure deocit, VP D) is 
higher at warmer tem pera tures. Yet, in many ectother- 
mic or ganism s, o p t ima l t her mal per for man ce in creases 
(unt i l a thres h old) with tem pera ture ( Ang i l letta et al. 
2010 ); t he s ame t her mal fe atures t hat can b o ost ther- 
mal per for man ce also in cre ase hydr ic demand. Addi- 
t iona l ly, ther e ar e often cos ts as soci ated w ith hydro- and 

t her mo regulato ry behavio r s, suc h as energy expended 

to select the o p t ima l microc limat e or greater exposure 
to pre dat ion ( Huey and Slatkin 1976 ; Herczeg et al. 
2008 ). The coupling of b o dy temp erature and evapora- 
tion rates means that there may be a trade-of between 

o p t ima l t her ma l regu lat ion and o p t ima l hydric regu la- 
tio n ( Pinto r et al. 2016 ; Pirtle et al. 2019 ; Weaver et al. 
2022 ). 

The int rinsic lin k betwe en hydric and thermal phys- 
iology inspires com para tive inquiry. While many stud- 
ies focus o n ei t her t her mal p hysio logy or hydric p hys- 
iology, few prov ide d at a for bot h. Where as t he t her- 
mal p hysio logy of lizard s h a s long been th e su bj e ct of 
com para tive studies (re vie wed in Bodensteiner et al. 
2021 ; Muñoz 2022 ), com para ti vel y less a tten tion h a s 
be en p aid t o wat er b a lance regu lat ion an d th e inter- 
act ion betwe en water b a la nce a n d th ermal p hysio logy 
( Pintor et al. 2016 ; R ozens-R ech e ls et al. 2019 ). There 
are s e veral fact or s innuen cing th erm o- an d hydr or eg- 
u latory st rateg ies th at sh ape organi sm al ph en otypes, 
per for man ce, an d potent ia l ot ness. F or exam ple, dehy- 
dration can reduce a lizard’s voluntary thermal max- 
imum and/o r cri t ica l t her m al m aximum ( Herrando- 
Perez et al . 2020 ; Camac ho et al. 2023 ). Impacts of tem- 
peratur e extr emes can be mag nioe d due to low p reci p- 
i tatio n ( Wang et al. 2016 ), and low p reci p i tatio n can 

addi tio nally red uce the quali ty o f microhab i t at t her- 
ma l refug ia ( Sc hefer s et al . 2014 ). P hysiological s tres s 
innuen ces th erm o-hydr o r egul atory behav ior: rept i les 
al ter their p r efer ence for specioc microhabitats rela- 
t ive to re cent rainfa l l events ( Ryan et a l . 2016 ), t em- 
peratur e incr eases ( Pint or et al . 2016 ), and wat er re- 

st rict ion ( R ozen-R ech e ls et al. 2020 ). In addi tio n to al- 
terin g microha b i tat sele ct ion be cause of hydric s tres s, 
some species have shown re duce d act ivity to ma inta in 

their water b a l ance ( Dav i s and Den a rdo 2010 ; Kea rney 
2013 ; Ke ar ney et al. 2018 ). Modeling approaches have 
m ade m ajo r co ntribu tio ns t o bett er under standing or- 
gani sm al responses to chan gin g enviro nmental co ndi- 
t ions me diate d by energy-tem pera ture-wa ter in terac- 
tions ( Ke ar n ey et al. 2013 ; Ridde ll et al. 2018 ; Ke ar ney 
and Porter 2020 ). Empirical studies bridging thermal 
and h ydric ph ysiology, how ev er, r emain r elati vel y rare 
( R ozens-R ech e ls et al. 2019 ). 
A nole lizard s h av e lon g b een the fo cus of t her mal 

p hysio logy studies, ofering a rich dataset spanning sev- 
era l de cades of r esear ch ( Ruib a l 1961 ; Rand 1964 ; Van 

berkum 1986 ; Hertz et al . 2013 ; Muño z et al . 2014 ; 
Gunder son et al . 2018 ; Salazar et al . 2019 ). Anol is lizar ds 
from the C aribb ean Greater Ant i l les (Cub a, Hisp an- 
iola, Ja ma ica, a nd Puerto Rico) are a classic exam- 
ple of ad aptive radi ation, c haract er ized by t h e in de- 
pendent evol u tio n o f eco mo rp ho log ica l and e cophysi- 
olog ica l spe cia lists ( Wi l liams 1972 ; Losos 2009 ; Hertz 
et al . 2013 ; Gunder son et al . 2018 ; Bodenst einer et 
al. 2024 ). Thi s n a tural replica tion in ecological and 

ph en ot ypic speci alization h a s posit ione d anoles as a 
m ode l system in ecology and evol u tio n ( Losos 2009 ; 
Muño z et al . 2023 ). Eco mo rp ho log ica l spe cia lizat ion 

h a s long been the subj e ct of invest igat ion, resu lt ing 
in a rich un derstan ding of th e conn e ct ion betwe en 

st ructura l microhab i tat use a nd va riation in b o dy size 
an d s h ape. A n oles in th e <t w ig= eco mo rph, fo r exam- 
p le, have relati vel y sma l l limbs and are diminutive in 

size, a l lowing them to cling to the distal ends of nar- 
row bran ch es. Patterns of ecop hysio logical evo l u tio n 

va ry a mong Ca r ibbe a n isla nds. On Puerto Rico, within- 
eco mo rph niche p art it ioning occurre d a long the sun- 
sh ade axi s, p ro mpt ing spe cia lizat ion in heat tolerance 
to <wa rm= a nd <co ol= micro c limatic nic h es ( Ran d 1964 ; 
Wi l liams 1983 ; Gunderson et al. 2018 ). Although physi- 
olog ica l data are not available for Cu ban an oles, within- 
eco mo rph lab ili t y in c a nopy use f ol lows a simi lar p at- 
ter n, sug g estin g tha t com parable processes are at play 
( Ruib a l 1961 ; Schett ino et a l. 2010 ). Yet, on Hisp an- 
iola, t he patter ns a re difer ent: close r elatives on this 
is lan d seem to be kept apart by a l lop at ric and para- 
p at ric b arriers, wi th limi te d sig natures of e cophysio- 
log ica l div er g en ce ( Muño z et al . 2014 ; Bodenst einer 
et al . 2024 ). Suc h variation ur g es a de eper explorat ion 

into the factors that predict ecop hysio logical evo l u tio n. 
While ther e ar e fa r f ewer data ava ilable f or hydric di- 
v er g ence alon g climat ic g radients in Anol is lizar ds, a 
study on the Puerto Rican anole ( A. cris t at ellus ) found 

th at lizard s from a m ore m esic site (Camb a lache) were 
mo re desiccatio n-p ro ne than lizar ds fr om a more xeric 
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(A) (B) (C) (D)

(E) (F) (G)

Fig. 1 Photos of cybotoid species, as well as the habitats from which lizards were collected in the Dominican Republic. Elevational range 

for each species is also provided. (A) Anolis longitibialis ; Jaragua National Park, Pedernales province ( ∼0–100 m.a.s.l.). (B) Anolis whitemani ; 

Hatillo Forest Reserve, Azua province ( ∼0–518.16 m.a.s.l.). (C) Anolis marcanoi ; San José de Ocoa province ( ∼450–1800 m.a.s.l.). (D) Anolis 

strahmi ; Loma Charco Azul Biological Reserve, Independencia province ( ∼0–900 m.a.s.l.). (E) Anolis cybotes ; Francisco Alberto Caamaño 

Deñó National Park, Azua province ( ∼0–1200 m.a.s.l.). (F) Anolis armouri ; Sierra de Bahoruco National Park, Independencia province 

( ∼762–2438.4 m.a.s.l.). (G) Anolis shrevei ; Valle Nuevo National Park, La Vega province ( ∼1555–2500 m.a.s.l.). Photo credit: A . longitibialis , A . 

whitemani , A . marcanoi , A . strahmi , A . cybotes , A . armouri , and A . shr evei b y Saúl F. Domínguez-Guer rero; Habitat images for A, B, D, and F by 

Brooke Bodensteiner; E and G by Isabela Hernández Rodríguez; C by Ydsell Bonilla. 

site (Gu anic a) ( Gunder son et al . 2011 ). In Anol is lizar ds, 
there have been mixed r esults r ela ting to wa ter loss 
patterns and enviro nmental co ndi tio ns. W hereas so me 
studies have found that lizar ds fr o m mo re arid hab i- 
tats wer e mor e r esistan t to wa ter loss ( Hi l lma n a nd 

Gorman 1977 ; Hi l lman et al. 1979 ; Dmi’el et al. 1997 ; 

Gunderson et al. 2011 ), others have not dete cte d a 
str ong r e lations hip betw een ha bit at ar idity (microhab- 
itat openness in the case of Hertz 1980 ) and water 
loss ( Hertz 1980 ; Muñoz-Nolasco et a l. 2019 ; Bae ckens 
et al. 2023 ). Th e m eth odologies used varied among 
studies and often did not account for phylogenetic 
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Table 1 Species av erages ar e giv en f or size-cor r ected r esiduals of evaporativ e water loss (EWL) and the thermal sensitivity of EWL (Q10), 

which is a unitless metric. environmental variables related to sampling localities are also given, speciocally mid-point elevation (m), mean 

monthl y maxim um temperature ( ◦C), mean monthl y minim um temperature ( ◦C), and mean monthl y precipitation (mm) from 1980–2023.. 

Species EWL at 23 ◦C ± SE ( n ) EWL at 33 ◦C ± SE ( n ) Q10 Elevation T max T min Precip. 

Anolis armouri 0.22 ± 0.00(8) − 0.12 ± 0.26 (9) 2.80 2165 21.8 10 .1 131 

Anolis cybotes − 0.06 ± 0.18 (8) − 0.06 ± 0.10 (7) 2.49 45 32.4 22 .2 71 

Anolis longitibialis 0.09 ± 0.15 (7) 0.07 ± 0.19 (8) 2.17 177 31.9 21 .2 66 

Anolis marcanoi 0.12 ± 0.19 (4) 0.10 ± 0.03 (4) 4.85 940 25.7 12 .8 100 

Anolis shrevei 0.05 ± 0.25 (6) 0.04 ± 0.44 (8) 2.84 2359 16.9 5 .4 140 

Anolis strahmi 0.04 ± 0.03 (7) − 0.002 ± 0.26 (7) 2.34 515 30.6 18 .6 81 

Anolis whitemani − 0.23 ± 0.13(6) − 0.03 ± 0.12 (4) 1.34 3 32.0 21 .7 69 

re latedn ess or b o dy size, limiting our ab ili ty to gener- 
alize ondings. 

Here, w e inv estigate the thermal and hydric phys- 
iology an d th eir environm enta l pre dict or s in the cy- 
bot oids, a c l ade of Hispaniol an Anolis lizards. As a 
c lade , th ese an oles are foun d across a wide elevat iona l 
ran g e, from sea level to more than three kilomet er s 
a bov e it, and correspondingly occur in various types 
o f hab i tats, incl uding lowland xeric scru blan ds, m esic 
bro ad lea f f orests, a nd upla n d pin e f orests a nd sava nn a s 
( Fig. 1 ; Table 1 ). The p reci p i tatio n and tem pera ture pa t- 
ter ns from t h e oe ld si tes u t i lize d b y G under son et al . 
(2011) in Puerto Rico (study described a bov e) w ere 
comparable to the thermal/hydric co ndi tio n s observ ed 

at our oeld sites in the Dominic an R epublic, setting 
up the possib ili ty fo r diferen t pa ttern s of hy dric spe- 
cia lizat io n amo ng the cyboto id species ( Su pplementary 
Fig. S3 ). Addi tio n ally, we h ave an extensive amount 
of t her mal p hysio logical and behav ioral d ata rel ating 
to the cybotoid anoles ( Muñoz et al. 2014 ; Muñoz 
an d Losos 2018 ; Muñoz an d Bodenstein er 2019 ), serv- 
ing as a st rong b a si s for comparison with hydric 
p hysio logy. 

Prio r wo rk o n t he t her ma l e co logy and p hysio logy of 
the cybotoids indicates that some traits co-vary with the 
t her mal environment mor e str ongly than others. Heat 
toleran ce (th e crit ica l t her m al m aximum, CTmax ), the 
pr eferr ed tem pera t ure ( Tp ref ), an d th e oe ld-m easured 

b o dy temp erature ( Tb ) exhib i t li tt le var iab ili ty across el- 
evation ( Muñoz et al . 2014 ; Muño z and Bodenst einer 
2019 ). This stab ili ty in b o dy temp erature an d h eat tol- 
erance renects, at least in part, strong diurnal ther- 
mo regulato ry behavio r, as these ano les precisel y main- 
t ain t heir b o dy temp erature within a re lative ly narrow 

pr eferr ed ran g e ( Muñoz an d Losos 2018 ), owing to the 
high t her mal var iab ili ty o f lizard hab i tats d ur ing t he 
daytim e ( Muñoz an d Bodenstein er 2019 ). This be hav- 
iora l bufering re duces exposure to environmental vari- 
ation, which in turn can limit sele ct ion th at organi sms 

experien ce, a ph en om en on kn own as th e Bogert efect 
o r behavio ra l inert ia ( Bogert 1949 ; Huey et al. 2003 ; 
Muñoz 2022 ). Neverth e less, th erm o regulato ry behav- 
ior canno t b ufer a l l t rai ts fro m enviro nm ental se lection 

e qua l l y. Ano les are inacti ve at night and sleep exposed 

o n b ran ch es an d leav es, limitin g behavioral buferin g 
fr om cold exposur e. Corr espondingl y, co ld to lerance 
( CTmin ) va ries a mong sp ecies. Sp eciocally, lizar ds fr om 

high er e levations (wh ere nighttim e tem pera tur es ar e 
colder than at lower elevations) ar e mor e co ld-to lerant 
(lower CTmin ) t han t h eir low-e leva tion coun ter par ts 
(high er CTmin ) ( Muño z et al . 2014 ). Cert ainly, t her- 
mal p hysio logy an d be havio r are impo rtant aspects of 
organi sm a l funct ion and ot n ess; n everth e less, hydric 
p hysio logy is just as im portan t, but h a s re ceive d notab l y 
less a tten tion. 
In genera l, spe cies, po p u lat ions, an d in divid uals fro m 

drier hab i tat types ar e mor e r esistant to water loss 
tha n counterpa rts from mesic habitats, but results vary 
amon g studies, ev en wit hin t he s ame s tudy sys tem 

( Gunder son et al . 2011 ; C ox and C ox 2015 ; Belasen 

et al. 2017 ). As described a bov e, w o rk focused o n the 
h ydric ph ysiology of Anol is lizar d s h a s yielde d mixe d 

ev idence for desicc at ion spe cia lizat ion, limit ing dire c- 
t iona l hypothes es. Ne verth e less, we pre dicte d that cy- 
b otoid sp ecies fro m mo re x eric ha b i tats ( A . wh iteman i, 
A. strah m i, and A. longi ti bia lis ) wo uld hav e low er lev els 
o f evapo rative water loss (EWL) t han t h eir close ly re- 
la ted coun ter par ts f ro m mo re mesic enviro nments ( A. 
s hrevei, A. armou ri, A. cybotes, and A. ma rca noi ). Alter- 
nati vel y, we may ond t hat hydr ic p hysio logy is similar 
among sp ecies, p erhaps owing to a strong hydr or egu- 
l atory c apacit y, as observed for their th erm o regulato ry 
behavio r (bu t see Sea rs a nd Ang i l let a 2015 ; Se ar s et al . 
2019 ; R ozens-R ech e ls et al. 2019 ). 
Here, we exa mined a nd compa red t her mal phys- 

iology and hydric physiology across environmental 
gradients in s e ven species of closely related anoles (the 
<cyboto ids=) fro m t he Car ibbe a n isla nd of Hispa niola. 
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We measured eva pora tive wa ter loss a t two tem pera- 
tures (23 and 33 ◦C) using now-through resp iro metry, 
and we ca lcu late d t he t her ma l sensit iv it y of evapora- 
tive water loss (Q10, the chan g e in per for mance across a 
10 ◦C in crease in m easurem en t tem pera ture). We exam- 
in ed th e re lations hips betw een hy dric p hysio logy and 

clim atic variables, a s well a s th e re lations hips between 

hydric traits and t her ma l t raits. We di scu s s how s pe- 
cia lizat ion varies among t her mal and hydr ic p hysio logy, 
an d h ow th e pattern s observ ed in this clade of anoles re- 
late more bro ad ly to their adaptive radiation across the 
C aribb ean. 

Methods 

Study species and study sites 

C aribb ea n a noles a re a cl assic c ase of ad aptive radi- 
ation, c haract erized in part by the conv er g ent ev olu- 
tio n o f di stinct h ab i tat spe cia lists, terme d <e co mo rphs=
( Losos 2009 ). Eco mo rphs exhib i t a sui te o f behavio ral 
an d m orph olog ica l features spe cia lize d to the specioc 
po rtio n o f the st ructura l microhab i tat (e.g., t run ks, 
ca nopy, a nd t w igs) that species m ost comm on ly ut i- 
lize. The species in this study a l l belong to the <t run k- 
g round= e co mo rph catego ry; when co mp are d to other 
anoles, species in this eco mo rph are medi um-sized 

( ∼50–70 mm in snout-to-vent length), have re lative ly 
long hind limbs, and are co mmo nly found on t re e 
t run ks, rocks, an d oth er broad, n ear-groun d perch es 
( Schwartz 1989 ; Losos 1990 ). We obt ained t her mal and 

hydr ic dat a from s e ven species of cybotoid anoles ( A . cy- 
b otes an d its close r elatives). Fr om July 28, 2023–August 
6, 2023, we col le cte d up t o t en indiv idu als from each 

species (from 1–3 po p u lat ions per species) from the Do- 
minic an R epu blic for th e h ydric ph ysiology measures 
( Supplementary Fig. S1 ). Of not e , ther e ar e elevat iona l 
an d th erm al-hydric h ab i tat diferences between and 

wi thin cyboto id species. Anolis cybo tes , fo r example, is 
foun d n ear ly is lan d-w ide, occupy in g a ran g e of hydric 
an d th erm al h ab i tats. An olis arm ouri and A. shrevei , by 
co ntrast, are mo ntane s pecies, res trict ed t o high eleva- 
tion in the Sierra de Baoruco and Cordi l lera Cent ra l, 
respe ct i vel y. D ue to permitt in g con stra ints on sa mple 
sizes, we col le cte d ten indiv idu als p er sp e cies and re cog- 
nized that there may b e within-sp ecies diversity that we 
co uld no t s ample in t his stud y. We onl y co llected male 
lizards to reduce potential efects of sex, and sampled 

o nly fro m ad jacent po p u lat io ns wi t h similar t her mal- 
hydric regimes ( Table 1 ). Lizards were brought to the 
lab at Yale University and a l lowe d 4 we eks to acclimate 
to lab co ndi tio ns. Lizar ds wer e kept under constant 
co ndi tio ns o f 28 ◦C, 70% RH, and 12:12 light sched- 
ule (over h ead an d UVB). An oles wer e water ed t w ice 
daily (including days during which water loss was mea- 

sured) by spraying a l l interior wa l ls of their cages and 

fed t w ice a week w ith 4–6 c alcium and v i tamin d usted 

crickets. 

Measuring thermal physiological traits 

To investigate t her mal p hysio logical evo l u tio n in the cy- 
botoid anoles, we focused on four key traits: the crit ica l 
t her mal minimum ( CT min ), t he cr it ica l t her m al m ax- 
imum ( CT max ), the oeld-measured b o dy temp erature 
( T b ), an d th e pr eferr ed tem pera ture ( T pref ). CT min and 

CT max descr ibe t he lower and upper limits, respe ct i vel y, 
fo r loco moto r functio n a nd a re widely used f or esti- 
mating t he t her mal limits of per for mance in ectot her ms 
( Sp ellerb erg 1972 ; Lutt er sc hmidt and Hut c hison 1997 ). 
The pr eferr ed tem pera tur e r efers to the av erag e of the 
cent ra l 50% of b o dy temp eratur es measur ed in lizar ds 
th at h ave be en place d in a t her ma l g radient and a l- 
lowed to choose where to sit (i.e., in the absence of 
enviro nmental o r ecological co nstraints) ( Huey 1982 ; 
Hertz et al. 1993 ). Ther mal dat a were gat hered for 
thes e s e ven species fro m our p revio usly p u blis h ed wor k 
( Muñoz et al. 2014 ; Muñoz and Bodensteiner 2019 ; 
Bodensteiner et al. 2024 ; Supp lementary Tab le S1 ). 

Measuring evaporative water loss 

To measure rates of evaporative water loss (EWL), we 
used a now-through resp iro metry syst em. Eac h individ- 
ual lizard was measured orst at 23 ◦C and then at 33 ◦C 

(due to log ist ica l const rain ts with tem pera ture and cal- 
ib ratio n o f equi p m ent), an d given at least a week of rest 
b etween exp er iment al runs. The setu p fo r the r espir om- 
etry experiments began wi th ou tside air being drawn 

t hrough t he Bev-A-L in e ® IV Tu bing (Th erm oplastic 
Process es, G eor g eto wn, DE, USA) b y a sub-sampler 
(SS4, Sa ble System s In terna t iona l [SS I], No rth Las Ve- 
gas, NV, USA), which was then humidioed through a 
bu bbler an d p asse d through a dewpoin t genera tor (DG- 
4, SSI). The dewpoint generator a l lowe d us to precisely 
con trol the wa ter va po r p res s ure , whic h was kept at a 
constant 1.5 kPA. 
The a irstrea m was then split through a ma nif old 

(MF-8, SSI) to eig ht acry lic cy lindrical c hamber s. We 
covered the outside of each chamber wi th colo red tape 
to minimize any potent ia l st ress associate d with seeing 
an oth er lizard . S ma l ler lizards had m es h fabric in the 
c hamber t o decre ase t heir ab ili ty to m ove aroun d. We 
kept the last chamber empty for the baseline reading. 
The lizar ds wer e placed in an in cu bato r wi th a n a ir fa n 

to ma inta in the tem pera ture a t ei ther 23 o r 33 ◦C. The 
a ir fa n was cont rol le d by a t her ma l cont rol ler (PELT5, 
SSI). 
During a given run, each lizard was sampled three 

times over the course of a pproxima tely three hours. 
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Between each lizard readin g, w e sampled the empty 
c hamber t o g et a sta ble base lin e re ading. We s ampled 

using a mu lt iplexer (MUX-8, SSI) and the a irstrea m was 
then p asse d through a wa ter va por analyzer (RH-300, 
SSI), which measured the chan g e in water vapo r p res- 
sure. The RH-300 was ca librate d with pur e nitr ogen gas 
p erio dica l ly thro ugho ut the experiments. 

Dur ing t he exper iment, t he lizar ds wer e lef t in t he 
dark to sim ula te a tim e wh en th ey are th e least active. 
If there was any activ it y during the reading or if the 
lizar ds excr et ed wast e (wh en th e readin gs w ere a b no r- 
ma l ly high and sporadic), then we re-ran experiments 
for those indiv idu a ls after g iving them at least one week 
of rest. 

We use d E xpe dat a Sof tware (Versio n 1.9.27, SS I) to 
estimate EWL. All equations used came from Lighton 

(2018) Oxford University Press. 
The now rate was corre cte d with E quat ion ( 1 ): 

FRc = FRsel ∗ ( BP − WVP ) / BP , (1) 

wh ere FRse l is th e now rate of the sele cte d cham- 
ber, B P is barom etric pres s ure, and WVP is water va- 
po r p res s ure meas ured from the RH-300. The data were 
t hen cor re cte d from the b ase lin es. Th e dat a were t hen 

convert ed t o wat er vapo r densi t y (WVD) using Equ a- 
tion ( 2 ): 

WVD = WVP / 
((

273 + Deg _ C 

)

∗ 461 . 5 
)

, (2) 

where D eg_C is t he tem pera ture of th e in cu bator an d 

convert ed t o Ke lvin (adding 273). Th e tem pera ture (in 

Kelvin) is mu lt iplie d by the gas constant for water (Rw), 
which is 461.5 J/kg –1 /K 

–1 . 
La stly, EWL wa s ca lcu late d mu lt ip l ying the WVD by 

t he cor re cte d now rate of th e in current a ir (FRc) a nd 

then mu lt ip l ying it by (1/60) to get the units to g/s us- 
ing E quat ion (3) : 

EWL = ( WVD ∗ FRc ) ∗ ( 1 / 60 ) (3) 

We ca lcu late d each spe cies’ me an t her ma l sensit iv- 
i ty (Q10) o f E WL using o nl y indi v idu al s th at were mea- 
sured at both t emperatures. Lastly, t o account for b o dy 
size variation, w e phylog enetically size-corrected evap- 
ora tive wa ter loss va lues by reg ressing log-t ra nsf ormed 

EWL a gains t log-t ransforme d SVL using the phyl.resid 

f unction in t he p hytoo ls ( Revell 2012 ) R pac kage . All 
eva pora tive wa ter loss da t a used in t he an alysi s are 
the residuals of eva pora tive wa ter loss and m a ss. We 
used the ultrametric maximum clade credib ili ty (MCC) 
mtDNA phylogenet ic t re e f or Ca r ibbe a n a noles from 

Ma h ler et al . (2010 , 2013) , whic h we pruned down to 
the s e ven spe cies include d in this study. 

Climatic data 

We ext racte d month ly c limat e variables from our 
sampling loca lit ies from t he Ter raClima te da tabase 
( Abatzoglou et al. 2018 ) using the package ClimateR 

( ht t ps://gi thub.co m/mi kej ohnson51/c limat eR). Terra- 
C limate ut i lizes climat ica l ly aide d in terpola tio n to co m- 
bin e re lative ly high-sp at ia l resol u tio n (1/24 ◦) data from 

vario us so urces ( Abatzoglo u et a l. 2018 ). We ext racte d 

mont hly var ia bles, includin g pre cipitat ion (mm), max- 
im um tem pera ture ( ◦C), minim um tem pera ture ( ◦C), 
wind spe e d (m/s), and vapo r p res s ure deocit (kPa). 

Statistical methodology 

To investigate the relatio nshi p bet ween env ironmen- 
ta l pre dict or s on ecop hysio logy, we ran p hylogenetic 
genera lize d least squares using maximum li keli ho o d in 

p hytoo ls ( Revell 2012 ). We examined hydric p hysio l- 
ogy relative to s pecies-s pecioc c limat e var iables (me an 

mo nthly p reci p i tatio n, m ean m on thly maxim um tem- 
perature, m ean m onthly minimum temperatures, mean 

m onthly win d speed, an d m ean m on thly va por pres s ure 
deocit) and t her mal p hysio logical traits (t her mal toler- 
ance limi ts, p r eferr ed tem pera ture, an d oe ld-m easured 

b o dy temp erature). Al l ana lyses were co nd ucted in the 
R environment ( Team 2017 ). 

Results 

Thermal physiology 

Co ld to lerance ( CTmin ) is inverse ly corre l ated w ith 

th e e levatio n (which is posi ti vel y correl ated w i th p re- 
ci p i tatio n, bu t n egative ly corre l ated w ith tem pera ture; 
Supplementary Fig. S2 ), such that lizards found at 
high er e levations are m ore co ld-to lera nt. We f oun d n o 
re lations hip between e levation an d th e oth er th ermal 
p hysio log ica l t raits ( CT max , T b , an d T pref ) ( Fig. 2 ). Th ese 
re lations hips have been previousl y estab lis h ed (e.g., 
Muñoz an d Bodenstein er 2019 ), an d ar e pr esented her e 
simp l y to facilitate co mpariso n wi th the hydric traits. 

Hydric physiology 

We foun d n o re lations hip between th e resid uals o f m a ss 
and eva pora tive wa ter loss a t either tem pera ture and our 
climatic variables ( Table 2 ). Similarly, we found no rela- 
tio nshi p between the thermal sensi tivi ty o f E WL (Q10) 
and our climatic variables ( Table 2 ). When we exam- 
in ed th e re lations hip betw een hy dr ic and t her mal phys- 
iology, we found a negative relatio nshi p b etween evap o- 
ra tive wa ter loss a t 33 ◦C and crit ica l t her m al m aximum 

( Fig. 3 ). In p art icu la r, liza rd s th at are more hea t-toleran t 
(higher CT max ) are also more resistant to the water loss 
at higher temperatures (lower EWL at 33 ◦C). 
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Fig. 2 Species at a high elevation are more cold-tolerant than species at low elevation. No other thermal traits shifted with elevation. 

Thermal physiological traits of populations of cybotoid species across elevations. (A) Cold tolerance decreases with elevation (PGLS: 

R2 = 0.95, P < 0.001). (B) Thermal pr efer ence does not vary across elevation (PGLS: R2 = 0.17, P = 0.739). (C) Heat tolerance does not 

vary across elevations (PGLS: R2 = 0.34, P = 0.097). (D) Body temperature does not vary across elevations (PGLS: R2 = 0.21, P = 0.167). 

Figure modioed from Muñoz et al. (2014) ; Muñoz and Bodensteiner (2019) , supplemented with additional data from Bodensteiner et al.

(2024) . 

Discussion 

Limited evidence for hydric specialization in 

the cybotoid anoles 

Enviro nmental facto rs shape p hysio log ica l t rade-ofs in 

per for mance t h at m ay co nstrain o rgani sm al responses 
t o c limat e c han g e ( Cohen et a l. 2012 ; Riddel l et a l. 
2023b ). Th erm oregu lat ion, f or exa mple , oft en con- 
strain s hy dric regu lat ion ( Pirtle et a l . 2019 ), pot en- 
t ia l ly limit in g how or ganism s c an dy namic a l ly respond 

to shifts in both ambient temperature and moisture. 
The im plica tio ns o f c limat e c han g e for <dry s kinn ed=
ectot her m s hav e pr imar i ly be en invest igate d through 

the lens of tem pera ture ( Deutsch et al. 2008 ; Sinervo 

et al . 2010 ; Vic ker s et al . 2011 ), while r esear ch on the 
co mb ine d imp acts of t her mal and hydr ic var iation is 
less co mmo n ( Chown et al . 2011 ; Pint or et al . 2016 ). 
Here, we aimed to better un derstan d hydric an d th er- 
mal p hysio logy in a grou p o f <dry s kinn e d= e ctot her ms, 
the cybotoid anoles from the C aribb ea n isla nd of His- 
p aniola. O ur ondings genera l ly defy the expe ctat ion 

th at lizard s fr om xeric envir onments ar e mor e r esis- 
tant to water loss than their counter par ts f ro m mo re 
m esic environm ents ( Li l lywhite et a l. 2006 ; Cox and 

Cox 2015 ). We found limited evidence for hydric spe- 
cia lizat io n amo ng these sp ecies. Cyb otoid sp ecies from 

more xeric environments (e.g., A . wh iteman i and A. 
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Table 2 Results from PGLS analyses showing no relationship between evaporative water loss and climatic predictor variables. 

Trait Predictor F-statistic Adj. R 2 P -value 

EWL at 23 Precipitation F 1,5 = 2.63 0.21 P = 0.166 

Maximum temperature F 1,5 = 2.06 0.15 P = 0.211 

Minimum temperature F 1,5 = 2.70 0.22 P = 0.162 

Wind speed F 1,5 = 0.71 −0.05 P = 0.437 

Vapor pr essur e deocit F 1,5 = 2.55 0.21 P = 0.171 

EWL at 33 Precipitation F 1,5 = 0.10 0.18 P = 0.770 

Maximum temperature F 1,5 = 0.26 0.14 P = 0.634 

Minimum temperature F 1,5 = 0.10 0.18 P = 0.765 

Wind speed F 1,5 = 1.87 −0.20 P = 0.230 

Vapor pr essur e deocit F 1,5 = 0.00 0.13 P = 0.969 

Q10 of EWL Precipitation F 1,5 = 1.37 0.06 P = 0.294 

Maximum temperature F 1,5 = 1.38 0.06 P = 0.293 

Minimum temperature F 1,5 = 2.16 0.16 P = 0.202 

Wind speed F 1,5 = 0.00 −0.20 P = 0.954 

Vapor pr essur e deocit F 1,5 = 2.31 0.18 P = 0.189 

Fig. 3 Lizards that are more heat-tolerant are also more resistant 

to water loss at higher temperatures. The relationship between 

residuals of EWL and mass at 33 ◦C and critical thermal maximum 

(PGLS: F1,5 = 10.8; Adj. R2 = 0.62; P = 0.022). 

longi ti bial is ) wer e no t ap preciab l y mo re desiccatio n- 
tolera nt tha n species fro m mo r e mesic envir onments 
(e.g., A. m arc an oi ). It is addi tio na l l y possib le that these 
species may exhib i t mo re variatio n in desiccatio n tol- 
erance at warmer tem pera tures, a pproaching their heat 
tolerance limi t. Mo re co m para tive da ta, pa rticula rly re- 
lating to t her mo-hydr ic ecology and p hysio logy, are 
ne e de d to better un derstan d th e mu lt idimensiona l na- 
ture of this an d oth er adaptive radiations ( Cas tro-Ins ua 
et a l. 2018 ; Mart in and Rich ard s 2019 ). Neverth e less, we 
did ond patterns tha t poin t to shared ecop hysio logical 
spe cia lizat ion betwe en heat tolerance and water conser- 
va tion a t warmer tem pera tures. 

While ther e ar e so me p revious studies o n hydric 
p hysio logy in the cybotoid lizards ( Le Ga l liard et al. 
2021 ), drawing direct co mpariso ns is cha l len g ed by 

diferen ces in m eth odology an d species sampling. Hertz 
(1980) , f or exa mple, exa mined diferences between A. 
cyb otes an d A. m arc an oi a nd f ound no diference in wa- 
ter loss rates or in the ability to wit hst an d de hydration, 
but we hig hlig h t tha t b o dy size was not taken into ac- 
count in the s tatis tical an alyses. Hillm a n a nd Gorma n 

(1977) examined the diferences in water loss rates be- 
tween 11 C aribb ea n a nole species a nd f ound that A. cy- 
bote s had low er ra tes of wa ter loss tha n a nole species 
fro m mo re mesic hab i tats, bu t n o oth er cyb otoid sp ecies 
w ere con sidered. Mo re b ro ad ly, there se ems to be a 
general lack of con sen sus a bout th e re lations hip be- 
tw een hy dric p hysio logy and climatic co ndi tio ns in <dry 
s kinn e d= e ctot her m s, owin g in lar g e part to the use of 
diferent m eth odologies. Th ere is a lo ng histo ry o f var- 
ied measures associ ated w i th o rganismal water balance 
(e .g., wat er loss rat es, evaporative wat er loss, or cuta- 
neous water loss), methodolog ies ut i lize d to measure 
tha t wa ter b a l ance (e.g ., w eighin g bef ore a nd a f ter he at 
and/or <dry= air exposure or now-through resp iro me- 
t ry), and ade qua tely con t rol ling for b o dy size and the 
eva pora tiv e pow er of the air (i .e ., VPD; Le Ga l liard 

et al. 2021 ). By contrast, our study simu ltane ously 
cont rol le d for b o dy size and VPD while me asur ing 
EWL. 
The simil arit y in h ydric ph ysiology among species 

that w e observ e may renect th e h om e ostat ic innuence 
o f hydro regu lat io n o n p hysio log ica l div er g ence across 
gradients (i .e ., the Bogert efe ct; Huey et a l. 2003 ; 
Muñoz 2022 ). At the macr oenvir onmenta l sca le of our 
clima tic da ta, we can det ect c lea r diferences in a mbient 
moi sture th at renect the steep hydric gradients the 
cyb otoids o ccup y, from xeric lo wlan d scru b to m oist 
bro ad lea f f or est. Yet, ther e may be variation in micro- 
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climatic co ndi tio n s that w e are not ca pturing a t the 
re lative ly bro ad sp at iotempora l sca le for which w e hav e 
da ta ( Supplemen tary Fig. S4 ). In other wor ds, ther e may 
b e micro clima tic varia tio n in amb ient mo i sture th at 
a l lows cybot oids t o hydr or egulat e t o avo id desiccatio n, 
even in sites that are com para ti vel y dry at the macro- 
climat ic sca le ( Fara l lo et a l . 2020 ). The cybot oid anoles 
ar e pr ecise t her mo regulato rs in lar g e p art be cause 
they occupy habitats along forest edges, which provide 
a mple sun a n d s hade structure for t her mal shutt ling 
be havior ( Muñoz an d Losos 2018 an d Bodenstein er et 
al . 2024 ). Suc h hab i tats may like wis e be p rop i tious fo r 
hydr or egul atory behav ior. Where as t her mo regulato ry 
beh avior h a s be en relat i vel y well established in the 
cybotoid anoles ( Hertz and Huey 1981 ; Muñoz et al. 
2014 ; Co nover et al. 2015 ; Bo ro now et al . 2018 ; Muño z 
and Losos 2018 ), we lack the necessary ecological data 
to make comparable inferences about the Bogert efect 
in hydric behavior ( Muñoz 2022 ), but encourage future 
invest igat io n o f this possib ili t y. A lth ough th e cybotoid 

a noles a re edg e/open ha b i t at species, ot her Hispa niola n 

a nole species a re t rue close d canopy spe cia lists, occu- 
pying mid-elevation cloud forests. Suc h c losed canopy 
s pecies are les s hea t-toleran t than their edg e ha b i tat 
counter par ts, renecting a mo re limi ted t her moregula- 
to ry capaci ty in their hab i tats ( Bodensteiner et al. 2024 ). 
In addi tio n to being sp at ia l ly h om ogen ous in tempera- 
ture , c loud f orests a re also notab l y wet. We hypothesize 
th at resi stance t o wat er loss wi l l be con sidera b l y lower 
in anole species that inhab i t closed-canopy forest 
int erior s. 

The heat tolerance and water loss trade-off 

Although we saw no compelling relatio nshi ps between 

hydric spe cia lizat io n and enviro nmental co ndi tio n s, w e 
did ond that species with higher CT max exhib i ted lower 
wa ter loss ra tes a t th e high er experim en tal tem pera- 
ture (33 ◦C). This tem pera ture is a bov e the lizar ds’ pr e- 
f erred ra n g e, but be low th eir h eat toleran ce ( ∼39 ◦C), 
and so desiccation tolerance may be ev en stron g er at 
higher tem pera tures. The ab ili ty to better retain water 
a nd ma inta in loco motio n a t higher tem pera tures could 

be correlated due to the inherent lin k betwe en the hy- 
dr ic and t her mal environment. As temperatures ris e, s o 
to o do es the drying capaci ty o f air, leading to increased 

EWL a t warmer tem pera tur es and cr eat ing st rong se- 
le ct io n to limi t desiccatio n ( Alb right et al. 2017 ). Dehy- 
dration can n egative ly a fect t her mo regulato ry behav- 
io r and loco moto r perfo rman ce in ectoth ermic anim al s 
( An derson an d An drade 2017 ; Sann olo an d Carr eter o 
2019 ). Ma inta ining high h eat toleran ce while reducing 
water loss rates at elevated tem pera tures can therefore 
conf er a n adapti ve ad va ntage f or the a noles observed 

in this study. Inde e d, th e re lative ly high heat tolerance 
(a mong a noles) t hat t he cyboto ids exhib i t shou ld a l- 
low them to ma inta in (or e ven increas e) activ it y pat- 
terns under rising tem pera tures ( Muñoz et al. 2022 ), 
bu t o nly if they are also able to ma inta in water bud- 
g ets. This inv erse co rrelatio n is p art icu larly int riguing 
given the limited variation in CT max observed among 
cyb otoid sp e cies ( ∼1 deg re e), meanin g ev en s light s hifts 
in t her mal p hysio logy can b e asso ci ated w i th app recia- 
ble chan g es in hy dric tolerance at warm tem pera tures. 
Acr oss the br o ader radiat io n o f Hispa niola n a noles, 
h eat toleran ce varies by ∼10 deg re es, and spe cies from 

fo rest interio rs (e.g., cloud forests) are p art icu larl y into l- 
erant of heat ( Bodensteiner et al. 2024 ). This sets up the 
possib ili ty fo r even stro n g er pattern s of hydrothermal 
t rade ofs when explor ed acr oss the broader Hispa niola n 

anole radiation. 
Neith er CT max n or EWL chan g e acr oss envir onmen- 

ta l g radien ts (eleva tio n, mean p reci p i tatio n, an d m ean 

ann ual tem pera ture) in the cybotoid lizard s. Thi s lack 
o f variatio n in t her mal p hysio logy ho lds true when ex- 
amining t her mal micro- or m acro-h abitat diferences 
acr oss this envir onmenta l g radient; th ere is n o impact 
of scaling (macr o-micr o) envir o nmental co ndi tio ns o n 

CT max in the cybot oids ( Muño z et al . 2014 ; Muño z 
and Losos 2018 ). Inst ead , be havioral th erm oregu lat ion 

h a s bufer ed CT max fr om chan gin g across this gradi- 
ent ( Muñoz and Losos 2018 ), s ugges ting that th erm o- 
hydr o-r egul atory behav iors may be driving this re- 
latio nshi p. The Bogert efect h a s proven a power f ul 
fo rce shap ing t her mal p hysio logical evo l u tio n in squa- 
mate rept i les, in cluding th e cybotoid an oles we exam- 
in ed h ere ( Huey et al. 2003 ; Muñoz an d Losos 2018 ; 
Bodensteiner et al. 2021 ; Muñoz 2022 ). How ev er, be- 
havio ral hydro regu lat ion is less frequently examined in 

squ amates ( R ozen-R ech e ls et a l. 2019 ), a lt hough t here 
a re some clea r exa mp les of acti v e hy dr or egu lat ion. For 
exa mple, f ollowing p rolo n g ed exposure to dry air, Asp 
vipers ( Vi pera asp is ) spen d m ore tim e in s h e lt er s with a 
moi st microclim a te to mitiga te p hysio log ica l st ress (e.g., 
de hydration an d mu scle wa st ing) ( De zetter et a l. 2023 ). 
When ra inf orest ra inbo w skinks ( Ca rlia r ubr igular is ) 
are exposed to higher tem pera tures, th ey ch oose a more 
humid refug e, ev en if t hat me ans t hey are spending time 
be low th eir pr eferr ed s ubs trat e t emperature ( Pint or et 
al . 2016 ). The ext ent t o whic h an oles exhi b i t hydro regu- 
l atory behav ior r emains r e lative ly unkn own, but th ere is 
evidence that gravid females tend to pr efer ent ia l ly sele ct 
humid microsi tes fo r nests ( Pruett et al . 2022 ; Muño z et 
al. 2023 ). Metho ds for b etter incorp orating the interac- 
t ive efe cts of tem pera ture an d hydric con ditions in the 
wi ld are ne cessary for better un derstan ding th e capac- 
i ty o f hydrot her ma l regu l atory behav ior s t o shape trait 
variation in wild po p ulations. 
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Looking to the future 

As c limat e c han g e marches o n, o r ganism s must ond 

ways to simu ltane ously contend with abrupt shifts in 

tem pera ture and p reci p i tatio n. Gre at str ides have been 

made in un derstan ding h ow high er tem pera tures im- 
pact organi sm al otness (i .e ., incre ased met abolic de- 
mand, re duce d act iv it y times; Ke ar ney et al. 2013 ; Huey 
and K ingso l ver 2019 ), but less is known about the ef- 
fect of chan gin g moisture on organi sm al per for mance, 
otn ess, an d po p ulatio n stab ili ty ( Riddell et al. 2018 ; 
Riddel l et a l. 2021 ; Wu et a l. 2024b ). E xplici t inco rpo ra- 
tio n o f the interactio n efects o f hydrot her mal p hysio l- 
ogy and regulatory behavior is even less co mmo n bu t is 
espe cia l ly re levant ( Ridde l l et a l. 2018 ; Riddel l a nd Sea rs 
2020 ). 

We ond that hydric p hysio logy is lar g e ly unre lat ed t o 
t he hydrot her mal environment in the cybotoid anoles. 
D o t he patter n s in hy dric p hysio logy w e observ e ex em- 
plify strong environment al bufer ing due to hydr or egu- 
l atory behav ior (i .e ., the Bogert efe ct; Huey et a l. 2003 ; 
Muñoz 2022 )? Do patterns renect a limited c apacit y to 
adapt hydric p hysio log ica l t raits ( Be ever et a l. 2016 )? 
How does p hysio log ica l diver sity in the cybot o ids co m- 
pare to other species on Hispa niola, a nd to species 
on other i sland s ( Bodensteiner et al. 2024 )? C aribb ean 

a noles a re a diver se , high ly endemic radiat io n o f trop- 
ica l e ctot her ms, me aning t hey are high ly vu lnerable to 
c limat e c han g e ( Huey et al . 2009 ; S inervo et al. 2010 ; 
Huey et al. 2012 ). Com para tive da t a are necess ary to 
bett er par s e out eco-e vol u tio nary patterns o f hydrother- 
mal p hysio logies. How ev er, it is cha l leng ing to co a lesce 
diferen t studies in to a single fram ewor k because of dif- 
ferent m eth odo logies emp loyed and ot her dat a limit a- 
tions (e.g ., l ack of cont rol ling for b o dy size and/or VPD; 
Le Ga l liard et a l. 2021 ). Moving f orwa rd, having a sta n- 
dar dized appr oach will h e lp to build com para tive da ta 
sets, a l lowing for a more complete picture of organis- 
ma l vu lnerabi lity in a rapid ly chang ing wor ld ( Ridde ll 
et al. 2023b ; Wu et al. 2024a ). 
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