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TEMPEHATURE TIME r.OUHSES ASSOC IATED 
WITH CONTACT LENSES 

l<le ll A IW M. H ILL. o . n . 

IIcrkcl l'Y, C"lir"rni:o 

¡\lth¡¡u~h t;UlLl tlc l J CII~CS hu v,· IX.'C II in u;¡e for more lhan ~I:\'e nly.fi\'c yearsl Ihc) 

pl'~""nl lo li S nC¡l rly as rila n)' physiuJu;! icaJ m yslt; r ic>:l as ('oll fron lel] Ihe fil1' l filt cr. 
'I'lIc Ik-si;':-II alld finu l ¡u!juslmellls of thest: lCIISt.."S. until (1 cUlllforI3111.: hi~h acuit r 
n,:~ lIh is a,:hie\'eo.l. are il! Ihc fi nal ;lI1al)sis Ilcnrl )' a l\\'1I)s empirieall)' ha,¡¡:rI : that 
is. Iypps nf adj uslmcnls whkh al;t;ompli;;h Ihe de;¡in.:d clld~ ",ill. SOflle repentihilil )' 

an' n' lai llctl. thu!:'C ",hiell ti" nut ¡¡re c!im inatcd. 

It i~ Ullfortunale lkll lhe fill cr sdnom has Ihe ;¡utis fa clioll uf kll()",in;; ",hy h is 
il ,lju!ólmf'n l i!< !<uccess ful , ",hui hasic ph ysiolo~y Ilt~ In's inflU~ I\I :ell. wlu;lher he 11U,. 

slrul'k UpOH a I!es ig n whi r'h nnll' (,II"Il'S a tolerahle pü~ 01' JlCO~ levcl fol' lhe uc uhu 
~\~c rcti u n s. ur if hi ~ ICII l' tlu\\' IJot:rmi ts parlicu l:lI' melaholio: prl)(;CS¡;CS lo o¡Jel'ah: 
lIunnall l'. 01' if he ha s il,(liret'll~ "lterc'! Ihc I'H "f Ihe leu rs. ¡¡I' a numLer of olh!' r 
po;¡~ ibililies. 

¡\ t;Ulltad lel15 fiuo ' l' Iwelll )' )'ea rs from ntl \\' ma)' rOll lindy IIIcasure Ihe ~rt int:1I1 

phys inlug:ica l dJal'al' lc risl iclO of lI i" Il<lI iell llO in udvaee ¡u ld nOI on l ~, ra iSt: himscH 
¡¡ buv,' empirical {I e~ i g ll :l nd ;uljul!.llllcnts. hu I may ah;" hc aLle lo flclerlllinc Ihe 

Jlrngn,,~i~ for u ~ U';C¡:~~(u J (it bcf"re his pal icnt may suff,'r lhc expense ami dis· 
cumful'l uss,)('ialt·d 11 ¡lh MI irwvi¡¡¡hl,' f¡¡ ilun;. 

Oloviou,'; ly. hdorf' the p l l j~ i ul "g: il'1.1 J approlldl to 1c1l!S fillin ;.t. eall !Jc succe~s rull y 

cmpl())t!d ¡¡ ;.t.rcat 111;(11 )' <]ueSlions wi ll h;¡ ve lo he unswt' l'ct!. '1'11(: !mljor one i~ ",Iml 
l'onsl itnlC!l Ihc ¡wrl iJleJlt ph ):"iuJu;.:- )' assuciawd ll' ith 1"lerable weul'ing (:onditi ons? 
Slu(!ies (Iiredel! towanl a Ul'wer iro g: this quest ioll are , 'urrelllJ y in progress in Ihis 
11I1,o ral,H')' , TIoe ¡¡rinci p:.l fudllrs hci ll;.t. sludi L-'(1 :l re lhe l ime ,;"urses o f len;:: temo 

per;¡ lul'cs a un Ihe li nw ,' our~ of I'o~ . pCO~. und 1'1-1 u f Ihe "cu la l' set:n:li"ll l' "". 
sodat!:,1 wi lh cOfueal (,,1<1 sclent l cOl1 lal'l Ipllses, 
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III C 'LlUU \ • . 1111. 1. 

Th i" ¡O<llwr i~ a hr i .. f .-IO:",;("I 'lpl i"'1 "f Il,mpcra luro' lime \,: "lIr,,('~ frolll p ilol ~ llIrli es 

ron (lniltwl ¡;; 1,lli,.), prcn~.It:d 1111' hUIIHlII ~llId i,' ~ IlO\\' Ilt'ari ll ).: \': ompll'lio ll. Amo!!;! 

Ihc lJue"li ulI ~ u" k,·.1 in Ihi~ ~llI(l ~ II'l" 'C Illc fo llul\ íll;': : 110m I,,";! í" n ' ([ui"",1 fu r an 

r ~ t' ItI n· ..dl h' llI p~'ra l ll rt' ", Iah ilil ~ r"II •• \\ in;.:: Ih.. ill;<t'rlion Of;1 1~'I1 :; : \\ha l n lll).:l :S 

" f !t' IIl IJenll urt ' un' /I';''',>(; i"II,,<1 \\' ilh ; 1 , '(1111.:11'1 le .. ,. in ['hu:c ..n 111(' I' ~ "" : \111(11 ..rfcd 

el", ·" . · I,, ~ ill ¡! tll(' •. ~ " nn!u 1';I II ~ Ioa\" u ll Ih \,: leu" 1'·ILlp,·rulur.. : 111'1\" I11I1 (" Ir "r 11 Icm' 

Iwralllrc I"i ;<t" if Ull~ . i ~ as".... iul l'd \\'illl forccel ,.]Min j.! of llu' l' \e or "'ILl cl'zin j.!' 11)0-' 

11d ~: ami ,111(''' IIIt' .~iu· uf IIH' li,l ILpc rlun' influcllL'l' Illt' kll .~ h'1l1Pt'"l"i1l1l1"(' ? 

\IETIIIIU,. 

:-; ix r(lll ll il •. ~ •. ;; w .. re 5Iu.l i...,..I. 1111' 1I I,i IlHlI" ht:in i> ~11l 1I1;! 1I, lu ll male;; .,.r 2 K;.:. ave­

ra j.!'C \\e¡).: I,1. Tlle n lbloil 1I'8" ",,:I"l'l!-¡] fll r Ihi ~ il1\"1"" li ;'::1IIiOIl IH..'( ·aLl »C "f il ~ 1.. \\ hlink 

rah' alld 1)I'(';tlJ~" o f il ~ d,,(' il., n(lllll"l': p"rmil ill i-! Il"ial~ lo he mad.. 111111. ,.. an. ,~r1)o-'lil·­

frlT I:<on,l ili"II:;. 

Fi v,: IIWII.~ur'·I11 .. I\ t:;; of IIII~ p ri'lI'ipal lJIer id ían :; "f "udl ""rllt'a wt'rt'" IIIH,I.· alll l 

¡ Iw redal 1 ~1II1~ " ¡,lun' .. f c¡LI"iI ¡LIIimal n "'llnlefl 11 illmul an..:;tilc:; i". Th i:o dula ¡.. 
~ ¡")\\ 11 in T uhl., 1. 

l -mler i>" lwnol ; , "e:;lhe~ ia ( lII'clhulI l Ihc 'l1Iimal ,., IlI' rc ;:-il" '11 iclclllif) ill).: Itltl ..o~ 

ami ill1 [!r c~:; i,," :o \\1'1',' ma,l .. nf efl(·h C UI"Ilf>(I b~ ~I,,"d unl l edlniqlll'.~, " Frum I"''' llh ­

ing d,>n l(l l "tOIl,' pos iti ve:; 111" 1l1l:111 \, 1 llIelhan.l' lal l' II'II .~,·" were 1II,,,le f,,1' cHch e~e, 
"111' 15 mm r<)u 11,1 Inlr"..aJ I allll tlw o tlle r :,n 111m 1'0uIIII ,... I :;c lend l . TIIt' cII;;.·" 

"f aH Il' e I "II~ ll CfC m¡ul .. rU UlI'1. 1111 ';O'·.· ... I ,I(lr ~ I"lll"\" ' ~ I ... in¡! 1I~1. TI... Illil'klle';"; 

u f 111I_"5t" Ic ntl(."l! 1I'1lS ILppfux ima ... l ~ O.Ó Illlll. s ufrid.' ,,1 Iu l'lIld..p .. Vl.....·" :~2A I I 
tllc nnish'r .. 1"1111'111 lI'i lhin il:; :;ud"...,:; 111 Ihe .:,'1111',' " f 11 ... l"II~ . 

Tlrc oull'ul .. f IIIt' Ihe l'mi"¡"r Il a~ illlnodlln"11 illl0 II Salll'u rll i\'l .. ,lcI ::.')o.150(1¡\ 

ampl ificl" ;lnd Mooh'l :,Ni r(':('ol"d" 1" v iII 11 YclJolI' Spl'i ll ;'::~ !\11l,1 .. 1 ",1 .~ix -dwlH\t'1 Irl... 
Ih"l'rnO'lIdc r unil . l ile reeol'd~ IIT n' ;1 ('''lIl inu'' lI~ ;':: I" al'hi .:a l pl,,1 uf l e ll ~ I C HlI~fi.I· 

ture 1:;. lilllC. TI", \, ,' rlit:;al , l i nwlI~ ivl1 "f 1111' lid UpCl"tu ... · lI';L :; l"ec., rol ..,1 in Ill illime· 

kr~ Ihrull¡d lO UI 11 u.: fun;, ;LS IIdl. 

Ouri,, ;.: 1111" Iria l;:; tllt' animal lit,,, u nes lhelie -frcL' . be in¡.: n:~lra ill t'(l lo ) H h"ldin l:'­

IlOx from 11 ... 1I(:t; k allll b,·lu \\' , Tlll' tl , ..1 IcnSt..o;:; 1\1"'.. 1I'1l shcd (·'H!'full y . Ih u ¡,vu¡.:::hl} 

cx p,,~(1 lo 11" 'lIil ' l:'- ~"Iu li"n 1 Hal"lw;l· llillll N" 6SI 1 1111<1 iu :;e rtc.1 illl" lile "yc al 

1''''1111 1.-nll"'I';¡luro'. ¡\ lIIin imulll uf vne hour "",,:u'ah:!! 1111' Irilll ~ <111 0111" "rt' . (11111 ­
OU~ ]¡ 11I0~ 1 I ri al ~ for ¡¡ ~iw'n " ~ . ' \1 " 1'.' lIlad" 1111 Iliffc l"~'1I1 ,Ia >~ . 

,\ ,... " " ,,113, ~i",il"r al'l,r",,,·I, "" . , .. ,,,1,, l.} Fi"¡¡ 'I M II , " " r"hI.il .. ~. .,. " . i,, 1It 1,1". to' r uf 
pa ri .• "fr 11", ,·".I ;n ~ n""cr;al~ 

•• T .. ,,,"r''';1 "' u ~i",,,,,, ,·¡r'·ul"lj"" "f ...·"I"r flu¡.I , I,c[" ".", 11,,· J •• ,, ~ a,,,1 " , .. 11 ... "' I,'ral ~ 
""'re ", ,,.1.. "ilh , up ..rjnT ",.. 1 i"r.·ri",· 1",1";" I'~"ri,,~ . ud,,, ·,·••i",il"r 1" ,1 ... 1)o,'I,'di,·I,¡ 
1""'"",1" 1"; ,1 1.." , ,t." i~". 



Uil"ed h.l lHp..ra tulT ealihrilli,," .'I of Ibt' "t 'lI ~ i ll;': tllld rt'eo rdill;! Sr~ It'1I1 "e1'(' made 
f" r e<lCh Iriu l I' r phwill g: t lll' le lls· llwrm isl .... II lIi l in \\'H lel" blll ll ~ "f ki\ ~' \\' 1l le mpe· 
ralur..s. n"';I,," 1'('r wilh all N. B.S. eUIII~an:(1 tl ... r ll" Jln ~'h·r. Trf' 1"0<>111 If'tllpcnllure 
ami n· la li ,c Ilum i,lil) II'crc al,.o IInl,·, 1. Thl":'t: <l11·nl;!!.:,1 <!S"C ami 411'j. rt "' I ,~:d i ,· d~. 

Fnrll ' l'i g-hl .~ hnI"Herm III VI·I·u;.:.e. <!II millule~ 1 1'·1l11Wf<lIII ...· Irial" II cn' n"'"nled 
["1" Ihe ", ix ,· yt·~. Fo ul"s Il"inl.~ "" f'iW h ':)'1' wel"l' malle \\'i lll a "de nt l le1l,. Il nd fou l" 
I,ilh a ,"flnleal I I : n~. Eaeh l .. i,,1 (·"lI lai ,, (.... 1 follr .~ ll h ·U llil "': 

1 I 	 111(' ill il ial :; ta b ilil(i n¡! li m,· , 'o u,,~, · 

"21 	 1r forrt>íl hli llK li n1l' '·"III''''t: 

:~ I 	 11 ,.j";¡.ed e.\I· lillle eou rSt' 

' ~ I 	 ¡,tI(1 tllt' final 1'01011.1" I'IIIU"ul·!t:ris li cs "f I CJll p~'l"a lll rc ,wel lid upI' r llll"l' before 

n·m"v in;.: 111t' 11.'11"'. 

Altholl;.:.h l it, · li l1lf' ,'OI\;;I;II1Ii'. Il AAO(· i¡¡ I.....1 slahle a lul m:l:..i l1l1111l h·tnIJl"fa tures . n·· 
latt:<'1 lid "perluro"" ami ol llt'r fea lurl''' of lite,.,.' l irm: e'H1 r:<t~ hU I't, hf't· t1 pn J{"I';;;;e<1 
Imea ll", ."Iallllanl d,'\' iatiou"" lil,, 'ur all(1 ....mil,, ;.: t'"rl" .. lali ' "I~1 I,} un IHM 7U4 
l;oll1 J!uler. l it e a lla l}"i", uf 11lf' dal a i", nol >cI eUln pl,· \t" tI! I(1 un l)' ti ~(l t w1"al ,Io'l" ril" 

lion of Ihl' fi w li ll;.!S lI' ill loe ;.: il'e ll I"'n· . 

Fi t:u n' 1 is ¡¡ plo l u f n';;ult ." 1) l'i"a lh \lbl¡¡im·,1 lI' illt 1,0111 eu n lf'al 11111 1 ",,:Ient l 
1..11;<1:'", It ii' fl 111t'nl ) (Il inult' le!l1 pt' ral llre li lllf' ,'Otll"l'l' rnr a eortlt'1I 1 IcIlS lI' illl ¡he 

ass' tt;ial .. d li, 1 "pertUTf" Ilwa"nft 'nwnls. 

'I/ iliu/ .'ilal,i/i:;illp: CJ,urru.:""i.l/io· 

¡\ n initial riSt· in Il'm r",~ra l lJl"I' u~;;"eiate,1 \\ilh Ihe in",' rl io" of 1111" I"IIS is ,· Iea l"· 
h el' i,lcnl in Fi;.:un· l . Ihe c~¡> I ... in;:: dOSl'd ¡t u ¡lit" olJicu l;u-i" IlCuli mU 1<C Ir.s acliH:. 
TIlO" maxim um IClllpemlure ..cudtt....1 "a", ;~5.:J" C 1,)6.4" F I. Tllc d UI'.so.;, 1 l illle !JO:'. 
l'lcen ill""rli,,,, 11 I ami r('aching: l' .'< Iable l!-rl1l'eruhln' u f :·\:t:~" C 1')2"F, \1<1.'< ;l . t¡:: 
min ut",,,. Thi~ "Iahl,' le Jtl ~rn ' "re II(t", a"l:o,"p' lI1i..,1 h) a li ,1 IIperlun' " r :: mm 
\'erl ic,d ,Ii n ... n;<io ll .llle aw'nr;.:'· fOI" Ilw,.,· ull ilna!.s wilh" ul len,... s Iwin;! ¡¡ h .. ,,1 I<! 1I1It!. 

Or",e s lahl,. Il' rnl"'T;¡ lun' \\a;< ,1"lIlulIsl r¡lle,1 ti f" I·ct... 1 blink expcrinwlIl lIa" ,10m'. 
Ilurinl! 1111' ill len al lahel¡'rl F Il in Fi¡::!; lIrf" 1. Ihe '·YI·la,.ht'S \l f ,l it' e ) ~' Wt'n' re l.lt";¡· 
¡..d ll· 100II'hcd e lu·o u1"U¡!i n¡.: the animal 1 .. d uSl.' hi,. ,. ) " hanl 1<) I'I"L'\'enl a f" rci nl! 

oLjecl fr"tt\ (· ttll'l' il\ ;:- . '\ 11 ahrupt r is t' in !t ' I\ ;< 1.;n lpcnIIIJl"t· IT" lI lk'l. "I"win¡.: j ll~' 

1t)I) 



t(lql.~t!1I M. H\t.t. 

befurc p¡~tp.;.IIliJlg in 1. 111 Illiuutc:<. TIlt; maxirnUIll temperalure rca t;hed was 36.1.:"[ 
1()B.2"F¡ ur a lemp·erature !"ange of .~ .s"C ~6.:1"FI was Ir~verscd in lkll peri od . 
The ri"p time cUlls1~1l1 W~" l.'l ~eeoll&;. 

192"F I \\la" re~dled twu minules ~fter the forced blj"k f1irnulus was remove(!. The 
final 8table lempcralure in Ih b ca~e was :~2.noc ~ 91"FI. bclow Ihe startitl¡!: temo 
peratUfe and was reached aher :.Vj(¡ minutes. wi ll! a d(~e<ly time eOllstanl o f 42 
secomls. 

Closcrl f.'YI' [xpcrl/JI!""I 

After oTlce ag-ain reaching 11 s lal.olc lempp ralure 11 do~ed eye experimelll. el:: in 

Fi¡.:ure 1, \\"a~ done in which Ihe na8al c¡llIthus of Ihe eye was "uhjeel('.o lo the 

ecmlinuou" light pressure froln Ihe hri,,¡]ps uf a s rna!! ¡'ru~h . This prc~~ure eJlco u, 
ra¡.;eo Ihe animal lo kecp his c~ }'e dused Iml !lot in an inlen!'-<' marlncr ¡¡S in tlle 
force.] hlink ex¡¡c rimenl s. 

In 11ll'~c Irials Lhe maximurn temperaturc!'- reach<~(1 lI'ere less Ihan ill lhe forced 
hlink !<eries, a~ rni¡;hl Iw experled. ITI Ihis eX;.lI11ple Ilrp lem ppralu re was 3:1.5"C 
¡96"F) . Tite lolal rise linw hefe ]\as (jO ~,~eumls ¡lI1d lltc rise lime conslanl, 21 

seeolll!s. Tite range was 2.::"C ¡soF ) . Thc lolal time to relurIl lo Ihe slarl in;.; tem· 
p¡;ralure here was 4.7 minules, Ibe deeay lime {;uJlsla"le beiJlg ü.3 s<~eoJlds. 

Tcrmillal TCm¡Wl"fllllre 

Ju~ 1 bdure rerlloviJl¡! the lesl len~. H in Fi;.:':llfP L a final !'-Iah l~ l ernptralur~ \\'a" 
recor(]ed for corn pari~on wilh Ihe inilial slabl~ temperalures of Ihe t r ial. Tite final 
slable temperalure ill Ihis ca~e \\·as 32.6')C 11)0.7"FI aflcr 19.5 minuLc8. In tllese 
~I]()rl·lerm lrials lillle rlifference was Ilolcd hetween Ihe inilial ano final reslin;.:': 
temperatures. 

¡,id Apt'rlllrc amI TCrII/)crullll"!! 

Thp precise rclatioll:"hip of lid apcrture lo lens Ipmperature i!'- nol y~1 dear. It 
("aJl he seen. however. in lile do.-eo eye ex perilrlcJlb. in whieh lbe adivil )' of lhe 
ohir;ularis ueuli are minimal, Ilml Ihe hir;hesl s ta hle Lernperalures arc assoóale(l 
wilh a zeru lid aper1ure while Ihe lowesl sl:lblc lclllpcratLlre~ on: ury when !ht lid 

aperlurc is larg-t'"sl. 10 lo 12 mm . Inilial humaJl tri:rls in whicll the li,] apcrlure call 
he su bj edil'dy ccoll lrollcd 8Ug¡!Cst a rigid rdalionship het\\'een Ihis fac to r amI 
lcmperatun~. 
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Com¡l lele t i m~ ''U U"" ni H rorneal lens lempcrulure e>: llerimenl, 11 I is ¡he ¡"''''Tli "", I F B I the period durin~ ",hirh 
the l i d~ were kell l lord!. ly r1o.ed ¡'y Ihe animal. ICE! Ihe "eriod o f natural lid .-Io~u re. ~ml IRI remo'·,,] of Ihe 
l e " ~. As.... ial",d ""rlira l lid a"ert\lre~ are ~ho .. n lIe l o"". 
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The fi n.1 aud rII ,,"I d iff io.; u ll qlll·;;.' io ll lo be d .. a lt lI' ith a l"l': what fa o.; l"l") "ulIl l" i­

bule 1" IIu- Il'w< I'>ll1 ll1' r:H ures hci n;.: 1llf' llsured fle re " ,111 \\ hal is tlu- il" ... ·Iali,,· in· 
flu ent e '? Tlw rnlluwiu;.i con"Iilule" u IltI rlial Ihl : mu;wl .. Ilf'<l l. insul :1 li ""1 ¡¡ro¡¡e r· 
!i, ·~ uf tI ... : l e ll ~ makrial. inSldal io ll I'ropcrlics "f 11ll' lids. lid a l~rtlll"c . oculR r se· 
"""I iol1 If' mp" l"Il l urt!s 111](1 c ircul a l i,m ra tc. cu rllcul h' lI1f!e ra tun' and \'a .~C lll ar ('011­

,Ii tioll s uf 111(> ud"cx ", In 3(1,li li on. r" om I ~ lIIper'I I lI n ·. 1".. la l i\'e hUlllid il ) ;l lIll le lls 
l il "ul"l' l) haY" ;oome cf k"Cl UI\ 111 .. Il' l\ ~ It:IIIIM:u l lurt::s IIICII ;o UI"I' , I. 11 !l11I )' f'\·"Tl III <l Jl ) 
b~ po!<..«ih ll" lo fract inlla lc tlt is eHmp')i' it,· wi lh ~uf·h h"dlll iques as fo reell !,Ii llk \'''. 

doscd C~ l ' ('~ I II ' r ¡ nwn ts in whi('h ti", a f'l i \' i t ~ u f 11 ... " hil'u l:l r is i,. ..1)\'¡..u...l) ,Iiff..· 
rl'nl. 

fll i / in/ Sla/¡ili'J Tim e 

Be\u rn in ;.: Iv lhe ' l uc~ ti ulIs I"UI~ ' 1I11"Wf' rs wel"l! i ll i l i a Jl ~ " .. uglll fm m Ihi ~ allf l 
IIU' " ll ler pil,,1 ,·x peri,ll .. II I,.. il 1m;;. 1lt't' 11 foum l l" ,.1 illit ial ,. Ili hle 1f' lll llCra ttll"f';;' "oulíl 
1... rf'a l'hefl \\ il l, il1 a minute 'M·cu"iUi I1i II) . huI !'()llIf'li mei' 1"I" llI il"e(1 as 10, 1;': as scven 
mi uules dept'lItl ill;': ..11 hOI\ ."oon hl illk ill;': ('uuld he (I\'e ro.;o llle amI 11 1\; " )"1" a hle lu 
Illailll<l ill " ('onsla lll lill ap.t'rIU I"C (!i Il ICJls iull. (¡".. uall ) ;oomf' ¡lli l ia l "'lllt'Ct.in;.: uf 11 11' 
li ds (H'('u rrctl ctl u:< illg an inil ia l r i~ , · ill lempcralure n ~ ill 1111' e iled 1"1'("111'(1. 11111 in 

a f,'w Ctl ~;;. wi llt ;;.wifl. ~ 1II "o llt iUlSc rl ioll", tlle lcrnl){' ral lln '~ never ro~t' a huve Ihc 
in il ial "Ia hl .. l em l~ ralure prcYi" u~ 1" n 'm'h in;! C(luililu'iUlIl, 

A ('un~ i d f" r¡¡ hlc nm ;.: (· uf 1cm lw ratll rc~ wa;;. fo und Ii ~~"e i nlt'd lI' ilh llle;;c 1 ':Jl~I'i' . 

T li(" n' ~ li ll;': ll' rtl lwl"a llln's I\'f' re im'ur ia hly belo l\' III!' I II C11.~un:( 1 ho,I)' lempt'l"1 lt lJr" 
" f '1U.2°C. c l'en 11 .. , ma xi mulII h ' lII pl' rallJr~ n :ford ,:/I in Ihe fu reed hlink ~·x peri· 

Il l"" l ~ wen ' "'·Yl.'r f .. und 1,) cxe(,(·d :SlJ 'c. T he 1 "I\ e~ 1 rt.">; ti ll;!. h;mpe ralun' r ... ·n n lf'd 
lIa~ 29.:S"C. TIlf' ma ,¡ imum Hln)!e " f ¡"m l~r¡¡ I un's Im lml in Ihf' f'()fll plct c :<Iud y 
lIas j u!'1 ,.hu rt " f 10"<: nr I: ~' F , The m" s l t'ommul1 re" li' I;': Icmpc ralun :;< 11 ,' re ~2 
1.. l -l"C IBI) 11' I):S"F I. Lo\\' ICUl penlt u l"..">; a~suei 1l ,,"( 1 wil ll Ih .. nakcfl ,'onH'1l ha ve, 
of (·o ll rst' . 1.M.""\· 1I kll vlI' lI (UI" ~"nH': l inwJ as II'd l a ~ l'l n;:': . le rm l' aria li v lI ~:1 ¡¡mI lila) 

hal'e a ,. i;.:' lIi fil·1I 11 1 infl ue llc,' n ll Ihe n>!llpo~ i lt' l e ll ~ Icltl p ....a lurcs 111<' (1 :'- ' jI",:11 I .. ' rt' . 

f."jft'cI o} 11 ClfI.<"'/ E.l'" m I I.ell$ T" /II/I,' m I IUC$ 

" d" st-"f l {'jI: u l euu rse "o' Isti tutt'" 3n e ll l i ronm.. ,,1 {, () lIs itl(' rah l) (li Heretll Iha u 

1111 opcu c~ e fur Ii ",,"1 (\( '1 I f'n ~. Am",,;..: 11lf" altcr.lI ¡" ,, ~ pl"oh .. hl) .. ffectiu ;.: 1" 11 ;; " 'm­
I'....a lur.. are IIIt" i u ~ u l 'l l iuJl p r\)p.. r l ¡ c ~ uf II\(' lick II It' Iit'a l {"(mlrihll li"d hy li,1 ,·i r· 

J l :l 
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<, ulaliun. Ihe imped alu :e (.f evaponttioll fr oJll Ihe le ll 8 allln io r surfat'e .Ind. I'roha. 
hh Ihe "Iowin¡! of OI'ular fl uid i'in;lIblioll Iwnlll~i' o f Ilw abselU'e o f hlink adi \'il} 

<inri Ilo,rrnal el t' Il IU\elllenls, 

Evcn \\lll'l' a Illinimun, of ol,inllar i~ ao· t i";Iy i~ I,re",cllt ¡t l 'o l\~iilt:l'ab le rbe 111 
lt'mpn1lturt' i,. nlll;<i;;!elllh reeunled ami remaius "tabl t' as lon~ a~ Ihe ele re lll a in ~ 

dOH'(1. In tlU' typi" al exalll pl .. Iw1'<' tlle rise lI'a~ ahoul IS'!' that if a fUI( 'dull ) 
,'I ..,~e d el e, The Ilormal do,~cd e,'c t e lll pt'rallln~,. \\'1'1'<' 1U'\cr fo untl lu r .. ach IllIlsi ' 

uf the fon'p.1 hlink Irial~ in 11 ¡: il'en ele as is lIul une"pedetl. 

Tern lw nlluH'" as hir::-h a ,., ,'-\ ,'i, l oC ¡It Illt~ "onwal al""" fO l' an " P ' Il ilhout a h'n~ 

in plalT hal e IIllT" rep"rled prel·ju usl)J, 

r"//I/wmlllrn A,~,wálltcd Wit/¡ Ex('('ssillt' I.i,/ ¡ldi vil,1 

The ma xilllulll I('m pera turt's rt','oHI..rI \"'1'1'. 11,. 1ll, 'nliolU'd I'.lrlil~ r. a s~ue i,lIed 

\,illl f(.rn:d du~iJl).: uf lile I:)e,; , TI".: to tal ri"e tillll'" ami tlH' ri ,.e lime CU lblallt s fnr 
lhi ,., ad il'i l~ \\ne also lite sho r t.'sl s,'en a~ \\ .. 11 a~ tlle total deC<l \ l imes a nd d l:<.:a) 

l ime l'o nsta ns, Thuse fo r Il1llll ral do;w,1 q e eO l\d i liun ~ \\ .. rt' lon f! .. r in IlI'a rl y ever~ 

"a,~,' for ¡t r:iven " ) ,' , 

t\ maXlIllUm lempcralurc " f :\}l,O"C ha ,;; hp.. n prt:l' inll~lr rl'porh"d for a rahhit 
,'"mea \lil/uHJI a Il'IlS in 1,lan: ''' 1 apl,/icali"l l o f !1!ui~1 lw¡[ 1 ¡[mi diallll'rlll \:¡, 

1.11/ A/",rlurc ""'/ Tl'III/JI'mllll'l' 

1\ lthOlll:!h ,'nrrt'lat ions ~,f lid allerlul'<' atul le ll ,; lempem lure llave " ot }el h'~"1l 

cumplded . a si¡:nif ica nt n: l a lion~hip app<,.II''; lo he pr""'I'IlI l ... t \\t;"ll Ilw t\\'", llli· 

tia l IIIIIlHlIl tr ials ill \\' ic1 1 lid al"'l'lurl' ..an 1ft: su bjed jl'd) " ulltrolle(1 indicate ;1 

firm rdnti onsh ip hl'lw,~~n lhi,., [¡u;I"f ¡[mi Iempemlul'<', The Il al urul lid alwrlu re 

uf a patiell l. liS wdl a8 that diduted bl' Ihe jJw;;¡:uce " f a le ll s i" his eye. mal prOl\' 

im po rtant ill hi" I'ro¡: Il,, ~ i ~ for a cnmforla hic fil 1H'l'a u~, · of lI:rlllu:rature, 

Tire U~e (/1111 11I1('tpreloliulI uf I.NIS r"/Il/Wntlllfe,< 

1\1nsl ('erl a in l} the tempenlturt' ,.f 1111' "p'. am i "f tlw 1"ll s, ~,',· "ml:.ril ) , a re rl" 
fledi,," s uf lllUSC¡" ad ivi t \ alHI uf llldalwl ie pron's~,~s "f 1)!'"xiIlHII li ~~Ilt :~ lo il. 
T \H' nwasure(\ telll peralllre mal al;;o 111' in fh wn'_"<:11 IJI IIH' dH'mi ~tr} of tl le Icar~ 
" 11 Ihe,;e lis"ue,. f"lIow inl' a I'roluu¡:ed 01' irril;IIillj! wI'arill~ period, Tlw uscfu l 
interl'rl'tut ioll of IC lls l em l U'ratllr, :~ ¡¡\\ail~. IlO\\'el'e r . tht~ eata l¡: ill ).: of re';f-'0ll""-~'; 

nss,,,, iated wilh d ..fim,.1 f .. rms uf ill fi l whic h ";11\ h.. ,'ollll'art'd wilh dala fronl 

~ uet'l's~f u J l' a ",-·~. 1I is t'\' idenl Ilml (·ollsi(!.: ra " I,: It:mperat url' dlalL r:l'~ do lab: pl an> 
in tllf' "r" a llll nlll Ilt' nll'asu re'l. I1 \\old . indecII. he sl ran¡:e if Ihe~ tl id IlU! ,,~ fl ec; 1 

l''' ) · ~iolo¡: i l'al pruee~~e~ u~du l itl dete rltlin inp; 1110' pr"f!nosi" " f fit all (l tlw JIlny 
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tU '; II ,l. KII ~1. 11 11.1. 

bccolllc ti II~Fu! enlllpulICIII in ti pll ) sivlv~ical pro Fil,· ,1011'; ruuliucl) tU l ile f ittilll! 
o F p[lfien f ~ ill flll' Fllllln', 

,\ f. K NOWI.ElJGEM ¡'; l'T 

! WI.JIIlf! likt: lu llllluk Ur, MurlulI Sar\'l'r. MI'. Alan Lcighlnn ann nI'. n. 13. 
I\.h'117.'·' fo r Ihór ' <.-'f'hnical a,.:<i~luBl;e in litis prujec\' 

:'U" I.'tIl.HY 

l . From s i" t'p:~ ~I(I( l i ell in pilol a nimal l.'xpcriIlH::III S 1"111' IClll l--'e ratu res uF 29 
lo :woC. a rall;.!c uf 10"C 1w ur !. wnc lIIeasured. 

2. Com; iflt'rah ll' Il'm lwralun: ri se~ ,,'eft" asso)(!inlcd wilh rnrt:ed lid ac li vit y. (·ha lL· 

¡!I::< uf .1.5"C 16"FI wc rc IiU! U'II' ,m lm OIl . The lime ('OIH~I;" ano lime "onsl alll~ 

W('I'I' ¡:dvelL For a salllpJe o:a",', 

:.1. C I CI~e,1 e r e cCl lldi li'llls Il ere 1.I ,;; u f OUIHI lo ('au se 11 (·onili d,'nll.I,· risc in tem· 

pe ra lurc. ¡'ul IIcver a~ ¡:rc¡¡1 !I~ fol' Ihe fvn:t:(1 lid !Icli\·i! ) . 111 udl ller ~xlJt.,rimenl 
"·..re Ihe maXinllltll 11'1ll 1lt'ra lllr~ t'\'t'r a!' hi ¡.!h 11!' Ihc ¡'o~l) lc rnpc nt lu n.: of the animal. 
TI... ti ml: t:our:<es [lfl{llillle consltms a&;()(:ia lt,.;1 w il\¡ a d os-ecl eyt" t"xample wo:rc ¡.:i\'l.:II. 

4. -rile lid apt." rture a ppt"ar!' In lIa \'t: [l s igniFieanl in fhlt·n...· nn Ihe resl ing Icm· 
pe ra turc u F 1111 C) C as rdk"t: lcd b) It;'.ns le llllwralun", IlIcm;ure,l. 

A nim~1 I( ighl Ey~ r.dl Eyr. Hod y T" III I,,;r;,tun' 

Numl...r P rill<"il"' ] l\1 e. i,li",,, 11)) !'r i,... il·a l 1'tI " .i.I; " n" I ]) ) 'r",.I,,1 "(: I 


21 4' . 12/ Uó" II·5.!)7/ 176" 46.22 / 1160 4:1 . 72/ "1.6" 40.2 
24 ·1.7 ..~Ol ({(jI> 4 5.5U/ 1i6" 46. 1I)/ 107v 46.:.IIJ/ 17" lj.(l. 1 

27 44·.67 ,O.. '1,2 . t)i~/ l 6C ," ·•.S. ó7/ fJ6" 11.2.22/ 6" 4U.:{ 

Tcm pcralurc li llll' f'Ollrso:s n'T()lIIpa n r ing c n rrt f'aJ Il ud i1t'ler:d le lls '\I:a r \~crc 

ttll'lIs11n:d f<l r "IX C) t: ~ umlc l' va rietl cumlilions. T illle Cutlstant:<. d a pSt."<1 l imtl~. 

It 'll~ lempcralures. ,llId pal pehraJ "perfllr .. ,Iimcllsiot." a~S""ill lt ' d \\illt ~Iab i lizali<lll 

Foll ow in¡!" inserliotl . f'JITt·" lid un" 11111ural doticd C)'t· o'o tHli t i"w< ar, ' disl"llS~e(1 1HUl 
MlIllpl.. .-'la la p;i\,('tl. 

lJ niver., il y uf California 
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