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I N  T H E  MEXICAN 1)BER MICE, 
I 'EI~OI\TY,K,>U~S ' r ~ - ~ o ~ v ~ ~ ~ L u  ANI)  1'. I IT~ ;C;ALOPS  

I'OPULATIONS oC I ' ( ~ ~ O I I I > I S ( . I I S  ~ J L O ~ I Z ~ I S ~  atitl 1'. t t rcgc~lo~~s  occur ill cool wet 
lorcsts ill the southcrn 1iiglll;lnds o l  R/I6xico (Osgoocl, 1909; Musser, 
19(i4). Intlivitlu;~ls of e;~cll species (Plate I )  are consitler;~l)ly 1;trgcr than 
repi-escnt;~ti\,cs oS otlicr I'orlns o l  Pcrort~y.sc,ri.s Tot w l ~  icll ~ne t ;~ho l i c  ; I I I ~  

body-tcmljer;~ ~ L I  1.c (I;IL;I ;we ;tv;til;~blc. ' I  ' l ~ e  tl;tt ;I o t ~  oxygv~t c.o~rsutiipt ion 
;tntl botly tctiil)cr;~tt~rc lor 1lrott1u.c.i ; t ~ r t l  11rc.gc~1o;D.v l>~.cset~tetl liere are 
i11tcrl)reletl ill tct.111~ o l  t l ~ c ~ . ~ ~ r o ~ . e g t ~ l ; ~ c o r y  c;il)ac.ity ;111(1 ;lye corn~);lretl 
with sirnilill- i t ~ l ' o r m ; ~ l i o ~ ~  131-ovitletl I)y RIlcNab :ultl Morrison (1969) on 
P. cri7ril,r1.s, 1'. crc>ttricrt.c, 1'. c.cili[orr~ic~rc.r, 1'. / r ~ ~ c , i ,  ; ~ t l t l  1'. .r t~~e~ri( .r l l~tz is ,  
;t11cl by 1 l;tytv;r~.tl (I!)(i51)) on 1'. ,tt~ec?r i(,ril~r/e~.s ; I I I ( I  1'. .sitli~~r.si,s. 

Esa~nplcs  ol' tllc species Pcrort~y.rc~rs Il~o?tztr.si ; ~ n t l  P. ?ncgcclop.r trappctl 
on 13 i111tl 14  , Ju~ ic ,  l!)G/l, 11e;tr PLICI-LO C:liico it1 tlic t l lo l~t~t ;~ins  west ol' 
Cllilp;~ncingo, < ;~~cr rc ro ,  R/ldxico, werc tr;u~~spo~.tctl I)y ; ~ i l .  fl.oln Mkxico 
City to Nlic,llig;~n. Witlli11 live days ;11'1(:1- ~ ; I ~ ) I I I I . C  tllcy were Iiousetl 
(sit~gly or it1 11;lirs) ill rvi1.e-nicsli c;rges ill n 1.oo11l :IL t l ~ o  IJ11ivt21.sity ol' 
Michig;~n R / r ~ ~ s e t ~ n ~  of Zoology rvherc air ~ ( J I I I I ) C I ~ ; I I I I I . C  ; ~ I I ( I  i . e l ;~ t i~c  
hu~riitlity cve1.e 1.ctg111atetl ; I L  29" C ant1 30 pel c. t . l l r ,  rcsl)cc.tioely. Pl~oto-  
pc~,iotls ~ri;icchctl tllose prevailing for the 1;1ti111tlc of A t ~ n  ~\~.l)ol- (c.11. 
lzO N). l h e  ~ii ice were 1)rovitled wit11 1'urin;l Mo~lsc 1ireetle1- (:how 
 el l i l ) i l r ~ ~ t ~ ) ,  S I I I I I I O W ~ I .  scetls, I'ruits, ;111cl vegct;~l,lcs. \iV;~tcl. w;~s con. 
t i~~ l ra l ly  ;~v;~ilablc. Cotton batling w;~s st~pplictl for nestir~g nl;~tcri;ll. 
I)uriilg tllc pc~,iotl of' itivcsligation t11(: ;~ l~i t i i ;~ ls  ~ .cm;~ i t~e t l  i l l  gootl 

m;ritltait~etl wcigllt, ; ~ n t l  sonic s~~cc-ossl't~lly l.r;tl.etl po1111g. 



Stutlics o l  oxygen consun~pt ion a n d  body ternl)el,ltuie weie con- 
tluc tetl between Se l> tcn~be~ ,  1964, a i ~ t l  ~M,t~ch,  1965. Only healtlly adul t  
an i rna l~  in I r~ l l  l ~ l i w o ~ ~ l  l~eldge wele u5ed. M e t , ~ b o l ~ c  data  on  thon7asf 
wcic obt,~intl iloiil 1v11tl taught  indlvldual,, b u t  three lnbor,ltoly- 
~ c a ~ r c l  iclxescli t ,~ti \~rs ol t h i ~  f o ~ t n  welc used in nie,tsurernellts o l  botly 
t e i m l ~ c ~  atul c. E l \  e wiltl-c ,~ugl l t  a~ r t l  one 1,lbol ,~ to ly-~ealc t l  nrrgcrlopr 
weie cml)loyetl i n  InLest~gdtions of botll nietabolism a n d  body  temper‘^- 
tllie. No  cliff el en( e5 between w~ld-c , ~ r ~ g h t  ant1 laboiatory-leal etl nlicc 
wt.1 c tlctct tetl 111 these l unt tlons. 

R / ~ ~ ~ : A s ~ J ~ < ~ - M ~ : N T s  0 1 :  OXYGEN < : ~ ) N s I I M T ' T I o N . - ~ ~ ~ ~ c ~ ~  lnOUse Was placctl 
individually in 21 new half-gallon ~xtinr can where i t  rested in the (lark 
;~l )out  one incll l1.on1 the bottom of tllc c.1iamber on a pl;11for1-11 made of 
wire mesh. Ei1c.11 c1liunl)er w21s fittctl with inlet ; ~ n d  outlet pipes Sol- air  
and an i~irtigllt 1)ort for ;I tl1er111o(.o111)1e. 'I'hey were placecl inside :I 

therinosti~tic ally c.ontrolletl teml)ei.ature c;~binet  whcl-c the ail- tenl- 
pcl'i~tnre illsitlc eacl1 cl~;nuber was ~rionitorrtl via t h e r r n o c o ~ ~ l ~ l e  le;~tls 
coonectccl to :I s t~ i t ;~ l ) ly  ci~libratetl 13rown ~)otentiomctric rcc.ortle~,. A 
13cck1nar1 ~);~l.;~ru:~gnctit.  oxygcli :111;1ly?cl (Motlcl G 2) nsctl in t : o n j ~ ~ n c -  
tion with ;I R1.ow11 ~.ecortling potcntionicter providetl recol.tls o l  the 
oxygen consnnlpt ion of inclividual 1nic.c. 'l'he concen tra tion o l  oxygen 
in c;~c.ll ol lo111- sclxtl.;lte air stre;~ms (tl1l.e~ lor air flowing fluin ;rnirnal 
c~r;nnbc~.s ;111tl ;I J'oul.tlr to  non nit or air flowing into tlie cllanrbel-s) was 
~.cco~.decl ;it 10-1ni1111tc interv:~ls. Air ilowed li-om ;I low pressure line 
t h r o ~ ~ g h  ;I tube containing a water absorbant (Drierite) and then 
tln-o~lgh a rot;imetcr Tor measuring llow rate before entering the animal 
c.l~;rn~ber. 'J'llc c1l;trlll)er ontlet let1 to anotller absorbing train contain- 
ing 1)ricl.itc ;~11d a CO? absol-b;~nt (Ascarite), then to the oxygen analyzer. 
T h e  rate of air flow into each chamber was about  600 cin"/min. Tygon 
t ~ l b i n g  wits used for ;111 conncc.tions in the air line. 

T h e  ~.csting nlc t :~l~ol isn~ of each i ~ l o r ~ s c  was tleter~ninecl a t  intervals 
of 5' to 10" (:, in t l ~ e  ;nnl)ient telul)er;tti~re range 5" to 35" C. Some 
inclivitlui~ls wc1.c tc,stetl ;it ternper;~c~~l-cs beyond these limits. T h e  ; ~ n i -  
m:tls were 1)l;tc.ctl i l l  t l~e i r  chambers 1)etwcerl 9:00 ant1 10:00 A.M. 13y tlie 
li111e tlic lil.sl ~~cxstirlg I,;rtes were obt;linetl ;it ;tboltt noon, the mice hat1 
lastctl for ; I (  1c;tst five I ~ o t ~ r s .  Alter resting r;~tcs hat1 11cen obtained ;IL 

one ;rlnl,iell~ Ic.nll,el.;Iture, this was chiuigetl 5" to 10" <:. Rates were 
t h r ~ s  ol)r;~inccl ; I (  IMTO 01. tlirec ;uilbient ten~l,eraturcs before ;I r u n  was 
tc~.minntc.tl ;kt ; t l )o111 f :OO P.M. 

Millinla1 nlecal)olic r ;~tes were 1-eiltlily sclectetl from the 1)otentiomcter 
rccortl because the oxygen concel~t~.ation in  tlle air  from each animal 
c. l~;~nil)e~- (whic-11 1.cflcctet1 the oxygen consu111l)tion of the mouse) wi~s  
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~~ccortlctl every 10 ~r i i~ l r~ tes .  l\Tlie~l the lowest level of oxygen consump- 
tion obse~.vctl for ;I mouse a t  ;I given tcmperarurc was ~nainta ined 
witl~iri 5 per cell1 l'o~. Llvo or more suc.cessive 10-minu~e intervals and  
was ;11>1)1~oxini;ttcd ~ l i t h i n  tliis limit on lotrr or more occasions, tllese 
v;rlucs wc1.c ;~vc~.;\gctl ant1 tlesign;~~etl as tllc 1.esti11g race. Mice averc kept 
a1 c;rc.I~ Ic~iil,cr;~ltrrc f o ~ .  ; r t  1e;lst two 1io11t.s; so~netirncs ul) to four l iot~rs 
wcre rcclt~iretl to ol)1;1i11 co~lsiste~lt  resling v;llucs. O n  orle occ.;lsion three 
~ n i c c  wcl'c ixln ;it the s;tlne t c m p e r a t ~ ~ r c  lor cighr haul-s ;~nt l  mini- 
111;1l nlct;~l)olic. r;ttes rct.o~.tletl in rlle fiwt two 1lout.s tlitl 11ot tlille~. Iron1 
 hose ol~scr\~ctl  s~rbseq~let l~ly .  Values f o ~ .  osygcli c.otls1111lpt ion were cnl- 
cul ;~  let1 I ' I . ~ I I I  llolv r;ttcs ;tntl oxygen ( onc.cntr;rtiot~s 11sing llrc ;11)1xo- 
pri:~tc f o ~ ~ ~ n t r l ; ~  given Ily I)cl,oc.;~s ;111t1 M;lrt (1957) and converted to 
cortdi~iolls of st;tr~tI;r~~tl tellll)cr;rttu.c ; r ~ ~ t l  p~-essti~.c. 'l'lie weight of each 
mouse, r;rkcn ;I I tho beginning oC a 1.1111, W;IS 11sct1 ill I Iic t.:llt.~~l;rtioii of 
weigh I-sl)ccilic r;rrcs. 

] \ / ~ I : . ~ \ ~ ~ I I ~ ~ ~ I I ~ : N T S  01; 1$01)\. TI~:WLI~I~I~~\~~III~~:.-'~CII~~)CI~;I~III~~S oI I I I ~ C C  \\re~.c 
nlc;~su~.ctl to tile nc;tresL 0.1 C trsing ;I line C O ~ > ~ I ~ ~ - ~ . O I I S ~ ; I I ~ ~ ; I I ~  tliermo- 
cotrljlc. 7'0 o l ) ~ ; ~ i n  tlccp I~otly (c.ol.c) ~crril~cr;rcures, t l ~ c  tlie~.nioc.onl~lt' 
w;rs i~lscr.~etl t h l ~ o ~ ~ g l i  tllc ; ~ I I L I S  ; r t ~ t l  ;~tlv;lncetl illto the c.ololi Sol, ;I 

dist;tl~c.c o l  5 clri 1'1-on1 tllc ;~n;rl opening. Thus ,  the t l~ermocol~ple  
rcstetl nc;tl- tllc c.cllter. 01' tllc botly j t~s t  bchintl llie liver ;IS di~~gg-r;trnetl 
by Mor~,ison ;111tl liyscl (1959). 7'cnil,er;tt111.es ~ v c ~ . c  obtainctl Srom inice 
th;rt 11;rtl l ~ecn  ~.esrillg singly in the mctal)olisrn ch;rrnbe~-s for t\,iTo or 
more hours ;II ;tml)ient te~ril)er;~ttu.es ~ x n g i n g  lroirl -5" to 40" C. T h e  
~hc i -~ r~oco i~ l> lc  w;ts it~sc~.letl immctli;~tely lollowing rcinov;~l of ;I mollse 
l r o ~ n  its ch:tmhc~., ;I ntl ;I s~;rl)lc 1 c~ill)c~.;r ~ I I I . ~  ~ .c ;~t l ing w;rs l~ecortlcd 
within 30 sccontls. 

In one series of t lc~cl-min;t t io~~s,  c.olol~ic teunpc~.ac~~~-cs were taken a t  
successive or~c-cul st;~ges ;ts (Ilc thc~.nioco~rl)lc W;IS inserted. A stable 
~ , c ; t d i ~ ~ g  w;rs ol)t;lil~etl wi~llitr 5 to 10 sccontls ;rt ;r given tlel)tli, antl 
telnpcr;lr rrres a1 five tlepllis ~,vcrc ol)l;r inctl witliin ;I mil111 le ;I Ttcr the 
; r r~im;~l  c ~ l i ~ t ~ n b c ~ .  w;ls opcnctl. Tllc ~ ~ ~ i c . c ,  Il;~ntllctl only I)y t l l c ~ i ~ .  ~;tils, 
st~.t~gglctl very little (luring insc~.tion o l  fllc r h e ~ ~ ~ n o c o ~ ~ l > l t . .  

OSYC.I.:N C ~ N S I I M P T I ~ ) N . - ~ ~ ~ ~ C  rel:ttio~ishil>s betrileen rcsti~lg metabolic 
r ; ~ t c  ; ~ n t l  ;uiibie~it tcml>er;ltul.e lor P. t l ~ o i t i ~ s i  and P. ~ n c g o l o p . ~  (Figs. 
I i~ritl 2) ~ ~ r o v i t l e  a b;tsis lor ev;lluation ;inti c.o~np;trison o l  basal metabo- 
lic I-irtcs ant1 therm:tl colltl~rct;lnces of these sl)ccics. 13;ts;ll illetabolic 
r;rtcs (I<R/iK) wcre dctcrnlinctl by ;~vc~.aging the r;rres of oxygen con- 
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AMBIENT TEMPERATURE O C  

FIG. 1. l i c s l i ~ ~ g  ~ t t c  ol' c ~ \ \ ~ c ~ r  c . o ~ ~ s ~ ~ ~ ~ ~ l , t i o n  o f  nilrc l'c,ror~~ysrris l l ~ o r ~ ~ n s i  in 
1.elatio11 to nlrlbient tcrnpcral urt,. 

~~llklplioll 01' i~~tiivitlt~;rl mice resting at  ambicnt tempcralurcs ranging 
f r o ~ ~ l  30.5" to 3.3.5" C.  In  t l ~ e  I'ew i~ist;t~iccs in whic.11 two resting I-ates 
were ;tvitil;~l)lc I'or ;I single i~idividl~al  witllin this tcnlperature range, 
11le meall vi~ltte for t11;tt i n t l iv id~~i~ l  was used ill the computation of the 
ovet.al1 ;tvel.:tKc 'I'he nlc;lIl UMR for eight tho~nnsi  was 1.1 2 cc O,/(g hr), 
with a range fro111 1.01 to 1.24 cc O.,/(g hr), wllcrcas the RMR for five 
rrlcgnlops ;tvet.;tgetl 1 .37 cc O,/(g 111.) ;111d r;ungetl lronl 1.19 to 1.46 cc O , /  
(g 111.). Mean weight ol tlle tllotnc~si was 110.8 g (r;unge 9.3-152 g); Tncglr- 
lops averagctl (i(i.2 g (r:unge 4G-74 g). No apparent tlilrerences existetl 
bctwcc~l rrietitbolic rates in resting males ancl non-pregn;tnt fc~nalcs 
within our s;unples ol  ci [her tlrot71ii.c.i or ?tlegcrlops. Haywarcl (19ti5b) 
r c ~ ~ o r t s s i n ~ i l ; ~ ~ .  1.esults for his san~l>lcs o f  Pcromysc~ts. Metabolic rates 
of tlrott~czsi ;tlrtl rneg<rlops resting at  temperatures below 25" C wcre 
I i ig l~e~.  t l i ; t t r  I);ts;tl ritces ;nit1 appeared linearly and inversely relatcd to 
; t ~ n b i e ~ ~ t  tc~lll)el.;Irll~.c. h 1c:tst-squarcs rcgressio~l line was fitted to these 
tl ; t t ; t  Tor c;~c.h spcc.ies. I;oi. tlati~ ol' tho~trtrsi this line is descl-ibetl by the 
cclu;ttio~i c( .  O,/(g 111.) -- 3.16 - 0.072t (where t is the ambient tenlpcra- 
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FIG. 2. Resting ~ . ; ~ t c  of osygctl co~lsaniptiotl of sis Pel-o~nysc~ls ,tregrilofis ill rela- 
lion lo ambicnt tcmlxr.;ltrll.e. 

trlrc in dcgrees ccntigratle) and extrapolates to 43.9" C at Lero metabo- 
lism. T11e corresl~ontling equation for data from meg.alops is cc O,/(g hr) 
= 3.72 - 0.087t; the line it describes exti-apolates to 42.S0 C at zcro 
tnetabolism. Lower critical temperatures, calcrilated as the temperature 
at which the regression line intersects the mean basal met;~bolic rate, 
were 28.Ko C for thotrzasi and 27.1" C in ~ncgcllops. No effort was made 
to tleterlliillc upper critical temperatures, bu t  rnctabolic rates lor 
tlrorntrsi at ambicnt temperatures of 38" ant1 40" C were distinctly 
higher than the mean basal level. We do not have metabolic clata for 
mega,lof,xs ; I L  ;~mbicnt tempel-aturcs above 34" C. 

BODY TEMPERATIJRES.-COW body 1eInperatUrCs or 1'. l/lorrzasi and P. 
~negalops  tlid not val-y significantly over the range of ;~mbient tempera- 
tures investigated below 32" C (Fig. 3). Mean core temperatc~res in this 
range were 37.8" C for Iho?nasi and 38.0" C for nzes.ulops. No diKerence 
in core temperatures was apparent between sexes. Mice of both species 
became hyperthermic as ambient temperatures approached and ex- 
ceeded their normal botly temperatures. Exposure to these high am- 
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hic11t l t ! ~ i ~ l ) e ~  : I ~ I ~ I  cs \V;IS Ii111ilc(l lo t~,vo l ~ o ~ l r s ,  ;111rl ~ v c  ;(I-e 110t c -cr t :~i~~ 
1 I I ; I I  t l ~ c .  ol)scl.\,c~l I~otly Icnil)c,l.;rtlll.es ~.cllcc t ; I  ~lic1.111;11 stc;~tIy st;~It: 01- 

111;lr nric-c c.0111tl s ~ ~ ~ - \ ~ i \ , c  1'01. ;I longer ~)cl-iotl ; I (  thcsc ;111rl)ic111 ~CIIII)CI.;I- 

f111.c~. ' l ' l~~ .cc  i~rr l i \~ i ( I [~;~ls  ( t ~ v o  138-g ~11ot1i,(i,si ; I I I ( I  one 8,l-g /~/(,g(//o/>.s) 
I';lilcrl lo s r~ l . \~ i \~c  I'ol- ~ w o  11o1rl.s ; I I  35"-3(i0 (:. Anotl1c.l- /hor~/(isi (109 g) 
bcc.;rnlc l~batctl 10 ,1,1.5<' C: ;~Ctc.l. ~I*\Y) hor1r.s ;it 40" <: ;ind tlierl shor-tly 
;1I'rc.1. irs ~.c*lr~o\~;rl I'I .OIII 111c ( I1;11nl,c1-. 111tli\itl11;1ls r l 1 ; l c  s ~ ~ ~ . \ ~ i \ ~ e r l  ~)cr.iotls 
OI hyl)crtlrel-n~i;~ slrowctl 1 1 0  s ~ ~ l ) s c c l ~ ~ c ~ r c  ill cflcc.ls. 

\4flici-e;rs col-c tc~ul)cr;~tul.cs (lid not clcc lirie ;IS ; I I ~ ~ ~ ) ~ C I I I  ~ C I I ~ ~ ) ~ I ~ ; I ~ I I I ~ C  

IV;IS rctluc-ctl below 32" C:, supcrfici;~l teml)cl.;llures tlccre;rsctl m;ll.kctlly. 
Rilc;~ir clillcrellt cs 1 x 1  wee11 (.ore l c n i l ) c r ; ~ ~ ~ ~ ~ . e s  (5 t 111) ;rntl tllose ; ~ t  1 , 2, 
a ~ ~ t l  3 c-m ;IIY l)lottctl ;rg;liust ;1111ljicn1 tcriij)c~.;rtr~~.c i l l  I;ig111.e I .  T h e  
grc;rtcsf i.11;111gc ill rllc tl~cl.rn;ll g r ; ~ t l i e ~ ~ l  I~et14~ce11 111r, (01-c ;11rt1 1)cl.il)h- 
era1 areas oc.c.~rri.ccl 11ctwcc.11 20" :111d 30" (:. ( ;o lo~~ic  ternj)ei-;rlu~-es ~.cg- 
istcretl ;It ;I tlrl,tli of /1 c.m in tllc s;1m11lcs ol' I,oth spec ics ;111vays ;~\,cr;~gcrl 
; I ~ ) O I I I  0.1 " (: It,ss tlt;111 1110s~ ;it 5 c~i i ,  ;111t1 t11c g:.l.;lrlie~t~ l~(~t.irtiic I)I .O~I .CSS- 

ivcly atcc1)c.I. ;111tl 111o1.t' ( I ~ I ) C I I ~ C I I L  011 ;~lnbicrtt ICI~I I )CI . ; ICI I I .C  211 SII;IIIOWC~ 
tlepths. 

Si11c.c rc l~i -csc~~t ;~t i \~c .s  ol I ' ( ; I -~II I~~S( . I~ .S Ilio117(i.si ;11rt1 P. iil('g(11oj~~ are 
among tltc largesl tleer mice, comp;rrison ol tllcil. itle(;~l~olic. rates ~vi t l l  
those of their congeners (Fig. 5) is 01 some interest. 

T h e  basal rates for. thonilisi and ~17cgnlops fall witlriii the range !)re- 
tlicted I>y tlic eq~~;r t io i i  of 13rody (1915), kcnl/d;~y - '70.5 kgo.?, and that 
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I .  I. 1)ill'el-cnrcs I)c.l\\'ccl~ clcc.1, (5 rm) co lo~~ ic  Iclnpcraturc ; I I I ~  tclnl,er;tturcs a t  
tic-plhs of 1 c.nl (cil.clrs). 2 cm (tri;~nglcs) a n d  3 cm (squares) in 1c1;rlioli to ;rlnI~icnt 
le~n~xr;tLt~rc.  1:illetl sylnl~ols rcprcsent means for six P e ~ . o ~ ~ h y ~ c ~ c . \  1llo111nsi alitl ulifllctl 
sy~nl)ols i ~ ~ t l i c ; ~ t c  mcatls for live 1'. ~~regtrlol~s; vcl-tical lilres arc 5 2 S.K. 

O U  Klciber (1 9(il), kcal/day = '70 kg".'? H~;rywarcl (1 965b) mcasurctl 
oxygen c~onsarnption in 1'. sitlter~.ti,s i~ntl five races of 1'. trrt~t~ic~rlnti~.~, ant1 
fount1 ISMK varied with body wcight according to Brotly's al~proxima- 
lion. 0 1 1  the othcr llantl, McNab and Rilorl-ison (1963) Sountl ;I less 
corisislc~lt relation betwcen body weight and 13MK i l l  the forms of 
Perott~ysczls tllcy investigated. For scvcral raccs fro111 "xeric" 11abit;rts 
they rcport mcan basal rates falling well below lcvcls prctlictetl by the 
general equations of Rrocly and ICleiber. Simi1;lr ol~servations llavc bcen 
made on solric heteromyid, sriuricl, and murid rodents I roln ;tritl rcgions 
(Dawson, 1955; R;trtholomew ant1 MacMillan, 196 1 ; C:t~.l~enter, 196.3; 
Ixe, 19(iS; FInclso11, 1964). Will1 the exreptio~is ol' tlesel-t popr~lations, 
interspccilic variations in BMR within I-'cro?~7y,st.11.s ;Il,l)e;tr to lollow tllc 
relation to body weight characteristic of mamlnals genel.ally. However, 
Haywartl (1965a, b) found that the relation 01 BMR to body weight 
may tlifler consitlerably from the general pattern when atlult indi- 
vitluals ol the same Sol-rn are compared. Fm.tllcr, 11e suggests that ;I 



I .  5. l< ( ' l ; ~ l i o~~  11c1!\.(~(~11 I I I ~ ; I I ~  1);1<;11 ~ ~ i c t ; ~ l ~ o l i i  I.;IIC ;IIIII t~icati I~ody !\,right in 
sever;ll specics ol l'(~r.o~~i)~~\c-ri,\; iil-tlcs, t l ; l t ; ~  I ' l - ~ I I I  R1cN;rl) ; ~n t l  Morrisoil, 1963: 
1'. cl-e~~lic-~rs evc~l~ic-rr.\ (rc,), P .  c-cili/oi?iiclrs irr,\ig?iic jc-i). 1'. c~ili/oi?~iczr.s pet?-a.silic~cs (cp), 
P .  cl-irzitt~s .\lc[~llc,~~si {csj, 1'. c ~ - i ~ ~ i f l i s  [>el-g1cici1i.s (c.,f~c~). P. i r~ i r~~ i c~ l l n t~ r s  gali~bcli (n~g), 
1'. I I I I I I~~C?I / I~ / I I .Y .so?io~i(,?i.\i,\ (III,\), 1'. /11ioi 1r11(,i ( t i ) ,  1'. t r~r(>i  gill)i,rLi {tg). Tri:~l~glcs, 
II;II:L fro111 I ~ ; I ~ \ \ ~ : I I . ( ~ ,  I!j(i511: 1'. 111~111i~iil~i11i,s II(~/II .(I ,Y~-~II , \~,s  (IIIII), 1'. 111 (r~~s/(?l-ii.s ( I I I~ ) ,  
I'. 111 .~o~tori(vr.si.\ (III.\), 1'. 111. ( I I - / ( > I I I ~ . \ ~ ( ~ ( !  (III(~I-), P. ? i ~  oi-c(r,s (III~J), P. sitft(vl.\is @). 
S I I U ~ I - e s  1'. /lio~~ici,\i (I), 1'. ~ ~ i c g o l o / ~ s  (III). (:oorcli~~:~tcs ;)I-c: log;~ri lh~nic.  

UbIII lowcl- t11;11i pi.eclic tccl Ir.o~rr tlrc st;tlltl;irtl c.ur\.c lnay 1)e partly a 
reslllt ol' Iliglr f;it levels ant1 t11;1t ~)~-ol)osetl  ;itl;~l)ti\,e tlilferc~lces ill 13MR 
IIC cliec.kctl lor c.ol.l.c.lat ion \vit l~ botly c.olrll)ositio~r. 

Mininr;rl t1~e1~1ii:rl ~ C ) I I C I I I (  t ; i r ~ c ~  is ol'te~i c~a1ctil;rtctl :IS tlrc slope of the 
~.egressio~r of ~nct:tbolic. rate oil a ln l~ient  telnl)cl-;rture bclow tlle lower 
crilical teml)cratu~-e. V;ilicl r c s ~ ~ l t s  are o11t;rinetl by this 1)rocctllu.e only 
whc11 tllcsc cl;rt;r extl.al~ol;rtc to l,otly tcml~el.;rtrrre a t  zero met;~bolisin in 
;~cc.ortl;i~lc.e with 111.etlic.tions oL' the N e w t o n i a ~ ~  lnotlel (Scho1;intlel. c( cil., 

1950). A/let:rl)olic. rates of I/rotrlc~.si anrtl ttrcgcrloj>s cxtral)ol;~tc to zero 
~rrctal)olis~n :rt ; rml~icnt tcnll~er;rttrres (T,) \.\re11 ;rbovc 11otly ternl)eratui.e 
('I.,,). T h i ~ s ,  tli;rractel.i~ation of mi~~ in r ; i l  contlr~cti~nc-c \ x l i ~ e s  for tllcsc 
species is coml~lic;~tetl  by the facl t h ; ~ t  c.olrtl~rc.ta~lce (0, c.onsu~nl)tion/ 
'I',,-T,,) co~ltillues to tlccrease with ;imbicnt telirl)el.;it~ire below the 
~ l l e l . r~ io i r c r~ t~~ ;~ l  yolre. For esaml)le, co~rtl~rct;r~rc.e o f  Illotrrtr.si f ;~lls  f1.01n 

0.10(i (.(. 0,/(g 111. " C )  ; i t  25'' <: to 0.088 (.t.O,,/(g h r  " C )  ;rt iiO (:. Simi1;rr 
c.;~l(.t~l;itions for r t ~ e g i ~ l o f i s  yicltl values of 0.1 19 ;111tl 0.0!)9 cc O.,/(g h r  " C )  
;I(. 25" ;ir:i 5' C, resl)ectively. Si~ni lnr  changes irr collductancc in sever;rl 
ot11~1. P C Y ~ ~ ~ ~ J I S ( ~ I I S  ;11.c: i~rtlic;rte(l by dzrt;~ o f  R/lcN;rb mltl I\,lorrisolr (1963). 
'They I'ountl regressiol~s ol' ~nctabol ic  I-atc or1 ;imbient tem1)eratul-e 
below t l ~ e r m o ~ e r t r a i t y  to extr;~polate to zero met~11)olism at  teinpera- 
lures above illeatl body temper:iturc in some of the forms they studied. 
T)ata 0 1 1  I-'. r ~ ~ t r r r i i ~ ~ t l n i ~ . ~ . ~  ant1 I-'. s i t k c ~ r s i s  (I-Iay~r:irtl, l!)(iT,b), on  the other 
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hand, tlo not int1ic;ite change in concluctancc l~elow the thel-mone~~ti-a1 
zone. T o  compare thermal c.ontl~~ct:~nc.e of the various foi-ms ol Peronzy- 
scrls for which metabolic t[:~t;r ;Ire i~\r;tilable, conductance values were 
calcu1;~tetl using mean resting rates of oxygen consumption at the lo~rcr  
ci-itical temperature of each species. These conductarlce v a l ~ ~ e s  are 
l~lottetl as a fllnctioll oU me:ln body weight in Figure 6. 111 general, 
weight-specific c:ondllc:t:ulce o l  cleei- mice is in\rersely related to body 
weight as would be expectecl (see Lasiewski, 1963). Values sho~vn in  

C'. ., ,,r 

PODY WEIGHT grams 

I .  6. TVcigl~t-slxcilic r l ~ c l . ~ n ; ~ l  c o ~ i d r ~ c t ; ~ ~ ~ c c  of IJei-o117)~trzrs as n Cr~nctioll of liicall 

I,ody wcigl~l ;  sy~r~ l )o l s  alld il~iti;rls ;rs in Iig. 5.  Cool-dinatcs arc 1og;ri-itI1111ic. 

Figure (i intlicate tIiat weight-specific contluctance is propo~.tion;rl to 
body weight "-', :I v:tluc l)rcvio~~sly rcportctl lor sm;rll telnperate mam- 
inals by M~N;III  ant1 Rilorrison (lS(i3). Surl'ace-specific co1lc111ct:rnce in 
Peronry.sr.rrs also appears inversely related to body weight since s111-fi~cc 
area 1)cr unit hotly wcigllt is generally considel-ecl to be l)~'ol)ortioll;~l 
1.0 bocly weight -" :: (see McNab and Mori-ison, 1963). 

Lower critic.;ll temperatures of P. thotnasi (28.3" C) and I-'. ~treg-crlops 
(27.1" C) are witllin the same range :IS those reportctl for much smaller 
lJcronry,sc.its by H;ryw;n-d (196517) antl McNab antl Morrison (1963). O f  
tllc 1.1 forms stutlictl by these investigators, lower critical temperatures 
of 11 lie within ;I two-degree span (27"-2g0 C), antl all were between 
26" and SOo C. T h e  abscnce of a strong weight clepentlence is not sur- 
prising. Lower critical temperature (LCT) is related to BMR, con- 
ductance at the L C T  (C), and body temperature by the equation: 
LCT = TI, - (BMR/C).  Basal metabolic rate antl co11c1uct:mce \1a1-y 
simil:~i-ly with body weight (cl. Figs. 5 and G ) .  



Mice ill the samljlcs of' 1'. /l~o/tio.si ; I I I ( I  1'. I I / ( , ~ ( / ~ o / I . s  M . C I . ~  ;1h1e to 
maintain their COI-c tcrnl)c~~.;rtr~~.cs ; I (  ;I colrstal~t level (<.a. 38'' C) Sol- a t  
le;rst two horrrs ;LL die lowest ;~lnl)ic.r~t tenItjcl-;rtrr1.cs s t~~( l ic t lL; rbor~t  O 0  C: 
ill I / I ( ;~(I /O~,S ; I I I ( I  -5(' (; 1.01, / / I ~ I I I ( I , \ ; .  ( : ~ I I S ~ . ~ I I C I I ~ ~ ~ ,  t l~csc lnitx! :[re 
l~c t t c r  I ~ C ~ I I ~ ; I L O I . S  ; I (  l o ~ w  ;r11111ie11t t e ~ i i ~ ) ~ ~ ~ ; r t r ~ ~ ~ c s  ~ I I ; I I I  ; I I T  111ost 01' those 
i~~( l i \~ i t I r~; r l s  i l l  the S ; I I I I J ~ ~ ~ S  of 1'. ~,,rit/i///.s ; I I I ( I  1'. O Y ( , I / I ~ ( Y I . S  i~~vestiprtecl 
by Nl(.N;rl> ;III(I k1orl.iso11 ( l9(i3), ; I I I ( I  t11c:y ;11so (lo I I O ~  11;rve the ~narket l  
i~~t l i \ l i t l r~al  1;rbility 01' col.c 1)otly t t ' ~ n l ) c ~ - ; r t r ~ ~ c  ( I I ; I I . ; I ( ~ I C I ~ ~ S I ~ ( :  o f  1'. /(',/((.o- 
f111,~ (hf1or1-iso11 ; I I I ~ I  l<yse~., l!)5!)). 0 1 1  tlic ot11c1. li;111(1, sr~lje~.li(.i:rl colot~ic 
tc~nl)cra t r~~.cs  tcl~tl to t1c.c l i ~ ~ c  ;IS ;r~nl)icnt tc~nl,c~-;rtrri.c tlccl-c;rses (Fig. 4). 
M o r c o ~ c r ,  the thc1.111;1l gr-;rtlicl~t I)ctw~cc.rl tlrc c 01.c ;r11<1 sul)erfici;rl :rrc;is 
tlocs not \GI I  y 1inc;rl-ly with ;rlnl)icnt tclnl)c.l-;rt 111-cs. l'liis gl-;rtlicnt in- 
c.1.cases sh;lrl,ly ;IS the ; u n l ) i c ~ ~  r tt*lnl)cr;rtrll.c I';rlls 1'1-o~n 30'' to 20" (; ant1 
rcrn;li~rs rcl;r~ivcly ( . O I I S ~ ; I I I (  ;IS ;ln~l,icnt tcml)cl.;rtrll.c' is 1.c.tl11cct1 to lo~rcl-  
lcvcls. \4ie fecl t l r ; r t  this ol)scl.v;~t ion is signilic ; I I I ~  to t I I ~  intc1-1j1.et;rtion 
o f  thc inct;rl)olic. ~ -ea l )o~~ses  oC thcsc. ;~liiln;rla to ; r~~ i l ) i e~r t  tc1npcl.atlrrcs. 
, \ s  m c n t i o ~ ~ e t l  l)~.e\,ior~aly, tlre ~llct;rl,olic ( I ; r t ; r  (lo 1101 ( o ~ ~ l o l - n l  to prctlic- 
tions of the N c w t o ~ ~ i ; r ~ ~  nlotlcl in t l ~ ; r t  insr~l;rtio~r (tlic ~-cc.il)l.oc-;~l of 
c.olr(lr~ct;r~~c.c) c o ~ ~ t i ~ ~ r ~ c s  to i~lc.l.e;rsc ;IS ;~lr~l)ic.nt ~ c ~ i ~ l ) c ' ~ - ; r l u ~ ~ c  I';rlls I)clo-c\! 
the lowcr cl-itic.;~l l c ~ c l .  ;\ \ ~ ; ~ l r ~ c  ~)rol)ort io~>;rl  t o  i n s l~ la t io~ l  ;rt ;I given 
;rrnbicl~ t tc~nl,er;rlrl~.c is rc;rtlily c;rl(~rrl;rcctl 1.1-on1 mct;rl~olic r;rtc ;rntl core 
Ijotly t e ~ n l ) c ~ - ; r t r ~ ~ ~ .  l ' l l is  il~tlex ol' insr11;rt i o 1 1  ('I',i-71',, 10, c.onslrml)tio~~) 
IV;IS c;~lcr~l;rtccl ; I (  telnl,el.;rtrlres I)clow the r l l c r m o ~ ~ c ~ ~ t ~ . ; ~ l  ;.olle r ~ t i l i ~ i n g  
the l.cgl.cssio~~ ol l-cstil~g rnct;rl)olic- 1.;1te O I I  ;r~nl)icn t tcml)cl.;r tr1l.e. Nle;r~~ 
11;rs;ll inetabolic. rates were usctl to cl~;u.;rctcri~e insulatioli wit.lli~l 
tllc zo11c of t l l e ~ . ~ l i o ~ ~ c u t l . : i l i ~ .  Resr~lrs Sol. l/ro1~7/1.si ;111(1 Y / ~ ( ; , ~ ~ I I O ~ S  ;ire 
s11ow11 in Figure 7. \4Tithin t l ~ c  the~-nlonc~~ti- ;rI  ro l~c ,  ins~rlirtio~i of course 
\~;rl.ics i~~\lc.l.scly ;rntl 1inc;rl-ly with tcml)cr;rtr~~.c. 11s tc.rnl)c~-;itr~~.e I':tlls 
I,clo~.\r the lowel. cl.itic.;rl level, i ~ ~ s r ~ l ; r t i o ~ ~  c.ontin11cs to ~.ise, h ~ r t  ;it ;I 

~ ~ ~ o g ~ ~ e . s s i \ ~ c l y  tliminisliing I-ate. T h e  g~.c;~tcst  cl1;rnges ill insu1;rtion 
ohscrvetl below the lowcr c.1-it ic.;~l tcnll)er-;r t r ~ r c  oc.c.111- within the s;ume 
1.;111gc of ;~mbient  tcnll)cl.a~rrrc!s ill ~vhic.11 the gl.c;r~cst illcrc;rsc in the 
core-sr~bsurl'ac.e tllc~.~n;rl g1-atlic11t w;rs I'orrntl ((f. I;igs. 11 : r ~ ~ t l  7). Incrc;~setl 
insr11;rtion m;ry be elfectetl thror~gll  cl.ec.tio11 ol' ~ ~ e l a g c ,  11ostrlr;11 c.lianges, 
:rntl lo~verctl pel'il)liel-;~l telnl)cr;rttll.cs. Orrr tl;rla ;rrc not  ;rtlcqrr;ltc to 
11e1.1ni t e\~alr~:rlion o f  t hc  ~.cl;rt i\,c illi1)ol.t ;(nee ol" these f;rctors to the 
obsc~-\.ccl i l~s l r l ;~ t io~l  c1l;rngcs. Ho\vc\~cl., tlley stl.ongly suggest that 
t1cc:rcasing perip11er;rl tempcl'attrres c o n ~ . i b n t e  to the changes in insula- 
tion observed both below and witlliil the zone ol tllermoncl~trality. 

I n  some species o l  small wild birds inaxim;~l insl~lation is also I-cached 
irt itmbient tc~npei-at111-es well be lo~v  the lo~vei- critical temperature 
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(West, I!)(i2). 'l'hcsc ;tl)parellt i~ico~tsiste~~cics with j)rc(lic.tio~is of the 
Ncwto~ii:til ~i~oclcl arc not sc11.1)1.isi1ig since se~~ei.;tl sinll)lilying ;rssc~mp- 
tioris :II.C i~ill)l ici~ tllcl.ci11 (see 1<i11g, l!)(i/l) . 

Kcl)~~csc~it;~tivcs 01' P. tlro~ilcrsi ;111c1 1'. I ~ I ( , ~ ( I / o ~ ) s  ;II.C goo(1 tllerino- 
regt~l:tto~.s ;r~rcl ll:c~ze high insnlatioll \.;tl~res coinl);tretl with those oS 
sma1lc1- l'rror~~ysc,r(s. Tlicse c~h;u.;rctcris~ics, l)~.ob;tbly t t r i b r t b l e  to 
large sisc, appear to make these mice well sui~ctl  to irn cnvironmcnt in 
wl1ic:h low te~nper;tt rn-es l)~.ev;til. l'ol)crl;rtio~is o l  tl10117tr.c.i ant1 r~~cgctlops 
occur syllll)a~~~ic~ally in sotrtliwcs~c~.n Guci-rcro ;it elevations from about 
7000 to 9500 I'CCI in clecj), c.001, wet citliyorls. This i~ltitucli~ial range 
al~l~roxi~ri;ttcs 11i:tt are;( ~n;tl)l)ctl :IS "c.lolrd Sorest" by I,eol,old (1950). 
Towering oaks, :I v;tricly of otlie~. 111.o;tdlc;tl 11-ccs, c-onilcl-s, and :I lush 
1int1ersto1.y comprise 111c lorcst. Atlt1ition;tl tol)ogr;tl,llic ;tntl floris~ic 
I'c;tttu.cs ol' the t.egio11 ;trc tlcsc.i.il)ctl by <;olclnlitl~ (1951) and Ilarris a~ i t l  
1)ixoii (195!)). A tlcsc:riplion o l  the h:tbi~at wlicrp 0111- s;rml)les ol mice 
were obt:ti~ietl is l)~.csc~ltcd clscwhe~~e (Nl~tlise~., 19(i/l). Observatiolis on 
lllc m;tc.ro(liru;ttc of tllcse higlll:tr~tls intlic;~tc t1i;lt I'rom ,June tlirot~gli 
Sc~tei i lbe~.  dc~lse c.lo11tls enshroutl tllc ;tl-e;r, soaking  tins are a c1;tily 
evcnt, anel low, some~imcs near-Spee/iilg ternlxl-atul.es l~revail. 111 1)c- 
cembcr zr snow cover may he Sound at elevations arouncl 11,000 feet 
near Cerro Teolepec, ;tnd morning lrost is a usual occurrence a t  lower 
;rltitutles (Goldma~t, 1951). UnSoi~tunately we do not have suficient clata 
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to c.li;~rirc:tc~.i~c c~o~iil~lctcly ~ ) l ~ y s i c ; ~ l  ; t l~tl  clilii;~tologic.;~l 1)al.ameters o l  
tlie mic.~-ol~alj i t ;~t  i l l  ~111ic.h tllottztrsi ;uitl ttlc,gnlo/~s are foulltl. 'I'lle inl'or- 
i r i ;~ t io l~  av i~ i l a l~ l r  comrs Iron1 tr;~l)l)ing 1.ec.ortls. R/Icliil)c~.s of c;~cli 
species 11;tve Ijcel~ t;rkcn i l l  ~.oc-k o11tc.1.ol)s whcrr tl-aps we]-c l)l;~cetl o11 
moss-coveretl ~.oc.k Ictlges, a t  01. willlil~ clllrallccs to tlccp crevices, ill 
rtlnways along ;~n t l  111itler ~noss-cove~.e(l logs, a l ~ t l  u l~ t l e r  tlellse shrub- 
bery. 1'. tl~ott/cr.vi 11;1s ljeen ~ ; ~ k c n  ]~~.c t lomin;~nt ly  in runway situ;~tiolis. 
'I'hel-c is I I ~  cv i t l c~~cc  th;tt b ~ u - 1 . 0 ~ s  ~11.c exc;~\r;~tctl I)y cithcr sl)cc.ies; n o  
11csts h;r\re b c e l ~  loc.;~tctl. 7 ' 1 1 ~  tlecl) (.I-cvic.cs ;111(1 otlier : I ~ . ~ ; I S  1)1.ovi(ling 
gootl c.ovel- 111;ly have motler;~tc alltl ~iiol-c st;111lc ~eml)era t r~res  r h ; ~ n  
t l~osc c x i s r i ~ ~ g  in the m;~c.roc.lirni~te. A c c ~ ~ m r ~ l ; ~ t i n g  c~it1enc.e ir~tlic;~tcs 
t l ~ ; r t  sonic fo1.111s of l'c~otliyscris ;rntl ot11e1- sm;~ll  noll-llihel-n;~titig In;rnl- 
m ; ~ l s  ;~\zoitl tlie ni;~croclimatic ext~.emcs 1);utly thl-ot~gg-h physiological 
;rtl;~l)t;~tions, b r ~ t  111-imarily tllrough tllcir behavioral tltilization of 
ternljel.;~te mic~~oc~limates (see Lee, 1963; Haywartl, 1 9 6 5 ~  ant1 reler- 
ences citetl t l ie~e) .  (:el-tainly this as1,ec.t ol' the ecology of thonlc~.~i and 
tr/c,g(~Iof~s rcc111i1.e~ I'111.tlier stl~tly. 

h'lc;~su~-c~ncnts o f  osygcn c o ~ l s u m l ~ t i o ~ i  wcrc m;~t le  0 1 1  r c~~rcsc~ i t a t ives  
o l  two species of 1;lrge deer mice, PCTOTI~,YSCIIS tItott~(~.sI ;111(1 P. r~~c;g(~(LloPs, 
;I[ v ; ~ r i o ~ ~ s  ;rlnbiel~t tclnl)erat~~i-es. Mean basal met;~bolic rates o l  these 
mice f;111 within the general range pretlictccl by the eclr~;~lions of Brody 
(1!)15) iintl Kleibel- (Ig(i1) relating basal levels ol' ~net ;~bol ism to body 
weight. 13ot11 tlto~~lc~.si ;111d T I Z ~ ~ U ~ O ~ S  maillt;~incd core body temperatures 
; I L  abo111 38'C: ; ~ t  the lowest temperatures in\~estig;~tctl. Metabolic 
rcsIjotises to low ;~nibient  tcrnl~eraturcs i ~ ~ t l i c a t e  t l i ;~t  ins~rlatioli con- 
tilir~cs to incrcitse with c1ecre;lsing tcmpel.;ctrlre be lo^^ tlie lower critical 
lelnl)el-;1t111.e. These i n s u l ; ~ t i \ ~  changes were fount1 to ~ ~ a r a l l e l  cllallges 
in the therm;~l gradient between body core and ~>eril)licral levels. Mice 
o f  1)otll sl)ec.ies becorne hypertherniic ; ~ s  ambient temperature ap- 
~ ) ~ - o ; ~ c h c s  ant1 excccds [heir  normal body temperature. Basal nietabolic 
I.;ite, c.ontlnc.t;~nc,c, and body tcmperatr~i-e r e g ~ ~ l a t i o n  of cach species MJ;IS 

tomlja~.etl with ;I\-ailahle data  lor other 1.01-ms of Pr~ror17ysc1r.s. 'Thermo- 
I-egularol-y I-esl)onses of fhon7nsi ant1 ~~regn lops  are d isc~~ssed in relation 
to av;~ilable obscrv;~tions on their habit ;~t .  



No. 643 

Wc are grateful lor tlic coopel-;)tion of the lollowing persons: D. J .  
Klingencr and I. Mu111 c:;u.etl for the inice in tr;tusit lrom I\lIdxico City; 
W. R. D;~wsoll gr;~ciously ;tllowetl us to use labor;~lory f;tcilities under 
his supervision in the Department ant1 Museum ol Zoology; I lV. H. Burt 
ancl T. f I .  Hubbell of the Museum 111-ovitletl sl~l)pol.t lor Musser's field 
work in MCxico; J .  H. Hughes issuet1 q~1;trantinc permits lrom the U. S. 
llepartment o l  I-Iealth, Education and Wellare lor tra~lsporting rodents 
across the U. S.-Mexican bordcr; Rotlollo I-1ern;illdez Corzo, or the 
Direcci6n General dc Caza, 1)cp:trtamento tlc Conserv;tciGn tle 1;r Fauna 
Silvestre, Secretaria tle Agric111tur;t y G;ulatleria, l'ur~iishcd collectillg 
permits. T h e  manuscript was read by Burt, Dawson, and E. T. Hooper; 
their helpful criticisms arc appreciatetl. Tlre pllotogl.;~pIis were taken 
by Joseph Graharn a l i t l  W. 1-1. i<urt. 
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