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M o n t a n e  and  P i e d m o n t  C h o r u s  F r o g s  (Pseudacris triseriata): M e t a b o l i c  R a t e  as  a F u n c t i o n  of  
T e m p e r a t u r e  

The metabol ic  ra te  of mon tane  species of anurans  is 
higher  at  5 ~ than  i t  is in p i edmont  species accl imated 
and tested at  the  same t empera tu re  z. High metabol ic  ra te  
at  low tempera tu res  m a y  represent  a physiologic adapta-  
t ion by  permi t t ing  greater  ac t iv i ty  in re la t ively  cold 
envi ronments  1. The s tudy  repor ted  herein considered the  
metabol ic  performance of chorus frogs (Family  Hyl idae :  
Pseudacris triseriata) obta ined f rom populat ions en- 
counter ing contras t ing the rmal  conditions.  

Methods. Adul t  male  chorus frogs were cap tured  f rom 
breeding ponds in mid-May 1969. Montane frogs were 
obta ined near  Lost  Lake  in western Lar imer  Co. 
(Colorado) at  an e levat ion of about  9500 ft. P i edmon t  
frogs were captured  f rom 2 sites near  Fo r t  Collins 
(Colorado) at  an e levat ion of about  5000 ft. The montane  
and p iedmont  populat ions  are wi th in  60 miles of one 
another .  

Twelve  mon tane  and 12 p i edmont  frogs were accli- 
ma ted  at  a cons tant  t empera tu re  of 10~ in complete  
darkness for a m i n i m u m  of 3.5 days. Another  group of 
16 montane  and 18 p iedmont  frogs was accl imated for 
3.5 days a t  20 ~ 3.5 days is repor ted  to be sufficient for 
the rmal  accl imat ion in these species ~. 

Oxygen consumption of pre-weighed frogs was mea- 
sured for 30 rain by closed system respirometry with a 
Gilson differential respirometer. Metabolism of frogs 
acclimated to 10~ was measured at 10~ and that of 
frogs acclimated to 20 ~ was measured at 20 ~ Values 
for oxygen consumption reported herein have been 
corrected to standard conditions of temperature and 
pressure. 

Results. A plot  of oxygen  consumpt ion  versus t ime  for 
each frog revealed a l inear up take  of oxygen  dur ing the  
exper imenta l  period. Thus, par t ia l  pressure of oxygen in 
the  metabol i sm chambers  did not  decrease sufficiently 
as to have  a suppressing effect upon metabol ism.  

Since oxygen  consumpt ion  per  uni t  body  weight  usual ly 
is a decreasing funct ion  of body  weight  a, ~, we first  per- 
formed a regression analysis of metabol i sm on body  
weight  (Figure). Interest ingly,  there  was no apparen t  
relat ionship be tween metabo l i sm and body weight  of 
frogs employed  in this s tudy;  in none of the  4 experi-  
menta l  groups was the  slope of the least  squares regression 
line s ignif icantly different  f rom zero (0.05 < P). 

We  then  analyzed da ta  on body weights  of frogs in the  
4 exper imenta l  groups by  or thogonal  analysis of variance.  
This analysis indicated t h a t  the  4 groups of frogs did not  
differ appreciably  in body  weight  (F = 1.342 at  d.f. 3, 54; 
0.10 < P ;  see Table  I). 

Since oxygen  consumpt ion  per  uni t  body  weight  was 
no t  a funct ion of body  size in this s tudy,  and since body  
weight  was demons t ra ted  no t  to v a r y  among  experi-  
menta l  groups, we were just if ied in performing an 
or thogonal  analysis of var iance  on metabol i sm data  
(Table II) .  A s ta t is t ical ly  signif icant  var ia t ion  in meta-  
bolic rate  among  groups was indicated.  All of the  inter-  
group var ia t ion  in metabol i sm could be assigned to 
effects of tempera ture ,  frogs accl imated and tes ted at  
20 ~ having  higher  oxygen  consumptions  than  those at  
10~ (~ = 238.8 ~l/g/h and 148.8 [xl/g/h, respect ively;  
F = 14.765 at  d.I. 1, 54; P <  0.005). None of the  inter-  
group var ia t ion  could be a t t r ibu ted  to site of cap ture  
(F = 0.012 at  d.f. 1, 54; 0.10 < P) or to an in teract ion 
factor  (F = 2.794 a t  d.f. 1, 54; 0.10 < P). Thus, montane  
chorus frogs did no t  have  higher  metabol ic  rates than  
p i edmon t  chorus frogs under  condit ions of this  s tudy.  

Discussion. We were unable  to demons t ra te  any 
influence of site of capture  on metabo l i sm of chorus frogs. 
One in te rpre ta t ion  0f this f inding is t ha t  montane  and 
p i edmont  populat ions  have  come to occupy thei r  respec- 
t ive  hab i ta t s  so recent ly  as to preclude the  occurrence of 
physiologic different iat ion.  Taci t  in this  a rgument  is the  
assumpt ion  t h a t  thousands  of years are required for the  
acquisi t ion by  popula t ions  of different ial ly  adap t ive  
characters .  However ,  there  is evidence of dif ferent ia t ion 
of popula t ions  of chorus frogs in o ther  charactersa;  and 
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Sca t te rg rams  depict ing weight-specific me tabo l i sm of Pseudacris 
triseriata as a funct ion of body  weight.  Regression l ines  f i t ted by  the 
me thod  of leas t  squares  to the 4 sets of da t a  did not  have  slopes 
t h a t  were s ta t i s t i ca l ly  different  from zero. 

Table  I. Body  weight  (g) of Pseudacris triseriata (mean 4 -S .E . )  

Accl imat ion  Montane P iedmont  
t empera tu re  

10 ~ 1.161 q- 0.081 (12)a 1.222 :i: 0.049 (12) 
20 ~ 1.196 • 0.060 (16) 1.061 -4- 0.062 (18) 

a Sample  size. 

i V. I-I. HUTCHISON, W. G. WHITFORD and M. I~OHL, Physiol. Zool. 
47, 65 (1968). 
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3 D. PETTIIS and A. W. SPENCER, SWest  Nat .  9, 20 (1964). 
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e v o l u t i o n a r y  t h e o r y  no  longer  requi res  t h a t  such  long 
spans  of t i m e  be  i n v o k e d  in t he  process  of e v o l u t i o n a r y  
d i f f e r en t i a t i on  of v e r t e b r a t e s  6-8. 

W e  pre fe r  to  be l ieve  t h a t  ce r t a in  p i e d m o n t  popu la t i ons  
of Pseudacris triseriata were p r e a d a p t e d  to  t h e  cold t h a t  
is assoc ia ted  w i t h  life a t  h igh  a l t i t udes  b y  v i r t u e  of p r io r  
e v o l u t i o n a r y  a d j u s t m e n t  to  a n  ear ly  b r eed ing  schedule.  
Over  m u c h  of t he  geograph ic  r ange  of th i s  species b r eed ing  
t akes  place v e r y  ear ly  in  t he  growing  yea r  (i.e., ear ly  
spring).  Migra t ion  to b r eed ing  si tes m a y  occur  a t  r e l a t ive ly  
low ai r  t e m p e r a t u r e s ,  a n d  frogs of ten  congrega te  in cold, 
t e m p o r a r y  pools  fo rmed  b y  run-of f  f rom ear ly  spr ing  
ra ins  a n d / o r  m e l t - w a t e r  f rom snow. Successful  explo i ta -  
t i on  of th i s  b r eed ing  schedule  p r e s u m a b l y  invo lved  

Table II. Oxygen consumption (~l/g/h) of Pseudacris triseriata 
(mean 4- S.E.) 

Acclimation Montane Piedmont 
temperature 

10 ~ 125.8 4- 19.5 (12) ~ 171.7 4- 16.9 (12) 
20 ~ 256.1 =~ 26.4 (16) 223.5 4- 23.0 (18) 

Sample size. 

d i f fe ren t ia l  su rv iva l  a n d  r e p r o d u c t i o n  f avo r ing  those  
ind iv idua l s  capab le  of m a i n t a i n i n g  h igher  m e t a b o l i s m  a t  
low t e m p e r a t u r e s ,  t h e r e b y  p r e a d a p t i n g  these  frogs for 
s u b s e q u e n t  d ispersa l  in to  cool, m o n t a n e  e n v i r o n m e n t s  9,~0. 

Zusammen/assung. Die S to f fwechse l ra ten  y o n  F r6schen  
(Pseudacris triseriata) aus  Tief land-  u n d  Bergpopu la -  
t i onen  w u r d e n  b e i  10 ~ u n d  20 ~ b e s t i m m t .  Die be iden  
P o p u l a t i o n e n  u n t e r s c h i e d e n  sich n i c h t  s ign i f ikan t  in  der  
S tof fwechse l ra te  bei d en  2 T e s t t e m p e r a t u r e n .  
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Unkreaktion mit Befreiungsruf beim Weibchen der Kreuzkr6te Bufo calamita ~ 

Die yon ~'LINDT und HEMMER 2 analysierten Befrei- 
ungsrufe miinnlicher ]3ufonen sind mit an ein Husten 
erinnernden Flankenbewegungen verbunden, die auch 
die ~ zeigen, wenn sie ausser Paarungsbereitschaft axial 
umklammert werden. Bei der Erdkr6te Bu/o bu/o ~ er- 
folgen diese <~Unkreationen~ 3 immer stumm. Dennoch 
erschien es als wahrscheinlich, dass die stumme Unk- 
reation der ~ und die mit dem Befreiungslaut ver- 
bundenen Unkreaktionen der c~c~ ethologisch identische 
Bewegungen, also homolog sind 4. 

Die I-lomologie der being und ~ ausl6sbaren Flanken- 
bewegungen wird nun dadurch best~itigt, dass bei 
K r e u z k r 6 t e n  Bu]o valamita s u c h  be im  ~ diese Bewe-  
g u n g e n  gelegent l ich  m i t  Be f re iungs ru fen  v e r b u n d e n  
s ind :  A m  3.5.1969 n a h m  ich Bef re iungsrufe  eines Bu/o 
calamita ~ y o n  Gossau,  Ziirich, das  ill der  N a c h t  zuvor  

ge la icht  h a t t e ,  bei  22 ~ m i t  e inem A i w a - T o n b a n d g e r / i t  
auf  u n d  ana lys i e r t e  sie auf  e inem Spe icherosz i l lographen  
T e k t r o n i x  5495. Die L a u t e  s ind leiser als bei  den  c~c~, 
b e s t e h e n  aus  e inem explosive  erfolgenden,  i m p u l s a r t i g e n  
K l a n g  y o n  30-50 msec D a u e r  u n d  w e r d e n  zu Serien 
gere ih t  (Figur).  ]gel dieser  h o h e n  A u f n a h m e t e m p e r a t u r  
fo lg ten  die E inze l l au te  m i t  A b s t / i n d e n  y o n  80-200 msec 
aufe inander ,  so dass  4-5  Lau t e / s ec  e r t 6n t en .  

Nicht bei jeder Flankenbewegung kommt es zur 
Lautiiusserung; man hat den Eindruck, das ~ bringe den 
Ton nur miihsam heraus. Die meisten ~ bleiben auch bei 
liingeren Serien yon Flankenbewegungen stumm. Ob es 
sich dabei um eine Frage der intraindividuellen <~ Bahnung ~ 
z u m  t3eispiel in  Abh~tngigkei t  v o m  H o r m o n s p i e g e l  
h a n d e l t  oder  ob die U n t e r s ch i ed e  zwischen den  I n d i v i d u e n  
def in i t iv  sind, i s t  n i c h t  b e k a n n t .  

Summary. The  release call  wh ich  is u t t e r e d  b y  t3ufo c~c~ 
in connec t ion  w i t h  specific m o v e m e n t s  can  also be  
evoked  in t h e  ~ of Bu/o calamita. This  is i nd i ca t i ve  of 
homology  of t h e  male  release call  an d  t h e  usua l ly  s i lent  
release m o v e m e n t s  of t h e  ~ .  

H. HEUSSER 

CH-8127 Forch-Zi~rich (Schweiz), 78. August 1969. 

Befreiungsrufe eines Kreuzkr6ten@ (Bu]o calamita). Netzweite auf 
der Abszisse: 50 msec (Oszillogramm). 
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