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affect  th is  communica t i on  by  act ing on the  m o v e m e n t  of 
t r a n s p o r t  metabo l i t es  carrying ~ P and reducing equiv- 
a lents  across the  chloroplas t  envelope n,~2. Though  we 
did no t  measure  i t  in the  p resen t  s tudy,  it  is likely t h a t  CH 
inhibi ts  pro te in  synthes is  in Oenothera leaf cells. Thus  CH 
migh t  cause the  observed effect  on PD oscillations via 
affect ing processes wi th  high ra tes  of p ro te in  t u rnove r  as 
discussed in 4, 16,17. The re la t ionship  be tween  pro te ins  and 
the  r a the r  rapid  changes  of the  m e m b r a n e  po ten t ia l  is, 
however ,  diff icult  to unders tand .  I t  m a y  be possible t h a t  
electrogenic p u m p s  in the  m e m b r a n e  hav ing  a pro te in-  
aceous c o m p o n e n t  are affected.  Bu t  before we know all 
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Fig. 2. Effect of CH on the amplitude ( A E) of the major light-induced 
depolarization of the membrane potential of Oenothera leaf cells from 
the same plant as in Figure 1. At time zero, CH was added (10 [xg/ml). 
Results of 2 experiments (• and +) arc shown; data given by • 
symbols have been taken from Figure 1. 

effects of CH on physiological  processes in the  cell, our 
conclusions necessar i ly  r emain  more  or less speculat ive.  

Summary. The ant ib iot ic  cyc loheximide  (10 ,~g/ml) 
inhibi ts  the  l ight - induced t r ans ien t s  of m e m b r a n e  po ten t ia l  
of green cells in Oenothera-leaves, while pho tosyn thes i s  
(measured by  O2-evolution, 14CO2-fixation and  l ight-  
induced pH-changes  in the  ex te rna l  medium) and respira-  
t ion remain  unaf fec ted  under  the  same condit ions.  

Zusammen/assung. U n t e r  dem Einf luss  von Cyclohex- 
imid (10 [zg/ml) werden  die l ichtausgel6sten Membran-  
po t en t i a l s chwankungen  in grfinen Mesophyllzel len von 
Oenothera unterdr i ickt ,  w/ ihrend un te r  den gleichen Be- 
d ingungen  nach  einer S tunde  Vorbehand lung  mi t  Cyclo- 
hex imid  Reak t ionen  der  P h o t o s y n t h e s e  und  der A t m u n g  
(gemessen als O2-Entwicklung,  14CO2-Fixierung, l icht- 
induzier te  pH-)knderungen  im Aussenmed ium und  als 
respira tor ische O2-Aufnahme ) n ich t  bee in t rXcht ig t  wer- 
den. 
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E n e r g e t i c s  o f  L o c o m o t i o n  i n  a M o n o t r e m e ,  t h e  E c h i d n a  Tachyglossus aculeatus 

The echidna  Tachyglossus aculeatus appears  un ique ly  
useful as an analogue for s tudies  of the  energet ic  require-  
m e n t s  of locomotion.  The animal  presen ts  th ree  fea tures  
which  we pos tu la t e  m a y  have  an effect  on the  cost  of 
locomot ion;  a res t ing oxygen consumpt ion  abou t  one- 
half  t h a t  found in p lacenta l  m a m m a l s  of the  same body  
mass  1, a unique  locomotory  m o v e m e n t  which involves  
hum ora l  long-axis  ro ta t ion  r a the r  t h a n  an te ropos te r io r  
p ro t r ac t ion  2 and dis ta l ly  h e a v y  l imbs specialized for 
digging. We repor t  here expe r imen ta l  de t e rmina t ions  of 
oxygen  consumpt ion  dur ing  walking in t he  ech idna  and 
the  relevance of these  fea tures  to  locomotory  energetics.  

The animals  were t aken  f rom Kangaroo  Is land,  South  
Austral ia,  and ma in t a ined  in the  l abora to ry  on artificial  
diet.  F r o m  an init ial  sample  of 4, 2 of t he  echidnas  were 
t r a ined  to walk  a t  a va r i e ty  of speeds on a mo to r -d r iven  
t readmil l .  The  abi l i ty  of the  animals  to  r e t r ac t  t he  head  
made  the collection of resp i ra to ry  gas in a mask  
impract icable ,  and  all t es t s  were conduc ted  in a closed 
c h a m b e r  w i th  a por t  for incoming air a t  the  rear. S teady  
s ta te  oxygen  consumpt ion  was measured  by  drawing  
room air t h rough  the  chambe r  a t  16 1 min -1 and measur ing  
the  difference in oxygen  concen t ra t ion  of the  gas f rom the  
c h a m b e r  and t h a t  in room air by  pass ing samples  t h r o u g h  
a d ia fe rometer  3. Res t ing  m e a s u r e m e n t s  were t aken  b o t h  

before and  af ter  tes t  runs  on animals  s t and ing  in the  
c h a m b e r  under  the  same condi t ions  of t e m p e r a t u r e  and 
i l luminat ion.  The animal  was considered in s t e ad y  s ta te  
dur ing  ac t iv i ty  since a) oxygen  consumpt ion  var ied less 
t h a n  • 3 % over  15 min intervals ,  b) no increase in oxygen  
consumpt ion  was a p p a r e n t  in the  res t  per iod a t  the  
conclusion of the  walking tes t .  A m b i e n t  t e m p e r a t u r e  in 
the  walking ch amb e r  was ma in t a ined  a t  23 ~ and  all gas 
volumes  are expressed as d ry  gas a t  s t a n d a r d  condit ions.  

S t ead y  s t a te  oxygen  consumpt ion  increased l inearly 
wi th  runn ing  speed in bo th  animals.  For  the  larger  
(3.53 kg) ech idna  th is  re la t ionship  is descr ibed by  the  
equa t ion  M = 0.37 V + 0.25 and  for the  smal ler  (1.69 
kg) an imal  by  M = 0.45 V + 0.31; where  M is oxygen  
consumpt ion  in ml 0 2 g 1 h-1 and  V the  walking ve loc i ty  
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i n  Km h -~. The correlat ion co-efficients (r) for these 
least-square regressions were 0.96 and 0.88 respect ively.  

The  gradient  of such lines can be used to compare  the  
cost-effectiveness of locomotion among different  species. 
F r o m  the  equat ions  of TAYLOR, SCHMIDT-NIELSEN and 
RAAB 4 t h e  predic ted  gradient  for a eu ther ian  of equal  
body  mass to the larger echidna is 0.32 and for the  smaller, 
0.43. We  suggest t h a t  the  ra te  of increase in s teady  s ta te  
oxygen  consumpt ion  wi th  increasing walking speed in the  
echidna is similar to t h a t  found in o ther  mammals .  

T h e  to ta l  oxygen  consumed per  uni t  body mass while 
t ravel l ing  a given dis tance (defined as the  cost  of t rans-  
por t  : 5, for the echidna is however  lower than  the predic ted  
va lue  ~. Hence  the  change in power  wi th  change in ve loc i ty  
in the  echidna is similar  to t h a t  in eutherians,  bu t  the  
to ta l  energy requ i rement  to t r ave l  the  same dis tance is 
less. This  i s  due to low rest ing oxygen  consumption,  the  
value  of M when V is zero in the  above equat ion.  These 
ex t rapo la ted  values are s l igh t ly  above values previous ly  
de te rmined  for basal  levels 1, b u t  are still less t han  60% 
of expec ted  levels for euther ians  6. 

Most of the  energy requi rements  for locomotion on 
level surfaces is bel ieved to be dissipated as work in 
accelerat ing and decelerat ing l imbs and in overcoming  
fr ict ional  resistance inherent  in joints.  As a corollary to 
the  former  it  m a y  be argued t h a t  a concent ra t ion  of 
muscle mass close to the  girdle insert ion and an increase 
in the  effect ive length  of the l imb (a progression towards  
the  ungull igrade condition) leads to a reduct ion  in the  
m o m e n t  of inert ia  of the  l imb and a corresponding 
decrease in locomotory  energy requirements .  The mam-  
mals whose running performances  are used in scaling 
equat ions  4 include some whose l imb s t ructure  would  
suppor t  this  view. The echidna however  uses burrowing 
for bo th  food gather ing and evasion, and has short  
dis tal ly  h e a v y  l imbs wi th  pronounced  elongat ion of the  
manus  and pes. Despi te  this var ia t ion  in l imb configura-  
t ion however ,  the  ra te  of increase of oxygen  consumpt ion  
wi th  ve loc i ty  in the  echidna is similar to t h a t  for o ther  
mammals .  

Since locomotory  costs at  the  speeds used in this exper-  
iment  are therefore  no t  apparen t ly  influenced by  a 
dis tal ly  massive l imb or a unique  form of humora l  move-  
ment ,  we suggest  th ree  possible conclusions. First ly,  i t  is 
possible t h a t  the effect  of these features is too small  to 
observe as oxygen  consumption.  Al terna t ive ly ,  if a large 

propor t ion  of the  energy inves ted  in each l imb m o v e m e n t  
is s tored in elastic s t ructures  and re tu rned  dur ing the  
nex t  phase of the  step cycle, the  large m o m e n t  of iner t ia  
of the  l imb is of l i t t le  consequence.  Final ly,  the  propor t ion  
of energy expended  in accelerat ion of the  l imbs m a y  be 
very  small.  

F r o m  this  considerat ion of echidna locomotion we 
have  conf i rmed findings in o ther  species. Work  on the  
insect ivore (Tenrec ecaudatus)7 and a va r i e ty  of l izard 
species s has previous ly  suggested t h a t  ra te  of increase in 
power  wi th  speed is independen t  of gait;  s tance and 
rest ing metabol ic  levels. In  another  series Of exper iments  9 
invo lv ing  m a m m a l s  of ~imilar body  mass bu t  wi th  
va ry ing  moments  of iner t ia  of limbs, the  cost  of locomo- 
t ion was the  same over  a wide range of speeds. We have  
conf i rmed bo th  of these findings in one species, the  
echidna.  We  suggest  t h a t  i t  is possible to use scaling 
equat ions  to predic t  oxygen  demands  in locomotion in 
animals  of va s t l y  different  physiological  and ana tomica l  
characterist ics,  however  the  reasons for the  va l id i ty  of 
these equat ions  is still  largely unkno,wn. 

Summary. The s teady  s ta te  oxygen  consumpt ion  of 
two echidnas was measured  dur ing locomotion on a 
t readmil l .  The  change in power  inpu t  wi th  change in 
ve loc i ty  is s imilar  to t h a t  found in o ther  mammals ,  bu t  
the  to ta l  energy requ i rement  for locomotion is less. The  
significance of these findings in an animal  wi th  low basal  
metabo l i sm and dis ta l ly  h e a v y  l imbs is discussed. 
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A b s e n c e  of E f f e c t s o f  D ibutyry l  Cycl ic  G u a n o s i n e  3 ' , 5 ' - M o n o p h o s p h a t e  on  R e l e a s e  of a , A m y l a s e ,  
45Ca Eff lux ,  and P,rotein S y n t h e s i s  in Rat  P a n c r e a s  in v i tro1 ,  

' _M1 the  exocrine pancreas,  cholinergic agents  s t imula te  
bo th  the  release of ~-amylase 3=5, and the  efflux of ~sCa e-s, 
while a t  the  same t ime  depressing p ro te in ' syn thes i s  9-11. 
In  some organs, cholinergic effects have  been associated 
with  a s t imula t ion  of the intracellular accumulation of 
cyclic guanosine Y, 5 ' -monophosphate  (GMP); and the  
emerging belief appears  to be t h a t  this nucleot ide mediates  
cholinergic act ion 12. The  current  s tudy  was designed to as- 
cer ta in  whether  the  d ibu tyry l  analogue of cyclic GMP could 
mimic  the  carbachol  effects o n  enzyme release, asCa efflux 
and prote in  synthesis  in the  ra t  pancreas.  

Materials and methods. Female  Sprague-Dawley  rats  
(180-225 g) were decap i ta ted ;  excised pancrea ta  were 
t r i m m e d  of adheren t  fa t  and mesen ta ry  and cut  into 
f ragments  in chilled, oxygena ted  Krebs-Ringer  bicar- 
bona te  buffer  (Ca 2+ adjus ted  to 0.05 raM). Secret ion of 

~-amylase (30 min s t imula to ry  period) a n d  efflux of ~sCa 
were s tudied according to previous ly  described techniques  8. 

P ro te in  synthesis  was measured  by  s tudying  the  in- 
corporat ion of 3H-leucine into t r ichloroacet ic  acid-pre- 
cipi table protein.  Pancrea t i c  f ragments  ( ~  100 mg) were 
pre incubated  for 10 min in 2 ml  buffer containing the  
var ious  tes t  agents.  Two ~mole 3H-leucine (specific 
ac t iv i ty  0.5 [zCi/~mole) were added and incubat ion al lowed 
to cont inue for an addi t ional  20 min. The  react ion was 
s topped by  homogeniz ing the  tissue in its own medium,  
r emoving  50 [~1 al iquots  for prote in  de terminat ion  13, 
and precip i ta t ing  the  remain ing  homogenate  wi th  an 
equal  vo lume  of cold 10% tr ichloroacet ic  acid. The  
acidified homogena te  was centr i fuged and the  pel le t  
washed 3 t imes  wi th  5 G t r ichloroacet ic  acid before be ing  
disolved in 2 ml  of formic acid. Rad ioac t iv i t y  was subse- 


