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April ,  and  J u n e  1974. E a c h  p o i n t  of th i s  f igure r ep resen t s  
a t  leas t  30 single d a t a  for  h e a r t  r a t e  and  a t  leas t  5 single 
d a t a  for ac t iv i ty .  Corre la t ion  of h e a r t  r a t e  and  a c t i v i t y  
ra te .  A clear connec t ion  b e t w e e n  the  two p a r a m e t e r s  can  
be seen (Figure 2a). H i g h  locomotor  a c t i v i t y  is m o s t l y  
a ccompan ied  b y  a co r re spond ing  increase  in h e a r t  ra te .  
The  coeff icients  of r a n k  co r re la t ion  (Spearman)  are 0.46 
for X 1973, 0,83 for I 1974, a n d  0.77 for I V  and  VI  1974. 
These  d a t a  are s ign i f ican t  (t-test,  S tuden t )  w i t h  e < 0.1%. 
More r ecen t  s imu l t aneous  e x p e r i m e n t s  w i t h  3 single 
ind iv idua l s  gave  the  same resu l t s  (Figure  2b).  The  cor- 
r e l a t ion  coeff icients  are 0.71 for I I I ,  and  0.83 for VI  
1975 (e < 0.1%).  W e  expec t  t h a t  the  degree of cor re la t ion  
is a func t ion  of t he  s ens i t i v i t y  of t he  a c t i v i t y  m e a s u r i n g  
s y s t e m  10. 

Ci rcad ian  and  c i r cannua l  differences.  All  t es t s  c lear ly 
show the  synch ron i z ing  effect  of t he  l igh t -dark-cycle .  The  
mos t  p r o n o u n c e d  changes  of b o t h  p a r a m e t e r s  are to  be 
seen a f t e r  l igh t -on  a n d  l i g h t - o f f .  

The re  are clear  seasonal  differences  in th i s  c i rcad ian  
pe r iod ic i ty  (Figures 2, a a n d  b). Twice a year,  in w i n t e r  
(I 1974, I I I  1975) a n d  in s u m m e r  (VI 1974 and  1975), t he  
m e a n  va lues  of b o t h  s w i m m i n g  a c t i v i t y  a n d  h e a r t  r a t e  
are h igher  du r ing  l i gh t - t ime  t h a n  d u r i n g  darkness .  In  
spr ing  ( IV 1974) and  a u t u m n  (X 1974) t h i s  r e l a t ion  is 
reversed.  Thus  a seasonal  f l uc t ua t i on  of t he  da i ly  m e a n  
h e a r t  r a t e  u n d e r  c o n s t a n t  l a b o r a t o r y  cond i t ions  can  be 
seen. The  da i ly  m e a n  h e a r t  r a t e  shows a m a x i m u m  in 
s u m m e r  and  a m i n i m u m  in winter .  

A mul t ip le  phase  sh i f t  of locomotor  a c t i v i t y  is r e p o r t e d  
for some fish species (Cottus poecilopus 11, Salmo truttal~). 
Our  resul t s  give a h i n t  t h a t  th i s  p h e n o m e n o n  could occur  
also in carp.  

Regu l a r  da i ly  changes  of h e a r t  r a t e  are k n o w n  f rom 
e x p e r i m e n t s  w i t h  Lampetra /luviatilis 4 a n d  Salmo gaird- 
neri ~. CLARIDGE et  al. ~ found  a connec t ion  b e t w e e n  h e a r t  
r a t e  a n d  locomot ion  in r e l a t ive ly  r e s t r a ined  Lampetra, 
b u t  po in t ed  ou t  t h a t  t he  c o n n e c t i o n  be tween  b r e a t h i n g  
ra t e  a n d  locomotor  a c t i v i t y  is a closer one. S h o r t  t e r m  
m e a s u r e m e n t s  in Salmo gaird~ceri 7,8 d e m o n s t r a t e d  t h a t  
fish, s w i m m i n g  a t  va r i ed  velocit ies,  show large changes  of 
card iac  ou tpu t .  This  resu l t s  in a s l ight  increase  of h e a r t  
r a t e  a n d  a large increase  of s t roke  volume.  

Our  results ,  wh ich  d e m o n s t r a t e  a close r e l a t i on  b e t w e e n  
locomotor  a c t i v i t y  a n d  h e a r t  ra te ,  comple t e  these  f indings .  
So the  h e a r t  r a t e  of f ish seems to  be  a more  f avourab l e  and  
more  sens i t ive  p a r a m e t e r  in record ing  t he  i n d i v i d u a l  s t a t e  
t h a n  some vis ible  b e h a v i o u r a l  pa t t e rn s .  

10 A more sensitive method for activity measurement is in prepara- 
tion. 

11 S. ANDREASSON, Oikos 2d, 16 (1973). 
I~ K. MOLLER, Aquilo, Ser. ZooI. 8, 50 (1969). 
13 S. NOMIJRA, T. IBARAKI and S. SnlRAHATA, Jap. J. Vet. Sei. 31, 
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Summary. Red  blood cells i n c u b a t e d  in a physio logica l  m e d i u m  in wh ich  Li  replaces  Na  (LiPSS)  gain  Li  in exchange  
for Na  and  K. The  r a t e  of Li  u p t a k e  is m o d e s t l y  b u t  s ign i f i can t ly  increased  in t he  s p o n t a n e o u s l y  h y p e r t e n s i v e  r a t  
(SHR)  a t  37 ~ a n d  a t  22 ~ The  slow r a t e  of Na  gain and  K loss d u r i n g  cooling a t  2 ~ was a b o u t  doub led  in unmod i f i ed  
whole  b lood samples  f rom the  SHR.  

R e c e n t  obse rva t i ons  on ion d i s t r i b u t i o n  in e x p e r i m e n t a l  
h y p e r t e n s i o n  h a v e  p rov ided  new s u p p o r t  for our  genera l  
v iew t h a t  cell N a  r egu la t ion  p lays  a cen t r a l  role b o t h  in 
acu te  v a s o c o n s t r i c t i o n  a n d  in t he  s t r u c t u r a l  redes ign  of 
b lood vessels cha rac t e r i s t i c  of sus t a ined  h y p e r t e n s i o n  ~,'~. 
W e  t h u s  cons ider  t h e  b i -d i rec t iona l  pass ive  p e r m e a b i l i t y  
of the  va scu l a r  s m o o t h  muscle  cell m e m b r a n e ,  t o g e t h e r  
w i t h  t he  t r a n s p o r t  p r o t e i n  ava i l ab le  for ac t ive ly  sus ta in -  
ing t h e  t r a n s m e m b r a n e  Na  g r a d i e n t  to  be  a t o t a l i t y  ( 'ne t  
Na  p u m p i n g  ac t iv i ty ' ) .  Our  p r e s e n t  work ing  h y p o t h e s i s  is 
t h a t  a n y  d e r a n g e m e n t  in th i s  t o t a l i t y  f avou r ing  accumula -  
t ion  of cell Na  will, if sus ta ined ,  be  i n t e r p r e t e d  b y  t he  cell 
as an  increase  in i ts  work  load and  a s t imu lus  to  increase  
i ts  Work capac i ty .  Is will r e spond  b y  m a n u f a c t u r i n g  new 
s t r u c t u r a l  a n d  t r a n s p o r t  p r o t e i n  wh ich  will in effect  t end  
to m a s k  t h e  or ig ina l  defect .  

I t  m i g h t  be  expec t ed  t h a t  in some forms  of h y p e r t e n -  
sion t he  or ig inal  defect  would  be  suf f ic ien t ly  genera l ized 
to  affect  all  or m o s t  cell m e m b r a n e s  a n d  so be  pa r t i cu l a r l y  
a p p a r e n t  in  t he  e ry th rocy te ,  wh ich  lacks the  ab i l i t y  to  
syn thes ize  new pro te in .  An  increase  in red b lood  cell Na  
in h y p e r t e n s i o n  in m a n  has  r ecen t l y  been  r epo r t ed  ~ a n d  
BEN-IsI~AV et  al. 5 h a v e  n o t e d  e n h a n c e d  N a  eff lux in 
e r y t h r o c y t e s  f rom r a t s  w i t h  one form of genet ic  h y p e r -  

tens ion .  W e  h a v e  a p p r o a c h e d  t he  p r o b l e m  b y  looking  a t  
t he  pass ive  p e r m e a b i l i t y  of t he  m e m b r a n e ,  us ing  s imple  
ind ica to r s  wh ich  could t h e n  be  app l ied  c l inical ly  if 
w a r r a n t e d .  Ana ly t i c  r a t h e r  t h a n  t r a c e r  m e t h o d s  were  
chosen  for s impl ic i ty  a n d  m o v e m e n t s  of Li  were c o m p a r e d  
w i t h  Na  since pass ive  processes  shou ld  af fec t  b o t h  ions 
a n d  t he  la rger  h y d r a t e d  size of Li would  amp l i fy  m a r g i n a l  
changes  6. 

Materials and methods. Male r a t s  w i t h  s p o n t a n e o u s  
h y p e r t e n s i o n  (SHR-Carwor th )  and  the i r  m a t c h i n g  con-  
t rols  (CFN) were used t h r o u g h o u t .  I n  each  expe r imen t ,  
t he  an ima l s  were l igh t ly  a n a e s t h e t i z e d  w i t h  e ther ,  b lood 

1 This work was carried out with the aid of a grant from the British 
Columbia Heart Foundation. 

2 S. M[. FRIEDMAN and C. L. FRIEDMAN, in Handbook o/Physiology 
Circulation 1I (Eds. W. F: HAMILTON and P. Dow; American 
Physiological Society 1963), p. 1135. 

8 S. IV[. FRIEDMAN, 1M[. NAKASHIMA and C. L. FRIEDMAN, Proc. Soe. 
exp. Biol. ~fed. 750, 171 (1975). 

4 F. WESSELS, H. ZUMKLEY amd H. LOSSE, Z. Kreislaufforsch. 59, 
415 (1970). 

5 D. BEN-IsHAY, A. AVlRA~ and R. VISKOPEg, Experientia 37, 660 
(1975). 
S. !V[. FRIEDMAN, Blood Vessels 72, 219 (1975). 
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Table I. The compositions of physiological salt solutions (mM), aerated with 9 5 %  02, 5% CO 2 (pH 7.4 • 0.1 at 37 ~ 
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Solution Na K Ca Mg C1 H C Q  HPO 4 Li CO 3 Glucose Sucrose 

Normal (PSS) 141.2 5 1.7 1.2 123.4 25 1.2 --  --  11 --  
K-free 141.2 --  1.7 1.2 118.4 25 1.2 - -  --  11 10 
Li subst. (LiPSS) - -  5 1.7 1.2 123.4 - -  1.2 141.2 25 11 --  
K-free Li subst. 1.2 - -  1.7 1.2 117.9 --  1.2 141.2 25 11 7.6 

p r e s s u r e  w a s  m e a s u r e d  d i r e c t l y  f r o m  t h e  f e m o r a l  a r t e r y  
w i t h  a S a n b o r n  P 2 3 A  t r a n s d u c e r  a n d  a 2 m l  b l o o d  s a m p l e  
w a s  t a k e n  t h r o u g h  t h e  s a m e  n e e d l e .  T h i s  s a m p l e  w a s  
c e n t r i f u g e d  a t  1475 g for  15 m i n  a t  2 ~ p l a s m a  a n d  h u f f y  
c o a t  we re  r e m o v e d ,  a n d  t h e  r e d  cel ls  w e r e  t h e n  w a s h e d  
t w i c e  in  30 m l  of  n o r m a l  K r e b s  m e d i u m  a n d  s p u n  d o w n  
a s  a b o v e .  T h e  n o r m a l  m e d i u m  w a s  t h e n  r e p l a c e d  w i t h  
tes~c m e d i u m  for  i n c u b a t i o n  w i t h  o c c a s i o n a l  g e n t l e  m i x i n g  
u n d e r  s p e c i f i e d  c o n d i t i o n s ,  t h e  s a m p l e  w a s  s p u n  d o w n  a t  
500 g fo r  5 m i n ,  t h e  f i l t r a t e  r e m o v e d  b y  a s p i r a t i o n ,  a n d  
100 ~ of  e r y t h r o c y t e  l y s e d  in  5 m l  of  d i s t i l l e d  w a t e r  for  
10 m i n .  T o  t h i s ,  5 m l  of  1 0 %  t r i c h l o r a c e t i c  a c i d  w a s  a d d e d  
a n d  m i x e d ,  a n d  t h e  s o l u t i o n  a l l o w e d  t o  s t a n d  for  5 m i n  
b e f o r e  f i l t e r i n g  w i t h  No .  42 W h a t m a n  p a p e r .  N a ,  K ,  a n d  
L i  in  t h e  f i l t r a t e  w e r e  m e a s u r e d  b y  a t o m i c  a b s o r p t i o n  
s p e c t r o p h o t o m e t r y .  T h e  i n c u b a t i o n  m e d i a  a r e  s h o w n  in  
T a b l e  I.  

105 

IOC 

9 5  

9 O  

u 

R 2  

o 
E 
E 20  

10 

0 i 
5 

 l:r~ 

/ ~" ~iJiCo nt rol 

i o ~  Nai 
eo C~t~r176 

" Hours 2 

Fig. 1. Changes in cation content of a s tandard packed red cell sam- 
pie following incubation at 22 ~ in a normal medium in which Li 
repIaees Na (LiPSS) for 1-3 h. Values for Li are uncorrected for Li 
in trapped extraeellular medium indicated by zero intercept. Trap- 
ped fluid volume estimated from Li intercept as approximately 10% 
was used for calculating cell Na and K values. SE is indicated by 
vertical lines. Regression lines fitted by method of least squares. 
*p < 0.02. 

Results. L i  inl lux at 22~ T h i s  e x p e r i m e n t  w a s  c a r r i e d  
o u t  w i t h  b l o o d  s a m p l e s  f r o m  8 c o n t r o l  a n d  8 h y p e r t e n s i v e  
r a t s ,  11 w e e k s  old,  a n d  w i t h  b l o o d  p r e s s u r e s  of  125 =k 2/ 
77 • 2 ar id  153 • 3 /86  4- 4 r e s p e c t i v e l y .  T h e  n e t  e n t r y  
of  L i  i n t o  cei ls  w a s  e s t i m a t e d  b y  i n c u b a t i n g  w a s h e d  r e d  
cel ls  in  a m e d i u m  in  w h i c h  N a  w a s  r e p l a c e d  b y  L i  ( L i P S S )  
for  1, 2 o r  3 h a t  r o o m  t e m p e r a t u r e .  T h e  r e s u l t s  a r e  p r e -  
s e n t e d  in  F i g u r e  1. 

T h e  L i  c o n t e n t  o f  t h e  s a m p l e s  u n c o r r e c t e d  for  t r a p p e d  
f lu id  i n c r e a s e d  w i t h  t i m e ,  i n d i c a t i n g  e n t r a n c e  i n t o  cells .  
T h e  r a t e ,  d e s c r i b e d  as  a l i n e a r  r e g r e s s i o n ,  w a s  s u f f i c i e n t l y  
f a s t e r  in  t h e  S H R  to  r e s u l t  in  a s i g n i f i c a n t  d i f f e r e n c e  be -  
t w e e n  g r o u p s  a t  3 h .  T h e  zero  i n t e r c e p t  w a s  t h e  s a m e  in  
b o t h  g r o u p s  a n d  i n d i c a t e d  a n  e x t r a c e l l u l a r  t r a p p e d  f l u id  
v o l u m e  of  a b o u t  1 0 % .  T h i s  v a l u e  w a s  u s e d  for  p l o t t i n g  
t h e  c o r r e c t e d  v a l u e s  for  cel l  N a  a n d  K .  I t  is c l ea r  t h a t  t h e  
e n t r y  of  L i  i n t o  cel ls  r e p l a c e s  m o s t l y  K ,  as  e x p e c t e d ,  
a l t h o u g h  t h e  v a r i a n c e  in  t h i s  m e a s u r e m e n t  is t oo  g r e a t  to  
p e r m i t  s e p a r a t i o n  of  c o n t r o l  a n d  h y p e r t e n s i v e s .  

Li  in/ lux at 37~ T h i s  e x p e r i m e n t  w a s  m o d i f i e d  f r o m  
t h e  f o r e g o i n g  t o  a c c e l e r a t e  t h e  r a t e  of  e n t r a n c e  of  L i  i n t o  
cel ls  a n d  t o  i m p r o v e  o n  i t s  e s t i m a t i o n .  A c c o r d i n g l y ,  t h e  
t e s t  m e d i u m  w a s  c h a n g e d  to  K - f r e e  L i P S S  a n d  t h e  i n c u -  

4 0  

35 

3C 

~2s 
r 
o 
E 

E 20  

15 

/ /  . . . . .  

0 . . . . . . . . .  d 

4" 

/ / / /  / , !  
/ /  / / / /  

# / /  
/ / /  

/ ' /  

,, ,~ 
Hours 

Fig. 2. Changes in Li content of a s tandard packed red cell sample 
following incubation at 37 ~ in K-free LiPSS for i 3 h. Extracellular 
Li was removed by a 30 min wash in cold (2~ PSS prior to sam- 
ling. Lower lines indicate ceil Li uncorrected for trapped fluid vo- 
lume. Upper lines indicate cell Li normalized by using the Na con- 
tent  of each sample as indicator of trapped fluid; this overestimates 
this volume and hence cell Li by a small constant  amount.  



478 Specialia EXeERIENTIA 32/4 

Table II. Exchange of Na and K between erythroeytes and plasma 
during incubation at 2~ for 23 h in late SHR (29 weeks) compared 
with normotensive controls 

Control SHR 

Blood pressure (mm Hg) 
Systolic 141 -4- 3 196 4- 4 �9 
Diastolic 87 4- 2 114 4- 3 �9 

Plasma [Na] (mEq/l) 
Initial 138.1 -t- 0.3 138.6 • 0.3 
Final 135.2 :t_ 0.5 131.5 • 0.3 ~ 
/I --2.9 ~0.6 --' 7.2 4-0.3 ~ 

Plasma [K] (mEq/1) 
Initial 3.88 Jr 0.07 3.34 :h 0.09 ~ 
Final 6.80 :t: 0.17 9.89 -4- 0.28 
Z] + 2.93 • 0.16 + 6.54 -t- 0.3t ~ 

Hematoerit % (final) 47.2 4- 0.9 48.3 4- 0.09 

Weight (g) 509 ~ 3 320 4- 8 �9 

No. of animals 12 12 

-4- = Standard error of the mean. ~p < 0.02. 

ba t ion  t e m p e r a t u r e  raised to 37~ Fur the r ,  following 
incuba t ion  for 1, 2 or 3 h, the  ceils were spun down  and 
washed  in 50 volumes  of K-free  P S S  a t  2~ for 30 min to 
remove  extracel lular  Li before the  final  sampl ing  for 
chemical  analysis.  The 8 contro l  and 8 t e s t  ra t s  were 17 
weeks old, w i th  blood pressures  of 125 • 3/81 -~ 4 and 
178 :[: 4/108 ~ 4 respect ive ly .  The resul ts  are p resen ted  
in Figure  2. 

The ra te  of en t rance  of Li into cells was abou t  three-  
fold fas ter  unde r  the  cond i t ions  of th is  exper iment .  Again, 
Li en te red  cells fas ter  in the  S H R  and the  difference was 
s ignif icant  even af ter  1 h of incubat ion .  

Na in/lux into cells at 2~ In  paral lel  expe r imen t s  
involving the  inf lux of Na  induced  e i ther  b y  ouabain  or by  
an absence of K in the  medium,  we found  the  resul ts  too 
var iable  to  pe rmi t  f i rm conclusions.  Exposu re  of the  cells 
to  low t empera tu re ,  however ,  p roduced  unequivocal  
results .  A simple procedure  in which  whole  blood samples  
were lef t  und i s tu rbed  a t  2 ~ suffices to d e m o n s t r a t e  S H R  
and  control  differences.  In  th is  case, glass e lectrodes 
were used to es t imate  p lasma  Na+ and  K+, since th is  
procedure  is ve ry  precise and  does n o t  a l ter  the  sample  ~. 
Tile resul ts  are set  out  in Table U .  

Ini t ia l ly ,  p lasma Na+ and  K + values in control  and S H R  
groups were wi th in  0.5 mEq/1 of each other .  This dif- 
ference is suff ic ient  to es tabl ish  t h a t  p la sma  K + is reduced  
s l ight ly  b u t  s ignif icant ly  in the  S H R  b u t  no t  to  es tabl ish  
the  converse  for Na +. Af te r  23 h in the  cold, the  t r ans -  
m e m b r a n e  Na and K grad ien ts  h a d  run  down suff ic ient ly  
in the  controls  to  lower p l a sma  Na+ and  raise K + b y  
abou t  3 mEq/1. This ra te  was more  t h a n  doubled  in t he  
SHR.  

Discussion. These expe r imen t s  show an a p p a r e n t  
increase in the  pass ive  cat ion pe rmeab i l i t y  of the  red cell. 
I t  is pass ive  since i t  has  been  d e m o n s t r a t e d  wi th  b o t h  Li 
and Na under  condi t ions  where  t he  only  dr iv ing  force 
avai lable to t he  ion m o v e m e n t  is i ts  t r a n s m e m b r a n e  
gradient .  In  in t e rp re t ing  the i r  results ,  BEN-IsltAY et  al. ~ 
suggested th is  possibi l i ty.  

I t  has  been  shown t h a t  t h e  red cell vo lume is decreased 
in the  S H R  s and  i t  m a y  be urged t h a t  our resul ts  can  be 
expla ined on the  simple basis t h a t  cell surface avai lable  
to  ion pe rmea t ion  is increased.  In  the  case of t he  discoid 
red cell, however ,  the re  is no a priori  d i rec t  re la t ion  be- 
tween  cell vo lume and  cell surface unless i t  be assumed 
t h a t  cell shape  is invar ian t .  There  is t h u s  no s imple  d i rec t  
way  to t e s t  th is  possibi l i ty.  I t  is unlikely,  however ,  t h a t  
the  doubled  ra te  of en t rance  of Na  a t  2 ~ in t he  S H R  can 
be thus  s imply  explained.  In  fact,  t he  m o d e s t  increase in 
the  ra te  of Li en t rance  at  h igher  t e m p e r a t u r e s  compared  
w i t h  t he  exaggera t ion  of the  differences  b e t w e e n  t e s t  and  
control  groups a t  low t e m p e r a t u r e  argues s t rong ly  for a 
conformat iona l  change  in m e m b r a n e  s t ruc ture .  Since Na+ 
and  Li + are s imilar ly affected,  it  is l ikely t h a t  the  ca t ion  
channels  are affected.  F u r t h e r  de ta i led  s t u d y  of th is  
poss ib i l i ty  is now unde r  way.  I t  is of in te res t  t h a t  an 
a p p a r e n t  increase in ca t ion  pe rmeab i l i t y  of the  vascula r  
s mo o t h  muscle cell m e m b r a n e  in b o t h  DOCA hype r -  
tens ion  and the  S H R  has a l ready  been  r epo r t ed  9-n.  
Fu r the rmore ,  WESS~LS et  al. 4 have  observed  a s ignif icant  
posi t ive  corre la t ion b e t w een  sod ium inf lux in to  red cells 
and  blood pressure  in a large series of no rmo tens ive  and  
hype r t ens ive  subjects .  

7 S. Iv[. FRIEDMAN, in Glass Electrodes/or Hydrogen and Other Cations 
(Ed. G. EISENMAN; Marcel Dekker, New York 1967), p. 442. 

s S. SEs, G. C. HOFFMAN, N. T. STOWE, R. R. S•EBu and F. M. 
BvMPos, J. clin. Invest. 51,710 (1972). 

9 S. IV[. FRIEDMAN, Circulation Res. 34, 1-123 (1974). 
10 A. W. JONES, Circulation Res. 3d, 1-117 (1974). 
11 A. W. JoNEs and R. G. HART, Circulation Res. 37, 333 (1975). 
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13. STREIT 

Institute o/ Limno/ogy, Mainaust~c~sse 212, D-7750 Konstam-Egg (German Federal Rep~b~ic, BRD),  d November 1975. 

Summary. Carbon t u i n o v e r  ra tes  of young  specimens  of the  f reshwater  snail  Ancylus/luviati l is  are near ly  equal  for 
all organs, whereas  in adul t  specimens  in tes t ina l  organs (midgut  g land and others) show cons iderab ly  h igher  t u rn o v e r  
ra tes  t h a n  the  ' res t  animal '  (animal w i t h o u t  organs of tile pallial  complex).  

Only few s tudies  exis t  of basic ca rbon  balance  shee ts  
for d i f ferent  organs in inver tebra tes .  Inves t iga t ions  were 
therefore  run  on incorpora t ion  and  t u rnove r  of 14C- 
label led f o o d  in the  pateI l i form pu lmona t e  snail  Ancylus 
/luviatilis, l iving as a p r i m a r y  consumer  on s tones  of 
r ivers and  lakes. All t he  inves t iga t ions  were done wi th  
spec imens  of all size classes (1 m m - 7 m m  aper tu re  l eng th  
of shell) and  the  value for indiv idual  length  classes were 
ca lcula ted  according to  a regression line. 

D ia toms  (Nitzschia actinastroides) were labelled w i t h  
NaH14CO3, f i l tered on mill ipore fil ters and offered to  t he  
snails w i th in  a conical f lask a t  22~ After  24 h, t he  
snails were offered unlabel led food till  the  end  of t he  
exper iment ,  1 h to 16 days  later.  Then  the  animals  were  
solubilized and  measured  in a l iquid scint i l la t ion counter .  
All m e a s u r e m e n t s  were  pe r fo rmed  w i t h o u t  t he  shell. 

1 Supported by the Deutsche Forsehungsgemeinschaft. 


