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The values of hea r t  ra te  recorded f rom the  moni tor ing  
ra te  me te r  were rechecked f rom the  sinus complexes  of the  
ECG. These values, therefore ,  represen t  the  pacemaker  
f requency.  

Discztssio~. In  the  isolated dene rva t ed  hear ts ,  ex- 
t r insic  neurohumora l  influences are absent .  Any  pos- 
sible t he rma l  or chemical  effect  was also ruled out  be- 
cause the  perfus ing and  d i s tend ing  solutions had  the  
same t e m p e r a t u r e  and chemical  composi t ion.  F u r t h e r  the  
ra te  changes  only occurred dur ing change in the  pressure  
w i t h o u t  any  o ther  var iable  being involved,  and the  ra te  
changes  were qui te  reversible on revers ing the  pressure  
change.  Therefore,  the  observed chronot rop ic  changes  
due to  a l te ra t ions  in the  t r a n s m u r a l  pressure  could only 
be a t t r i b u t e d  to changes  in the  pacemaker  ac t iv i ty  in 
response  to p ressure- induced  mechanica l  effect. 

The p resen t  results  are qui te  cons i s ten t  wi th  the  
previous observa t ions  on pacemaker  response to me- 
chanical  s t r e t ch  (PATHAK 1 4; PATHAK, JOG and GOYAL V). 
In  previous  approaches  to the  assessment  of basic in- 
tr insic hea r t  ra te  ( J o s e  and  COLLISON 8), the  role of pres-  
sure- induced mechanica l  s t r e t ch  was no t  apprecia ted .  
The p re sen t  work  establ ishes t h a t  the  t rue  basic intr insic  
hea r t  ra te  can only  be ob ta ined  when,  besides e l iminat ing 
the  extr ins ic  neurohumoraI  and  the rma l  influences, the  
effect  of pressure  induced  s t r e t ch  is also excluded.  The 
m i n i m u m  hear t  ra te  a t  0 t r a n s m u r a l  pressure,  therefore,  
represents  the  t rue  basic intr insic  pacemaker  f requency.  
I t  is also clear t h a t  the  t r a n s m u r a l  pressure  is an im- 
p o r t a n t  d e t e r m i n a n t  of basic intr insic  hea r t  rate.  

s A. D. JOSE and D. R. COLLISON, Cardiovasc. Res. 4, 160 (1970). 
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Summary. R u d i m e n t s  of an abi l i ty  for endogenous  t ime-measur ing  are indica ted  a) by  b imoda l  ac t iv i ty  in the  da rk  
phase  of LD-cycles  of 16:16 or 24:24 h and b) by  d a m p e d  ac t iv i ty  oscillations f requent ly  following a t rans i t ion  f rom 
LD to cons t an t  condi t ions .  These oscillations always have  the  same period length  as the  appl ied LD. 

One m a y  expec t  t h a t  the  circadian r h y t h m  depending  
on the  in tegr i ty  of m a n y  genes does no t  d isappear  sud- 
denly  bu t  degenera tes  gradual ly  dur ing the  regressive 
evolut ion  under  cave condit ions.  The knowledge of these  
degenera t ion  s teps  m a y  allow conclusions on genetics 
and phys io logy of the  in tac t  endogenous  clock. The cav- 
ernicolous fish Arzoptichthys /ordani is a sui table object  
for such invest igat ions ,  because it is genet ical ly  con- 
nec ted  by  in t e rmed ia te  forms wi th  its surface ances tor  
A styanax mexicanus 1. This work  is concerned wi th  in- 
ves t iga t ions  of an endogenous  s tochas t ic  control  and of 
r ud imen t s  of an endogenous  r h y t h m  of swimming  ac- 
t i v i t y  in 4 specimens (3 c~d, I ~?) of the  bl ind ex t reme  
cavernicolous form. 

Methods. The swimming  ac t iv i ty  was recorded by  in- 
f rared beams  fixed 2-3 cm below the  wa te r  surface (in 
some exper imen t s  an addi t ional  beam near  the  bo t tom) .  

The measur ing  in terval  was 30 min. The animals  were 
isolated f rom each other  dur ing  the  exper iments .  Accord- 
ing to tile iength  of the  artificial  l ight  period,  the LD ex- 
pe r imen t s  las ted 215-606 h. The DD and LL  exper iments  
las ted 304-316 h. The series of da t a  were inves t iga ted  
wi th  regard to periodic d i s t r ibu t ions  by  a per iodogram 
analysis  p rog ram 2 in the  compu te r - cen t r e  of the  Uni-  
ve rs i ty  of Miinster,  and wi th  regard  to s tochast ic  distr i-  
bu t ions  of ac t iv i ty  by  the  m e t h o d s  appl ied by  LEHMA~ 
et al. 3. 

1 C. M. BREDER, JR., Zoologica 27, 7 (1942). 
2 G. LAMPRECHT and F. WEBER, Pfliigers Arch. 315, 262 (1970). 
z U. LEHMANN, D. NEUMANN and H. KAISER, J. comp. Physiol. 97, 

187 (1974). 
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Fig. 1. Geometric means of fre- 
quency histograms of A and R 
from 20 DD experiments. Ordinate : 
means of the observed values. 
Points: fitted exponential func- 
tion in the range of agreement in- 
eluding 71% of the A- and 70% of 
the R-values (zS-test, pA = 0.88, 
pu = 0.75. / ,  = 0.48, ]g = 
-0.34). 
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Fig. 2. Sur face  a n d  b o t t o m  
a c t i v i t y  of a fish in a L D  of 2 : 2 h. 
Abscissa :  hours ;  o rd ina t e :  m e a n  
ac t iv i ty .  B l a c k b e a m s  : d a r k p h a s e s .  

~~SWO 
Fig.  3. A b imoda l  ac t i v i t y  p a t t e r n  
ill a L D  of 2 4 : 2 4  h. F o r  symbols  
see F igure  2. 
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Fig. 4. 2 'pos tosc i l la t ions '  a f t e r  
t r ans i t i on  f rom a L D  of 6 : 6  h to 
DD.  Af ter  t h a t  the  typ ica l  D D  be- 
h a v i o u r .  Abscissa :  h o u r s ;  ord i -  
n a t e :  a c t i v i t y  a m o u n t s  of 30 min ;  
a r rows :  a u t o m a t i c  feeding.  B l a c k  
b e a m s :  d a r k  phases .  
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Animal DD after LD LL after LD (1 Lux) 

2:2 3:3 6:6 8:8 12:12 12:12 16:16 24:24 12:12 12:12 

1 ] 1 2 1 1 (1) 71. - / 5 
2 / (1) 4 2 1 1 - - 2 - 
3 1 (1) (1) 1 3 2 1 - / - 
4 1 - 1 1 4 . . . .  

-, no postocillation; ( ), weak postoscillation; /, selenium cell defect. 

Results. The pe r iodogram analysis  of DD and  LL  ex- 
pe r imen t s  (1.0 Lux) showed ne i ther  free runn ing  circadian 
nor  inf radian  or u l t r ad ian  rhy thms .  The animals  were com- 
ple te ly  a r h y t h m i c  and  p e r m a n e n t l y  act ive w i t h o u t  rest ing.  
To dis t inguish  be tween  relat ive ac t iv i ty  and  relat ive rest-  
ing, the  mean  of the  30 min da ta  was defined as a threshold.  
The dura t ion  of the  ac t iv i ty  t ime above the  th reshold  (A) 
was no t  corre la ted  wi th  the  dura t ion  of the  following or of 
the  preced ing  ac t iv i ty  t ime  below the  th reshold  (R). The 
f requency  h i s tog rams  of A and R could be a p p r o x i m a t e d  
by  nega t ive  exponen t i a l  funct ions  of the  t ype  y = a.  e-y.x 
(at least  in the  range of classes w i th  shor t  and  med i u m 
durat ions) .  The exponen t i a l  range of the  average fre- 
quence  h i s tog ram of A enclosed 71%, t h a t  of R enclosed 
70% of all values (Figure 1). 

In  all appl ied LDs  [2 : 2, 3 : 3, 6 : 6, 8 : 8, 12 : 12 (5 • each), 
16: 16, 24:24 h, 20 or I L u x  in the  l ight  phase] 3 animals  
showed r h y t h m i c  ac t iv i ty  pa t t e rn s  wi th  the  per iod of the  
cor responding  LD. The 4 th  animal  was aperiodic in 2 LDs  
of 12:12 h. The selenium cells near  the  wa te r  surface al- 
ways  recorded more  ac t iv i ty  in t he  dark  phases  t h a n  in 
the  l ight  phases,  whereas  near  the  b o t t o m  the  ac t iv i ty  
showed e i ther  aperiodic  d i s t r ibu t ions  or m a x i m a  in t he  
l ight  phases  (Figure 2). 

In  the  LDs  of 24 : 24 and 16 : 16 h, the  ac t iv i ty  of all the  
animals  decreased in t he  middle  and  increased again a t  the  
end of the  da rk  phases  (Figure 3) ; 1 an imal  also showed 
such b imoda l  ac t iv i ty  in the  dark  phases  of the  LDs of 
6:6, 8:8 and 12:12 h. 

Af te r  a t r ans i t ion  f rom a LD of 6:6, 8:8 or 12:12 h to  
DD condit ions,  the  swimming  ac t iv i ty  f requen t ly  oscil- 
la ted  1 to 4 t imes  wi th  the  per iod of the  preceding LD 
(Figure 4 and  Table  ). Af te r  t h a t  the  typica l  behaviour  
under  DD condi t ions  was  observed.  

Discussion. P e r m a n e n t  and  aperiodic swimming  ac- 
t i v i t y  is also k n o w n  of o ther  cavernicolous bl ind fish 
species ~. Because of the  absence of endogenous  r h y t h m i c  
c o m p o n e n t s  t he  exis tence of s tochas t ic  basic mechan i sms  
control l ing the  swimming  ac t iv i ty  can be proved  a. This 
proof  is only  possible on the  condi t ion  t h a t  dur ing the  
expe r imen t s  t he  probabi l i t ies  of t r ans i t ions  be tween  the  
two di f ferent  ac t iv i ty  levels remain  unchanged .  W h e t h e r  
th is  a s sumpt ion  is exac t ly  val id for A.  jordani is unknown.  
The t r ans i t ion  probabi l i t ies  are t ime - independen t  in the  
range of shor t  and  med ium dura t ions  of the  two dis t in-  
guished ac t iv i ty  levels. I t  m a y  be concluded t h a t  the  t ran-  
si t ions are control led by  endogenous  s tochast ic  processes. 
Such control l ing mechan i sms  are a t  first  found in Uca 
species ~, ~. 

Our induc t ion  expe r imen t s  wi th  LDs of d i f ferent  per iod 
lengths  ver i fy  the  abi l i ty  of A.  jordani to perceive l ight  
and a d a p t  i ts  ac t iv i ty  to  LD periods,  even to  periods wi th  
a small  i n t ens i ty  ampl i tude .  The l ight  receptors  are 
p robab ly  localized in the  bra in  6. 

The ac t iv i ty  behaviour  af ter  a t rans i t ion  f rom LD to 
DD indicates  rud imen t s  of an abi l i ty  for measur ing  t ime.  
The under ly ing  physiological  mechan i sms  should be fit  
for d a m p e d  oscillations. The  'postosci l la t ions '  las t ing for 
several  per iods can ha rd ly  be expla ined  by  ano the r  model.  

The b imodal  ac t iv i ty  p a t t e rn s  also po in t  to the  rudi-  
m e n t a r y  abi l i ty  for t ime measuring.  The observa t ion  t h a t  
the  b imodal  p a t t e r n  can also appear  in re la t ively  shor t  
LDs  (for example  6:6 h) is co n t r a ry  to the  assumpt ion  
t h a t  the  ac t iv i ty  min ima  in the  middle  of the  da rk  phase  
are caused by  physiological  exhaus t ion .  The b imodal  pa t -  
t e rns  agree wi th  the  p h e n o m e n o n  of the  'postosci l lat ions '  
in so far as the  endogenous ly  measured  t ime in terval  does 
no t  depend  on a c i rcadian clock b u t  on the  per iod length  
of the  appl ied LD. 

The cavernicolous species Chologaster agassizi ~ and  
Anoptichthys antrobius 7 react  to l ight  like A.  ]ordani. Pos-  
s ibly t h e y  are also endowed wi th  rud imen t s  of an endog- 
enous t ime-measur ing  mechanism.  Typhlichthys osborni 
and Anoptichthys hubbsi, which react  indif ferent ly  to 
l ight  8, 9, have  p robab ly  lost this  abi l i ty  completely.  

4 G. THIN~S, L'dvolution rdgressive des poissons cavernicoles et abys- 
saux (Masson et Cie., Paris 1969). 

5 H. KAISER and U. LEHMANN, J. comp. Physiol. 96, 1 (1975). 
6 j .  KXHLING, Biol. Zentbl. 80, 439 (1961). 
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