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Summary of primary and secondary constrictions and the percentage of the largest chromosome 

EXPERIENTIA 32/8 

Species Rhinoderma ru]um 

R. darwinii 

r a 

type  

% 
c 

r 

type  
% 
c 

Chronlosomes 

1 2 3 4 5 6 7 8 9 10 11 12 13 

1.5 1.8 3.2 2.0 2.0 1.2 1.2 o~ 1.5 1.6 1.0 1.0 oo 
77~ S/4r S~ s/rb S/4't ~7~ 74r ~ ~ tn l~ ??t 

100 69.3 65.3 63.0 59.6 27.2 26.7 26.4 24.4 22.7 20.4 19.3 17.6 
S~ SSq~ 

1.5 1.6 2.7 2.6 2.2 2.3 1.3 1.4 1.6 1.7 1.7 oo oc 

100 79.8 65.6 61.2 60.9 36.6 28.4 27.5 26.3 23.6 21.5 39.2 18.0 
s~n sf/r 

~r is the rat io of the short  a rm  divided into the long arm.  For  a ratio of 1.0 to 1.7 the chromosome type  is me tacen t r i c  (m; 1.7 to 3.0 is sub- 
metaeen t r ic  (sin) ; 3.0 to 7.0 is subteloeentr ic  (st); 7.0 and above is telocentric (t). The  positions of the secondary  constrictions (C) are based 
on similar ratios. The  ch romosome lengths are expressed as a percentage  of the longest chromosome in the ka ryo type .  

chromosomes ,  all b i - a r m e d  (NF 52) 12, is p o s t u l a t e d  as 
bas ic  for t he  ' h ighe r '  A n u r a  (here, on ly  the  A c o s m a n u r a  ~3 
are cons idered  ' h ighe r '  Anura) .  This  fo rmula  appea red  for 
t he  f i rs t  t ime  a m o n g  the  species of P e l o b a t i d a e  (Lepto- 
brachium 1~, Megophrys 1~, Pelobates 1~,14, a n d  Scaphio- 
pus15,16) f ami ly  to  which  t he  bufono ids  (Bufonoidea)  
frogs are p r o b a b l y  re la ted  ~7 Morescalchi  is a t t e m p t e d  
th i s  h y p o t h e s i s  on  a karyologica l  basis.  The  l ep todac ty lo id  
frogs c o n s t i t u t e  one of the  m o s t  ex tens ive  (Neotropica l  
Region,  S o u t h e r n  S o u t h  Afr ica  and  A u s t r a l o - P a p u a n  
Region) a n d  in t e re s t ing  group  of families (Lep todac ty l idae  
and  Mioba t rach idae )  of the  ' h igher '  Anura ,  wh ich  the  
o t h e r  bufono id  famil ies  p r o b a b l y  lack. Accord ing  to  
REIG tg, t i le  p r i m i t i v e  ch romosomic  n u m b e r  for th i s  g roup  
is 26 and  I t h i n k  t h a t  the  N F  should  be 52, as Mores- 
calchi  ~" p o s t u l a t e d  as bas ic  for t he  ' h ighe r '  Anura .  This  
p r i m i t i v e  fo rmula  (2n = 26 a n d  N F  52) was m a i n t a i n e d  
in t he  ances t r a l  s tock  of l ep todac ty l ids ,  wh ich  are 
r ep re sen t ed  in S o u t h  A m er i ca  b y  t he  sub fami ly  Tel- 
matob inaeT.  Accord ing  to our  results ,  i t  could  be  alleged 
t h a t  since Rhinoderma and  m a n y  T e l m a t o b i n a e  species 
share  a v e r y  s imi la r  p r i m i t i v e  ch romosomic  fo rmula  
(2n --  26), t h e y  should  be  closely re la ted .  However ,  t h i s  
conclus ion  would  be  based  on a false i n t e r p r e t a t i o n  of the  
ch romosomic  evidence  for phy logene t i c  inference,  since 
t he  possess ion of 26 ch romosomes  is p r o b a b l y  a p r i m i t i v e  
c h a r a c t e r  for t he  Bufonoidea .  Accord ing  to H E N N I N G  2~ 

t i le  sha r ing  o f . a  p r i m i t i v e  c h a r a c t e r  s t a t e  (symplesio-  
m o r p h y )  does n o t  i nd i ca t e  close phy logene t i c  re la t ion-  
sh ips ;  i n s t ead  th i s  m u s t  be infer red  f rom t he  c o m m o n  
possessions of d e r i v a t e d  c h a r a c t e r  s t a t e s  ( synapomorphy) .  
There fore  t he  c h r o m o s o m a l  d a t a  do no t  afford new 
r e l e v a n t  ev idence  t h a t  p e r m i t  us  to  se t t le  t he  conf l ing t ing  
views of r e l a t ionsh ips  a n d  fami l ia r  s t a t u s  of Rhinoderma 

a m o n g  the  families of Bufonoidea .  The  resul t s  here  
o b t a i n e d  reinforce t he  p rev ious ly  k n o w n  p ic tu re  of t he  
wide-spread  occurrence  of the  fo rmula  2n -- 26 a m o n g  
the  m e m b e r s  of Bufonoidea .  R o b e r t s o n i a n  m e c h a n i s m s  
(centr ic  fisions a n d  fusions) h a v e  been  genera l ly  pos tu -  
l a ted  for ch romosomic  evo lu t i on  in A n u r a  ~1. R e d u c t i o n  
or i n c r e m e n t  of ch romosomic  n u m b e r  are cha rac t e r i s t i c  
of these  karyologica l  changes ,  while  t h e  f u n d a m e n t a l  
n u m b e r  r ema ins  cons t an t .  However ,  Rhinoderma species 
m a i n t a i n  t he  same p r i m i t i v e  fo rmula  (2n = 26), l ike 
t he i r  l ep todac ty lo id  ances ters ,  b u t  t he  N F  is changed  
f rom 52 to 48. The  c o n s t a n c y  of t he  ch romosomic  fo rmula  
and  t he  change  in the  N F  sugges t  t h a t  t he  R o b e r t s o n i a n  
m e c h a n i s m s  h a v e  no inf luence  on  t he  karyologica l  
evoIu t ion  of Rhinoderma species. The  presence  of 2 
ac rocen t r i c  c h r o m o s o m e  pairs  in Rhinoderma's k a r y o t y p e  
and  conse rva t i on  of the  ch romosomic  fo rmula  (2n 26) 
sugges t  t h a t  per icen t r ic  inve r s ions  or o the r  types  of 
t r ans loca t i ons  could be re la ted  to these  karyologica l  
evolu t ions .  
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Thermodynamic Aspects of Development for Tenebr io  mol i tor  L. 
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Summary.  Pred ic t i ons  of t he  t h e r m o d y n a m i c s  of i r revers ib le  processes are t e s t ed  for the  d e v e l o p m e n t  and  aging of all 
insect .  Specific h e a t  p r o d u c t i o n  a n d  specific r e sp i r a t ion  r a t e  decrease  t owards  a s t e a d y  s t a t e  w i t h  dev ia t ions  for t he  
t i m e  of h a t c h i n g  of t he  imago.  

I t  h a s  long been  k n o w n  t h a t  classical  t h e r m o d y n a m i c s  t he i r  su r roundings .  The  a t t e m p t  to  p rove  the  t h e o r y  of 
does no t  a p p l y  to  l iv ing m a t t e r .  T he  concep t  of t he  evolu-  l inear  i r revers ib le  processes in  th i s  field could only  be  a 
t ion  t o w a r d s  m i n i m u m  free ene rgy  a n d  m a x i m u m  ell- zero order  approach ,  since an ima l s  are n o r m a l l y  far  f rom 
t r o p y  is b o u n d  to  closed sys tems,  while  o rgan i sms  pe r  se equi l ib r ium,  a n d  t he  l inear  r e l a t ionsh ips  be tween  flows 
are  open  sys t ems  e x c h a n g i n g  ene rgy  a n d  e n t r o p y  w i t h  a n d  forces are on ly  va l id  nea r  equ i l i b r ium 1 3. Therefore,  
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i t  is more  f avourab l e  to  app ly  t he  t h e r m o d y n a m i c s  of 
non - l i nea r  i r revers ib le  processes to  t he  p h e n o m e n o n  of 
deve lop ing  sys tems .  

Accord ing  to ZoTI~ 4, t he  specific d i s s ipa t ion  func t ion  
wh ich  descr ibes  t he  e n t r o p y  p r o d u c t i o n  per  we igh t  m u s t  
be d iv ided  in to  two  te rms,  t he  ex t e rna l  d i s s ipa t ion  func-  
t ion  Wa a n d  t he  b o u n d  d i s s ipa t ion  func t i on  V, 

T ( & Sa & S~ ) T & S 

where  T is t he  abso lu t e  t e m p e r a t u r e ,  m t he  mass  of the  
o rgan i sm,  and  d iS /d t  r a t e  of e n t r o p y  p r o d u c t i o n  in the  
sys tem.  One p a r t  (d~Sa/dt) is re leased to  t h e  s u r r o u n d -  
ings;  t he  o the r  (d~S,/dt) is used in t he  sys tem.  

I t  was  shown  * t h a t ,  for l inear  re la t ionships ,  V decreases  
w i t h  t i m e  to  a s t e a d y  s t a t e  of m i n i m u m  e n t r o p y  p roduc-  
t i on  and  diss ipat ion.  Thus ,  near  equ i l ib r ium Va equals  V 
and  ~0, becomes  zero. 

The  t o t a l  specific d i s s ipa t ion  func t ion  ~ is def ined b y  
the  r e sp i ra t ive  m e t a b o l i s m  of t he  animal ,  w h i c h  m i g h t  be 
d e t e r m i n e d  b y  m a n o m e t r i c  me thods ,  whi le  t he  e x t e r n a l  
d i s s ipa t ion  func t ion  is g iven  b y  t he  h e a t  p r o d u c t i o n  of 
t he  s y s t e m  m e a s u r e d  ca lor imetr ica l ly .  

The  m a n o m e t r i c  d a t a  (~,1 oxygen  consumed  per  sec) 
are t r a n s f o r m e d  in to  caloric f igures b y  t he  well k n o w n  
re la t ion  t h a t  t he  e n t h a l p y  of r e sp i ra t ion  of 1 mole 
glucose, is 673 kcal  ~ 2820 k J  wh ich  ca lcu la tes  to  5.0 cal 
or 21 J per  ~zl oxygen  consumed .  The  di f ference be t ween  
t he  m a n o m e t r i c  and  t he  ca lor imet r ic  f igures is the  b o u n d  
d i s s ipa t ion  func t ion  Vu. Accord ing  to t he  theory ,  th i s  
di f ference should  be m a x i m u m  for t he  juven i le  o rgan i sm 
and  decrease  to zero du r ing  d e v e l o p m e n t  a n d  aging. 
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Fig. 1. The dissipation functions ~0 and Va during the development of 
T.  molitor L.  

The  e x p e r i m e n t s  were pe r fo rmed  a t  25 ~ w i t h  the  mea l  
w o r m  Tenebrio molitor L., which  ha s  a) a l i fe-span of less 
t h a n  ha l f  a year ,  b) a n  a p p r o p r i a t e  size for t he  mano-  
me t r i c  a n d  ca lor imet r ic  expe r imen t s ,  and  c) passes  
t h r o u g h  d i f fe ren t  l a rva l  s ta tes .  I t  was  b r ed  as descr ibed 
in t he  l i t e r a tu re  S, t The  r e sp i r a t ion  r a t e  was  d e t e r m i n e d  
b y  means  of a W a r b u r g  a p p a r a t u s ,  t he  h e a t  p r o d u c t i o n  
w i t h  a Ca lve t  mic roca lo r ime te r  (Se t a r am/Lyon) .  B o t h  
e x p e r i m e n t s  a n d  t he  weighing  of t he  an imal s  were done 
consecut ive ly ,  w i t h i n  a few hours ,  and  w i t h  the  same 
individuals .  To a d a p t  to  the  sens i t i v i ty  of t he  i n s t r u m e n t s  
a n d  t he  size of t he  animals ,  t he  in i t ia l  n u m b e r  of indi-  
v idua l s  - 23 - was  reduced  to 1 in the  course of the  whole 
expe r imen t .  Be tween  day  5 and  50 the  g rowth  followed an  
exponen t i a l  law w i t h  a mass  doub l ing  t ime  of 5.7 days.  
Af te r  the  las t  l a rva l  mol t  (day 76) the  we igh t  d ropped  
un t i l  t he  imago  ha t ched .  B y  re fe r r ing  all specific va lues  to  
t he  we t  we igh t  i n s t ead  of t he  d ry  weight ,  i t  was possible 
to  avo id  ki l l ing t he  an ima l s  and  to pe r fo rm all experi-  
m e n t s  w i t h  t he  same indiv iduals .  

F igure  1 shows s t rong  f luc tua t ions  in  the  two specific 
me tabo l i c  d a t a  W and  Wa of t he  juven i le  animals .  T h a t  
t h e y  are n o t  due to i n s t r u m e n t a I  a r t i f ac t s  m a y  be a rgued  
f rom the  good cor re la t ion  b e t w e e n  W and  Va a n d  f rom the  
fac t  t h a t  t h e y  d i sappea red  l a t e r  in  t he  exper imen t .  Fo r  
t he  m o m e n t ,  no  connec t ion  is seen to mo l t i ng  or o the r  
act ivi t ies .  A p p r o x i m a t e l y  a f t e r  4 weeks t he  l a rva l  are 
' r eady '  in a t h e r m o d y n a m i c a l  sense, a n d  the  specific ra tes  
decl ine to a fa i r ly  c o n s t a n t  va lue  du r ing  the  p u p a l  s ta te .  
B u t  w i t h  t he  emergence  of t he  imago (day 100), a t h e r m o -  
d y n a m i c a l l y  'new '  a n i m a l  is b o r n  leading to a t e m p o r a l  
dev i a t i on  f rom the  s t e a d y  s t a t e  and  app roach ing  a new 
one l a t e r  o n .  

The  vu-funct ion ,  as the  dif ference be tween  the  two 
me tabo l i c  ra tes ,  shows the  p red ic ted  b e h a v i o u r  of ap-  
p r o a c h i n g  zero d u r i n g  the  d e v e l o p m e n t  (Figure 2). As 
Vu is o b t a i n e d  as a smal l  difference be tween  two larger  
quan t i t i e s ,  t he  nega t i ve  va lues  are  dev ia t ions  w i t h o u t  
a n y  meaning .  The  increase  in V~ a t  t he  m o m e n t  of h a t c h -  
ing is in good a g r e e m e n t  w i t h  t he  theory .  

The  e x p e r i m e n t s  r epo r t ed  here  conf i rmed  b y  s imilar  
ones  w i t h  t he  cockroach,  t?lattella germanica, which  
shows an  e q u i v a l e n t  behav iour .  The  resul ts  of these  ex-  
p e r i m e n t s  will be discussed in g rea te r  de ta i l  elsewhere.  
T h e y  d e m o n s t r a t e  t h a t  the  t h e r m o d y n a m i c s  of the  non -  
l inear  i r revers ib le  processes is well  su i ted  to describe t he  
d e v e l o p m e n t  and  aging  of these  insects,  as found  for  
o t h e r  o rgan i sms  ear l ier  4, L 
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Fig. 2. The dissipation function vu-during the development of 
T. molitor L. 
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