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t r e a t m e n t  d i f fe ren t  f rom t he  one emp loyed  b y  us (e ther  
ex t r ac t i on )  would  revea l  specific peaks  in cells in fec ted  
b y  v i ruses  o the r  t h a n  EMC. So far  we h a v e  no  i n f o r m a t i o n  
as to  t he  iden t i ty ,  or chemica l  c h a r a c t e r  of t h e  m e t a b o l i t e  
r e p r e s e n t e d  b y  t h e  peaks  discussed above,  a p a r t  f rom 
t h e i r  e the r  solubi l i ty .  

Rdsumd. Des ex t ra i t s ,  p a r  l '6 ther ,  de cellules B H K  
21,L929 e t  de f ib rob las t e s  d ' e m b r y o n  de  poule t ,  infeet6s  

p a r  le v i rus  EMC c o n t i e n n e n t  des m~tabo l i t e s  sp6cif iques 
qui  p e u v e n t  ~tre d6cel~s p a r  c h r o m a t o g r a p h i e  en v a p e u r  
sous fo rme de p i t s  a y a n t  des t e m p s  de r e t e n t i o n  de 6,8 et  
7, 9 min.  
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C O G I T A T I O N E S  

I n f o r m a t i o n  and E v o l u t i o n  

I n  an  ar t ic le  on  t he  use of i n f o r m a t i o n  in t h e  desc r ip t ion  
of biological  sys t ems  a n d  of t h e i r  evolu t ion ,  MAYO 1 raises 
severa l  po in t s  conce rn ing  our  t r e a t m e n t  of t h i s  sub jec t  3, 3. 
W e  descr ibed  a t e r r e s t r i a l  s y s t e m  whose  i n p u t  consis ts  of a 
f low of solar  i n f o r m a t i o n  i , ;  a f r ac t ion  ib en te r s  t he  bio-  
sphere ,  whi le  t h e  r e m a i n d e r  i~b does not .  I f  t he  b iospher ic  
a n d  n o n b i o s p h e r i c  i n f o r m a t i o n  l i fe t imes  are  ~ a n d  rub, 
t he  co r r e spond ing  i n f o r m a t i o n  c o n t e n t s  will  be, u n d e r  
' q u a s i  s t e ady - s t a t e ' ,  Ib ~ ib r~ a n d  I ~  ~ inb v~b. The  
essence of t h i s  a p p r o a c h  is t h e  conclusiofl  t h a t  t h e  bio-  
sphere  will  evo lve  t o w a r d  a h ighe r  Ib, b o t h  t h r o u g h  
changes  t h a t  increase  z~, a n d  t h r o u g h  t h e  increase  of t he  
f r ac t ion  i~ of t h e  i n f o r m a t i o n  flow. Since r~b ~ ~b, t he  
t o t a l  i n f o r m a t i o n  c o n t e n t  a n d  t he  ave rage  i n f o r m a t i o n  
l i fe t ime  of t h e  overa l l  s y s t e m  will also be increas ing.  

The  conclus ion  t h a t  a s y s t e m  of i n f o r m a t i o n  c o n t e n t  I 
w h i c h  receives  a n  i n p u t  i f lowing w i t h  a dwell  t i m e  

~ I/i will  evo lve  t o w a r d  longer  z 's  a n d  la rger  I ' s  is 
ba sed  on  t h e  fo l lowing a r g u m e n t .  I r revers ib i l i t i e s  are  t h e  
on ly  way in w h i c h  i n f o r m a t i o n  is d i s s ipa t ed ;  iI i r revers-  
ibi l i t ies  are  reduced ,  i n f o r m a t i o n  l i fe t ime  is ex tended .  
Changes  in b iospher ic  c o m p o n e n t s  t h a t  are 'good '  a n d  
lead to  b e t t e r  eff ic iency a n d  i m p r o v e d  surv iva l ,  a lways  
r educe  i r revers ib i l i t i es ;  sp read  of such  ' i m p r o v e m e n t s '  
leads t o w a r d  longer  T's a n d  la rger  I 's .  The  s t a t e m e n t  t h a t  
' i m p r o v e d '  forms will  su rv ive  a n d  sp read  is indeed  a 
t au to logy ,  as p o i n t e d  ou t  b y  MAYO; t h e  essence of t h e  
a r g u m e n t ,  however ,  lies in  t he  fac t  t h a t  such  ' improve -  
m e n t s '  a lways  r educe  i r revers ibi l i t ies .  This  is t r ue  w h e t h e r  
t h e  ' i m p r o v e m e n t '  is t h e  r e d u c t i o n  of f r ic t ion  in an  engine,  
a change  in t h e  foot  ske le ton  of an  a n i m a l  t h a t  al lows 
m o v e m e n t  a t  less effort ,  or t he  d e v e l o p m e n t  of a s m o o t h e r  
socie ta l  o rgan iza t i on  t h a t  reduces  tens ions ,  confl ict ,  or 
loss of life a n d  p rope r ty .  

I n  t he  case, for ins tance ,  of a ske te lon  a l t e r a t i o n  t h a t  
reduces  t h e  effor t  necessa ry  for a p a r t i c u l a r  m o v e m e n t ,  
t h i s  a c t i v i t y  will r equ i re  t h e  t r a n s f o r m a t i o n  of a smal le r  
a m o u n t  of ene rgy  f rom a h igh -g rade  chemica l  f o rm  
(conta ined ,  e.g., in  energy- r i ch  A T P  molecules)  in to  a 
low-grade  fo rm (u l t ima te ly  hea t ,  a f t e r  t a k i n g  such  forms  
as t he  i n s t a n t a n e o u s  p o t e n t i a l  or k ine t ic  ene rgy  of t he  
l imb  of t he  an imal ) .  Thus ,  t he  ske le ton  a l t e r a t i o n  reduces  
t h e  r a t e  a t  w h i c h  t h e  i r revers ib le  t r a n s f o r m a t i o n  of h igh-  
g rade  ene rgy  in to  h e a t  occurs. 

The  m a n n e r  in  w h i c h  t h e  r e p l a c e m e n t  of a species Ia 
b y  a n  i m p r o v e d  species 12 Ieads to  a ne t  increase  in  v a n d  I 
ha s  been  discussed e lsewhere  4. A s s u m e  t h a t  t h e  2 
species compe t e  for  a f ixed i n f o r m a t i o n  i n p u t  i~, a n d  
t h a t  t he  i m p r o v e m e n t  is t he  c a p a b i l i t y  of species 2 to  
m a i n t a i n  i ts  b o d y  t e m p e r a t u r e  a t  a lower  cost  in  h igh-  
g rade  (i.e., i n fo rma t ion - r i ch )  energy ;  th i s  m a y  resu l t  f rom 
b e t t e r  fur  coverage  or, pe rhaps ,  f rom t h e  use of c lo th ing .  
Since t he  t r a n s f o r m a t i o n  of chemica l  ene rgy  in to  h e a t  is 

an  i r revers ib i l i ty ,  i ts  r educ t i on  resu l t s  in  a l i fe t ime  r 2 for 
t he  i n f o r m a t i o n  t h a t  en te r s  species 2 t h a t  is longer  t h a n  
r 1. Before  t he  a p p e a r a n c e  of species 2, t h e  i n f o r m a t i o n  
c o n t e n t  of t h i s  n iche  was 11 ~ i1~ T 1. Af te r  species 2 will 
replace  species 1, t h e  new i n f o r m a t i o n  c o n t e n t  will be 
12 ~ i1~ v2 > I1. The  i n e q u a l i t y  12 > 11 impl ies  t h a t  for  
t h e  same  i n p u t  i12 t h e  new species will be  able  to  m a i n t a i n  
a h ighe r  populat ior~ t h a n  t h e  old one. 

MAYO s t a t e s  t h a t  one can  h a r d l y  a rgue  t h a t  t h e  bio-  
spher ic  i n f o r m a t i o n  increases  w h e n  t he  las t  eggs of a 
species are e a t e n  b y  p reda to r s .  The  i n f o r m a t i o n  increase  
t h a t  we are d iscuss ing  occurs  in  essence whi le  t h e  species 
decl ines f rom i ts  p e a k  p o p u l a t i o n  (e.g., severa l  mil l ion)  
to  nea r  e x t i n c t i o n  (e.g., severa l  t housand) ,  a n d  no t  w h e n  
t he  las t  m e m b e r  dies ; a n d  i t  is r ep re sen t ed  b y  t h e  infor-  
m a t i o n  c o n t e n t  of t he  new species (one or several)  t h a t  
rep laced  t h e  old species in  i t s  niche.  W e  are n o t  consider ing,  
therefore ,  t h e  t y p e  of i n f o r m a t i o n a l  t r a n s a c t i o n  t h a t  
occured in  1861 w h e n  t h e  eggs of t h e  l a s t  dodos  were  
i n a d v e r t e n t l y  e a t e n  b y  pigs  or  dogs ;  t h e  c o r r e s p o n d i n g  
change  in b iospher ic  i n f o r m a t i o n  c o n t e n t  would  h a v e  been  
p rac t i ca l ly  iden t i ca l  if ch icken  eggs h a d  been  e a t e n  
ins tead .  The  b iospher ic  i n f o r m a t i o n  change  due  t o  t h e  
d i s a p p e a r a n c e  of t he  dodos is r a t h e r  t he  di f ference b e t w e e n  
t he  i n f o r m a t i o n  c o n t e n t  of t h e i r  p o p u l a t i o n  w h e n  t h e y  
were s t a b l y  e n t r e n c h e d  in t h e i r  ecological  n iche  (i.e., 
w h e n  t h e y  were equa l  or b e t t e r  t h a n  a n y  ex i s t ing  com- 
pe t i t ion) ,  a n d  t h e  i n f o r m a t i o n  c o n t e n t  of t he  species t h a t  
rep laced  t h e m  in t h a t  p a r t i c u l a r  niche,  feeding on a n d  
be ing  p reyed  u p o n  b y  a b o u t  t h e  same species. If, as 
usua l ly  happens ,  t h e  d i s a p p e a r a n c e  of t he  dodos  was p a r t  
of a r e a r r a n g e m e n t  of n iches  w i t h i n  a wider  ecological 
domain ,  t h e  en t i r e  d o m a i n  t h a t  was  af fec ted  m u s t  be 
cons idered  in assessing t h e  change  in  b iospher ic  con ten t .  

W i t h  respec t  to  t h e  de f in i t ion  of i n f o r m a t i o n  con ten t ,  
MAYO s t a t e s  t h a t  such  a q u a n t i t y  c a n n o t  be  measured ,  
a n d  is in  d o u b t  as to  how i t  is defined.  Here,  i n f o r m a t i o n  
is m e a n t  in  i t s  t h e r m o d y n a m i c  sense. I n  t h i s  con tex t ,  
t h e  i n f o r m a t i o n  in t h e  D N A  of a n  o rgan i sm is a smal l  
f r ac t ion  of t he  t o t a l  con ten t .  I n  t h e r m o d y n a m i c s ,  one 
def ines  t he  i n f o r m a t i o n  of a d i s t r i b u t i o n  of par t ic les  w i t h  
respec t  to  t h e i r  m o s t  p r o b a b l e  d i s t r i b u t i o n  5 ; t h e  in fo rma-  
t i on  c o n t e n t  of a s t r u c t u r e d  o rgan i sm is def ined b y  con- 
s ider ing  t he  d i s t r i b u t i o n  of i ts  c o m p o n e n t s  ve rsus  t h e i r  

1 0 .  MAYO, Experientia 28, 365 (1972). 
G. C. THEODORII)IS and L. STARK, Nature, Lond. 224, 860 (1969). 
G. C. TH~ODORIDIS and L. STARK, J. theoret. Biol. 37, 377 (1971). 
G. C. THEODORIOIS and L. STARK, Math. Biosci. 12, 375 (1971). 

5 A. KATZ, Principles of Statistical Mechanics; The Information 
Theory Approch (W. H. FReeman and Company, San Francisco 
and London 1967). 
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'mos t  probable '  d is t r ibut ion a t  the  prevai l ing tempera ture .  
The defini t ion is rigorous, and this  is indeed all  one needs 
to conduct  the  present  argument .  In  computa t ions ,  one 
needs procedures of es t imat ing  the  informat ion  conten t  as 
defined. This m a y  be easy or difficult ,  depending on the  
desired accuracy.  Es t ima tes  Of the  informat ion  wi th in  
s t ructures  of any  complex i ty  are possible, given the  
defini t ion of this  quant i ty .  

I n  comput ing  I, one lumps  all the  chemical  thermo-  
dynamic  informat ion,  not  dist inguishing informat ion  as 
meaningful  or meaningless, impor t an t  or t r ivial .  One m a y  
ask whether  meaningful  and impor t an t  in format ion  
should no t  count  more. We  dealt  wi th  this  ques t ion 
elsewhere 6, and our  views are as follows: The meaning  
and impor tance  of a piece of informat ion  represent  our 
in tu i t ive  es t imate  of its to ta i  impac t  on the  biospheric 
system ; this  impac t  can be measured by  the  to ta l  amoun t  
of informat ion,  anywhere  in the  biosphere,  t h a t  would  no t  
exist  if this  piece of informat ion  did not  exist.  Thus, we 
consider more impor t an t  a wr i t ten  message describing 
the  cure to a disesae than  another  message of equal  
s t ruc tura l  in format ion  in the  form of nonsensical  words 
because the  first  message can be responsible for a large 
amoun t  of informat ion  in the  form of the  individuals  
whose dest ruct ion i t  can p reven t ;  similarly,  an individual  
responsible for the  l ives and well-being of m a n y  people is 
more impor t an t  t han  one who is isolated from, and useless 
to his envi ronment .  Since in comput ing  I we include the  
ent ire  system, we are not  erring in count ing the  meaning-  
ful message or the  impor t an t  individual  as equal  to  thei r  
useless counterpar t s ;  our computa t ion  will  include, f rom 
elsewhere in the  biosphere, the  informat ion  t h a t  is the  
basis of thei r  meaning  and importance .  

In  our approach we assume a cons tan t  input ,  and an 
unchanging envi ronment .  Changes, such as a ca tac lysmic  
even t  or a gradual  change in cl imate,  will  have  a t rans ient  
or a pe rmanen t  impac t  on the  biosphere and on the  
evolu t ionary  process. I t  appears  reasonable,  however,  to 
analyze the  evolu t ionary  process assuming, to a f irst  
approximat ion ,  an unchanging  envi ronment .  If  an  ade- 
qua te  theory  is obta ined  for a cons tant  envi ronment ,  one 
m a y  then  s tudy  the  impac t  of env i ronmenta l  changes on 
the  exis t ing evolu t ionary  mechanisms.  

Changes in evo lu t ionary  mechanisms do occur even 
wi thou t  envi ronmenta l  changes. Al though  increasing 
biospheric informat ion  character ized all evo lu t ionary  
stages, different  mechanisms correspond to pregenetic,  

genetic, or cul tural  evolut ion.  Two events  m a r k  the  
t rans i t ion  be tween  these stages. The  first  was the  appear-  
ance of the  genetic appara tus  ; the  second was the  appear-  
ance of human  culture which in t roduced biospheric  
components  main ta ined  and reproduced by  man.  In  
each case, the  appearance  and selection of new components  
became much  faster. Whi le  dur ing the  pregenet ic  s tage 
the  more efficient  components  migh t  slowly spread due to  
a lower dest ruct ion ra te  3, genetic reproduct ion  al lowed 
the  carr ier  of an i m p r o v e m e n t  to spread rapid ly  by 
mul t ip ly ing  faster  t han  its compet i tors .  Similarly,  dur ing 
the  stage of cul tural  evolut ion,  an i m p r o v e m e n t  (e.g., 
be t te r  vision) Can arise wi th in  the  t ime  needed to develop 
the  new tools (e.g., the  telescope or the  microscope), which 
is much  shorter  t han  the  t ime  requi red  for this  result  v ia  
genetic evolu t ion  ~i.e., muta t ions  toward  be t t e r  vision). 

An impor t an t  feature  of any formula t ion  is its p redic t ive  
value.  There are several  levels a t  which one migh t  
describe and predic t  evolut ion.  The  first  is to describe its 
d i rect ion;  a h igher  level  is to predic t  the  ra te  a t  which 
evolu t ion  will  proceed;  a still  h igher  level  would be to  
describe the  forms tha t  will  be generated.  This  formula-  
t ion allows us the  first  level  of predic t ion;  in the  absence 
of env i ronmenta l  changes, the  biosphere will in the  long 
run, evolve  toward  a larger I. W i t h  some knowledge of the  
mechanisms involved,  one m a y  be able to reach the  
second level  and predic t  the  average ra te  at  which I will  
be increasing. I t  is conceivable,  however ,  t h a t  the  process 
th rough  which new components  arise m a y  so depend on 
chance, as to never  allow us to predic t  which of several  
possible forms will  be ac tua l ly  generated.  

Rdsumd. Les auteurs  discutent  la formula t ion  quant i ta -  
t ive  de l '6volut ion comme un proc6s qui  augmente  le  con- 
t enu  de l 'ent i t6  t h e r m o d y n a m i q u e  d ' in format ion  dans la 
biosph6re. 
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P R O  L A B O R A T O R I O  

A Focusing Adapter for the Polaroid ED-IO Photomicrographic Camera 

The ED-10 Camera 1 is a modera te ly-pr iced  ins t rument  
designed for ins tan t  pho tomic rography  using Polaroid  
Land  film. The  main  advan tage  of this  camera  is t h a t  
i t  can be f i t ted  wi th in  a few minutes  on any  s tandard  
microscope by  means  of a universal  eyepiece adapter .  
Several  components  o f  the  ED-10 sys tem have  been 
marked ly  simplified for economy's  sake. The  camera  
itself has no re lay  lens, and the  magnif ied image produced 
by  the  eyepiece of the  microscope is pro jec ted  direct ly  
on the  film. Consequently,  the  qua l i ty  of the  pic ture  
depends only on the  optics of the  microscope;  on the  
o ther  hand, ad jus tmen t  of focus a t  the  fi lm plane  has to 
be carried out  before a t t ach ing  the  camera,  by  sliding an 

accessory tube  down over  the  eyepiece adap te r  and focus- 
ing the  microscope through a viewing lens moun ted  in 
th is  tube.  

The versa t i l i ty  inherent  in its design makes  the  ED-10 
camera  ve ry  useful for ob ta in ing  photomicrographs  
on-the-spot ,  for ins tance in the  his tology classroom, 
wi thou t  hav ing  to resort  to a special or e laborate  set-up. 
Certain features,  however ,  make  this  i n s t rumen t  less 
sui table for more exact ing  purposes. F r o m  our experience,  

1 Manufactured by the Polaroid Corporation, Cambridge, Massa 
chusetts, U.S.A. 


