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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  as  a Q u a n t i t a t i v e  C r i t e r i o n  of  B i o s p h e r i c  E v o l u t i o n  

I t  has  been  suggested 1 t h a t  ' the  to ta l  in fo rmat iona l  
c o n t e n t  of t he  b iosphere  Eis] a q u a n t i t a t i v e  measure  of 
func t iona l  eff iciency in processing in fo rmat ion  and. . ,  an 
objec t ive  cr i ter ion of evo lu t ionary  progress ' .  Fur the r ,  i t  
has  been suggested 2 t h a t  ' t he  s t ruc tu re  and the  func t ion  
of l iving organisms can be bes t  descr ibed in t e rms  of the  
phys ica l  q u a n t i t y  of in format ion ' .  The purpose  of th is  note  
is to po in t  out  t h a t  the  q u a n t i t y  of in fo rmat ion  m a y  be a 
mis leading p a r a m e t e r  to  consider  in genetic evolut ion,  
since it takes  no account  of d i f fe rent  k inds  of informat ion ,  
nor  does it possess any  kind of p red ic t ive  value, which is 
pe rhaps  w h a t  is miss ing f rom the  t heo ry  of evolut ion  by  
na tu ra l  selection, which  measures  eve ry th ing  a posteriori .  

THEODORIDIS and STARK 1 p resen t  t he  following scheme : 
let us consider  t h a t  solar f lux is t he  ma in  source of infor- 
mar ion  (in the  form of energy) for the  evolving ear th .  Then  
a quasi  s t eady-s t a t e  s i tua t ion  exists  and  the  solar infor- 
ma t i on  i n p u t  is can be d iv ided in to  a biospher ic  p a r t  is and  
a non-biospher ic  pa r t  inb. Now if zb and Znb are the  bio- 
spher ic  and  non-biospher ic  in fo rmat ion  l ifetimes,  the  bio- 
spher ic  in format ion  Ib is given by  vs _ [b/is, and  s imilar ly  
z~s ~_ I~ / inb .  Then  I~ ~_ zb(i~--i~b). I t  is clear immed ia t e ly  
t h a t  as we do no t  have  es t imates  of z~ and  i~b, we canno t  
e s t ima te  I~; fur thermore ,  as THEODORIDIS and STARK 1 
note,  ca tac lysmic  events  such as ea r thquakes ,  etc., affect  
Is  w i thou t  mater ia l ly  affect ing i,, so t h a t  t empora l  com- 
par isons  m a y  well be meaningless .  

To see how in format iona l  a rgumen t s  m a y  be mis leading 
in genet ical  evolut ion  consider  the  s imple case of two com- 
pe t ing  species, whose in fo rmat ion  con ten t s  are 11 and 12. 
If  species 1 replaces species 2 (and species 2 becomes ex- 
t inct) ,  this  does no t  imply  t h a t  I~ > 12, excep t  in a t r iv ia l  
sense ; we do no t  in any  case know how to measure  I for a 
given species. (The a m o u n t  of D N A  could be used as a cri- 
te r ion  s , bu t  there  is evidence t h a t  closely re la ted  species 
can differ  subs tan t i a l ly  in th is  measure  4, and in any  case 
no t  all DNA is equivalentS.) W h e n  in abou t  1681 the  last  
dodos  died w i thou t  issue, the i r  eggs ea ten  by  pigs or dogs 6, 
some in format ion  was lost ; unless a t e m p o r a r y  p a r t  of the  
increase in abundance  of these  i n a d v e r t e n t  p reda to rs  is 
counted ,  it  is diff icult  to argue objec t ive ly  t h a t  there  was 
a b iospher ic  in fo rmat ion  gain in th is  d isappearance ,  even 
t h o u g h  this  h ighly  specialized and  no t  numerous  species 
was  p robab ly  unl ikely to  survive long. While  less t h a n  1% 
of all species even arizing are still  e x t a n t  7, the  loss of m a n y  
species (not jus t  the  dodo) r ep resen ted  a loss in informa-  
t ion  no t  necessari ly regained as sugges ted  i For  example ,  
dur ing the  last  ice-age, m a n y  species of t rees  and several  of 
t he  grea t  m a m m a l s  were ex t inguished  s, and  there  is no 
real evidence to  suggest  t h a t  t h e y  or the i r  descenden t s  
would  all, inevi tably ,  have  p roved  inadequa te  compet i tors ,  
as (most  probably)  were the  South  Amer ican  marsupia l  

carnivores  when,  in the  upper  Pliocene,  Nor th  and  South  
America  became  joined 7. 

Evo lu t ion  by  na tu ra l  selection ac t ing  on genet ical ly  
de t e rmined  var ia t ion  acts  to increase in fo rmat ion  wi th in  
a speciesg, b u t  does no t  necessar i ly  do the  same be tween  
species, since it has  as charac ter i s t ics  bo th  adap t ive  ra- 
d ia t ion  (increasing variance) and  f requen t  ex t inc t ion  
(decreasing variance).  The process  of acquis i t ion of infor- 
ma t ion  in g e n e t i c  (as opposed  to  pregenet ic  2) evolut ion  is 
far r emoved  f rom the  s t eady  s ta te  in fo rmat ion  gain by  
solar flux. Ra te s  of evolut ion  in par t icu lar  groups  of ani- 
mals  have  b y  no means  been cons t an t ;  for e x a m p l e ,  the  
lungfishes changed as much  in 30 mil l ion years  of the  
middle  and late  Devonian  as t h e y  have  in the  250 mill ion 
years  since 7. W i t h  any  par t icu lar  species, the  ra te  of ac- 
quis i t ion of in fo rmat ion  m a y  well decline as t he  a m o u n t  
of in fo rmat ion  increases 10, though  this  need no t  a lways be 
the  case 11. 

I t  is sugges ted  1 t h a t  ' the  v iabi l i ty  of a new biological 
species. . ,  can  be assessed by  de te rmin ing  w h e t h e r  [its] 
survival  resul ts  in a b iosphere  of a h igher  in format ion  con- 
t en t ' ,  bu t  a p a r t  f rom p ro b l ems  of m e a s u r e m e n t  th is  is to 
reverse the  p rob lem or reduce it to  a tautology,  since sur- 
vival  of a species is the  measure  of viabi l i ty .  Fur the rmore ,  
as a l ready  indicated,  survival  of one species if a t  the  ex- 
pense of ano the r  need no t  resul t  in increased biospher ic  
in fo rmat ion  content .  

If  the  b iospher ic  in fo rmat ion  con ten t  were real ly  an ob- 
j ect ive cr i ter ion of evo lu t ionary  progress  t hen  it should be 
possible to der ive m i n i m u m  condi t ions  for the  exis tence 
of life (however defined) and hence  to es tabl ish  the  t ime  
at  which life began, a ssuming  i t  no t  to  have  an ext ra-  
te r res t r ia l  origin. However ,  we do no t  ye t  know how much  
in format ion  the re  is in the  biosphere,  nor  w h a t  solar inpu t  
is necessary  to  ma in t a in  some life (apart  f rom h u m a n  use 
of s tored energy) ; pe rhaps  the  cur ren t  solar f lux is the  least  
upper  bound  of in fo rmat ion  inpu t  for the  ma in t enance  of 
the  b iosphere  in its p resen t  s tate.  E v e n  th is  is no t  cer ta in  ; 
as HALDANE 12 recognized m a n y  years  ago, in macro-evo-  
lu t ionary  t e r m s  it is necessary  to consider  such factors  as 
the  possible decline in g, the  grav i ta t iona l  cons tan t ,  by  as 
m u c h  as one p a r t  in 109 per  year  TM 14. At  the  mo men t ,  i t  is 
no t  clear w h e t h e r  more  or less genet ical  in fo rmat ion  is ne- 
cessary to cope wi th  a reduc t ion  in the  s t r eng th  of the  gra- 
v i t a t ion  field. In  any  case, the  evolved conse rva t i sm of 
genetic sys t ems  15 can be expec ted  to re ta in  obsolete  in- 
fo rmat ion  for long per iods  of t ime.  

Overall,  it  can be s t a t ed  t h a t  the  solar f lux of informa-  
t ion  canno t  ye t  provide  any  cr i ter ion for genetic evolut ion,  
and poss ibly  for pregenet ic  evolut ion  as well. Resul t s  yield- 
ed by  the  in fo rmat ion- theore t i ca l  approach1,  2 suggest  
essent ia l ly  t h a t  we do no t  have  enough  da t a  to  app ly  the  
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m e t h o d  proper ly .  More precise def ini t ions  of var ie t ies  of 
biological  in fo rmat ion  appear  necessary.  

Zusammen/assung. THEODORIDIS u n d  STARK 1 h a b e n  
vorgeschlagen,  dass  der  In fo rma t ions inha l t  der  Biosphe-  
re ein objek t ives  Kr i t e r ium des Evo lu t ions fo r t s ch r i t t s  
schaff t .  In  dieser Aufze ichnung priife ich diesen In forma-  
t ionsbegr i f f  nach  und  schliesse daraus :  1. dass ein zu- 
stAndiges Mass noch n ich t  v o r h a n d e n  is t ;  2. dass d ie  In-  
fo rmat ionsbeweise  in der genet i schen  Evo lu t ion  irrefiih- 
rend  sein m6gen;  und  3. dass wir vorers t  die folgenden 

P a r a m e t e r  zu b e s t i m m e n  und  zu messen  versuchen  soll ten : 
die Gesamt in fo rma t ionen  der  Biosph/ire;  die mindes te  
Obergrenze  der  E ingangs in fo rmat ionen ,  die fiir jede  be- 
sondere  Lage der  Biosphere  unen tbehr l i ch  ist;  und  die 
i iberhol te  I n f o r m a t i o n e n m e n g e  in dem Genom der einzel- 
nen  versch iedenen  Spezies. 

O. MAYO 

Biometry Section, Waite Agricultural Research Institute, 
University o/ Adelaide, 5064, Adelaide (South Australia), 
24 September 1971. 

PRO EXPERIMENTIS 

Time Saving Improvements  in the Galleria Bioassay for Juvenile  Hormone 

The great  wax  m o t h  (Galleria mellonella) bioassay  for 
juveni le  ho rmone  1 is the  mos t  sensi t ive  so far known,  b u t  
i t  has  the  d i sadvan tage  t h a t  the  whole  procedure ,  f rom 
collecting the  pupae  unt i l  the  appl ica t ion  of the  ho rmo n e  
sample,  lasts  r a the r  long. As a consequence  only a l imi ted  
n u m b e r  of samples  or ex t rac t s  can be b ioassayed  per  day. 

Breeding  wax  m o t h s  in large quan t i t i e s  is easy and  no t  
t i m e  consuming  2. DE WILDE et al. a descr ibed a m e t h o d  
for ob ta in ing  pupae  wi th  t h in  cocoons,  using pieces of 
p las t ic  tube,  3 cm long and  wi th  an inner  d i ame te r  of 
4 mm.  This  p rocedure  has been s implif ied by  Dr. Schoone- 
veld, Wageningen .  The Ne the r l ands  (personal  communi -  
cation),  using siliconized glass tubes  of the  same d i ame te r  
which  allow a quick removing  of the  cocoons f rom the  
tubes .  The bo t t l e  neck of the  b ioassay  is s e t t i n g  free the  
pupae  f rom the i r  cocoon. A l though  the  cocoon is t h in  when  
the  larvae  are forced to spin in the  4 m m  glass tubes,  i t  takes  
a long t ime  to open the  cocoons by  forceps and  a lways a 
r a t he r  h igh  pe rcen tage  of the  pupae  are damaged  and 
useless in the  bioassay.  A second diff icul t  s tep  in t he  pro- 
cedure  is the  appl ica t ion  of the  ho rmone  sample  on the  
pupae .  H i the r to ,  th is  was done by  scraping a small  a m o u n t  
of t he  hormone-para f f in -o l ive  oil m ix tu r e  wi th  a b l u n t  
m o u n t e d  needle and mel t ing  it over  a f lame and app ly ing  
i t  to  the  wound  jus t  before the  mix tu r e  ha rdens  again 
by  cooling. Only very  well t r a ined  ass i s tan t s  can car ry  out  
th is  s tep  w i thou t  causing burns  to  t he  pupae .  

We  have  developed s imple techniques  to overcome these  
two difficulties.  First ,  a t r ick  is descr ibed to  r emove  the  
pupae  f rom the i r  cocoons very  quickly w i thou t  damag ing  
them.  Secondly  a device was designed for the  appl ica t ion  
of t he  hormone-paraf f in -o l ive  oil sample  which  comple te ly  
avoids  burns .  

Materials and method. Set t ing  free the  pupae  f rom the i r  
cocoon. P repare  a solut ion of 40 gm N a O H  in water  (IN).  
A sieve in plast ic  (small sieve for milk, available in ordin-  
a ry  shops, is ve ry  well suited).  Beaker  for the  N a O H  solu- 
t ion and 2 pe t r i  dishes or any  o ther  shallow containers ,  
filled wi th  water .  Fi l ter  paper ,  

_Procedure (Figure 1). P u t  groups of 5 to 10 pupae  wi th  
cocoons in t he  sieve. Bring the  sieve in the  N a O H  solut ion 
and immerse  the  cocoons. They  begin to dissolve wi th in  
a few seconds. Af te r  abou t  15-30 sec, the  t h i n n es t  pa r t s  of 
the  cocoons are dissolved.  The sieve wi th  the  pupae  is re- 
moved  f rom the  N a O H  solut ion and it is t u rned  over  so 
t h a t  the  pupae  fall into the  f i rs t  pe t r i  dish wi th  water .  
W i t h  a glass rod  the  pupae  are t u rned  a round  in the  wa te r  
to remove  m o s t  of the  N a O H  and  subsequen t ly  the  un- 
dissolved pa r t s  of the  cocoons are r emoved  by  hand.  Af te r  
this  s tep  the  pupae  are p icked  up again wi th  the  sieve and 
t h ro w n  in the  second pet r i  dish filled wi th  wa te r  and t h e y  
s tay  there  for 2-3 rain to  r emove  the  rest  of the  NaOH.  
Then  t h e y  are pu t  on fi l ter  paper  to dry. Al though  th is  
procedure  m a y  seem very  drast ic ,  it  is not  a t  all ha rmfu l  
to the  pupae.  E v e n  pupae  which  remain  for 5 min in the  
N a O H  solut ion are not  damaged .  Abou t  5% of the  pupae  
are mechanica l ly  d amag ed  dur ing  th is  procedure,  bu t  th is  
is less t h a n  when  the  cocoons are r emoved  by  forceps. This 
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Fig. 1. A) Remove the cocoons from the siliconised glass tubes and put them in a plastic sieve. B) immerse the cocoons in the NaOH 
solution. C) Shake the sieve to remove most of the NaOH. D) Throw the pupae in H~O and remove the undissolved parts of cocoons by 
hand. E) Pick the pupae up with the sieve, wash them in HiO for 2-3 min. F) Dry the pupae on filter paper. 


