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S UMMARY 

For l i f e  t o  p e r s i s t  on t h e  Ear th  t h e r e  are c e r t a i n  

fundamental requirements which include l i q u i d  water, an atmos- 

phere conta in ing  oxygen and carbon dioxide,  temperatures between 

about 0 ° C  and 80"C, pressures  between some 0.5 and 1000 a t m ,  

sources  of food as organic compounds o r  carbon dioxide,  and an 

energy source such as sun l igh t ,  hea t  o r  chemical energy. In  

a d d i t i o n  i t  i s  thought t h a t  a methane-ammonia o r  perhaps an HCN 

environment must have been a v a i l a b l e  f o r  t he  development of the  

f i r s t  s i n g l e  c e l l s ,  and any changes i n  the  environment should 

have been slow enough t o  s u s t a i n  l i f e  as i t  inc reases  i n  com- 

p l e x i t y .  An examination of condi t ions  on Venus i n d i c a t e s  t h a t  

l i f e  could surv ive  t h e r e  a t  least i n  l o c a l i z e d  b i o t i c  zones on 

the  s u r f a c e  o r  i n  the  atmosphere, but i t  i s  n o t  c e r t a i n  t h a t  

l i f e  has  o r i g i n a t e d  there .  

s i d e r  an ordered sequence of b io log ica l  exp lo ra t ion  which w i l l  

answer t h e  ques t ion  as t o  whether l i f e  has,  does o r  could e x i s t  

on Venus., Furthermore, u n t i l  an adequate search  f o r  l i f e  has been 

completed, Venus should b e  designated as an b i o l o g i c a l  preserve.  

Nevertheless i t  is  p e r t i n e n t  t o  con- 

The suggested sequence o f  exp lo ra t ion  i s  t o  f i r s t  ade- 

q u a t e l y  d e f i n e  the  Venusian environment t o  determine t h e  
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I >\ l o c a t i o n  of poss ib l e  b i o t i c  zones. This phase should include 

a determinat ion of t he  atmospheric temperature and pressure  
I 

I p r o f i l e ,  the  topographic f ea tu res  of the su r face ,  the c o n s t i -  

I t u t i o n  of the atmosphere and sur face  material, the loca t ions  
I 

of l i q u i d  water, and the spa t ia l  d i s t r i b u t i o n  of s o l i d  o r  i c y  

p a r t i c u l a t e s  i n  the  atmosphere. F l y b y  and o r b i t i n g  spacec ra f t  

can provide the  i n i t i a l  gross  measurements requi red .  

This da t a  should al low an i d e n t i f i c a t i o n  of poss ib l e  

I 

I 
b i o t i c  zones on Venus. A t  t h i s  po in t  two major a l t e r n a t i v e s  

are presented.  Organic compounds such a s  hydrocarbons, amino 

a c i d s  and n u c l e i c  ac ids ,  which a r e  common t o  a l l  terrestr ia l  l i f e  
I 

I could be searched f o r  using gas chromatography and mass spec- 

I trometry.  This would b e  followed i f  necessary by d i r e c t  detec-  

I 

t i o n  of l i f e .  

could be used t o  look f o r  present  l i v i n g  organisms, without 

the  p r i o r  measurements of organic ma te r i a l s .  

t i v e  w i l l  r equ i r e  the use of atmospheric probes capable of con- 

t r o l l e d  descent  and perhaps landers .  

A l t e r n a t i v e l y  d i r e c t  l i f e  d e t e c t i o n  methods 

E i t h e r  a l t e r n a -  

The unmanned Mariner ' 6 7  Venus mission w i l l  make a con- 

t r i b u t i o n  t o  the b i o l o g i c a l  explora t ion  of Venus. 

Voyager o r b i t e r  missions can make a more s i g n i f i c a n t  cont r ibu-  

t i o n  i n  determining the loca t ion  and e x t e n t  of the  b i o t i c  zones. 

For Voyager missions the requirements of the  phys ica l  s c i e n t i s t s ,  

p l a n e t o l o g i s t s  and b i o l o g i s t s  w i l l  be h ighly  complementary. 

The subsequent search  f o r  organic compounds and l i f e  forms w i l l  

sha re  a technological  and s c i e n t i f i c  commonality wi th  the search  

f o r  l i f e  on Mars. 

However, 
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Report No. P-16 

MISSION REQUIREMENTS FOR EXOBIOLOGICAL 
MEASUREMENTS ON VENUS 

1. INTRODUCTION 

It i s  now genera l ly  accepted t h a t  t he  o r i g i n  of l i f e  w a s  

a n a t u r a l ,  perhaps inev i t ab le ,  s t ep  i n  the  evolu t ion  of t he  

Earth,  Recent progress  i n  c e l l u l a r  biology and biochemistry 

has provided a s i g n i f i c a n t ,  but  by no means complete, under- 

s tanding  of the  evolu t ionary  process from organic  compounds pre-  

ceding the  f i r s t  simple c e l l s  t o  the  d ive r se  and complex l i f e  

forms p r e s e n t l y  abundant on the Earth.  

on p l a n e t s  o the r  than the  Earth,  has been appl ied ,  i n  the p a s t ,  

a lmost  exc lus ive ly  t o  Mars and has r e s u l t e d  i n  Mars being desig-  

na ted  as a bLologica1 preserve ,  However, during the  l a s t  few 

years t h e r e  has been an increasing awareness t h a t  l i f e  o r  pre-  

l i f e  forms may e x i s t  elsewhere i n  the s o l a r  system and i n  the  

universe .  

Sc iences  s tudy on exobiology i n  general  aili w i t h  r e s p e c t  t o  Mars 

i n  p a r t i c u l a r  has j u s t  been published (NAS 1966). Perhaps the 

The suggest ion of l i f e  

A comprehensive r e p o r t  of a Nat ional  Academy of 
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s i m p l e s t  d e f i n i t i o n  of l i f e  i s  "something t h a t  i s  capable  of 

, information s to rage ,  r e p l i c a t i o n ,  and the  c o n t r o l l e d  t r a n s f e r  
I 

1 of energy". 
I 

Recognition of l i f e  forms,and whether they are l iv ing ,  

i s  b a s i c a l l y  accomplished on Earth by human observa t ion  of 

growth and movement. This recogni t ion  i s  much more d i f f i c u l t  

wi thout  human observers  bu t  ins t rumenta t ion  f o r  t h e  d i r e c t  

d e t e c t i o n  of l i f e  forms i s  c u r r e n t l y  being developed, A simpler  

in te rmedia te  technique, which does n o t  pe r  se c o n s t i t u t e  

r ecogn i t ion  of l i f e ,  i s  the  unmanned d e t e c t i o n  of complex 

molecules such as amino ac ids ,  nuc le i c  acids and nuc le i c  a c i d s  which 

are common t o  a l l  terrestrial  l i f e .  

The purpose of  t he  s tudy repor ted  here  i s  t o  determine 

the  mission requirements of t h e  b io log ica l ly -o r i en ted  measure- 

ments which may be important i n  the  e a r l y  exp lo ra t ion  of Venus, 

There are c l e a r l y  advanced planning impl ica t ions  i f  i t  i s  shown 

t h a t  indigenous l i f e  may have e x i s t e d  o r  could now e x i s t  on 

Venus. 

d e t e c t i o n  systems f o r  Mars and Venus, t h e  requirements f o r  

s t e r i l i z a t i o n  of e a r l y  e n t r y  probes o r  l ande r s  and the  p r i o r i t y  

which should be given t o  an  unambiguous determinat ion of t he  

b i o t i c  c h a r a c t e r  of Venus. 

Important cons idera t ions  would be  commonality of 

The second s e c t i o n  of  t h i s  r e p o r t  d i scusses  t h e  char-  

I 

a c t e r i s t i c s  of  l i f e  as w e  know it  on Ear th ,  A t h i r d  s e c t i o n  

reviews t h e  p r e s e n t  knowledge of t he  environment of Venus i n  

terms of the  p o s s i b i l i t y  of l i f e  having a r i s e n  there., Also  
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discussed i s  the a b i l i t y  of l i f e  t o  survive i n  the p re sen t  

environment, F i n a l l y  a s e c t i o n  i s  devoted t o  a d iscuss ion  of 

the b i o l o g i c a l  measurements which should be made i n  the e a r l y  

exp lo ra t ion  of Venus. 

2.  TEFUESTRIAL L I F E  AND ITS EWIROJWENT 

The i n i t i a l  b i o l o g i c a l  explora t ion  of M3rs and Venus 

w i l l  be based l a r g e l y  on the  knowledge and experience gained 

with t e r r e s t r i a l  l i f e  forms, I t  i s  the re fo re  appropr i a t e  t o  

b r i e f l y  review t h i s  knowledge before cons ider ing  Venus and i t s  

environment 

F o r  l i f e  t o  p e r s i s t  on Earth the re  a r e  c e r t a i n  i d e n t i -  

f i a b l e  fundamental requirements which a r e  provided by the t e r -  

r e s t r i a l  environment, a n d  these include water, a gaseous atmos- 

phere,  food sources and a r e s t r i c t e d  range of temperature and 

p res su re .  I n  a d d i t i o n  i t  i s  p o s s i b l e  t o  i n f e r  t he  probable 

cond i t ions  i n  which l i f e  w a s  a b l e  t o  o r i g i n a t e  a2d t o  evolve 

t o  i t s  p r e s e n t  s t a t e  on Earth.  

2 . 1  Probable Evolution o f  T e r r e s t r i a l  -I__- L i f e  

Table 1 shows a p o s s i b l e  evolut ionary sequence expressed 

--- 

i n  terms of chemical aad  b io log ica l  c o n s t i t u e n t s  i n  the  E a r t h ' s  

environment. The p r i m a r y  elements a t  t he  time of the  formation 

of the  s o l a r  system were probably hydrogen and helium i n  accor- 

dance w i t h  t h e i r  cosmic abundances, The condensing hot  Ear th  

w a s  unable  t o  r e t a i n  the  hydrogen and helium but such compounds 

as water, n i t rogen ,  ammonia and methane would be r e t a ined  and 
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I Table 1 

A POSSIBLE COURSE OF TERRESTRIAL CHEMICAL 
AND BIOLOGICAL EVOLUTION 

Suggested 
Evolut ionary Order S p e c i f i c  Items 

Primary elements (cosmic abundance) H2, He ,  02, C 

S imp 1 e precur  s o r  c omp ounds 
(vo l can  i s m )  

H20, "3, CHq,  HCN 

Organic compounds Hydrocarbons 

Monomers Amino a c i d s  sugars  pur ines  

Po 1 yme r s P ro te ins ,  enzymes, nuc le i c  
a c i d s  

Metabolizing coacervates  Pro t o c e l l  

Reproducing biopolymers DNA 

Reproducing cel ls  

Darwinian evo lu t ion  

Humanoid 

Photosynthet ic  micro- 
organisms 

Aerobic organisms 
p l a n t s  i n s e c t s  animals 

Man 

I I l T  R E S E A R C H  I N S T I T U T E  
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t 6  

could w e l l  be  abundant a t  the  sur face  and i n  the  atmosphere 

I s t r a t e d  by the  now c l a s s i c  Urey-Miller l abo ra to ry  experiment 

of t he  Ear th  as a r e s u l t  of e a r l y  volcanic  a c t i v i t y .  I n  such 
I 

I Fox (1965) has found an amino a c i d  polymer o r  protenoid,  

~ i n  similar experiments under r e l a t i v e l y  d ry  condi t ions  which 
I 

, may i n d i c a t e  t h a t  enzymes could have o r i g i n a t e d  spontaneously.  

While t h e  r e s u l t s  of  these  experiments do n o t  prove a similar 

I chemical evolu t ion  on Ear th  they suppor t  t h e  Oparin-Haldene 

theory of  biomolecular o r i g i n  which contends t h a t  the  p r o t o c e l l  

evolved d i r e c t l y  from systems of i n t e r a c t i n g  organic  molecules. 
i 

Recent experiments by Fox and Fukushima (1964) and 

Oparin (1965) i l l u s t r a t e  t h e  capac i ty  of s e l f - o r g a n i z a t i o n  of 

macro-molecular complexes produced under s imulated primeval 

cond i t ions .  Protenoids  which have been produced by hea t ing -  

amino a c i d s  i n  lava, w e r e  found to  form microspheres 2-7p i n  

diameter  i n  aqueous s o l u t i o n s .  They endured c e n t r i f u g a t i o n ,  

had a g ranu la r  s t r u c t u r e  and w e r e  enclosed by double membranes. 

These are admi t ted ly  s t a t i c  s t r u c t u r e s  but  1 1  metabolizing" 

coacervate* d r o p l e t s  have also been produced, which s e l e c t i v e l y  

absorb substances from t h e i r  environment and release r e a c t i o n  

p roduc t s .  Such coacerva tes  may form the  basis f o r  a p r o t o c e l l .  
Woace rva te  - A n  aggregate  of c o l l o i d a l  d r o p l e t s  M d  toge ther  

by e l e c t r o s t a t i c  fo rces .  

I I T  R E S E A R C H  I N S T I T U T E  
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For example, a chlorophyl l -containing coacervate  d r o p l e t  can 

c a t a l y z e  a complex oxidat ion-reduct ion system. 

e n t e r i n g  the  d r o p l e t  g ives  up hydrogen t o  ch lorophyl l  i n  t he  

presence of i l lumina t ion .  The chlorophyl l  t r a n s f e r s  t he  hydro- 

gen t o  a dye and becomes regenerated t o  i t s  o r i g i n a l  s ta te ,  

Reaction products migrate  i n t o  the e x t e r n a l  medium. 

Ascorbic ac id  

It i s  a l s o  l i k e l y  t h a t  mechanisms f o r  p r o t e i n  bio- 

s y n t h e s i s  developed a f t e r  t he  f i r s t  p r o t e i n s  appeared abio-  

g e n e t i c a l l y .  

was  t h e  appearance of  DNA which through i t s  c o n t r o l  of gene t i c  

codes and templates f o r  p r o t e i n  b iosynthes is  enabled t h e  sub- 

sequent evolu t ion  of b i o l o g i c a l  spec ies .  

The culmination of t he  evolu t ionary  t r a n s i t i o n  

Although i n  the  evolu t ion  of  l i v i n g  ce l l s  s i n g l e  cel ls  

w e r e  presumably formed i n  an oxygen-free environment, forms of 

l i f e  c o n s i s t i n g  of  more than one c e l l  need oxygen i n  order  t o  

ob ta in  enough energy t o  surv ive .  Berkner and Marshall  (1965), 

have suggested a mechanism f o r  t h i s  t r a n s i t i o n  on the  Earth,  

whereby photodissoc ia t ion  of water provides  an inc reas ing  

oxygen abundance and, i n  addi t ion ,  an ozone l a y e r  i n  the  at-  

mosphere f o r  p r o t e c t i o n  a g a i n s t  l e t h a l  u l t r a v i o l e t  rays .  A s  

oxygen concent ra t ions  reached l e v e l s  pe rmi t t i ng  r e s p i r a t i o n ,  

new evolu t ionary  oppor tun i t i e s  were c rea t ed  f o r  the  development 

o f  complex m u l t i c e l l  organisms with advanced mechanisms of  

energy capture ,  c o n t r o l ,  and u t i l i z a t i o n .  

An a l t e r n a t i v e  b io log ica l  o r i g i n  has very r e c e n t l y  

been suggested by Abelson (1966). He ques t ions  t h e  

I l T  R E S E A R C H  I N S T I T U T E  
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methane-ammonia hypothesis  f o r  the e a r l y  t e r r e s t r i a l  atmosphere 

and i n d i c a t e s  t h a t  HCN (hydrogen cyanide) could be a p r i n c i p a l  

product of i n t e r a c t i o n s  between outgassed v o l a t i l e s .  Ultra- 

v i o l e t  i r r a d i a t i o n  of HCN so lu t ions  a t  pH 8-9 would y i e l d  amino 

ac ids  and o t h e r  important substances of b io logic  i n t e r e s t .  

2 .2  Temperature and Pressure Limi ta t ions  

Terrestr ia l  l i f e  has been found i n  h a b i t a t s  wi th  w i d e  

extremes of temperature. The l o w e s t  temperature capable o f  

support ing active l i f e  appears t o  be somewhat below 0°C provided 

the  aqueous medium remains l i qu id .  Samples of water from Don 

Juan Pond (Antarc t ic )  maintained a t  t h e i r  o r i g i n a l  temperature 

of -23°C f o r  s eve ra l  days were found t o  conta in  organisms t h a t  

were able t o  grow and reproduce i n  the  high s a l i n e  concentra- 

t i o n  p resen t  i n  the pond (Meyer 1962). 

l i m i t  t o  t he  lower temperatures a t  which c e r t a i n  microorganisms 

can be maintained i n  the dormant s t a t e .  

brought t o  an a c t i v e  s ta te  without undergoing adverse phase 

t r a n s i t i o n s  during thawing o r  r e c o n s t i t u t i o n .  

There i s  probably no 

However, they must be  

Algae and thermophilic bacteria a r e  known which can 

grow a t  temperatures as high a s  89°C. However, Kempner (1963) 

r epor t ed  t h a t  organisms metabolize wi th  incorpora t ion  of r ad io -  

a c t i v e  phorphorus only a t  temperatures below 73°C. Thermal 

s t u d i e s  i n  v i t r o  conducted by Arca e t  a l .  (1963) showed t h a t  

s o l u b l e  RNA w i l l  n o t  accept  amino a c i d s  f o r  p r o t e i n  b iosynthes is  

a t  temperatures above 75OC. It i s  q u i t e  l i k e l y  t h a t  t he  

c r i t i c a l  temperature f o r  the  surv iva l  of microorganisms i s  

I I T  R E S E A R C H  I N S T I T U T E  
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t h a t  which causes  p r o t e i n  or nucleic  a c i d  dena tura t ion .  

The p res su res  t h a t  support  terrestrial  l i f e  range from 

the t h i n  atmospheres a top  the  Himalayan and Andes mountains t o  

the depths of the  oceans. Peruvian Indians are known t o  i n -  

h a b i t  a zone a t  16,000-18,000 f t  e l eva t ion  wi th  an atmospheric 

d e n s i t y  about h a l f  t h a t  a t  sea l e v e l .  B io t i c  zones wi th  lower 

l i f e  forms are found in  the Himalayas up t o  an e l eva t ion  of 

20,000 f t .  Ocean depths which a r e  known t o  support  l i f e  des- 

p i t e  h igh  pressure  and l ack  of sun l igh t  exceed 30,000 f t  and 

900 a t m  p ressure .  

2 . 3  Food Sources 

L i f e  on Ea r th  p r e s e n t l y  c o n s i s t s  of a balance between 

aerobic  photosynthe t ic  organisms, such as p l a n t s ,  and oxygen 

and food-consuming animals. Schematic diagrams of the  most 

common metabolisms are shown i n  Figure 1. The very few carbon 

d ioxide  f i x i n g  bacteria t h a t  u t i l i z e  i r o n  o r  sulphur oxida t ion  

as an energy source a r e  considered s p e c i a l  t e r r e s t r i a l  forms 

al though they abound i n  marine muds. 

why these  forms could n o t  predominate i n  another  environment. 

The bas ic  food requirement of l i v i n g  ce l l s  i s  carbon. 

There i s  no apparent  reason 

The s imples t  carbon source i s  carbon dioxide which i s  requi red  

by a l l  b a c t e r i a .  In  c e l l s  capable of photosynthesis ,  carbon 

d ioxide  i s  transformed i n t o  organic carbon compounds v i a  s o l a r  

energy, using ch lorophyl l  as a c a t a l y s t .  Anaerobic b a c t e r i a  

achieve t h i s  conversion without u t i l i z i n g  f r e e  oxygen but do 

r e q u i r e  organic  growth f a c t o r s .  They a r e  observed today, f o r  
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I .  

example, a s  purple  bac te r i a .  Aerobic photo 
i 

yn thes i  i s  f a r  more 

genera l  with water and carbon dioxide as the primary in t ake  and 

oxygen as the  byproduct. 

The food-consuming aerobic  c e l l  produces water by 

c y c l i c a l l y  t r a n s f e r r i n g  hydrogen t o  oxygen. 

evolved and complex organic mater ia l s  a r e  synthesized i n  the  

metabolic process .  

Carbon dioxide i s  

2.4  Gaseous Atmosphere 

Oxygen i s  a necess i ty  f o r  most food-consuming organisms 

and i s  now f r e e l y  a v a i l a b l e  i n  the E a r t h ' s  atmosphere. The 

p r e s e n t  balance i s  such t h a t  p l a n t  l i f e  i s  a b l e  t o  provide su f -  

f i c i e n t  oxygen t o  s u s t a i n  oxygen-consuming l i f e  forms. However 

i t  should be noted t h a t  a 100 percent  oxygen atmosphere on the  

Ear th  would k i l l  almost a l l  l i f e  w i th in  a few weeks unless  an 

adequate adap ta t ion  mechanism could evolve. 

few anaerobic  l i f e  forms do e x i s t  which can survive i n  the  com- 

p l e t e  absence of oxygen. Free molecular oxygen cannot t he re fo re  

be  considered as abso lu te ly  e s s e n t i a l  t o  l i f e  d e s p i t e  the  f a c t  

t h a t  t h e  oxygen atom provides  an extremely e f f i c i e n t  energy 

t r a n s f e r  through oxidat ion.  

A l t e r n a t i v e l y  a 

Ozone (or  some molecular spec ies  with similar u l t r a -  

v i o l e t  absorbing c h a r a c t e r i s  t i c s )  i s ,  however, e s s e n t i a l  t o  the  

p r e s e r v a t i o n  of l i f e .  The ozone l a y e r  i n  the upper atmosphere 

absorbs s t rong ly  i n  the  wavelength range between 2000 and 3000 

Angstroms and a f f o r d s  an e s s e n t i a l  p r o t e c t i o n  t o  m u l t i c e l l  

organisms. Present  day nuc le ic  a c i d s  a r e  most s e n s i t i v e  t o  
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10 



r a d i a t i o n  a t  2630 1 and p ro te ins  a t  2750 A. 
Carbon dioxide p l ays  an e s s e n t i a l  r o l e  i n  photosynthet ic  

and o ther  biochemical f i x a t i o n  mechanisms. 

the  terrestr ia l  atmosphere only as a t r a c e  c o n s t i t u e n t ,  i t  i s  

the  s o l e  carbon source f o r  p l a n t s  and many microorganisms and 

i s  a supplementary carbon source f o r  higher  animals. 

Although p resen t  i n  

I 

I 

1 
I 

I n  view of the  presence o f  n i t rogen  and o ther  more i n e r t  

gases  i n  the atmospheres of  the t e r r e s t r i a l  p lane ts ,  the r o l e  

of these gases  i n  the evolut ion of t he  biospheres may be of some 

importance, f o r  ins tance ,  as a d i l u t e n t .  However no adverse 

e f f e c t s  on the  growth and r e p l i c a t i o n  of microorganisms i s  gen- 

e r a l l y  a t t r i b u t e d  t o  these gases .  In f a c t  n i t rogen  i s  u t i l i z e d  

d i r e c t l y  by n i t rogen-f ix ing  bac te r i a ,  which are symbiotic wi th  

o the r  microbial  o r  p l a n t  systems. 

ever ,  t h a t  supposedly i n e r t  gases may e x e r t  unique metabolic 

e f f e c t s  when p resen t  i n  extreme environments. 

i s  known t h a t  a t  1 2  atmospheres of pressure ,  n i t rogen  has n a r c o t i c  

e f f e c t s  on man and animals. 

2 . 5  Water 

i 

It should be  recognized how- 

I 

For example i t  

Water i s  e s s e n t i a l  f o r  t e r r e s t r i a l  life., It i s  the  

medium f o r  n u t r i e n t  t r anspor t ,  i t  a c t i v e l y  p a r t i c i p a t e s  i n  

v i r t u a l l y  a l l  biochemical reac t ions ,  and p lays  a dominant r o l e  

i n  molecular and t i s s u e  morphology. While o ther  l i q u i d s  such 

as e thanol ,  g lycero l ,  glycols ,  and s i l i c o n e s  may be t o l e r a t e d  

, t o  some degree,  t he re  i s  c l e a r l y  a l i m i t  t o  water displacement 

i n  each case., A dynamic equi l ibr ium between w a t e r  and 

I I T  R E S E A R C H  I N S T I T U T E  
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macro-molecules (p ro te ins ,  carbohydrates,  l i p i d s ) ,  opera tes  by 

means of hydrogen bonding. This equi l ibr ium c o n t r o l s  t h e  

a s s o c i a t i o n  of most molecules i n  aqueous media t o  the  degree 

t h a t  without  water, l i f e  a s  c o n s t i t u t e d  on Ear th  would be i m -  

p o s s i b l e  e 

The oceans o r  o the r  bodies of water on Ear th  are 

bel ieved t o  have f i rs t  supported terrestr ia l  l i f e ,  

the  p re sen t  t i m e  a high d i v e r s i t y  of  p l a n t ,  animal, and microbial  

l i f e  i s  found i n  the  seas a t  varying depths ,  temperatures, and 

s a l t  concent ra t ions .  Microorganisms t h a t  t h r i v e  i n  hydro- 

carbons, s t rong  s a l t  so lu t ions ,  and even s u l f u r i c  ac id  are 

bel ieved t o  e x i s t  i n  aqueous d rop le t s  o r  on i n t e r f a c e s  i n  these  

media. . Although Abelson (1960) contends t h a t  bacterial  growth 

and reproduct ion r e q u i r e  a r e l a t i v e  humidity of 30 percent ,  i t  

should be noted t h a t  microorganisms depend s p e c i f i c a l l y  upon 

t h e i r  micro-environments f o r  t h e i r  metabolism and n o t  on the  

gene ra l  humidity of t h e i r  surroundings. 

i s  t h e  water a c t i v i t y  ( w a t e r  capable o f  e x e r t i n g  vapor p re s su re )  

i n  t h e  immediate v i c i n i t y  of the c e l l .  

of water i s  rep len ished  from an ad jacen t  source as i t  i s  

u t i l i z e d  by the  organism, the  s t age  i s  set  f o r  ce l l  metabolism 

and m u l t i p l i c a t i o n  i n  a medium t h a t  can be  r e l a t i v e l y  dry.  

P l a n t s  a l s o  show this  a b i l i t y  t o  t h r i v e  under apparent ly  extreme 

cond i t ions .  For example, cactus p l a n t s  en t r ap  water a g a i n s t  

an a r i d  environment and halophytic p l a n t s  take  up water from 

concent ra ted  s a l t  s o l u t i o n s  aga ins t  high osmotic g rad ien t s .  

Indeed, a t  

O f  d i r e c t  importance 

I f  t h i s  minute supply 
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It i s  apparent  from t h i s  b r i e f  survey of the environ- 

ment support ing t e r r e s t r i a l  l i f e  t h a t  the normal environment 

f o r  man encompasses only a small range of the t o t a l  span of 

parameters f o r  o the r  t e r r e s t r i a l  spec ies .  Thus, whi le .water  

i s  a un ive r sa l  requirement f o r  l i f e ,  apparent ly  minute concen- 

t r a t i o n s  may be adequate, while f a i r l y  wide ranges i n  pressure ,  

temperature, oxygen, carbon dioxide and energy sources  a r e  

t o l e r a t e d .  The wide ranges of condi t ions t o l e r a t e d  by l i v i n g  

organisms i n  the  b i o t i c  zones of the  Ea r th  a r e  of p a r t i c u l a r  

i n t e r e s t  when t h e  p o s s i b i l i t y  of l i f e  on Venus i s  considered. 

3 .  THE POSSIBILITY OF LIFE ON VENUS 

There are two major cons idera t ions  i n  determining the  

p o s s i b l e  ex i s t ence  of l i f e  on Venus. The f i r s t  concerns the 

a b i l i t y  of the  p re sen t  Venusian environment t o  support  l i f e ,  

and t h e  second the  p l a u s i b i l i t y  of l i f e ,  of a t e r r e s t r i a l  o r  

n o n - t e r r e s t r i a l  type,  o r ig ina t ing ,  becoming e s t a b l i s h e d  and 

evolving.  

3 . 1  The Venusian Environment 

The c u r r e n t  knowledge of Venus has been reviewed i n  

d e t a i l  i n  a r e c e n t  IITRI r e p o r t  (Dickerman 1966). The most 

important b i o l o g i c a l l y  r e l a t e d  parameters a r e  temperature, 

p r e s s u r e ,  water,  carbon dioxide and oxygen con ten t ,  wind 

e f f e c t s  and su r face  topography. 

The temperature a t ,  o r  s l i g h t l y  below, t h e  cloud l e v e l  

i s  e s t i m a t e d  t o  be between 250°K and 450°K (Spinrad 1962) and 

a t  the  su r face  t o  be w e l l  over 500°K. Therefore the re  w i l l  
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probably be a temperate zone a t  some l e v e l  in  the  atmosphere 

below the clouds,  although i t s  p o s i t i o n  and e x t e n t  cannot b e  

p red ic ted  from p resen t  da t a .  

Spectroscopic pressure  determinat ions have ind ica t ed  

pressures  wi th in  o r  below the clouds of between 2 and 5 atmos- 

pheres corresponding t o  the  temperature range of 250-450°K.  

Spinrad (1962) has es t imated t h a t  the pressure  a t  the bottom 

of the C 0 2  absorbing l a y e r  i s  near 10 atmospheres and t h i s  i s  

taken as a lower l i m i t  f o r  the sur face  pressure  on Venus. 

Recent work by Dollfus  (1963) and by Bottema, Plummer 

and Strong (1964) has ind ica ted  the  presence of about 1 0 0 ~  of 

p r e c i p i t a b l e  water vapor. This abundance r e f e r s  t o  the  atmos- 

phere a t  some l e v e l  w e l l  above the su r face  of Venus. 

I t  i s  worth poin t ing  out t h a t  water can e x i s t  i n  t he  

l i q u i d  phase at temperatures higher than 373°K i f  t he  p re s su re  

i s  h igh  enough. A curve showing the l i q u i d  phase of water as 

a func t ion  of pressure  i s  shown i n  Figure 2 with an i n d i c a t i o n  

of t h e  p o s s i b l e  range of condi t ions on the  su r face  and i n  the  

atmosphere of Venus. 

The pressure  e f f e c t  on the  f r eez ing  po in t  of water i s  

The depression i s  only 2.5OC a t  a pressure  of very s m a l l .  

350 atmospheres. 
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The most c e r t a i n  f e a t u r e  of t he  Venusian atmosphere 

above the  cloud l a y e r  i s  the  presence of l a r g e  q u a n t i t i e s  of 

carbon d ioxide ,  

between 100 and 1000 meter atmospheres wi th  the  lower va lues  

being p re fe r r ed .  

A t  p r e sen t  t he  abundance i s  accepted as being 

Considering t h i s  r a t h e r  l a r g e  amount of  C 0 2  i t  i s  

reasonable  t o  expect  a t  least  some oxygen i n  t h e  atmosphere, 

Spinrad and Richardson (1965) have r e c e n t l y  de t ec t ed  no f r e e  

oxygen wi th  an est imated upper l i m i t  of about 57 cent imeter  

atmospheres. The presence of ozone has been deduced by Evans 

(1966) from a rocket-borne W experiment and the  amount w a s  

es t imated  as 0 , 1  t o  0.03 cent imeter  atmospheres. This i s  con- 

s i s t e n t  w i th  the  above upper l i m i t  f o r  oxygen. 

The major c o n s t i t u e n t  i n  the  atmosphere of Venus has 

, n o t  been i d e n t i f i e d  but  i t  i s  bel ieved t h a t  n i t r o g e n  i s  the  

most probable.  Upper l i m i t s  on o the r  gases have been se t  by 

Kuiper (1952) as 100 c m  a t m  o f  N 2 0 ,  20 cm a t m  of  CH4, 3 cm a t m  

of "H4, 1 c m  a t m  of C2H6 and 4 cm a t m  of NH3" 

Many models have been proposed f o r  t he  Venusian atmos- 

phere below t h e  clouds.  The most p l a u s i b l e  model i s  due t o  

Sagan (1960) which re l ies  on w a t e r  vapor i n  a d d i t i o n  t o  C 0 2  t o  

provide i n f r a r e d  opac i ty  and the maintenance of the  high su r face  

temperature  through the  greenhouse e f f e c t .  With water present ,  

ice c r y s t a l s  should form i n  the  c louds ,  

of t h e  proposed models, the  f a i r l y  s t e e p  temperature g rad ien t  

However i n  n e a r l y  a l l  
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i n  the  lower atmosphere would cause c i r c u l a t i n g  winds which 

may e n t r a i n  d u s t  from the  sur face  of Venus. 

The a n a l y s i s  of t he  radar  r e f l e c t i v i t y  of Venus has 

ind ica t ed  a d i e l e c t r i c  cons t an t  between 3 and 7 (Muhleman 19631, 

This i s  t o o  small t o  permit  extensive smooth oceans of water 

and too l a r g e  t o  permit smooth oceans of hydrocarbons, The 

roughness of Venus appears t o  be similar t o  t h a t  of t he  moon 

(Victor  and Stevens 1961)  and the d i e l e c t r i c  cons t an t  i s  con- 

s i s t e n t  w i th  dry terrestr ia l  type s o i l s .  Tenta t ive  i d e n t i f i c a -  

t i o n  has been made of a l o c a l l y  e leva ted  su r face  o r  mountain 

range on Venus. 

The p a s t  environment of Venus i s  ve ry  d i f f i c u l t  t o  deduce 

wi th  any degree of c e r t a i n t y .  There i s  l i t t l e  knowledge of 

even the  p re sen t  condi t ions  on t h e  su r f ace  o r  i n  the lower a t -  

mosphere. However the  density,masa and g r a v i t y  of  Venus and 

the  Ea r th  are similar, they both occupy approximately the  same 

reg ion  of  t he  s o l a r  system and i t  may be assumed t h a t  they both 

had a similar o r i g i n  and similar i n i t i a l  atmospheres, 

i s  t r u e  the  atmosphere of Venus must have evolved d i f f e r e n t l y  

from t h e  E a r t h ' s  t o  account for i t s  much g r e a t e r  d e n s i t y  and 

d i f f e r e n t  composition, 

of h ighe r  temperatures on Venus s i n c e  the  level  of i n c i d e n t  

s o l a r  r a d i a t i o n  i s  approximately twice t h a t  on the  Ear th ,  

3 . 2 .  L i f e  on Venus? 

I f  t h i s  

The- d i f f e rences  may be due t o  a h i s t o r y  

T a b l e  2 l i s t s  the  environmental parameters, on Venus, of 

b i o l o g i c a l  i n t e r e s t  and compares them wi th  t h e  condi t ions  under 
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I 

p e r a t e  zones are l i m i t e d  t o  the atmosphere, then the p o s s i b l e  

presence of d u s t  o r  even ice  p a r t i c l e s  en t r a ined  i n  the atmos- 

phere may provide a base upon which l i v i n g  organisms can s e t t l e  

and mul t ip ly .  The e f f e c t s  of s t rong winds themselves are 

d i f f i c u l t  t o  assess. Although man and many p l a n t s  cannot 
1 

which l i f e  e x i s t s  on the  Earth.  

discovered s o  f a r  i n  the  atmosphere and environment of  Venus 

t h a t  precludes the s u r v i v a l  of indigenous l i f e  on the p l ane t .  

It i s  probable t h a t  some water i s  a v a i l a b l e  i n  the l i q u i d  

s ta te ,  i f  n o t  on the  e q u a t o r i a l  surface,  then a t  higher  l a t i -  

tudes,  a t  high a l t i t u d e s  o r  i n  t h e  atmosphere. This i n d i c a t e s  

t h a t  l i f e  on Venus may be  confined t o  b i o t i c  zones, probably 

i n  the  atmosphere but poss ib ly  on t h e  su r face .  Given water, 

then, the  pressure-  temperature combination i n  the  region of  

t h i s  water should n o t  i n h i b i t  l i f e .  The c o n s t i t u e n t s  of the 

atmosphere, i n  p a r t i c u l a r  carbon d ioxide  and oxygen, are con- 

ducive t o  l i f e  and no obviously tox ic  c o n s t i t u e n t s  have been 

de tec t ed .  L i f e  forms which would be w e l l  adapted t o  l i v i n g  on 

There i s  nothing t h a t  has been 
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surv ive  without  p r o t e c t i o n  i n  severe atmospheric turbulence,  

t h e r e  appears t o  be no reason why s e l f - r e p l i c a t i n g  organisms 

could no t .  
* '  

The vast  d i v e r s i t y  of l i f e  on the  Ea r th  and the environ- 

mental condi t ions  support ing i t  coupled wi th  t h e  admit tedly 

l i m i t e d  knowledge of  Venus l ead  t o  the  conclusion t h a t ,  i f  l i f e  

could o r i g i n a t e  on Venus, then i t  could surv ive .  The l a r g e  

remaining problem the re fo re  i s  whether l i f e  has o r  could 

o r i g i n a t e  on Venus., The answer t o  t h i s  problem w i l l  only b e  

provided in  t h e  f i n a l  a n a l y s i s  by f ind ing  o r  no t  f i nd ing  l i f e  

af ter  an adequate search.  A t  p resent  a l l  t h a t  can be s a i d  i s  

t h a t  i f  Venus d id  indeed have a propens i ty  of e i t h e r  methane- 

ammonia o r  HCN i n  i t s  atmosphere then presumably p r e b i o t i c  

organic  compounds could have been formed, Whether t h i s  

environment has  o r  could e x i s t  f o r  a s u f f i c i e n t  t i m e  f o r  l i f e  

t o  become e s t a b l i s h e d  i s  indeterminate ,  I f  however l i f e  d id  

become e s t a b l i s h e d ,  terrestr ia l  experience would i n d i c a t e  t h a t  

i t  could  evolve,  adapt  and survive.  

4 ,  THE SEARCH FOR LIFE ON VENUS 

The conclusion reached from the  previous sec t ions  i s  

t h a t  t h e r e  i s  a very real  p o s s i b i l i t y  t h a t  l i f e  may have, does, 

o r  could  exis t  on Venus. It i s  f e l t  t h a t  a be t t e r  determina- 

t i o n  o f  t h i s  p o s s i b i l i t y  and perhaps the  eventua l  d e t e c t i o n  of 

l i f e  can be  obta ined  i n  an order ly  manner which i s  complementary 

t o  t h e  planned exp lo ra t ion  of Venus. 
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The search f o r  l i f e  on Venus should be aimed a t  d i r e c t  

l i f e  de tec t ion .  

of soph i s t i ca t ed  Automated Biological  Laboratory missions i t  i s  

suggested f i r s t  t h a t  the b i o t i c  zones, where l i f e  i s  poss ib le ,  

be c l e a r l y  i d e n t i f i e d  i n . l o c a t i o n  and ex ten t .  This can be done 

However t o  avoid an unnecessary p r o l i f e r a t i o n  . .  

from o r b i t i n g  and f lyby  missions. Once these zones 

have been c l e a r l y  i d e n t i f i e d ,  then a dec is ion  must be  made t o  

e i t h e r  search  f o r  organic  mater ia l s  as an ind ica to r  of which 

zones are most l i k e l y  t o  b e  support ing l i f e  o r  t o  invoke d i r e c t  

l i f e  de t ec t ion  without  t h i s  intermediate  s t e p o  In the  event  

t h a t  no l i f e  i s  found a f t e r  an adequate search,  then a t  a la ter  

time a search  f o r  f o s s i l s  of an e a r l i e r  l i f e  should be  con- 

s idered.  

r 

I n  s o l a r  system terms the explora t ion  of Venus has a 
I high p r i o r i t y  which i s  only superseded by the exp lo ra t ion  of 

Mars and the  moon (Space Science Board 1965).  Accordingly 

over t he  next  10 t o  15 years  i t  i s  probable t h a t  f lyby  and 

o r b i t i n g  missions t o  Venus w i l l  b e  accomplished and t h a t  a t -  

mospheric probes w i l l  pene t r a t e  and sample i t s  dense atmosphere 

and perhaps the  f i r s t  survivable  landing missions w i l l  be 

i n s t i t u t e d .  

The i n i t i a l  d a t a  from Venus which a r e  requi red  f o r  bio- 

l o g i c a l  i n t e r p r e t a t i o n  a r e  similar t o  the i n i t i a l  d a t a  required 

f o r  phys i ca l  and p l ane to log ica l  reasons.  In  the  l a t t e r  case 1 
I 

t he  primary purpose of the  i n i t i a l  d a t a  i s  t o  bet ter  de f ine  the  i 
I 

I c o n s t i t u t i o n ,  temperature and pressure p r o f i l e s  of t he  Venusian 
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I 
atmosphere and t o  r e so lve  a cu r ren t  p o i n t  of s c i e n t i f i c  d i spu te  

regarding the  su r face  temperature on Venus e 

I The only mission approved by NASA a t  the  p re sen t  t i m e  

i s  the  1967 Mariner Venus f lyby  mission which i s  expected t o  

conta in  r a d i o  o c c u l t a t i o n  experiments a t  two frequencies  t o  

i n v e s t i g a t e  the  pressure  and c o n s t i t u t i o n  p r o f i l e s  of t he  a t -  

mosphere, an u l t r a v i o l e t  photometer t o  i n v e s t i g a t e  the c o n s t i t u -  

e n t s  of t he  upper atmosphere, and a plasma probe, magnetometer 

and trapped r a d i a t i o n  d e t e c t o r  f o r  monitoring the  environment 

of Venus. 

temperature measurements and water d e t e c t i o n  would be d e s i r a b l e .  

The accuracy requi red  f o r  the  i n i t i a l  d e t e c t i o n  of temperature 

and w a t e r  i s  compatible wi th  f lyby missions and da ta  received 

from an e a r l y  f lyby  could ass i s t  i n  the  design of d e t e c t o r s  

f o r  l a t e r  more s o p h i s t i c a t e d  missions e 

For b i o l o g i c a l  i n t e r p r e t a t i o n  more emphasis on 

The advent o f  Voyager t y p e  o r b i t e r  missions t o  Venus 

w i l l  provide a good oppor tuni ty  t o  g ive  the b i o l o g i c a l l y  

o r i e n t e d  experiments an adequate emphasis. 

wave radiometry can provide adequate thermal mapping of  the  

s u r f a c e  and atmosphere t o  l o c a l i z e  the  temperate zones. I n f r a -  

r ed  and u l t r a v i o l e t  spectrometry could provide a good estima- 

t i o n  o f  t h e  l o c a t i o n  and q u a n t i t i e s  of f r e e  water i n  the  a t -  

mosphere and permit  t he  measurement of ozone. Radar  could 

provide a gross topographic map of t h e  su r face  and with microwave 

radiometry could provide an ind ica t ion  of t he  d i s t r i b u t i o n  of 

In f r a red  and micro- 

I I T  R E S E A R C H  I N S T I T U T E  

22 



su r face  ma te r i a l s .  

and r a d i o  o c c u l t a t i o n  between the  s p a c e c r a f t  and Ea r th  can be  

used t o  r e f i n e  the  e s t ima tes  of t h e  mean molecular weight o f  

the  atmosphere and the  pressure  p r o f i l e .  These o r b i t e r  measure- 

ments are of i n t e r e s t  he re  i n  de f in ing  where, i f  a t  a l l ,  t he  

p o t e n t i a l  b i o t i c  zones on Venus e x i s t  and t o  provide an estimate 

of t h e i r  ex ten t ,  c o n t i n u i t y  and s t a b i l i t y ,  However these  

measurements should n o t  c o n f l i c t  with the  requirements of t h e  

phys ica l  sc ience  i n v e s t i g a t i o n s  and i f  anything w i l l  impose 

fewer c o n s t r a i n t s  on the  missions because of  the  gross  n a t u r e  

of t h e  information requi red .  Furthermore such experiments are 

e n t i r e l y  compatible wi th  t h e  a n t i c i p a t e d  technologica l  develop- 

ments which w i l l  form p a r t  of the ear l ier  i n v e s t i g a t i o n s  of t he  

moon and Mars. 

Occul ta t ion between stars and the  s p a c e c r a f t  

This  f i r s t  phase of b io log ica l  exp lo ra t ion  of Venus i s  

suggested as a l o g i c a l  complement t o  t h e  phys ica l  and plane.to- 

l o g i c a l  exp lo ra t ion .  It  does not  involve the  search  f o r  l i f e  

bu t  r a t h e r  a be t t e r  understanding of  t he  b i o t i c  p o t e n t i a l  of 

t he  environment a t  l eas t  i n  terms of t he  knowledge of terrestr ia l  

l i f e .  Having achieved t h i s  ob jec t ive ,  a major dec i s ion  must be 

made i n  de f in ing  the  subsequent search  f o r  l i f e .  

F i r s t l y  the  i n v e s t i g a t i o n  of determined temperate zones 

can t ake  the  form of a d e t a i l e d  search  f o r  organic  compounds 

which are i n d i c a t o r s  of the p o s s i b i l i t y  of  t he  evolu t ion  of 

l i f e  but  do n o t  c o n s t i t u t e  a de t ec t ion  of l i f e .  This course 

would be most c o s t  e f f e c t i v e  i f ,  a t  t h a t  t i m e ,  t h e r e  i s  
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cons iderable  doubt as t o  the  p o s s i b i l i t y  of l i f e  on Venus, i f  

d i r e c t  l i f e  de t ec t ion  experiments are found t o  be  inadequate o r  

ambiguous, o r  i f  an e a r l y  d e f i n i t i o n  of t he  b i o l o g i c a l  s t a t u s  

of Venus i s  required.  Organic compounds such as hydrocarbons, 

organic  a c i d s  and aldehydes a r e  of p a r t i c u l a r  i n t e r e s t  and can 

be measured with sample c o l l e c t i o n  by an atmospheric probe and 

a combination of gas chromatography and mass spectrometry.  

The c o n s t r a i n t s  t h a t  t h i s  type of measurement w i l l  p l ace  on the  

probes are t h a t  the  e n t r y  p o i n t  of t h e  probe w i l l  b e  r e l a t e d  

d i r e c t l y  t o  the  l o c a t i o n  of  t h e  p o t e n t i a l  b i o t i c  zones and the  

ra te  o f  descent  through the  zones of i n t e r e s t  must be c o n t r o l l e d  

t o  a l low f o r  the r e l a t i v e l y  time-consuming sample c o l l e c t i o n  

and a n a l y s i s .  In  the  case  of surv ivable  landers  the  only major 

c o n s t r a i n t  w i l l  be  the  s e l e c t i o n  of the  landing area. 

Secondly the  temperate zones can b e  i nves t iga t ed  wi th  

d i r e c t  l i f e  d e t e c t i o n  systems. These devices  are expensive and 

o p e r a t i o n a l l y  demanding, but i f  an adequate development and 

experience w i l l  have been obtained from the  Automated Bio logica l  

Laboratory f o r  Mars, then i t  i s  feasible  t o  cons ider  them f o r  

b i o l o g i c a l  exp lo ra t ion  on the  sur face  and i n  the  atmosphere of 

Venus without  a previous determination of t h e  d i s t r i b u t i o n  of 

organic  materials. Otherwise they would be used i f  requi red  

af ter  the  search  f o r  organic  compounds. 

The b i o l o g i c a l  explora t ion  of Venus has some implica- 

t i o n s  i n  terms of t h e  advanced planning of Venus missions.  
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F i r s t l y  there  seems t o  be l i t t l e  d i f f e rence  between the measure- 

ments t h a t  w i l l  b e  required t o  s a t i s f y  the  i n i t i a l  phys ica l ,  

p l ane to log ica l  and b io log ica l  ob jec t ives  of explora t ion  us ing  

e i t h e r  f lyby  o r  o r b i t i n g  spacecraf t .  However, a t  t h i s  t i m e  i t  

appears t h a t  t he re  e x i s t s  a r e a l  p o s s i b i l i t y  f o r  t he  ex i s t ence  

of  indigenous l i f e  on Venus and u n t i l  i t  can b e  c l e a r l y  shown 

otherwise,  Venus should b e  t r ea t ed  as an b io log ica l  preserve.  

Furthermore the  s p e c i f i c  requirements which w i l l  probably be 

assoc ia ted  wi th  b io log ica l ly  or ien ted  probes may mean t h a t  they 

w i l l  no t  be used u n t i l  a f t e r  the  more general  atmospheric probes 

o r  even landers .  Thus the quest ions of s t e r i l i z a t i o n  of the 

e a r l y  probes and landers  must b e  considered u n t i l  the  f u l l  b i o -  

l o g i c a l  sequence of explora t ion  has been determined. In  e f f e c t  

t he  danger of b io log ica l  contamination of Venus must be  t r ea t ed  

now i n  a similar fashion as f o r  Mars. 

requi red  experimental  technology it  appears t h a t  the b io log ica l  

exp lo ra t ion  of Venus can be  coupled t o  t h a t  of Mars. 

measurement techniques w i l l  have a h igh  degree o f  commonality. 

It i s  clear t h a t  even a minimal b io log ica l  explora t ion  

F i n a l l y  i n  terms of the  

The 

of Venus w i l l  r e q u i r e  atmospheric probes and surv ivable  landers ,  

which may be used i n  conjunct ion wi th  e i t h e r  f lyby  o r  preferab ly  

o r b i t i n g  spacecraf t .  

the  phys ika l  s c i e n t i s t s ,  but  t he  measurements t o  be made by the  

Environmental data w i l l  be obtained by 

probes w i l l  be q u i t e  s p e c i f i c a l l y  b io log ica l  i n  design and 

opera t ion .  

b i o l o g i s t s  w i l l  n o t  make demands for.  experiments on Venus 

However the re  i s  a s i g n i f i c a n t  p o s s i b i l i t y  t h a t  
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missions u n t i l  a f t e r  the  environmental d a t a  has been obtained.  

I n  f a c t  NASA should be prepared w e l l  i n  advance of these  demands 

so  t h a t  they can be accommodated i n t o  a l o g i c a l  and t imely 

series of missions.  

5. CONCLUSIONS 

The mission requirements of b i o l o g i c a l  measurements on 

Venus cannot b e  completely s p e c i f i e d  a t  t h i s  t i m e .  However the  

following conclusions can be  drawn. 

L i f e  could surv ive  on Venus probably i n  loca l i zed  
b i o t i c  zones. 

Whether l i f e  has o r ig ina t ed  i s  indeterminate .  

Venus should be  t r e a t e d  as a b i o l o g i c a l  preserve  
u n t i l  i t  i s  shown t h a t  l i f e  does n o t  e x i s t  t he re .  

The planned Mariner ' 6 7  Venus mission w i l l  make a 
c o n t r i b u t i o n  t o  the  b io log ica l  exp lo ra t ion  of Venus. 

Voyager-type missions should make a l a r g e  cont r ibu-  
t i o n  t o  the  i d e n t i f i c a t i o n  of b i o t i c  zones i n  common 
wi th  the  phys ica l  science and p l a n e t o l o g i c a l  objec-  
tives 

Entry probes w i l l  be requi red  f o r  the  d e t e c t i o n  of 
organic  compounds and l i f e  forms. 

Atmospheric probes should have the  a b i l i t y  t o  remain 
a t  given a l t i t u d e s  f o r  cons iderable  per iods (days). 

Landers, i f  requi red  f o r  b i o l o g i c a l  measurements, 
are l i k e l y  t o  be needed a t  high l a t i t u d e s .  

NASA should b e  prepared f o r  an ex tens ive  b i o l o g i c a l  
exp lo ra t ion  of Venus even i n  advance of the  i d e n t i -  
f i c a t i o n  of b i o t i c  zones. 
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