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Introduction:  While the surface of Venus is hos-
tile to life as we know it, at an altitude of 47-51 km the
conditions are remarkably Earth-like in terms of tem-
perature and pressure [1].  Nitrogen (in the form of N2

and an unknown but potentially large amount of light-
ning-generated NOx   compounds [2] as well as phos-
phorus  (in  the  form of  phosphoric  acid  [3]  are  also
present  in  detectable  quantities.  Energy  is  available
both in the form sunlight, and likely in complex cy-
cling of carbon and sulfur driven by photochemisty in
the upper atmosphere and abiotic redox reactions in the
lower atmosphere [4].  

Venus is thought to have had an ocean early in its
history[5],  providing  an  environment  potentially
friendly to the evolution of life, which could have then
adapted  to  an  atmospheric  existence;  alternatively,
lithopanspermia  could  have  “seeded”  microbes  on
Venus from Earth [6]. Consequently, the atmosphere of
Venus has been suggested as a target for astrobiologi-
cal investigation [7,8] 

Water, while scarce, is not entirely absent in the at-
mosphere, and it is possible that if the lower Venusian
atmosphere is an inhabited habitat, any putative Venu-
sian organisms may have evolved the ability to “fix”
water [9]. Furthermore, the lack of a physical substrate
may not present a significant obstacle, due to the rela-
tively long residency time (months or greater) of indi-
vidual particles in the atmosphere[9]. Additionally, the
microbial activity in terrestrial clouds has been shown
to be much higher than previously assumed [10][11].
Possible metabolic pathways include the photoxidation
of sulfur coupled to the fixation of carbon dioxide into
carbohydrates [9].

Model description:  To better understand the po-
tential habitability of the Venusian atmosphere, a com-
partmental stoichiometric model was constructed using
XPP and Berkeley Madonna, designed around the flow
of nutrients and energy. The model is designed around
of a series of various “stocks” or quantities of nutrients
and  metabolites,represented  by  differential  equations
relative to time, in the general 
form of 

dx/dt = (inflowx − outflowx)

Two populations of  microbes  were  incorpo-
rated,  a  phototrophic  sulfur  oxidizer,  and  a
chemotrophic  sulfur  reducer;  the  dynamics  of  these

populations was based on Monod kinetics[12], where
the growth of the population is represented as 

μ= μmax (S/Ks +S)[12] 

where μ is the specific growth rate, μmax is the maxi-
mum growth rate per unit time, S is the amount of sub-
strate (in this case, nutrients or metabolites), and Ks is
the half-saturation constant of the organism. 

Initial  parameters  for  the  Venusian  environ-
ment were derived from remote sensing primarily from
Venera and Pioneer  Venus missions,  and  the Monod
terms and parameters for the microbes were based off
of terrestrial thermoacidophiles that live under analo-
gous  conditions.  Atmospheric  residence  for  the  mi-
crobes was assumed to be ~3.5 months.

The model was then subjected to sensitivity testing,
to evaluate the stability and resilience of the population
under disturbance regimes. 

Results:  Preliminary results suggest that the mod-
eled  environment  could  support  >6000  µmol/m3  of
biomass carbon, and that a stable equilibrium existed
for the populations that would be relatively resilient to
disturbance such as sudden population reduction and
fluctuations  in  nutrient  and  energy  availability.   Pri-
mary  productivity  was  6.9×10-5 g  carbon/year and
phosphorus was found to be the most limiting nutrient.
These results can then be integrated into a wider atmo-
spheric chemistry model to evaluate the plausibility of
this ecosystem in the context of the many abiotic pro-
cesses occurring in the Venusian atmosphere. 

References:  [1]  Cockell  C. (1999)  Planet.  Space
Sci., 47(12), 1487-1501. [2] Levine et. al. (1982) Geo-
phys. Res. Lett. 9(8), 893-896. [3] Krasnopolsky V. A.
(1989)  Icarus 80(1),  202-210.  [4]Krasnopolsky  V.A.
(2007) Icarus 191(1), 25-37. [5] Donahue T. M. et. al.
(1982) Science 216(4546), 630-633. [6] Gladman B. et.
al. (2005) Astrobiology 5(4), 483-496. [7] Morowitz H.
and Sagan C. (1967) Nature 215(5107), 1259-1260. [8]
Schulze-Makuch D. and Irwin L. N. (2002) Astrobiol-
ogy 2(2), 197-202.[9]Schulze-Makuch D. et. al. (2004)
Astrobiology 4(1),  11-18.  [10] DeLeon-Rodriguez N.
et.  al.  (2003)  Proc.  Natl.  A.  Sciences.  110(7),  2575-
2580. [11] Vaïtilingom M. et. al. (2013) Proc. Natl. A.
Science. 110(2), 559-564.  [12] Monod J. (1949) Annu.
Rev. Microbiol. 3(1), 371-394 

7026.pdfAstrobiology Science Conference 2015 (2015)

mailto:thomson.fisher@email.wsu.edu

