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T
he mere fact that you are reading 
this article is evidence enough 
that life on this planet persists. 
Exactly when it started, and thus 
for how long it has persisted, is 
under active debate with some 

evidence suggesting 4,000 million 
years, but few would argue with 3,000 
million years. As a system it works, but 
how? In May 1985 one of us (P. H. A. S.) 
initiated an experimental study with 
small, sealed ecosystems. Samples 
from four environments (pond water, 
soil, Sphagnum moss and moss on 
limestone) were heat-sealed into fi ve 
borosilicate test tubes, one of which 
included suffi cient formalin to sterilize 

the system. These 20 tubes were then 
incubated in a garden pond.
 It is immediately obvious from 
thermodynamics that for life to per-
sist in an ecosystem there has to be 
continual external input of energy 
which, for both the planet and the 
miniature ecosystems, is sunlight. The 
next obvious issue is that physical 
conditions should not get so extreme 
that the enclosed organisms all die. 
It is not important for the experiment 
that the original species profi le should 
be maintained, of course, but it is 
possible that a chance event might 
eradicate a crucial component of the 
system.

 One may ask would such ecosystems survive indefi nitely? 
To play this thought experiment you should try and envisage 
circumstances where the system would fail. The most 
likely cause of failure would be if the population originally 
enclosed did not contain enough diversity to allow complete 
nutrient cycling, so the system would eventually lock all 
supplies of some nutrient into an inaccessible form which 
was not released by autolysis. Of course such a circumstance 
would provide huge selective pressure on the community 
for some of its members to exploit this new niche and 
access this now scarce resource. This would mean that system-
survival was essentially stochastic and small ecosystems 
would be particularly vulnerable, but it would also mean 
that the replicated tubes are likely to behave differently. If 
the enclosed community could not respond to such selective 
pressure then survival depends critically on the choice of the 
original population.

 Open this question further and one might wonder about 
the appearance of life on a planet in the fi rst place. Most 
proposed mechanisms for zoogenesis* assume that the 
process is basically thermodynamically favourable and will 
therefore happen many times. It is commonly assumed, 
also, that these various early lineages will not breed true 
(be error prone), giving rise to a large pool of variants on 
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 A set of 20 sealed ecosystems established in 1985 and maintained 
in moderate conditions ever since. Natural daylight has been the 
only input to the system. The tubes contain (from the left in groups 
of fi ve) pond water, garden soil, sphagnum moss, and limestone 
chips with (original) attached moss. The fi fth (rightmost) tube of 
each group of fi ve is a formalin-killed control. Kevin Webb / Natural 
History Museum
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which selection can operate. It is further assumed that 
the compounds that gave rise to life were abiogenic and 
would continue to be available for some time, creating a 
large pool of primitive organisms within which to select 
variants able to extend their range away from the original 
sources of materials. There are two important population-
size arguments here; fi rst the population is subject to error-
prone reproduction, increasing the chances of serendipitous 
variants able to open new niches, and second the continued 
availability of nutrients will create a large population that 
is a source of a correspondingly large range of variation. A 
system of this kind is subject to selection by niche open-
ing, but not necessarily to strong competition. Once cells 
become properly established with effi cient reproduction, 
their evolutionary landscape is more restricted and they may 
not be able to create the variants necessary to establish the 
key mineral cycles necessary to sustain a closed system. Life 

formed in an anoxic environment and it is conceivable that 
certain steps in mineral recycling require anoxic reduction, 
for instance the fi xation of N

2
. Just as no multicellular 

organism can complete its life cycle in the absence of oxygen, 
it may be that ecosystems have a fundamental requirement 
for redox heterogeneity that is diffi cult to achieve in a small 
aerobic system.
 Now the crucial question is how do we know that the sealed 
tubes still contain life? There are no solid defi nitions here, but 
a criterion that is widely accepted is that life keeps the system 
out of chemical equilibrium. Simple observation shows that 
all the tubes show spatial structure and bright green pigments, 
except for the pond water which has coalesced into a group 
of spherical bodies that have a light brown colour. There is 
no motion visible in the tubes that could not be explained 
as Brownian motion, although high-power microscopy is 
hampered by the glass of the tubes themselves.

 Perhaps the most obvious method 
of study is by spectroscopy and such 
studies might usefully be done in the 
context of astrobiology and the search 
for signs of life on other planets. After 
all, it is cheaper to do this than send a 
satellite into space to look back at the 
Earth.
 The tubes, together with copies of 
Peter’s laboratory notes, are now part of 
the collections of the Natural History 
Museum in London. They live on a 
shelf in the microbiology laboratory in 
natural daylight, but at a temperature 
that is controlled within the building’s 
normal limits. The Museum collections 
are held in trust for the world to use: we 

would be pleased to receive enquiries, 
suggestions or proposals for studies 
using this material without, of course, 
breaking them open.
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 Top. The tubes in June 1985 two weeks 
after being set up. Note the growth of 
macrophytes from the garden soil. The 
tubes are seen on the edge of the garden 
pond that was their fi rst ‘incubator’. 
Peter Sneath / Natural History Museum

 Bottom. Left to right, the tubes in 1985, 
containing pond water, garden soil, 
Sphagnum moss (living plants planted into 
a substrate of dead Sphagnum), and oolitic 
limestone chips with a dry-wall moss. 
Peter Sneath / Natural History Museum

 The pond water after 21 years. The water 
column has clarifi ed and the material at 
the bottom of the tube consists of globules 
with a pigmented centre. Kevin Webb / 
Natural History Museum

 Three tubes of garden soil after 21 
years. The bright green colour suggests  
photosynthetic activity which would mean 
that life in these tubes continues. Kevin 
Webb / Natural History Museum

 Four tubes containing Sphagnum moss. Compare the lower level in 
the tube with the set-up (facing page). The outgrowth indicates that 
the system thrived for some time and some tubes still show bright 
pigment at shoot tips. Kevin Webb / Natural History Museum

The mere fact that you are reading this article is 
evidence enough that life on this planet persists. 
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