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Astronomy and population ecology
seemingly have little in common. But
they meet in a paper by Zaven
Arzoumanian and colleagues, who
have developed a way of recognizing
individual spot patterns of whale
sharks by adapting an algorithm
used for comparing star patterns in
images of the night sky (J. Appl. Ecol.
doi:10.1111/j.1365-2664.2005.
01117.x).
Many animals have beautiful spot
patterns that differ subtly between
individuals of the same species.
Photographs of these markings
allow ecologists to identify
individuals in population studies, 
but sifting through them is laborious
and often unreliable when done by
eye. The aim of the authors — an
astronomer, a computer scientist
and a marine biologist — was to
automate the process.
The whale shark (Rhincodon typus,
pictured) is the world’s largest fish,
reaching lengths of more than
14 metres, and bears patterns 
of white spots on its dark dorsal
surface. The leap forwards made by

Arzoumanian et al. was to view
these patterns as celestial
constellations. They adapted 
an algorithm for identifying
characteristic stellar patterns from
the geometric properties of triangles
made by the lines formed between
all possible combinations of three-
spot coordinates within a defined
region of space. In the same way, by
concentrating on a highly variable
region of spots above the pectoral
fin of whale sharks, the spatial
relationships between spots formed
the basis for identifying a shark’s
unique spot pattern.
The modified algorithm was used
to calculate similarity scores by
comparing the geometry of each
spot triangle in a shark photograph
with all spot-triangle combinations
from a second image. This procedure
was repeated between all image-pair
combinations to locate high-scoring
matches. The researchers then
tested the technique by scanning 
a web-based database of around
1,500 whale shark photographs, 
and achieved a 92% success rate in

matching previously identified pairs
of images of individual sharks, as
well as resolving new matches not
detected by eye. The approach
should improve our understanding 
of whale shark population dynamics,
about which little is known. More
information is needed urgently, 
as increasing exploitation of whale
sharks means their populations are
now vulnerable. 
Many animal species have 
star-quality skin patterns, and the
study shows how individual animals
can be ‘tagged’ at low cost for long

periods, and without physical
interference. Linking the pattern-
matching algorithm to a web-based
photo-identification database, so
that it performs like an Internet
search engine, will allow researchers
around the world to compare new
images with vast numbers of
virtually tagged animals.
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Sea change in sediments
David J. Des Marais

Earth’s oxygen levels increased slowly over a long and ill-defined transitional 
period around two billion years ago. A microbial ‘footprint’ from this era 
provides biological evidence to complement existing geological data.

The microorganisms that were the sole forms
of life on the early Earth survived billions of
years of profound environmental change.
Their modern counterparts exhibit a broad
range of metabolic capabilities, exploiting
diverse energy sources and so thriving in
many different environments. But how did
this remarkable adaptability develop? And
have microorganisms preserved a record of
past environmental changes? In the absence 
of complex body fossils laid down by micro-
organisms, Brocks and colleagues (page 866 
of this issue)1explore the early biosphere 
by analysing the chemical ‘footprint’ left 
by microorganisms on an ocean floor some 
1.6 billion years ago, and compare it with how
such a footprint would look today. In doing so,
they confirm geochemical evidence of changes
in the composition of Earth’s oceans and

atmosphere that occurred over a long period
around two billion years ago.
In the primordial Archaean era, Earth’s
oceans and atmosphere contained little or 
no free oxygen. In this anoxic era, reduced
compounds (the chemical opposites of oxi-
dized compounds, containing species with 
an increased number of electrons), such as 
sulphides and ferrous-iron compounds, per-
sisted for longer than they do in today’s 
well-oxygenated marine and land environ-
ments2,3. Anaerobic photosynthesizing micro-
organisms used these reduced inorganic
compounds to harvest energy for the syn-
thesis of their cellular constituents. This 
situation began to change with the emergence
of oxygen-producing photosynthetic cyano-
bacteria around 2.7 billion years ago, perhaps
earlier (Fig. 1).

Photosynthesis is used by at least five 
phototrophic bacterial groups. In four of these
groups — green sulphur bacteria, green non-
sulphur bacteria, heliobacteria and proteo-
bacteria — the process is anoxygenic (no
oxygen is produced). These microbiota also
require a reduced chemical substrate to 
provide electrons for organic biosynthesis4.
Cyanobacteria, which form the fifth group, are
unique in harnessing light directly to split
water molecules, releasing molecular oxygen
as a by-product. Oxygenic photosynthesis 
liberated emergent microbial life from its 
total dependence on hydrothermal fluids 
and other sources of reduced inorganic 
compounds; cyanobacteria could then spread
across the planet.
A significant initial effect of oxygenic photo-
synthesis on the oceans was the oxidation of
reduced compounds containing ferrous iron
and sulphides — at least in surface waters.
Gradually, oxygen levels increased until the
oceans resembled the well-oxygenated seas 
we know today. Evidence that this transition
was slow has previously been garnered from
geological and geochemical features, such as
the large bodies of iron-rich sedimentary
rocks known as banded iron formations. 
Ferrous iron supplied through weathering and
hydrothermal activity was deposited in these
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