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The glorious fossil record
The fossil record may not be complete for all groups at all times and in
all places. But, argues Dr Paul Pearson, when we have reason to
believe that it is, the dates that can be assigned to fossils are
invaluable for unravelling the paths of evolution.

PAUL PEARSON

In The Origin of Species, Charles Darwin lamented that the imperfection of
the fossil record detracts from the glory of geology. Fossilization is such a rare
and capricious event, our collections are so poor, and sedimentary formations
are so full of gaps, that Darwin could not point to a single example where
fossils in successive geological strata showed evolution from one species to
another.

Unknown to Darwin, uninterrupted sedimentation does occur in the open
ocean, especially on aseismic ridges and plateaux. These areas experience a
continuous rain of particles to the sea bed, and are among the most
geologically quiescent places on Earth. A steady build-up of sediment is the
result.

Now, after thirty years of systematic ocean drilling, many of these sites can be
studied. Piston coring generally allows hundreds of meters of sediment to be
fully recovered, spanning millions of years of deposition. Where gaps occur,
they can easily be identified.

A continuous sediment

A good example of this is ODP Site 926 on the Ceara Rise, western
equatorial Atlantic. As far as we can tell from biostratigraphy, this site has
been sedimenting continuously for about 60 million years1. Regular and
gradual changes in the Earth's orbit affect the chemical composition of
sediments which allows us to prove that there are no significant gaps
whatsoever in the record for the last 14 million years2. The activity of
burrowing animals is the main factor that limits our temporal resolution, but the
effect is generally negligible over evolutionary time-scales.

Sites like this are well appreciated by paleoceanographers. Many detailed
chronologies of chemical and environmental change in the oceans have been
reconstructed from them. Biologists, on the other hand, seem curiously
reluctant to "unlearn" the difficult lesson of the supposedly incomplete fossil
record.

Tracing evolution

The sediments in question are composed mainly of the shells of microscopic
plankton such as foraminifera, radiolaria, diatoms and coccolithophorids.
Large numbers of individuals can easily be extracted. Their evolution can be
followed through geological time, simply by comparing one closely spaced
sample with the next. This reveals morphologically isolated and continuous
lineages which it is reasonable to infer represent lines of genetic descent3-6.
These lineages sometimes split from one another7-8, and often evolve gradually
over vast periods of time, or become extinct.

Recent DNA sequencing on modern planktonic microorganisms allows us to
put such data into context. Although there is some debate about possible
"cryptic species" in the modern plankton9, the genetic and fossil data are in
broad agreement10-11. This is encouraging for everyone involved.

Does the fossil record provide a true and accurate record of first and last
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occurrences of species? Emphatically, the answer is yes! Microfossils are
used routinely for biostratigraphic correlation by thousands of specialists the
world over. This would not be possible unless the sediment record was good
and reliable. We now know (within fairly precise limits) when hundreds of
species of mineralizing plankton arose and became extinct, through a history
that spans over a hundred million years.

Stratigraphy's place

The key question of this debate is when and how stratigraphic information
should be brought into play when reconstructing phylogenies. The answer to
most micropalaeontologists is clear. Stratigraphy is paramount. Many possible
hypotheses of ancestry can be immediately rejected on this evidence alone.
We generally determine phylogeny by finding specimens of the actual forms
that link species together12-13.

The standard approach to phylogenetic analysis used by the rest of the
community is cladistics. It is also a useful tool14. However, it has some
drawbacks in micropalaeontology. In essence, cladograms rely on tabulating
the distribution of 'characters' in a set of taxa. That information is used to infer
the most likely branching pattern that could have produced the species in
question. There is usually no reference to either the relative stratigraphical
position of species, or evidence such as whether or not two forms are part of
a single evolving lineage. Consequently, cladograms omit data that are central
to our approach (sometimes called 'stratophenetics'15).

We know from our well-sampled fossil record that there have been many
episodes of evolutionary convergence. Also, our fossils tend to be somewhat
'character poor'. This means that in many cases, distantly related species have
evolved similar shapes and features at different times. Making cladograms
would be no help in these instances, but stratigraphy often is.

Another problem is that cladograms necessarily portray all taxa as sisters,
even if we believe from stratigraphy that some were ancestral to others. All
things being equal, at least half of all species in the past must have been
ancestral to at least one other species. Consequently, cladistic analyses of
extinct groups of organisms (clades) tend to greatly overestimate the extent of
branching. If we want to study rates of evolution using fossils, this can be
seriously misleading.

All data have their worth

My plea is for pluralism in phylogenetics. For too long, cladists have defined
themselves by contrasting their approach with 'traditional' taxonomists of
previous generations. The textbook catechism has been that old fashioned
stratigraphical studies are necessarily subjective or even unscientific, and
cladograms offer the only objective method of getting at the truth. In general
the practice of 'ancestor hunting' is denigrated.

However, we should acknowledge that any given evolutionary transition was
an actual historical sequence of organisms. It is not necessarily futile to search
for vestiges of them, taking particular care to sample sediments of the right age
and environment. For some fossil groups this may well be the optimal
approach. For most groups, a combination of cladistic and stratigraphical
evidence will yield maximum information.

Unfortunately, I see no easy way of incorporating stratigraphic information
within a character matrix, and thereby including it in a cladogram based on
'total evidence'. In my view, the best approach to phylogenetics will involve
considering the various types of data (comparative morphology, genetics and
stratigraphy) separately. These will have to be weighed against each other by
a well informed specialist.

Paul N. Pearson
Department of Earth Sciences, University of Bristol, Bristol,United Kingdom
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