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genuine article2. For the future, 
hoivever, there is an urgent need to 
improve our understanding of the 
influence of soil conditions on the 
course of succession, the mechan- 
isms of colonization by typical calci- 
CO~~X_IS grassland species and the 
interaction with management treat- 
ments. If the simple study of Gibson, 
Watt and Brown” can stimulate 
more detailed work on these out- 
standing problems then we may be 
on the way to providing an effective 
response to the implications of ‘agri- 
cul-:ural retirement’ for conservation 
throughout Britain. 
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The Nature of an Adaptive Radiation 
THE NOTION OF AN ADAPTIVE RADIATION is 
a familiar concept, whether it be on 
the small scale (e.g. colonization of 
an island) or a large scale (e.g. the 
radiation of the mammals after the 
ext nction of the dinosaurs). How- 
ever, relatively little is known about 
the nature of major radiations and 
ho\v they occur. How long do they 
lasr, do they involve abnormally high 
rates of evolution, are they triggered 
by the origin of new adaptations, or 
are they opportunistic responses to 
the emptying of ecospace by a mass 
ext nction? 

The key phases of an adaptive 
radiation, such as that of the 
plasental mammals 65 million years 
(Mvr) ago seem to be the 
following1,2: 

11) 

i2) 

13) 

Ai initial phase of rapid 
diversification from a sin- 
gle ancestor. The placental 
mammals arose and radi- 
ated modestly in the late 
Cretaceous, side by side 
with the dinosaurs, but 
then radiated rapidly into 
many new lineages in the 
Palaeocene and early 
Eocene (65-55 Myr ago). 
The establishment of a di- 
versity of new body plans 
in this early phase. All of 
the existing mammal 
orders, from bats to 
whales, from carnivores to 
rodents, were established 
in this key 10 Myr period. 
Early extinctions amongst 
the initial elements of the 
radiation. As available eco- 
space fills up, it is assumed 
that levels of competition 
will increase, and a phase 
of ‘weeding out’ occurs. 
Amongst mammals, a 
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(4) 

number of early lineages 
flourished for a while, and 
then disappeared. 
A final phase of stabiliza- 
tion of the lineages. After 
the initial 10 Myr radiation 
phase, no new mammalian 
orders have arisen. The last 
55 Myr have seen small 
modifications of the 20 or 
so basic placental body 
plans, but no serious inno- 
vations. 

A new study by Erwin, Valentine 
and Sepkoski3 looks at two much 
larger radiation events, each lasting 
for about 180 Myr: the early 
Palaeozoic explosion of marine in- 
vertebrates, and the second major 
phase of radiation in the sea, during 
the Mesozoic. They explore the nat- 
ure of these two diversifications on a 
global scale, and study how they 
correspond and differ in terms of the 
rates of appearance of new body 
plans and the breadth of adaptation. 

The first phase, from Vendian to 
late Ordovician times (620-438 Myr 
ago) raised the diversity of skeleton- 
ized marine animals (i.e. those with 
hard parts that fossilize readily) from 
one family to 470 families (Fig. 1). 
The second phase, from the Triassic 
to the Cretaceous (245-66 Myr ago) 
raised the level from about 200 to 
over 600 families. Thus, the overall 
number of families added in each 
phase is roughly the same, and it 
would be easy to assume that both 
radiations show similar patterns and 
rates of evolution. 

However, at higher taxonomic 
levels, the two events turn out to be 
very different. The first radiation was 
dominated by the appearance of new 
orders, classes and phyla, while such 
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novel higher taxa were much rarer in 
the second radiation. 

The Vendian-Ordovician radiation 
occurred in two steps, one from Ven- 
dian to Cambrian times, and one in 
the Ordovician. As many as IO-II 
new skeletonized phyla appeared 
in the Vendian-Cambrian interval 
(115 Myr) - such as Arthropoda, 
Brachiopoda, Mollusca, Echino- 
dermata, and Chordata. Certain 
orders and phyla that arose in the 
Vendian and Cambrian did not last 
long. After the Cambrian, the only 
new skeletonized phylum was the 
Bryozoa (early Ordovician, but with 
(?I Cambrian ancestors). Soft-bodied 
phyla, such as the Sipuncula, Nema- 
toda and Nemertea, apparently 
arose after the Ordovician, but their 
fossil records are too patchy for this 
to be certaind. 

In terms of classes, more than half 
of the 62 fossil and living inverte- 
brate and vertebrate examples arose 
in the Vendian and Cambrian, and 
54 of these 62 were in place by the 
end of the Ordovician. Appearances 
of new orders match this pattern, 
with more than twice as many 
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Fig. 1. The pattern of diversification of families of skele- 
tonized marine animals. The graph shows the numbers of 
new phyla, classes and orders that appeared in each time 
interval. Modified from Ref. 3. 
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(152) appearing in the Vendian- 
Ordovician interval, as in the 
Triassic-Cretaceous interval (73). 

This second major radiation in the 
Mesozoic saw the appearance of no 
new skeletonized phyla or classes at 
all. The new post-Ordovician classes 
are nearly all vertebrates (four of 
‘fishes’ in the Silurian and Devonian, 
Reptilia in the Permian, and Mamma- 
lia in the Eocene). The latter two are 
of course introductions of terrestrial 
groups into the sea. Half as many 
new orders arose in the Mesozoic 
diversification phase as in the early 
Palaeozoic, as just noted, and these 
include major groups of bivalves, 
gastropods, malacostracans, echi- 
noids, fishes and reptiles (Fig. 1). 

Whereas both phases are similar 
in terms of the rate of appearance of 
new families, the second phase 
shows only half as many new orders, 
and no new skeletonized classes or 
phyla at all. Erwin et a/.3 relate these 
profound differences to the scope of 
adaptive novelty. In the Vendian to 
Ordovician interval, there were great 
opportunities for the exploitation of 
new adaptive space in the sea. Novel 
morphologies arose and became 
established in essentially empty 
habitats. Through time, the potential 
number of habitats was increased, 

organisms became able to burrow 
deeper into the sea-bed sediments, 
or they grew longer stalks to allow 
filter-feeding higher in the water, or 
wholly new opportunities arose in 
reefs - habitats that had not existed 
before. In addition, each class of 
organisms diversified, on average, 
into more major adaptive zones 
through time. 

The second phase of diversifica- 
tion was triggered by a massive ex- 
tinction event at the end of the Per- 
mian. Again, ecospace was made 
available for radiation. However, all 
of the Palaeozoic phyla survived this 
event. Apparently, there was less 
scope for entirely new body plans to 
become established (i.e. new classes 
or phyla). 

These studies suggest that some 
caution is required before calling 
such phases of diversification, ‘adap- 
tive’ radiations. Indeed, Cracrafts has 
argued that this term prejudges the 
nature of a diversification pattern; 
instead it should simply be called a 
radiation. It is not clear whether 
the Vendian-Cambrian radiation fol- 
lowed a major mass extinction event 
or whether it was triggered solely 
by the appearance of major new 
adaptations. The Mesozoic radiation, 
however, like the classic radiation of 

event that largely emptied the avail- 
able ecospace. In a sense then, these 
two radiations were opportunistic, 
and it is a moot point how much the 
competitive ability, or ‘progressive 
adaptations’ of the radiating groups 
influenced the beginning of the 
radiatiot@. Can we say that we live 
now in an age of mammals because 
of their superior characters, or be- 
cause the mammals were able to 
begin to radiate before the birds or 
the lizards, or the turtles did so in the 
Palaeocene? Can these radiations be 
related causally to single characters 
- ‘key adaptations’ - as is often 
assumed, or are they more complex 
affairs? 
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