
perimart is between normal and rhombo- 
hedral pressure-tempemme-quenched C& 
at ambient conditions, 709 A3 and 603 
respectively. These effects would be partial- 
ly offset by the reduced (negative) contri- 
bution from the entropy term TS associated 
with the onset of orienmional mder. Cal- 
orimetry experiments on RbCa show -11 
reversible hears of transition that are more 
likely associated with first-order orienta- 
tional ordering tramitim than with bond 
formatian or large volume changes C?), A 
calculation of h e r s  ( 1  1) show no 
carbon distortions and an 8.4 a center-to- 
center dis-e, eqnal to the undktorted 
€& skeleton d i m  (about 7 A} plus a 
C-C single boEld l&, considerably 
d t m  the dxwd values. A h  in 
dm R E m  ease, ptymer formatian on cool- 
kg fcm 15m wmpetm with phase =pa- 
ration iau Cm 9nd fk- in the potassium 
am10gJ slow d i a a ;  leads to p h w  separa- 
tion, whmem quenchkg pduces  a similar. 
metastable orth-ie strwture but with 
a larger minimtlrn hter-ball distrurce 9.61 

(12). There is ample motivation to 
tackle thw issues: particularly inuiguing 
is the possibility that the mono-anion poly- 
mer is m e d i c  while the mono-anion cubic 
van der Wads solid is not. 

It is aEso probabiy true that we have not 
bard the last from practitioners of the 
more traditioad golymerization reactions. 
The ever-gmwOWbg Iist of mmo-functional- 
is;ejs fuikmnw will ceminly present sppor- 
tunities far rational polymer synthesis us@ 
salution techniques. In the best of all pos- 
sible worlds we will end up with two fami- 
lies of fullerene polymers: the all-carbon 
versions described here and those originally 
envisioned with heteroatom linkages be- 
tween molecules. 
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Getting to the Roots of 
Flowering Plant Diversity 

Sean Nee and Paul H. Harvey 

T h e  fwil  record tells us that speciation taxon and its nonradiating relatives can be 
and e~tinction rates have, on occasion, reduced. Because closest relatives generally 
changed dramatically. Much has been share the greatest number of characters, the 
written recently a h  powibl causes of comparison should be made between the 
mass extinctions, particularly the one at closest relatives possible. Sanderson and 
the dose of the Gretaceow pe r id  which Donoghue provide a powerful and elegant 
has been ciaimed to be -at& with vrocedure for achieving that end. 
the impact of a $&- 
abreammidand* 
1- of hxunmkids- 
beloved ciimmw 
Rather lee3 atth- 
tian ha been paid 
ta dre masons f a  
sodde* i n 4  
rates of diversio~ca- s 
eion in wicular 

&%hue in thii 
wc.9$r's &knee (1) a p & ~  a new method 

m y  prove useful in helping m identify 
the a m  of evolutionary radiations. 

h e  notable exception to the lack of 
succiw in understanding the sudden ten- 
dency of particular taxa to diversify has 
been Karl Liem's 12, 3) elegant analysis of 
changes in the jaw mwla tu re  of cichlid 
fishes which apparently, opened up a 
whole new range of feeding niches into 
d i c h  the group could radiate. CichMs are 
now extraordinarily spe~iose~ particulady in 
African lakes, despite competition from 
specie* belonging to several other f& fami- 
lies, The change in jaw mwulature in ci- 
cUds map thereftsre have been a mcalled 
key innovation. Such key innovations are 
not prerequisites far adaptive diations. 
For example, there was not necessarily any- 
thii special about the species of finch that 
originally invaded the Gal4pagm I&& 
and led to the radiation known as Danvin's 
finches (4). Notwithmnding the occasion- 
al importance of w h  vicarimce event8 or 
c h w  in the envbmmnt that may tum 
a mundane charaaer inm a key innovation, 
it is natural to'seek traits associated with 
the orifsin of a rahtian. The fht step in 
such an analpis is te pinpoint the ~ r i g i i  af 
the t-adiation,~ accwtely as p i b l e .  One 
reamn is that the number of candidates fat 
dre key innovation can be minimized if the 
number of differences between a rad'rating 

Causes of diversity. 
Cichlids (left) had a 
key innovation (their 
jaw muscles) that al- 
lowed rapid diversifi- 
cation while the finches 
of the Galapagos (be- 
low) diversified without 

The aim is to identify nodes in a phylo- 
generic tree from which one daughter lin- 
eage shows higher rates of branching than 
the other, The source material, then, is the 
number of descendent clades arising from 
each daughter branch of a node. Even if two 
clades do not differ in features promoting 
diversification, large inequalities in clade 
size can arise by chance, prompting one to 
ask whether dxenred differences are statis- 
tically anomalous with reference to a par- 
ticular null model, Sanderson and Dbn- 
oghw are, in essence, a s h g  two questions. 
Fit, are the an&ospenns significantly 
mare diverse than their sister grwp the 
Gmtralles! kand, is there a s i g n i f i t  dif- 
fefenetr in divemiry between the two most 
basal angiosperm ckdes? A positive mwer  
to h t h  questions, which is what they ob- 

~h~ hers we in m m  of z-, -1 tain, implies that some angiosperm ac- 
sity of Oxford, South Parks Road, Oxford 0x1 3P9. w. quired features or inhabited environments 



that promoted diversification after 
angiosperm diversification had al- 
ready begun. 

The analysis performed, maxi- 
mum likelihood estimation of the 
paramaters of a pure birth process, 
is sophisticated and is adapted to 
deal with the uncertainties in rel- 
ative timings of the first bifurca- ence between the results of the simple anal- 

ysis performed here and the more sophisti- 
cated one reported by Sanderson and Don- 

assumption that plant lineages oghue. The simple analysis finds the Mag- 
have never gone extinct, should not noliales to be significantly less diverse than 
raise doubts about the robustness of the rest of the angiosperms (P = 0.024), 
Sanderson and Donoghue's con- whereas their's does not. The source of the 
clusions because those same con- discrepancy is not obvious but may derive 
clusions can be drawn from a sim- 

i s $ from the numerical procedures they used. 
pler analysis. Under the null hy- As molecular phylogenies become more 
pothesis that lineages do not differ 5 common, we can expect that studies of lin- 
from each other in any feature af- 2 eage diversification will exploit the addi- 
fecting diversification, if we have a tional information that they contain about 
number of parent lineages at a the relative timings of nodes (5 ) .  Sequence 
particular point in the past, and a divergence provides information about rel- 
larger number of progeny lineages X ative times, and the phrase "molecular 
in the present day, the distribution 2 clock" no longer contains the assumption 
of progeny among the parents will i that lineages are endowed with synchro- 
follow a distribution well known nized metronomes. Imperfect information is 
to ecologists as MacArthur's bro- not the same as no information, as those 
ken stick distribution. The result who exploit the fossil record are well aware. 
makes no assumptions about how Increasingly sophisticated techniques, often 
the clades have been growing- based on maximum likelihood methods al- 
whether, for example, lineage ex- lied to Sanderson and Donoghue's, are be- 
tinction rates are high or zero. Nor ing developed to make the best use of that 
does it matter whether the pro- information (7). 
genY represent only a ~ h ~ l o g e n e t -  Flowering plants diversified after their origin. (Top) Bull 
ically random sample of the clade, bay, southern magnolia (Magnolia grandiflora). (Bottom) References and Notes 
rather than the entire clade (5 ) .  Water lily (Nymphaea sp.). 
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