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in AI, including workers at laboratories 
in America, Sweden and Germany. 
Two results are particularly interesting. 
One was reported by Seeger at a recent 
Rutherford Laboratory meeting, and is 
from Stuttgart workers, who looked at 
neutron-irradiated AI. The point here 
is that the basic defects, and hence the 
traps, can be modified by annealing. 
Reversible changes with temperature 
reflect the muon motion, whereas ir
reversible ones indicate changes in 
defect structure and can be related to 
previous damage work. Two traps were 
detected in AI : one was shallow, pos
sibly an interstitial cluster; the other 
trap was deeper and is not yet identi
fied. The second result comes from a 
collaboration among five of the 
American laboratories (Phys. Rev. Lett. 
41, 1558; 1978). The experiments 
showed the effects of Cu impurity and 
of deformation. The dislocations act 
as deep traps, with a binding of around 
0.2 eV, and also seem to show the rapid 
pipe diffusion known from conven
tional diffusion studies. The Cu appears 
to give rise to some four different 
shallow traps (binding the muon by less 
than I /50 e V) even at the low concen
trations used (420 and 1,300 p.p.m.). 
The authors argue these traps are 
microclusters of Cu, and that the 
clusters are present a.t levels far above 
random. If so, the muon technique is 
giving new information about alloy 
structure in circumstances hard to 
match otherwise. 

What then are the prospects? If the 
interpretations are right, muon spin 
resonance adds another tool to the 
study of alloy structure, complemen
tary to positron annihilation, neutron 
scattering and various forms of electron 
microscopy. Clearly muon experiments 
need a large accelerator, and cannot 
be as portable as techniques like posi
tron annihilation; applications to 
macroscopic defect structure, as in non
destructive testing, will have to be 
reserved for special cases. There are 
also some open questions. Are there 
really so many microclusters in Al:Cu? 
Are there systems where such muon 
results can be checked by other 
methods, like magnetic or Mossbauer 
techniques? If these microclusters are 

A hundred years ago 
INVALIDS will be glad to learn that, 
amidst the severe weather, a compara
tively mild climate exists in a part of 
their own country. A bouquet arrived 
from Glengariff on Saturday, the 11th 
instant, comprising wallflower, prim
rose, primula, stocks, chrysanthemum, 
scarlet geranium, arbutus-berries, and 
a rose-bud, all picked from an exposed 
garden. In Madeira-but five days' 
journey-ripe bananas and custard
apples are hanging on the trees. Many 
of the gayest flowers are in full bloom. 
From Nature 19, 16 January, 257; 1879 
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real, do they affect mechanical pro
perties? Another question is in how 
many systems can the muon probe 
defects and impurities? Diffusion rates 
mentioned earlier suggested that the 
success with AI was the exception, not 
the rule. This need not be so. Slow dif
fusion only prevents the muon probing 
a trap if the stopping site is random 
within the crystal. However, a slowly
moving muon may be stopped preferen
tially near defects, by its interaction 
with their strain field or otherwise. This 
may be why results on vanadium are 
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very sensitiVe to interstitial oxygen. In 
such cases the muon will probe the 
defects, but will give little information 
about the perfect host. Non-metals 
present their own special problems. 
Ionisation-enhanced diffusion in semi
conductors may ensure the muon can 
always reach a defect; recombination
produced vacancies and interstitials in 
ionic crystals may ensure there are 
always defects to be reached. All in alL 
the exploitation of muons promises to 
yield scientific problems as well as 
solving materials ones. D 

The salmon, the lungfish and 
the cow: a reply 
THE debate on cladism has smouldered 
in specialist journals for over a 
decade. and we are glad that 
Halstead has brought it to Nature 
(News & Views 276, 759; 1978). An 
adverse review (Cain Nature 216, 
412; 1967) of Hennig's book (Phylo
genetic Systematics University of 
Illinois Press, 1966) is about the only 
previous sign of the controversy in 
this journal. As participants in the 
meeting at Reading, named in 
Halstead's report, we find his account 
seriously defective in two respects~
as a description of the meeting, and 
as a summary of the claims of 
cladism and the history of the con
troversy. 

On cladism in generaL Halstead's 
report reveals several assertions and 
misunderstandings about aims and 
methods that were common in the 
early days of the controversy, and 
have been fully discussed in 
Systematic Zoology and other 
journals. Rather than repeat those 
arguments, we should like to focus on 
what is, in our view, the principal 
source of acrimony between cladists 
and evolutionary systematists, a 
problem neatly summed up in a ques
tion raised at the Reading meeting 
and reported by Halstead: 'according 
to the cladists a lungfish is more 
closely related to a cow than to a 
salmon'. Halstead correctly reports 
the exasperation with which the 
accusation was put, and the com
placency with which one of us 
accepted it. If experienced compara
tive anatomists can disagree on so 
simple and fundamental a question, 
either there is revolution in the air, 
or words are being used in different 
ways. 

Given three taxa-for example, a 
lungfish, a salmon and a cow a 
cladist will draw up the three clado
grams showing the three possible 
'more closely related' pairs. 

Each of these concepts has its 
advocates, hut at Reading, a was the 
preferred solution of the cladists, us 
included, and c was the preferred solu
tion of Parrington and Halstead, whom 
we shall refer to as evolutionary 
systematists. following Mayr (L. Zoo/. 
Syst. Evolforsch. 12, 94; 1974). Since 
we do not believe that evolutionary 
taxonomists disagree with us over the 
characters of lungfish, salmon and 
cattle. the disagreement is evidently 
over the meaning of the concept 
'relationship'. Although 'relationship'. 
·affinity' and cognate words have 
been freely used in the evolutionar) 
and pre-evolutionary literature of 
biology, Hennig was the first, to our 
knowledge, to give an unambiguous 
definition of the concept. Mayr (op. 
cit.) summarised Hennig's definition 
of relationship; 'the measure of 
phylogenetic relationship is the rela
tive recency of common ancestry'. 
Stung to give precision to a concept 
they had previously used in various 
senses, evolutionary systematists 
seem to have settled on 'genes in com
mon' as the measure of phylogenetic 
relationship (Mayr (op. cit.) 
'inferred amount of shared geno
type'). Ignorant as we arc of the 
correspondence between the geno
type and phenotype, and of the geno
type in the vast majority of organisms, 
'genes in common' is a rationalisa
tion of 'characters in common', or 
overall similarity. Hence, when evo
lutionary systematists prefer dado
gram c, they mean that lungfish and c·v·gfi·h 
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