New Scientist 1 December 1983

647

Can classification do without evolution?

logists who practice a method of classifying animals known as transformed cladism apparently
] reject the theory of evolution. This pleases the creationists—but it’s muddleheaded
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1 Possession of bones (albeit reduced to cartilage in sharks and rays) defines an animal as a vertebrate: so much is universally agreed.
bow the vertebrates shauld be further subdivided is still a matter of dispute: the above is merely a sensible compromise between opposing
techniques and philosophies of taxonomy

| THE PAST FEW YEARS biology has variously
jnffered or enjoyed apparent attacks from within upon
#s central stronghold: the concept of evolution. To the
observer it 1s obvious that most of the debates are
ferned not with whether evolution actually took place,
®imply with its mechanism, and the extent to which
hitionary development is guided specifically by natural
ftion, as Charles Darwin proposed. But one prominent
Ip of biologists has been portrayed as having rejected
jtion itself. They have been greeted in a triumphant
dsheet by the Institute for Creation Research, and repri-
jded by the anonymous oracle of Nature’s editorial pages.
troot of the controversy is a new method of classifying
hals known as transformed cladism.
b be sure, transformed cladism would not have had the
ict it had if it had not been developed in such public and
Pcted institutions as the British Museum (Natural
bry) in London, primarily by Colin Patterson, and at the
grican Museum of Natural History in New York, where
pst-known protagonists are Gareth Nelson and Norman
pick. It gained momentum, too, by being associated, in

- ways sometimes obvious and sometimes less so, with the

philosophies of Karl Popper and Karl Marx. But as I read
through the public debate I am left with the feeling that it has
been helplessly pointed in the wrong direction. Clearly it is
time to ask what transformed cladism actually is; why its
practitioners have apparently rejected evolution from their
approach to classification, which traditionally has been a
stronghold of evolutionary concepts; and whether they are
right to do so.

Transformed cladism cannot, I think, be understood
except within the wider context of biological classification.
People have always classified living things; the modern form
of classification dates from the 18th century taxonomntist Carl
Linneus, but earlier forms of classification go back to Aris-
totle. An accepted classification is essential, whatever its
higher purposes, for communication; and for this reason
alone biology could not do without it. But if the only purpose
of classification were to communicate, it would be difficult to
see what all the fuss is about; taxonomy would be an intel-
lectually rather humble matter. Taxonomists could just
observe which living things had which particular characters,
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such as bones, and use those characters to define groups.
Thus, in this instance, animals with bones are approximately
classed as vertebrates—see Figure 1.

For better or worse, taxonomy is not as simple as that. The
difficulty is that the groups the taxonomist defines depends
upon what character he chooses to consider important. Back-
bones do indeed define vertebrates—but if we take some other
character (let it be the possession of eyes) we should define a
completely different group that included most (but not all)
vertebrates, most insects, most crustaceans, some molluscs,
and some other invertebrates. These animals do not form a
normally recognised taxonomic group; but the question is,
why don’t they? Taxonomists recognise some groups, and not
others, but what is the principle by which they do so?
Taxonomy is not just a matter of defining groups but of
choosing between possible ways of grouping. The choice (if it
is to be convincing) must be supported by clear principles.
Taxonomy has been forced to develop a philosophy to justify
the recognition of some groups, and the rejection of others.
The source of controversy is that different taxonomists have
different philosophies and so produce different systems of
classification.

In practice, modern taxonomists are divided into three
main schools. One of these is called evolutionary taxonomy,
and its best-known members are the American zoologists
Ernst Mayr and George Gaylord Simpson. The second school
is called numerical taxonomy, and includes the American,
Robert Sekal, and Peter Sneath from Britain. The third
school is cladism, whose leading protagonist was the German
entomologist Willi Hennig, who died recently. Transformed
cladism, the source of what has become public controversy, is
an offshoot of Hennig’s cladism.

All systems of classification in practice are hierarchical;
animals are placed in groups, which in turn are gathered
together into larger groups, and so on. But it is possible to
arrive at a hierarchical classification in two main ways, and
the three schools differ according to whether they use one way
or the other, or a mixture of the two.

The first way to arrive at a hierarchical classification is by
studying phenotype—that is, the physical appearance of the
animal—and grouping the animals according to the degree of
phenetic resemblance (the extent to which they look like one
another). The second way is to represent phylogenetic
relationships—the extent to which animals are literally
related to one another. Thus, in a phylogenetic system two
animals that had a recent common ancestor would be classi-
fied closely together, like brothers and sisters who share a
common parent; whereas two animals who shared only a
long-deceased ancestor would be shown to get further apart,
like second cousins, who have only great grand-parents in
common.

Whether taxonomists choose to represent phenetic resem-
blance, or phylogenetic relationships, affects the classi-
fication. Thus, as Figure 2 shows, lizards and crocodiles
should be grouped together—as reptiles—on phenetic
grounds, while birds, which look quite different (except for
their scaly legs) should be placed separately from both of
them. But on phylogenetic grounds, birds and crocodiles
should be placed together, with lizards in a separate group,
because birds and crocodiles share a more recent common
ancestor than did crocodiles and lizards.

We can now identify the nature of the three main schools
of taxonomy. Evolutionary taxonomy uses a mixture of both
phenetic resemblance and phylogenetic relationships; in this
particular case it prefers phenetic classification, and puts
lizards with crocodiles, but in other instances it might prefer
to emphasise phylogeny. This flexible, commonsensical
approach has something to be said for it on practical grounds,
but purists are obliged to subscribe to one of the other two
schools. Thus, numerical taxonomy makes use only of
phenetic resemblance; it would put crocodiles with lizards.
Cladism uses only phylogenetic relationship; it would put

Figure 2 How should crocodiles, lizards, and birds be classiﬁ €
the evidence suggests that birds and crocodiles are literally ™
closely related than crocodiles and lizards: that is, they snalg
more recent common ancestor, as indicated in the top ﬁgure.,
ists, who classify animals strictly according to their evoluiiod
(phylogenetic) relationship, would);here ore put birds with croc®
asin tie middle figure. But numerical taxonomists are more ¥
ested in observable—phenetic—similiarities: and would ¢
lizards and crocodiles together (in the class “Reptilia”) leaving %

on their own (as “Aves”)
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The trouble
-~ with
numerical taxonomy

N UMERICAL TAXONOMY aims to
take " the snbjectivity out bf classi-
fication, but this is not really possible. In
“this simple case, involving seven hypothet-
ical lizards, the hypethetical taxonomist is

AVERAGE
DISTANCE

basing his classification on only two char-
acters:* _skin . colour (represented - by
M—medium, L—light, or D-—dark) and tail
length (gither 2, 7, 144, or 264 units),

A two-dimensioned. graph (top- left)
grades the lizards from dark to light on the
vertical axis, and from short-tailed to long-
tailed on the horizontal axis, S

If tail length is considered more signifi-
cant than colour (itself a- subjective deci-
sion) then the short-tailed types 1, 2,and 3)
form one group, and the very long-tailed

" types (5,6, and 7) form another, as in both
the - ¢lassificatory  schemes shown above,
However, whether lizard "4 should: be

- grouped with 5, 6, and 7.or with 1, 2, and
3 depends on which “tluster statistic™ the
taxonomist -chooses to' adopt. He: could
average the dimensions of 1,2, and 3 and of
5; 6,.and 7-—thus producing the points
marked X, showing the two averages, in the

aph, Lizard 4 is closer to the averageof 1,

, and 3.than to the average of 5, 6, and 7,
and. so the taxonomist could group 4 ‘with
1, 2, and 3. But if he adopts the “nearest
neighbour” criterion then he must group 4
with 3, 6, and 7 because 4 is nearer to 5
than to'l, 2, or 3. ‘

Even if the taxonomist were to compare
hundreds of characters. he could not elimi=
nate the sources of subjectivity. There is'an. -
infinite pumber of cluster statistics,

chools: the numerical, phenetic approach; and the cladistic,
pyhylogenetic method.
In Figure 2 it was assumed that the phenetic and phylo-
ic relations of birds, lizards, and crocodiles were known.
thow were they first established? The rough answer is that
g this is done by looking at characteristics the animals have in
eommon-—that is, “shared characters”. Phenetic similarity is
g established by looking at all characters. Crocodiles look more
R like lizards than birds because birds have undergone large
4 changes in adapting for flight; indeed, if you look at almost
i1 any character, crocodiles look more like lizards than birds.
if Hence the phenetic classification.

Phylogenetic and non-phylogenetic

Phylogenetic relationships are also inferred from observ-
j able characters, but that does not mean that phylogenetic
3»dassiﬁcation is simply a form of phenetic classification.
T Phylogenetic classification concentrates on certain kinds of
cters which (so zoologists believe) are the best indicators

ofa phylogenetic relationship. All characters can be divided
mto phylogenetic characters that are shared probably because
phylogenetic relationship, and non-phylogenetic ones that
probably do not effect a literal phylogenetic relationship. The
kbqne, for instance, is thought to be a phylogenetic char-

Y 3ter in vertebrates: something that each vertebrate has
i h‘;muse it has derived it ultimately from a common ancestor.
| Af‘(igl'een external coloration is not thought to be a phyloge-
| Mtic character: greenness crops up, conferred in all sorts of
vays, throughout the animal kingdom. A jointed, hard
| Boskeleton 1s thought (by many) to be a phylogenetic charac-
§ &0 arthropods such as spiders and insects; but the carnivo-
M8 habit is not. Lactation is probably a phylogenetic
acter in mammals; but monogamy probably is not. In
Clice, phylogenetic (cladistic) classification uses only
fogenetic characters to define groups, but phenetic

{numerical) classification ignores the distinction between
phylogenetic and non-phylogenetic characters and mixes
them when defining its groups.

Such is the abstract form of the two kinds of classification;
They differ in the characters that they use. But that is not all
the difference. Each school possesses a philosophy, a justifi-
cation of why its own, preferred kind of characters should be
used rather than those of the other schools. The question of
which is the best school has to be settled at the level of philo-
sophy, for it is here that the schools proclaim their rival
merits. Let us, therefore, consider the reasons that have been
proposed in favour of numerical taxonomy and cladism.
Transformed cladism, as we shall see, suffers from the same
principal defect as numerical taxonomy, so this discussion is
directly relevant to our main theme.

The advantage that numerical taxonomy boasts for itself is
its objectivity. The techniques used by other schools to
distinguish phylogenetic from non-phylogenetic characters
are (the numerical taxonomist believes) subjective, imprac-
tical, woolly. He would avoid these defects by ignoring the
distinction altogether. He is then left with that other difficulty
that we have met, which is that emphasis on different charac-
ters produces different results. the difficulty appears to arise
only when single characters are used to define groups: such
that stressing the importance of backbones produces one kind
of grouping whereas emphasis on the possession of eyes
produces a different classification. Numerical taxonomists
thought they had a solution to this problem. They would not
base their classification on single characters, but would
measure a larger number of characters, and average them
overall. The averaging is in practice performed (in a
computer) by a “cluster statistic”. The first objective is to
define the “distance” between species, where “distance”
means the average of the differences between one species and
another, in the dimensions of a vast number of characters.

In theory, the whole process is perfectly repeatable: any
taxonomist, if he measures enough characters, would arrive
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at the same estimation of the distace between species, and
hence should end up with the same classification. Subjectivity
had at last been eliminated from taxonomy. Or as the numeri-
cal taxonomists believed—for by the end of the 1970s all their
boasted objectivity had been called into doubt. A splendidly
destructive paper by the Australian taxonomist D. A. S. John-
son identified a number of sources of subjectivity that could
not be eliminated from numerical taxonomy. One of these
sources is illustrated in the Box, and is the most fundamental
of all. It is that there is more than one cluster statistic, and
each different way is liable to produce different results.

In fact there are an infinite number of possible cluster
statistics. For instance, in the simplified example given in the
Box, the hypothetical numerical taxonomist has calculated
the distance between seven species of lizard on the basis of
just two characters, tail length and colour. In that example, he
has decided that both characters are of equal importance. But
in practice he may decide that one character is more
important than the other, and that he should give it a higher
“weight” in the classification. Then, in calculating the
distances, he would not simply average the measurements,
but would allow the more important characters more weight.
Without weighting, the average distance is just the difference
in tail length + difference in skin colour/2. If he wanted to
give skin colour twice the weight, he would calculate (2 x skin
colour difference + 1 x tail length difference)/3. The
important point is that he could substitute any numbers into
this formula, which makes for infinite possibilities.

Once we realise that there is an infinity of cluster statistics
and that no one statistic forms clusters that are more “real” or
more “natural” than any other, then the pretensions of
numerical taxonomy to objectivity crumble away. The
numerical taxonomist can, of course, decide which cluster
statistic he is going to use; but his choice, when he makes it,
will be completely subjective.

Thus, however many characters he measures, however
objectively, the numerical taxonomist must in the end choose
the best way to analyse his measurements, but to make this
choice, he needs to be able to refer to some higher criterion,
and, unfortunately, no such “higher” measure exists.
Numerical taxonomists do sometimes pretend that they have
such a criterion in what they call “overall morphological
similarity”; but the truth is that overall morphological simi-
larity does not exist independently of the cluster statistics that
are supposed to measure it.

So much for phenetic,numerical taxonomy. How does
cladism justify itself? To answer that question we must turn
to the first chapter of the great work of the school, Phyloge-
netic systematics (1966), by Willi Hennig. He there notices
our two possible bases for a hierarchical classification,
phenetic and phylogenetic similarity, and criticises the
phenetic criterion by much the same argument as we have
just been through. If phenetic similarity will not do, what
about phylogeny?

Here we do have a possible firm basis for a classificatory
hierarchy. Unlike overall morphological similarity, the
phylogenetic hierarchy definitely does exist in nature. It really
is true that two species either do, or do not, share a more
recent ancestor with each other than with any other species.
If we can only devise techniques to discover these phyloge-
netic relations, we should possess the ultimate taxonomy:
both a firm philosophy and a set of practical techniques.

His system firmly founded, Hennig set about finding some
techniques. His main contribution here was to develop and
formalise methods that already existed, rather than to invent
new ones. He realised that the best method of showing that
two species share a recent common ancestor is to show that
they share what he called evolutionarily derived characters.

All characters can be divided into those that are
evolutionarily primitive and those that are evolutionarily
derived. The terms are relative to the groups under
consideration. The backbone of a crocodile is derived in so far

Figure 3 Cladists agﬂerentiate between characters that are primitivel
and those that are derived. For any one animal, the terms depend n i1
context. Thus within the context of the vertebrates, the backbone Jji
the crocodile is a primitive character, because all vertebrates hay
backbones. Compared to invertebrates, however, the backbone of thyllk

crocodile (or any other vertebrate) is considered to be derived ; ; l
as it is absent from invertebrates, but it is primitive whegl®
compared with its presence in some other vertebrate such afi¥
a frog (Figure 3). The fact that a crocodile and a frog share Y
backbone is not evidence that they share a recent common .}
ancestor: the possession of a backbone is primitive in verts/ g
brates, and we need assume only that crocodiles and frops 2
shared an ancestor from the dim distant past. But the fact tha
the backbones of armadillos, sloths, and anteaters all posses
a peculiar extra articulation is evidence that they do share
(relatively) recent common ancestor: the extra articulation
derived within vertebrates.
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Hennig’s solution ]

The cladist, therefore, clusters species by their share
derived characters. The use of derived characters is, of cours}
a cluster statistic —one that weights primitive characters asl
and derived characters as 1. The point, however, is th
Hennig provided a justification for his particular clustiie
statistic by arguing that there really is a phylogenet § ;
hierarchy: animals do have ancestors which they may or
not share with other animals. He had, in a sense, solved
numerical taxonomist’s problem.

If we accept that phylogenetic relations are discovered b
shared derived characters, the next problem is to devise tec
niques to distinguish primitive from derived character statf
These are the cladistic techniques. We do not have space #%
discuss these techniques in detail, but they include sud
methods as “outgroup comparison”, which compares chare® .
ters between related species, and the “embryol
criterion” which looks at the order in which characters app®
as the animal develops; and there are other techniques. A%
need to know here, however, is that practical cladistic €6
niques do exist, and that primitive and derived cha
states can be distinguished, albeit tentatively and imperft
Once they have been distinguished, the species ¢
grouped by their successively more derived character
into some reasonable estimate of the phylogenetic hiera
Cladism is a workable system.

Evolution, it should now be clear, is crucially importany
cladism. It underwrites its entire philosophy. It gnarantce
self-justification of cladism against the phenetic schook
evolution were not true, the coherence of cladism wows
lost. Given that evolution is true, cladism can (I beb¥

o
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Eim to be the best system of taxonomy yet developed. It
"Ml ne has found, and in the phylogenetic hierarchy, an objec-
iive basis for classification. You will not, of course, find the
siginal, Hennigian cladists declaring that evolution is not
pecessary for classification; they are well aware that if
olution were thrown out, so too would be cladism. But,
ough it may now seem strange, certain cladists have now
gaimed that evolution is an unnecessary assumptlon in
assification. Which brings us to “transformed cladism”.
if we define a school of classification as a combination of
of techniques and a philosophy to justify them, then
nsformed cladism would count not just as an offshoot but
’ ourth school, different from and in competition with the
igher three. Its techniques have simply taken from the origi-
gl, Hennigian cladism “primitive” and “derived” character
tes, although its practitioners may prefer to substitute
; terms, such as “synapomorphy” and
plesmmorphy , which barbarously disguise their
VO lutionary meaning. But terms are unimportant; the
fgiportant point is that the transformed cladists continue to
‘ the cladistic techniques, rather than the undiscriminating
sharacter choice of phenetic taxonomy.

=

Good technique—poor philosophy

iThe philosophy of transformed cladism is not so easy to
. It appears to be mainly the realisation that cladistic
mques can be applied without assuming that evolution
taken place. This is certainly true: any set of practical
‘ hmques can be reduced to a set of operations that can be
performed by an unthinking automaton. Simply to perform
ism you do not have to assume evolution. You do not
to assume anything at all. But evolution was not needed,

ennig’s system, to operate its techniques. It was need to
5tify them. Transformed cladism therefore is the separation
Hennig’s techniques from the philosophy that justified
m. Its practitioners are asserting that they can do cladism
out evolution, and what they can do, they will.

e rejection of a philosophy, however, is not itself a
osophy, and without a philosophy transformed cladism is
precariously positioned. It possesses a cluster statistic
and has, by a subjective decision, bound itself over to operate
it. But the particular cluster statistic adopted in transformed
g pladism does not even have the merit of being easy to use; you
first to distinguish whether a character is primitive or
ved, and then you can use the character if you decide it is
ved, but must exclude it if it is primitive. What a business!
could be rejected on grounds of impracticality alone; why
ito all that trouble if you are not trying to reconstruct a
ogenetic hierarchy? If evolution is unnecessary, so too is
finsformed cladism.

"We could leave transformed cladism there, as an inco-
nt school of taxonomy, lacking any self- Justlﬁcatlon the
reason for its existence being the subjective agreement of
ractitioners. But when I said that transformed cladism
ed a philosophy, I was referring only to its published
ouncements. Reading between the lines, and listening in
ecture halls, I have detected two (as they might be called)
idate phllosophles Neither has been presented as a
0sophy, but, as it will appear, both could in theory supply
need. The first states that cladistic techniques have to be
because they are the only techniques capable of defining
ps. The second maintains that evolution should not be
med in classification, because if evolution is not assumed
jori, then the classification itself may later be used as a test
e truth of evolution. The first is a verbal trick, the second
Ore complex mistake; but let us complete our work of
olition by proving it.

take the first philosophy first. The argument is that groups
M are not defined cladistically are not defined at all. The
p “fish”, for example, cannot be defined by shared
; Ved characters, fishes can be defined only by a primitive
acter, the possession of fins. Now let us quote Norman

Platnick, of the American Museum of National History: “If
we form a group Pisces, we have based it not on a character,
but on the absence of a character. The group Pisces includes
those organisms with fins that also happen to lack modified
fins (limbs). Such use of the absence of a character is one of
the hallmarks of an artificial group.” If Platnick’s argument
were valid we would be forced to use cladistic techniques not
(as Hennig believed) to discover phylogenies, but because no
other techniques were capable of defining groups. But his
argument is not valid. It merely hypostatises cladism as clas-
sification. In front of that word “character” in the quotation
above, the word “cladistic” should be inserted. Pisces can
easily be defined by a positive character—fins. Fins are a
primitive character state, but that does not stop taxonomists
who do not wish to be cladists from using them to define a
group. Primitive characters may be absent from the cladistic
system, but they are not absent from animals. They can be
recognised, and we can, if we choose, use them to define
groups. Platnick’s attempt to prove otherwise is a verbal trick.

The second candidate philosophy has a superficial validity.
It states that it would be circular to try to prove evolution
from classification, if evolution had been assumed in the
classification to begin with. Transformed cladism therefore
claims as its justification no less a purpose than the proof of
evolution. We must not assume evolution in classification, in
order that evolution itself can be tested.

I have three objections, each of the lethal, and taken
together a threefold overkill. The first is that, at all events, we
do not need classification to prove evolution. Other argu-
ments can supply that need. There is artificial selection,
geographical variation, and uniformitarianism; there is the
fossil record; there are universal homologies, such as the
genetic code. Between them they add up to a sufficient proof
of evolution without classification.

Classification, however, could in theory supply another
proof; but the second objection to transformal cladism is that
this philosophy does not justify transformal cladism. It would
(if valid) be a reason for keeping evolution out of classi-
fication; but it is not a reason for using cladistic techniques,
rather than any other method of classification.

The third objection is that to assume evolution in classi-
fication, and to prove evolution by classification, is not a
circular argument at all. We can have our cake and eat it too.
The relation between evolution and classification is not a
vicious circle, but one of (as it is called) “reciprocal
illumination” or “successive approximation”. Successive
approximation is really only the route by which all scientific
theories are developed. The scientist first tests a hypothesis on
a small scale, and then, if the test is successful, uses the
hypothesis as an assumption in a further test. If that further
test is successful, it is even more likely that the original
hypothesis is true. In classification, one might test whether
evolution has taken place in some small group, such as the
Siphonaptera (fleas), and, once that was confirmed, use the
fact as an assumption in classifying all other living things. In
practice thing are not as simple as that; there is not a single
first stage of test, and a second one of assumption, but a
continual feedback from the results of tests to re-illuminate
earlier knowledge. Such is the process of reciprocal illu-
mination. It is not argument in a circle. So we can, if we want
to, assume evolution in classification.

We should want to. The best-known systems of classi-
fication all use evolution as an assumption, and the phyloge-
netic hierarchy to provide their philosophical coherence. The
theory of evolution, too, is the source of their techniques.
Without evolution, we are left with no sound basis for a
classification, but with an infinity of possible systems, and a
subjective choice among them. Cladism has been trans-
formed, but, if it is to survive, it must be reformed back to the
evolutionary philosophy of Hennig. O

| Mark Ridiey is in the Department of Zoology at the University of Oxford. |






