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SIR-Cruickshank and Benton' reinter
preted the ankle joint of the early 
archosaur Euparkeria, which they des
cribed as having a modified primitive 
mesotarsal (MPM) joint, rather than the 
crocodile reversed (CR) joint usually 
attributed to that taxon'-5

• Three other 
ankle joints are recognized in archosaurs: 
the ancestral primitive mesotarsal (PM) 
joint, crocodile normal (CN) and advanced 
mesotarsal (AM) joints. The evolutionary 
history of these joints is controversial'-'. 
Cruickshank and Benton did not escape 
two conceptual errors: (1) they treated 
homology as if it were an inductive rather 
than a deductive concept; and (2) they 
invoked hypothesized evolutionary pro
cesses to support their preferred phylo
genetic pattern, instead of using the less 
theory-laden pattern to test hypotheses 
about evolutionary processes. For the pur
poses of this argument, the proposition 
that archosaurs have five different and 
non-overlapping types of ankle joint is 
accepted, although this does not appear to 
be the case'. 

The first problem stems from 
Cruickshank and Benton's1 assertion that 
differences between the ankle joints of 
Euparkeria and Ornithosuchidae (CR) 
preclude homology. To be homologous, 
two characters need not be particularly 
similar, but must derive from a common 
ancestor'. For example, the form and func
tion of the quadrate bone in living mam
mals is radically different from that of 
their extinct relatives, but the elements 
are homologous'. Cruickshank and Ben
ton' admitted that the peg-in-socket ankle 
joints of Euparkeria and Ornithosuchidae 
share a derived condition in that the peg is 
on the calcaneum and the socket is in the 
astragalus. The shared derived characters 
that are consistent with the preferred 
phylogeny are interpreted as homologous, 
whereas those that are discordant with it 
are homoplastic8. Thus, if Euparkeria and 
Ornithosuchidae are closely related, the 
derived resemblance would be most 
simply explained as homologous, even if 
their ankle joints are otherwise com
pletely different. Conversely, if they are 
not, then their ankle joints would be 
homoplastic, no matter how similar they 
might be. So the problem reduces to the 
relationships of Euparkeria: is it the sister 
group of other archosaurs as Benton sug
gested 9 , or is it on the ornithosuchian side 
of the archosaur tree as others have 
argued'-'? 

The second problem faces all phylo-

genetic analyses of archosaur ankle joints. 
The problem stems from assumptions 
about evolutionary processes underlying 
the ordering of states in a multistate char
acter, which can be illustrated as follows. 
Characters having two states, an ancestral 
condition (0) and one derived therefrom 
(1 ) , are termed binary characters and min
imally they imply one evolutionary trans
formation and specify a single character 
tree. But even the minimum number of 
possible character trees rises dramatically 
with an increasing number of states. For 
example, a three-state character (two 
transformations) yields three equally par
simonious character trees [(0-1-2) , (0-2-
1), or (0-1 and 0-2)], and a four-state 
character (three transformations) yields 
16, and so on. Given that the archosaur 
ankle joint has five states - 0(PM), 
1(MPM), 2(CN), 3(CR) and 4(AM) -
numerous character trees, all with a mini
mum of four transformations, are pos
sible. An unambiguous basis10 for choos
ing one among these alternatives requires 
addition of more taxa and binary charac
ters. That is, to conclude that state 0 
transformed into state 1 and then into 2, 
for example, there must be at least four 
tax a ( = 2 x number of transformations) 
and two binary characters ( = 2 x number 
of transformations - 2), arrayed in the 
phylogeny (0(1(1 2))). Thus, demonstrat
ing a linear evolutionary sequence among 
archosaur ankle joints requires a mini
mum of eight taxa and six binary charac
ters. This reduces to a problem of evolu
tionary rates; characters that evolve less 
rapidly (binary) provide a clearer picture 
of phylogeny than do characters that 
evolve more rapidly (multistate). An archo
saur phylogeny derived from binary charac
ters will probably tell us more about the 
evolution of archosaur ankle joints than 
the ankle joints will be able to tell us about 
archosaur phylogeny. 
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CRUICKSHANK AND BENTON REPLY-We 
believe the following may be the points of 
contention: (1) the nature of the ankle in 
Euparkeria; (2) the question of homology; 
and (3) the need to examine as many parts 
of an animal as possible before coming to 
decisions about relationships. Above, 
Parrish illustrates a right ankle of Eupar
keria but gives no provenance for it. These 

tarsal bones differ in detail from those 
illustrated elsewhere' and the reconstruc
tions are also different. The bones of the 
ankle in Euparkeria are very small, but 
seem to be so close to those of Chanar
esuchus and in some important respects to 
that of Erythrosuchus, representatives of 
thecodontian families which range into 
the Upper Triassic, that we have to regard 
them as an independent radiation of the 
Archosauria. 

It would be a neat solution to be able to 
continue to support the contention that 
there was an evolutionary gradient 
leading from Proterosuchus through 
Euparkeria to Riojasuchus, but if we are 
to restrict the argument entirely to ankle 
morphology, then the problem centres on 
Euparkeria. We have difficulty in cor
relating the orientation and reconstructed 
relationships of the Euparkeria ankle 
bones illustrated by Parrish with those 
illustrated elsewhere1.2. The essential 
feature of the calcaneum is the retention 
of a deep , posteriorly directed pyramid, 
which articulated with the complementary 
recess in the astragalus. This would allow 
restricted anteroposterior movement 
only. This is anatomically and functionally 
so far removed from the condition in 
Riojasuchus that we still have great dif
ficulty reconciling the homologies of the 
two forms. Euparkeria and Riojasuchus 
may be said to have similar astragalo
calcanear articulations structures 
shaped like partial cylinders fitting into 
recesses on the distal faces of astragali -
but their axes of rotation are at right angles 
to one another by our interpretation. 

Gauthier argues that we have failed to 
understand the concept of homology. This 
is a larger question than can be properly 
answered here, and is not entirely relevant 
to the original paper'. We argued that the 
ankles of Euparkeria and Riojasuchus are 
not homologous on the basis of detailed 
anatomy, and not on the basis of an 
assumed pattern of evolution. We agree 
with Gauthier that a phylogeny of archo
saurs must be based on an analysis of as 
many characters as possible, from all parts 
of the skull and skeleton'. Our paper was 
intended as a commentary on the large 
numbers of papers that had been published 
recently on archosaur ankles, not as a final 
phylogenetic statement. 
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