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cannot be applied in practice for want of the necessary, independently aequired knowledge of how

churaciens change in evolution. The relative
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that the traditional theory of a relationship

dittes of the fisils is shown 10 be more compatible with
. Finally,
ms are compared. That shared by mammals and

the hypothetical COMmMon ancestors

netionally incongruent, and
several lines ol evidence all
between birds and crocudiles,

KEY WORDS:  Mammals - birds crocodiles — Haemothermia - Archosaurin - systematics —
classification,
CONTENTS

Introduct B H B W e i w g 68

The eharacters of living mammals, birds and crocodiles | 70
Homology . ¥ S e e ow a 70
Characters unique 1w mammals and birds (Hacmothermia) |, 7l
Characters unique to crocodiles and birds (Archesauria) 8o
“T'he prefesred pattern cadogram . | | 82

Fossil tests of the eladogram .| a3
Fousils as paraphyletic, . 83
Transformational homology | ' 85
Tneompletenes of the fissi] record | . Won Ha
Fonsils, Haemohermia and Archosauria E B9

67
OU24-4082/88/010067 + 38 $03.00/0

@ 1988 The Linnean Socicty of Loadon



T. S, KEMP

R 92
Evolutionary tests of the cladogram . . -« =0 0t 93
“The subjectivity of pattern cladism. ... s 85
T d wsaphylogeny . - o« . Lt o - 9
l:'.rzl:il?n:ﬁy":‘rm nfpmammal. bird and crocodile relationships .« S5 100
Ccliions” (=i, miwie tote ol Cag g SR ARadl T Vo BE SR L L 08
Acknowledgements . . .+ -0 T 102

References. o s T e

INTRODUGTION /5

¢ the classification of tetrapods, Gardiner
that amongst living amniotes, the birds
groups, and that together lhcyhlbrm the
i i introduced the taxon
i f the crocodiles (Fig. 1A). He reintrodu
::;f:;m%{lz:rl:ﬁaufor the two endothermic groups, a taxon.ortgmall.lly rriz:::sal:g
Latreille, and subsequently accepted by Owen (1866). This hypothesis

i i i ists [or the last century, that birds
th that held by virtually all biologists ry, tha \
z\lzli:ﬂrpgn::)diles are sister groups, forming a faxon Archosauria (Fig. 1B)

In the course of his reconsidcratic?n o
(1982a) presented the hct_crodox.v:cw
and the mammals are primary sister

Mammalia Aves  Crocodylia Chelonia Lepidosauria Amphibia

Haemothermia l
Thecodontia

Euamniota

A Amniota

Tetrapoda
|

Aves  Crocodylia Lepidosauria Chelonis  Mammalia Amphibia
Archosauria
Diapsida
Sauropsida
B Amniota
Tc!r:podu

Figure 1. A Classification of the tetrapods according to Gardiner (1982a). B. Conyentional

classification of the tetrapods,
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Although in pre-cladistic classifications this taxon was not always formally
named, it was certainly implied by the variously stated phylogenetic beliefs that
linked the birds to the archosaur ‘reptiles’, the mammals being only distantly
related to the archosaurs within the amniotes. Gardiner was able to list no less
than 17 characters that he regarded as unique to (i.c. synapomorphies, or
homologues of) the Haemothermia, and at the same time he criticized the three
main characters allegedly unique to the birds plus crocodiles. This left “only one
or two" characters in support of the taxon Archosauria, characters which he
therefore took to be homoplastic (non-congruent or convergent). In a briel
second paper (Gardiner, 1982b), he extended the list of Haemothermia
characters to 22. Subsequently, Janvier (1983, 1984) and Lovtrup (1984) have
enthusiastically accepted the reality of the Haemothermia, and Rosen (1984) a
little more cautiously embraced the concept. Lovtrup (1985) has recently
reiterated his support, with the addition of five further characters.

Although many, probably the great majority of vertebrate biologists have
dismissed Gardiner's hypothesis as simply outrageous (e.g. Cox, 1982; Devillers
& Ricqles, 1984), it must actually be taken seriously. As presented, the list of
characters supporting the taxon Haemothermia is indeed formidable, and on
the face of it does appear o outweigh any list of characters assembled in support
of the taxon Archosauria. Perhaps because of this initial impression, Gardiner's
hypothesis seems to be gaining increasing currency in the zoological literature, if
not in the form of support, then at least as a tenable alternative to the
traditional view. The purpose of this essay is to attempt an objective comparison
of the two alternative ideas of relationships. Rather than undertake the
mammoth task of a review ol the relationships of all the amniotes, T have
reduced the question to a simple choice between two alternative three-taxon
statements: arc the birds more closely related to the mammals or to the
crocodiles?

The taxonomic method used by Gardiner is that ol pattern (transformed)
cladism, and is recognizably characterized by three principles:

(i) The best hypothesis of relationships is that which corresponds to the
distribution of the largest set of congruent characters amongst the hicrarchy of
groups erected, irrespective of exactly what those characters are.

(ii) Fossils cannot affect a classification that has been established for living
organisms.

{iii) No a prion evolutionary considerations can be used logically in the
creation of a hypothesis of relationships.

Gardiner's hypothesis about the interrelationships of birds, mammals and
crocodiles will be inspected on the basis of these three respective methodological
assumptions: firstly, whether in strictly pattern cladist terms it is the best
hypothesis of relationships of the living forms: secondly, whether the relevant
fossils can legitimately test the hypothesis: and thirdly, whether there are any
evolutionary considerations that can legitimately test the hypothesis.

An incidental characteristic of pattern cladism is a tendency to appeal (o pre-
evolutionary authority. This is presumably on the grounds that much of modern
taxonomic procedure has been allegedly at fault because of its ill-considered
reliance on uncorroborated assumptions about the nature of the evolutionary
processes, and how they aflect characters, Pre-evolutionary or non-evolutionary
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{axonomists were not so handicapped, In the present instance, it is interesting to
compare Gardiner’s approval of Owen’s usc of the taxon Haemothermia with
what Owen actually had to say regarding the birds and mammals:

Although the last two classes [birds and mammals] agree as hot-blooded
vertebrates in their higher cerebral development, and in the more complex
heart and lungs, birds, by genetic and developmental characters as well as
by the general plan of their organisation, are more intimately and naturally
allied (o the oviparous saurians than to the viviparous mammals [Owen,
1866: 6).
And again, of haemafﬁrZrmal and haematocryal forms: . . . cach of these
divisions are artificial and convenient” (Owen, 1866: 7). Clearly even Owen
was less than fully convinced of the naturalness of the Haemothermia,

THE CHARAGTERS OF LIVING MAMMALS, BIRDS AND CROCODILES
Homaolagy

In pattern cladist terms, the evidence for the naturalness, or reality ol a
proposed taxon is that all the members share characters otherwise unigue to
that group of organisms. Where alternative groupings can be proposed, the
preferred taxon is that whose members share the greatest number of such unique
characters. In the present instance therefore, the question becomes very simply
that of whether birds share more characters uniquely with mammals or with
crocodiles, as Janvier (1984) has pointed out.,

Patterson (1982) reviewed the various concepts that have been associated
with the term ‘homology’, and concluded that for taxonomic purposcs, i
homology is simply a character that specifies a group, i.e. asimilarity present in
all, but only, the members of that group. Any evolutionary connotations
associated with the term are vacuous, in that they can serve no additional
purpose in classifying organisms. It follows from Patterson’s comments that a
putative unique character, or homology, is a hypothesis that must [ulfil three
empirical criteria (see also Neff, 1986). The primary one is that the character is
sufficiently similar in structure, position and development to be taken to be an
expression of the same thing in different organisms; taxonomy might well be
described as the act of recognizing and expressing the distribution of such
similarities amongst different organisms. There is an inevitable degree ol
subjectivity in utilizing this criterion, since it is not entirely clear how detailed
the similarity of a character in different organisms must be for a confident
hypothesis of homology to be proposed. Nevertheless, some such hypotheses will
be perceived to be manifestly mare strongly supported than others, and several
of the actual characters discussed shortly will appear to be very weak as judged
by this eriterion.

The second criterion that a hypothesis of homology must fulfil is that it is
indeed unique to the members of the proposed taxon. A problem here is that a
putative homology defining a particular taxon may occur in another group, not
because the hypothesis of homology is incorrect, but because the other group is
itsell related to the proposed taxon. If, for example, a character otherwise
unique to mammals and birds turns up in turtles, this could be because the
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turtles are themselves related to the mammal-bird group; the character in
question would still be evidence of a mammal-bird rclalionsiﬂp with respect to
crocodiles. Ho_wever, the problem can be avoided by looking for charactcpr: that
n.Ta]Iy are unique only to two of the three taxa under consideration, and
dlsr;!rdlng characters found in any other organisms amongst the rrm:-;inin
amniotes, or amphibians. The cost of this approach is possibly 1o ignart-: certs iﬁ
charalrlcrs that arc actually relevant. The benefit is twofold: first it avoiaq ‘l"hc
growing complexity of the exercise as more and more taxa are cnnsid;:rcd'
second it lca‘vcs open a possible test ol the resulting cladogram, The best
r.laclogmm of the birds, mammals and crocodiles alone should wit']m- tﬂ h
ful'urr addition to it of further taxa. e e
lhf' third criterion of a hypothesis of homology is the congruence test. An
p:;l;luvc hc‘mology must havc'a distribution compatible with the ma_j'c.)r.ity 0)1"
?h; 1:11513:3::;(?1‘;:::];%155 This will be the concluding test alier discussion of

Characlers unique to mammals and birds ( Haemothermia)

The characters claimed to be unique i i

The . . : jue to mammals and birds, and therefore
E]]" evidence for the reality ofa group Haemothermia ave listed in Table [1 .u?;
n‘l‘: l}lﬁ!c‘s thv( :'.ltaruclcrs given by Gardiner (1982a), those additional ones in
Gardiner (1982b), and the five added subsequently by Lovtrup (1985) -

Tavre 1. Published t‘}l?raf!(‘rs claimed to be unique to mammals and birds, From
Gardiner (19824, b) and Lovirup (1985)

. ‘\f'| uration of oxygenated and deosygenaied blood
ingle aortic trunk with three semilunar valves

A Pulmonary artery with three semilunar va
4. Endothermy

'!. Similar thermoregulatory mechanismes

6. Three meninges
7
i,

: i:'::jl‘ltlllll:l“tni::tl:ll:::l; pons varolii, inferior olive wid pontine nuelei
9. Muxillary process
10, Adv ious cartilage
11, Atlas, axis single ossifi
12, Vascularised islets of pa
13, Pincalocytes, oxytocin, prols
4. Macula densa
15, Loop of Henle
16. LDXH

kv ermal melanin unit

1. lar embryology including primitive streak

.I!L ilar brhaviour patterns including inenbation (monotremes und birds)
20, Diving birds and mammals show anaerobis and bradyeardin ‘
21. Similar dumbbell shaped otoconia in the lietus

ﬂ-_ ystallin (lens protein)

23, Histology of the neurohypophysis

2: Pars lulwps t_unIy MOnOLremes wmong mamtals)
I.) I_',lalg.mg_lmlm nerves through plexuses and ganglia
26. Sinc-auricular and auriculo-ventricular nodes

27. Dermal bones below skin

26, Similar myoglobin and a-crystallin sequences
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this character
blood: As so expressed, :
i enated and deoxygenaled e
i J.'Seﬁam!mn_qf;:_s;;ga“d must be re-stated as the actual st]‘(l.;.lctll}l‘t; i
i l"alrly_l:';te:;._n:r;f These are the septa of the hcn.rt,Gal:_:dqg WI(1982a) e ot
o gromnt o do i character 2. As Gardiner 5, it i
i alt with under cha . prughaig e
the ao;'cl:; }:L(;l:":h?mmplcte intcrvcntnrulalr se?gﬁm of Tgstg{ml-‘;::lmcs, 1673)
e imilar aner, ;
ntally very simi ar o
stl'ucllura“yegn[fl dc‘l’;:?g:r:ulogzc ofnt’he reptilian m\.l_sculari'_[scp::r:_, tchcirsncpsam“
gnd ':J::’«r:ry mr:rrxl:branuus growth from the endrotchard;\:;:du;u;’ sribpeiidniny
o i tricular septum o! & croc s n 5
‘mth;m’ silc||‘:‘ljw ﬂ'::ltitillcn:i'::lnr::n;cr, and llll'lcrcﬁ.m: this structure is not unique
and formed in s i
; i i amni Gardiner
by be identical in all amniotes. 1
s ol el ic right and left
St altiii;:f: the l'ofamcn ovale between the cmE;‘y:(;"fll::i;EIWm L
“9823‘2 it mondary perforations of the septum are standa
atria. Sucll sec >
i ich, 1930: 557). : e,
e 'I'Gu?ﬁ;:ltdllhc left atrio-ventricular valve of hn‘d.-q] alm_d T,T;:é’r i
HF e rlllums membranous folds, in contrast to one l'rlxc Iuvmnlve e
i ?r o tes, anc the two folds of the n"tammalmn ml.lrnllliun :m S
mnm"?ﬂ"“n anilmolcar.l. defined left atrio-ventricular valve -(]0”-:13“ Wi
s i }:10 15;;0‘ §>63) :icscribcs it as developing I'|:(1n1 two-\iit ‘l:;;mannﬂ 1960:
il t m and an outer one from the vc.nlnrular wi l-m B exsialh,
from the scp}l: t this valve usually consists ol two CLlspf:.n) e i
79’:’) Sf;llltf;irllaiy West, Lowell & Jones (1981: ‘2.‘59)'“!3..1;5:“ m];y byl
e oy ntinuous sheet around the orifice ;m.d exhibits i g B
e a‘ cfo re w.hich has led to some confusion over u:'[ i
s dd e.au-r‘ni‘tral or tricuspid.” The monotreme va}lf;:rh.: H[OLWB- i(ia T
gf:;r\l,l;fw ?:1 being controlled by papillary mu;c;l:s V(fl‘-\r:’ ::[ s 1970 6, @ e
i atri triculs t E 5
identally, the right atrio-ven ' sl o e
DOW(:I)!;"II::‘;u:mm yquiw unlike that of any mammal (Goo "
musc structure,
" birds ammals,
oy 19812- cluded in his list of unique chnraf:lcfs of lnr'l(l: .fl;cil:l:llwa"s %
Mt.hOUKl]lgfg:;aE“212) mentions that: “the venous drz.nnugchu.i li!t.h: ‘an—jum -
bGar?l’ll.:c;x{'eat c;;rdiac vein which opens} leéc;gy)' ’En'lt‘?,i; j,: mrﬂgquile i
)’ ials, ¢ irds (Griffiths, : quite i
: ials, and birds ] Pkt o
'mogiorg: n;t:’(.-r':z'ﬁuzmesllim. Lindsay (IQGJ) dcs('::]rlbcsc::}-c::]lal\lr;l.nz.n:‘l:- Sl
i : i i ex and several .
cardi iddle cardiac, left circum veral o5 Thime
grcillmc:‘::::lc;czzfglely from one another, although Lindsay noted con
tend to ope

variation in the details.

. 1 211 uotes
ingl tic trunk wilh three semilunar valves: Gardiner lflg;]?:anfma)lsqis the
2. Single rmrr challenge the beliel that the aortic trunk o o, he ifiigle
Holmes (1975) l:_; :11- birds '(hc right trunk. As Holmc§ dclponxtratns. ek
left :ru_nk. andl: y ccan best be interpreted as identical 1.nllhc.:c'l.\*’: iilcrnni
Lr.unk‘ ia both L}':ms.récudjlian condition in its (ailure to divide )I)]‘.a g
differing from the I{d cem Lo be a good homologue of mammals a e
septum. This wou ls However, the whole aortic arch should be cnmpawl-‘
compared to med!L:' whpr{‘up:)n the alleged homology l"""""‘iﬁ."ﬂw Il-I)'l
not b";ﬁ :‘lgllll;cfilx[:;;':r;al11m-ul§ is composed of the n]mdwuhl'd' t:u:ll:l?rl{:’r b
doubtful. The 2 i eft dorsal aorta lying ante Sy
e Syﬁé'-":ll(‘l :;:f:,lamTFth:'lilﬁl!:?r!'rzfx’:lltnh:yilﬂnir arch is retained as part of the
common dorsa .
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right subelavian artery, but the right dorsal aorta is lost during deve
contrast, the aortic arch of the birds incorporates the right fourth s
and part of the right dorsal aorta,

There are only two semilunar valves in cach aortic arch of reptiles, including
crocodiles, compared 1o the three in both mammals an

d birds. Shaner (1962)
has described the development of the semilunar valves in detail for these three

groups, showing that they form from endocardial cushions jn the embryonic
bulbus, In mammals, there are four such cushions, and in crocodiles there are
also four but differendy arranged. In birds there are intially only three, with a
further two appearing later, after (he formation of the seplum  dividing (he
bulbus into pulmonary and aorje channels, Thijg embryological difference

s and birds respectively,

A8 more comparable to (he
crocodilian than to the mammalian, although admittedly this is noy very
convincing.

lopment, In
ystemic arch,

3. Pulmonary arlery with three semilunar valves: As with the v
arch, the differences in the developmental pattern of the

indicate that they too are not homologous in hirds and 1
1962).,

alves of the aortic
pulmonary valves,
nammals (Shaner,

4. EM’qumgy: As with character 1, this character ¢a
reference to the actyal structures responsible for i, in this case presumably (he
presence of a large number of mitochondria indulging in acrobic respiration and

thereby creating a high basal metabolje rate. As such, it is indeed a unique
character of mammals and birds

n only be assessed with

3. Stmilar Mermngulalof}' mechanisms: Gardliner (1982a) me
!hcrmor«:gulamry devices as unique 1o mammals and birds:
mechanism for monitoring core temperature in the spinal
regulatory effect of thyroid hormones; non-shivering thermo
responses such asg huddling; insulating layer (fur or feath
ﬁlncrc('tion; shivering; panting, Several of these are actually found in reptiles as
well. Bartholomew (1982) notes the use of gaping and panting, huddling, and
the role of thyroid hormones in increasing metabolic rate (sec also Firth &
Turner, 1982). It should also be noted that the existence of non-shivering
thermogenesis i uncertain in birds (c.g. Bartholomew, 1977), Shivering seems (o
be unique to these WO groups, but otherwise only insulation, and the associated

Far-cut candidate for uniquencss
s obviously depends in the first

garded ag homologous structures,
Gardiner regards them as such because of their general similarity, but there are

strong  arguments against this interpretation. Baden & Madderson (1970,
Maddrrson, 1972) showed that mammals have only o-keratin, in hoth hair and,
where present, scales. In contrast, birds and crocodiles have scales with
B-keratin on the outer surface and a-keratin restricted to the hinge regions
between scales, The avian feather is composed ol f-keratin, Furthcnnorc, Oster
& Alberch (1982), following Wake (1979), describe a very early divergence in
the developmenial pathways of feathers compared (o hairs, A similar cpidermal
placade forms, but then iy cither invaginates, in which case a hair (or skin
gland) forms, or else evaginates (o develop into a leather (or scale), Such a

ntions the following
a possible additional
ord; calorigenic an
genesis; behavioural
crs); pilocrection or
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mologous
fundamental morphogenetic diﬂ'erence] woultd l:ﬁ: I:;: E::)g;ct}:;ii :Fal::a ;:agjoe i
4 ibution of neural crest c ; e
{Gardiner rllghﬁz:ogllgljbli: lm:.t significant, because these cells :;{rc txézzlt\;e; galn;;-
t('G“:tli':renr,ofall vc.:rtcbratc dermal-epidermal structures (e.g. Nor
orm
A T
Ig?)-ﬂ"“ meninges: Three cellular la);ter;' z:ire Sﬁll‘;‘gﬁs;?geiu;;(::&?[?i v
( of mammals and birds, : ; o0
s Pe?mus isr):lttl:::nmiddlc. and the pia mater internally. th]&l:l::di:( ik
Z;Tld:i"‘i(;)d r:;::;ts three layers in anurans alnd rcpltlxles;n::ﬁm“an X pocme
irag ! these are equivalent to the
dllagrﬂ%’:’—': inacl::”:sl ml:ttlll:: arachnoid layer is not rrgx:esemcd and the dura
]ma;::::l is double. However Kuhlenbeck states (1973: 682):

! avian

i hat, in accordance with Gegenbaur's cun.ccplr [ﬁl‘ [:?cﬂn-‘;’ri[gs
: :Ijgll:;.?;:l]l :r;tchnoid membrane, trabeculae, z;)rlld lpu:h: ]cp:,mcnim‘ "
" a differenti i mparable to «
i, iy dﬁ"mu:ez:\i:m:l?;ef;;x'aﬁzch}:loid membrane of Pa.l?]y”]:
e t,.hm:t tilialar; ‘dura’ of Kappers are homologous ;lwt lh._-r.
e, aT'Td deavizn arachnoid membrane. _The dura, ‘ﬁl:l‘( e o
?bz;e-:::llgf:n:(mccivcd as a fairly well differentiated ectomeninx.
1and, o

i ationships between the
iation i details of the relations e
i he variation in the i rela oo
bnt,rchn::s?n :liH'rrem regions of the mammahan! u.n‘l:lta;i:;::wu ¥
o i @ n 5.
::Y;laractcr does not clearly categorize only mammals a

1 i: The division ol the
it, inferior olive and pontine nuclei: T'he divisior 't
, » pons varolii, inferior olive an i Cliitignies 26
o c'”:bd!';,:'iﬁs of folia i)y transverse fissures is perhaps llu| nllii‘n-;l i l],t
: s H e 1 ¢ v
C.‘-"?]IJCI‘!:J-W‘ l;:l(\:rvcn mammals and birds. Despite ]hm.k ?ll-l(]i]?"-,?ﬁl) Bl
;;F;l:;:ﬂir 'iﬂdcpt'ﬂdl'"“"- o HTU;.IPE. K;ha!:rll"\: }uli't :wl!;zwic:!”y valid,
i “indivi alian an b a as bas she
b logies of individual mamm ; i ; e
LaT!F”' ;?zzod?fagrrcmems about the precise details, Il’( sl{‘Sl‘l‘t}\ ﬁzldm.gh B j e
dg?“l:' ke the same view, although they do warn | 1[‘.1L By, St
197) da the suggestion that the same  type 'ol uncti , -,l. R alaly
hazard s {;olh birds and mammals this remains unp_rm:.l .' B
Cﬁafﬁflgfl:ﬁ ‘proof” would be necessary for the hypothesis of homolog
time." Su
: e ive i i appear to be
lul]y enablls‘h(;- nuclei and inferior olive in the brain slc‘mr(lio‘ 1|;|;0.ca A
The Ponl:“ﬁmluls.s and birds, and as far as is known thcui‘ i l);c;si 7:4) onw
S atic s 975: states
un:l:“:ntra(l;le regions of the cerebellum. However Kuht;‘th:m { s
lcluatllhc macroscopically well defined pong of mammals is p
h :

- tes. .
any other vertebra o e
8. Scrall-like turbinals: Gardiner (1982a: 214) rvl:lxs ];n- t}|1,tu"|c| o
ormi sroll-like  turbinals, often supporte Y . =,
e s Bt ithelium”. However, there is very gre:
axilloturbinal devoid of olfactory epithelium®. oy [Lrhiua]g : oLy !
(T'Elirull' in recognizing homologies between paruc‘u{;l- gt e
a:nungs: the various amniote grou}(){s. Pm:minssu(f;igfm;l e
i : “The presently available evidence is in B lepe o
e ;}3'( I.‘I:':'l:el)(‘)ﬂt't‘l' (1937: 277-279), who was lully Illtllulr:“i lt[’hI:l[d th;-
'gu“:‘-;'“;;(.'d ‘p;ut'm's. remained  doubtful  and sugs_!usti‘d i”::n)mlog:mﬁ in
:::M]i'l;:turhilmls and atrioturbinals respectively may be h
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crocodiles, birds and mammals. The more Posterior and dorsal structures in the
three groups defied close comparison,

9. Maxillary process: This refers to a postero-medial process of the maxilla
developed in the embryo during early ossification, It i very variable in
development within the Broups, its homology in mammals and birds is to say the
least doubtful, and crocodiles have a comparable structure, In birds, Romanoff
(1960: 987) refers 1o it as the palatine process of the maxilla, and describes it as
projecting medially and posteriorly (o form an angle of 30° with (he Jugal
process. Later it extends medially into the pars palatini, In Ornithar/gynrku:, De
Beer (1937: 299) states: “The maxilla consists of an alveolar portion, an
ascending portion which covers the lower part of (he paries nasi, a palatine
process which extends inwards beneath the ventral edge of the paries nasi and a
zygomatic process which extends back as far as (he similarly named process of
the squamosal,” [y Crocodylus (De Beer, 1937: 266-267): “The maxilla has large
alveolar and ascending portions, and a wel] developed palatine process which
eventually meets its fellow of the oppasite side in the midline ventrally to the
prevomers and nasopharyngeal passage, thus forming part of the false palate,”
Itis not even clear which particular processes Gardiner (1982a) is comparing;
the ambiguity is in any event obvious,

10, Adventitions carlilage: The tendency to form cartilage directly along the
marging of the developing dermal bones does seem 10 be unique (0 mammals
and birds, as far as currently known (Patterson, 1977), although Hall (1984)
does not regard (he question of whether reptiles have this ability as closed yet.

11, Atlas, axis single ossifications; De Beer (1937; 386) shows diflerences in the
development of (e cranio-verehral Joint. In birds angd crocodiles (and also
chelonians), (he pPleurocentrum of (he embryonic proatlas vertebra fuses to (he
skull 1o form (he occipital condyle, In mammals (and also Sphenadan and
lizards), the proatlas pleurocentrum fuses (o the atlas pleurocentrum, Therefore
the homology of (he single bone forming the atlas of birds with that of mammals
is very doubtfyl, (A more impressive argument against this alleged homology of
mammals and birds is that the atlas of the carly Jurassic undisputed mammaliag
fossil Morganucodan has its adlas unfused (Jenkins & Parrington, 1976) a point
discussed in a lager section.) The formatjon of the axis as a single ossification iy
common (o maost living amniotes,

12, Vascularized isless of pancreas; 'This character appears to be correet, for there
is less vascularization and the islet tssues depend more on exocrine duets in
reptiles (Miller & Lagios, 1970). Some fish have a mammal-like arrangement,

13. Pinealocytes, oxytocin, prolactin; None of these three characters js unique to
mammals and birds, Collin & Oksche (1981: 40) say of pinealocytes; *“T'his cell
type is predominant in (he solid pineal parenchyma of ophidians and mammals;
itmay also be found in other Sauropsida, in cerain regions of the pineal, c.g., in
its solid proximal portion.” Quay (1979) specifically mentjong pincalocytes jiy
lizards. Gardiner (1982a: 214) " also mentions the  autonomic sympathetic
innervation of the pincal gland as g unique feature of mammals and birds,
According o Collin & Oksche (1981 16), *“The sympathetic innervation
becomes distiner i lacertilians and is very abundant in (e ophidian and avian
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pineal organs.” Crocodiles lack a pineal organ (Quay, 1979: 248), and therefore
no comparison between them and mammals and birds is possible.

Both oxytocin and prolactin are more or less universal in vertcbrates (e.g.
Hoar, 1975).

14, Macula densa: This is part of the juxtaglomerular complex, and consists of
specialized kidney tubule cells where the ascending limb of the tubule meets its
renal corpuscle. Sokabe & Ogawa (1974) note the presence of juxtaglomerular
(renin) granules in the reptilian arterioles close to the glomerulus, indicating
that a simple juxtaglomerular apparatus is present, even though there is no
differentiated macula densa as such. In birds, the epithelial cells of the distal
tubule in contact with the renal corpuscle differ from those of the rest of the
distal tubule, but these authors claim that cytologically they are intermediate
between normal distal tubule cells and the macula densa cells of mammals. Thus
they argue that the birds do not possess a true macula. Johnson (1979)
disagpees, arguing that the structure is the same in birds and mammals. It
cert seemns that birds and mammals together show a more complex version
of the Basic reptilian juxtaglomerular apparatus, and that this is a true unique
character of the two groups.

15. Loop of Henle: Only a proportion of the avian nephrons possess a loop of
Henle, and these have the appearance of the ‘short’ mammalian type. Most of
the other nephrons have no loop, but some are intermediate in structure.
Sperber (1960) and Johnson (1979) both note certain histological differences
between avian and mammalian loops of Henle. In hirds, the thin segment of the
loop has much taller cells than the endothelial-like cells of the corresponding
region in mammals. Also the loop of Henle of birds shows a gradual transition
from the proximal convoluted tubule, compared to the abrupt transition in
mammals.

There are also unexpected physiological differences hetween them. According
to Sturkie (1976), urea plays no part in the formation of a medullary osmotic
gradient in the avain kidney, in contrast to the situation in mammals. Also he
states (p. 274): “Differences in concentrating abilities of different mammalian
species has been correlated with the lengths of the individual medullary loops of
Henle involved, but this is not true in birds. However, it is positively correlated
in birds with the number of Henle's loops and the amount of medullary tissue
generally.”

Given these structural and functional differences, the homology of the loops of
Henle in birds and mammals respectively must be considered very doubtful.

6. LDHX: Baldwin & Temple-Smith (1973) certainly report the presence of
this electrophoretically distinguishable version of lactate dehydrogenase in many
species of marsupial and placental mammals and birds. However they showed
that it is absent [rom both of the monotremes groups, and it has not apparently

been looked for in any reptiles, including crocodiles, Therefore it is impossible to
say whether its presence categorizes the mammals plus the birds alone.

17. Epidermal melanin unit: Quevedo (1972) describes how melanocyte cells
below the epidermis of mammals synthesize melanin, package it into
melanosomes, and pass the melanosomes into fine dendritic extensions.
Epidermal cells then pick up the melanosomes by phagocytosis (e.g. Spearman
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& Hardy, 1985), after which the melanosomes break up inl i

) to granules withi
cp;fermal cells. Spearman & Hardy (1985) dc!:cribc Bsimilar der:gr;:}z
melanocytes in birds and suggest that they functioned in a similar way to
mammals. H?wevcr, _S?carman & Riley (1969) showed that crocodiles also
possess melamp containing rpe]anocytca, which also have dendritic processes in
1r;llnl:ate association with epidermal cells. Furthermore, the spatial distribution
o ll e me]anocyt\::s below the epidermis coincides with the distribution of
me aor:;:; granules in the ovcrlzing epidermal cells. Therefore the evidence that
c;;oc iles possess the mammalian type of epidermal melanin unit is the same as
that which suggests that birds do, and this unit cannot thercfore be tak
character unique to birds and mammals. e

18. Similar embryology including primits : imiti

. g primitive sireak: The primitive streak i

amniote Fharacter (e.g. Nelson, 1953). No other specific embryoni;sc;ag'illiral
are mentioned by Gardiner (1982a). . ok

As]:. Szmdz?r behaviour patterns in birds and monotremes, which both incubate their eggs:
B n.ccusuy fun'cuona] correlate of oviparous endothermy, this character must
e accepted as unique to these two groups.

20. Diving birds and mammals both show 1
bing ) anacrobis and bradycardia (d ]
gr}:ﬁr;l):a:). :cimour }:{1982} reviews physiological adaptatiofws o drivri‘:;m?ﬁ
e , and shows that severe bradycardia is normal. Because of thei

. - s l :
})asal mctabc!hc rates, demonstration of adaptive anacrobis is less clear ::.Irt {s)i::z
onger aerobic dives can be maintained. Nevertheless, it has been shown in sea
snakes, and probably Amblyrhynchus eristatus and Iguana iguana.

21, Similar dumb-bell-shaped oloconia in the foetus: 1 have been unable to trace

appropriate references to the embryoni i
T 2 yonic form of the oto i
otoliths) in the relevant groups, sl

22, f-erystallin (lens protein): This versi g in i i
etibis e e vien (D Jonn ;’g,eé;lﬁn of crystallin is also present in fishes,

23, Histology of the neurohypophysis: Lovtru i i
support of 1!‘li5. charac{:!:.pl{eading W'iJn{g]s?fflquui:tcisnm:r?dtvr:ndﬁ(cl9?l) 12
enormous variation even within groups. For example the hislulogy. is dcscrill]):d
r;bse!m‘gt:u ;ni :‘pshenidan at:ld most liTards, with thin walls and a hollow neural

e, while nakes and certain lizards the i
eminentia media thick and mammal-like. Mu:iful?cl :2:121;:50::::?\'2:?["}1:
0}:“" in birds, luC!‘l Ehat he can write (p. 242): “We are thus able to statcat:::
;o : EF:iwh')I,'?,OPhy?“-"-l reptiles shows variations of similar kinds as those stated
Dinm:d 5. dc primitive type of neurohypophysis found in Phasianus, Gallus,

. ea and owls may be directly compared with the type found in Spﬁmdo:;
:[:l X ::at:ytllll::u;:s; v:-:"ncrcas :jhc advanced type found in Anser, Larus, etc. is

. nakes” T : : ! v
invariably of a more coépl?gatcilpi:?:dz'j’: ARG S

24. Pars tuberis (only monotremes): Win
: gstrand (1951: 126-127), again quoted
HZ‘ l‘.’l"'““p,“gm)‘-df’“ not actually support this rharacl)cr. gbccag:lc l"m
scribes a pars tuberis in the neurohypophysis of Chelonia and crocodiles, and
variably developed, in lizards. S e
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25, Post-ganglionic nerves from segmental ganglia through plexuses and ganglia: Pick
(1970), in reviewing the thoracic and abdominal regions of the sympathetic
system states (p. 244): “Visceral nerve plexuses occur along the abdominal aorta
and at the end of the intestine in turtles, are suggested in the mesogastrium and
mesentery in saurians, but are most conspicuous in crocodiles.” There is also
difficulty in homologizing the exact arrangement of the plexuses in birds and
mammals respectively. In birds, Pick follows Hirt (1934) in recognizing a
ganglionated coeliac plexus around the coeliac artery, which serves the stomach,
intestine, liver, spleen and pancreas. There is a second, less complex renal
plexus. In any case, the arrangement in birds is highly variable (Akester, 1979).
In mammals, as represented by the cat, there are coeliac, superior mesenteric,
inferior mesenteric and pelvic plexuses, which have no clear correspondence

with those of birds.

26. Sino-auricular and awriculo-ventricular nodes: An atrio-ventricular connecting
system of specialized cells is present in reptiles, for example in lizards where
sino-atrial and atrio-ventricular ‘plugs’ have been described (Robb, 1965: 383).
However the cells are not so histologically distinct as in birds and mammals.
Robb (1965: 387) refers to Mori in concluding that “the crocodilian connecting
system was intermediate between that of reptiles and birds." The further
specialization of the system in mammals and birds is therelore an apparent

homologue between these two groups.

27. Dermal bones below the skin: The thick dermal layer covering the cranial
bones of mammals and birds correlates functionally with the presence of hair
and feathers, respectively, The latter could not occur without the former, and it
is therefore uncertain whether this should be considered an independent
character, particularly as hair and feathers are of doubtful homology (p. 73).
Nevertheless, at face value it is certainly unique to these two groups.

28. Similar myoglobin and a-crystallin (lens) sequences: Amino acid sequences have
failed to establish clear-cut relationships amongst the amniotes. The most
parsimonious cladograms constructed from different protein sequences usually
show different relationships for the same taxa, Furthermore, different
relationships can be generated with quite insignificant differences in the
numbers of implied nucleotide replacements (NRs) for the same protein (Macda
& Fitch, 1981: Goodman, Weiss & Czelusniak, 1982).

Dene, Sazy, Goodman & Romero-Herrera (1982) found that the maximum
parsimony cladogram for myoglobin had mammals and birds as sister groups,
and the two together as the sister group of crocodiles, as in Gardiner’s (1982a)
classification, This required 630 NRs. However only 638 NRs were required in
order to have the birds and crocodiles as sister groups, a diflerence of only
1.27%,. Given the possibility of silent nucleotide diflerences (i.c. differences not
translated into amino acid differences), it is difficult to accept this percentage as
significant. Maeda & Fitch (1981) added a lizard myoglobin sequence and
[ound again that the most parsimonious scheme had mammals and birds as
sister groups. In their cladogram, 801 NRs were implied, while the conventional
classification needed only a further 12 NRs.

In contrast to Gardiner's (1982b) claim, De Jong, Zweers, Versteeg, Dessauer
& Goodman (1985) have recently found that g-crystallin A most parsimoniously
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;I;::'tf?‘;ct;rol:;ﬁ:xlacl.: a:ddbirds as sistc!' groups, their cladogram requiring 267 NR.

mpmes: e e c:h:] (]t-::c:i?:;?upm' mammals as the sister group of birds plufsl

mq(:]ims e NR&,. group of eutherians. To ‘correct’ this anomaly
lytochrome ¢, which js not i

o r C yet available for crocodiles, :

bctw;t)er:lsfgpdl)clween birds and squamates (lizards and \snak:j Su]l?Pﬂ)m ”
e }:r s am; rtr)-llammnls (Goodman, Weiss & C?elusni;ak I‘jﬂ?;am‘ s

~haemoglobin molecule most pars jously indic. .

. _eh me parsimonious) dicates a bi
;i::::‘:;t:[;rsal?t::pn;m‘(prpmﬁpgl (Perutz et al., 1981), whi},c glo(l(d?::n :I c:’]r‘(ilqlg;()i
d ort tor this hypothesis from botl n

g suf : oth #- and f-haem i
mlm;;:siﬁ;an];tnj::gd :‘cci;:m}r.]'ggl;ta{;:rtainly do not support a [gg:‘(c;}-jrl:z‘;.nnual
- h. o !, : ) state categorically: iy
E&;ﬁ?nﬁgﬁ;"ﬁ renr‘:lcs derived from comparisons of xicse hnymolu::)ltlxl?:m o
gl Ir.:ulla ways been consisien( (as has been amply (iisc' ‘"-”imlup
st [;'ma( l?[?:)a ?‘::lCl}Fod:an el al. (1982), the cylo'c‘hmmlcjz“;t-m)c;’
'n data, ~crystallin A, general s the groupi bi
anl(\lhfrgcou:’l;lcs in the monophyletic suhfl;:::.iigllt)tiﬁ:‘:ii:h"uu rouping of birds
- T,J-.dl 11;5:1";5:“(; homologous QNA sequences will become available
M ) djﬂ‘{,-csc::pc;\lf;d Ln d|3|')osc of at least one problem, that n‘i'
o 3 - WWhether they, or DNA-DNA hvbridisas:
.~(.1;.;5:,11:I}f?,,(:'§} ::::];?lry& Ahlquish, 19;314} will give less ambiguous i:ﬁ}iﬁzif:::%'}
pose new problems of i
l!i:i‘b: T]rmpl:rlon, 1986) remains ul: be ;;'Tr: misepieiaten ihwonle. el
"or the moment, macromolecular (-\'Il .
; I, ma dence ¢ lai ive @
support o a relationship between living lnnnnna;r':r]:d(ll;il:‘;: AR

OF these ¢ atively uni
sk ﬁ-jag-‘{:,l:,l;;l:,“:l} ul;luiuur Irh;u’u('u'm of birds and mammals (Table 1)
as conhidently held hypotheses of i I
sl Tl & eanfident) ypotheses of homologues of i
:;r mllv-m«imolll;(’n!la (.[ able 2), Several of them are also pr('sck-nl in z‘rt:l'm:il'll“d]
5% ()'[.1. § .n other amniotes (characters 1, 5 (in part), 6, 13, 17, 18, 20 P ""s‘
gm;. : 1:.:-.\ l(]l’r them are sulliciently different on s B B i hoton By
nds to eflectively refute the jde:
a that they are
8,9, 11,15, 25). i
In two the sta
te of the character is /n i i
21); and in another (he difference rr(-)[:'lh:::‘\ ;l'lm f‘l‘Ul:Udllt‘S i
ia : odiles s
(rl';«llr:wlcr 28, myoglohin sequence), e
his leaves only nine of the characters as reason,

tructural or developmenal
homologues (characiers 2,3
v 3

chi s 16 and
ho statistical significance

ably unambiguous candidates

Tasig 2 T :
ABLE 2. The rhmm_‘lm of mammals and birds that withstaned
testing for potential homology -

1. Mitochondrin i i

1 Mitoc) i generating high e i rate (4)
g ).‘h,.‘(-n“g P i & hagh mctabolic rae (4)
3. Folded lrf-rr'lwllmn, inferior olive
;lv‘ .el(h'l'nulmm cariilage (10)

2 More extensively vascularized isle

) Xte ly i 'is ol pancre, 2
6. More dl!lfrrﬂll.alwl macula densy (14 i

II:" Lllu'uhulmn of the vges (monoiremes) | 19)

- More dilferentiated conduetion 1 in 1
9. Dermal bunes below ghe llki||"-"l.’f:'..‘“"h el e e

anel pantine nuelei (most of 7
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or homologies of a taxon aemothermia, and of these ree of them (12, 1 and
for h ies of H thermia, d of these, th 4”
) : u:ate otnly a little more differentiated compared to the crocodilian
26) show a tls

Ity.
character state, rather than a clear cut novelty

Characters unique o crocodiles and birds ( Archosauria) i

¥ X i o
i edes that crocodiles and birds “do share. 9‘:\% Hyid
Gandies o erably more have been describe

unique features”, but actually cogs:dnecr (1937: 463) and Bellairs & Kamal

. 4 1. b] b &
i5a1: 2 (la%c 3)"1 n:’}t\: Zmb‘:“yonic skull. Walker (197?}"[‘/:}111‘;“3{?%&(!5
&981} 2&3‘;;) iznleMolnar (1985) have reviewed um[q:;; 55111:: :R bl

i+ i i rticular context ol dISCUSSIE ;
andhcmwd::;\’.\;l?sm:xgotlu:l;bsciyp?clatcd to the birds. As discussed earlier
archosaur

i is-a-pis the three taxa
hat constitutes the outgroup vls=¢=t i, Yo
B ﬂlcb'pzbf:('; 2{1."0‘:udilcs is avoided by rcstnrﬂng' ti::d‘i'olluwmg
n;\aTam:‘cl:; u:;que {0 birds and crocodiles amongst all tetrapods.
charac

Characters of the embryonic skull
1. Median prcna.sa: proc:;.«:l v
apolar cartilages . o
unzd'c:'l[;r?;:‘g‘ the carotid artery. Suprapolar cartilages present {

1981)é bstantial development of the plcurusphennid (ossified pila antotica),
3. Substantia -

; : - aliied by
alisphenoid as claimed

i Jorue of the mammalian alisph | a e

Wh]d? A th; h::?r:fnu the different chO!ldmCTul‘\lal‘ “r'lg;:;i:i)(tn l:“ o

GSardul]:erlgﬁ'g‘:}a)gaz;'ocgdilcs possess @ vestigial epipterygoid in ac

(Starck, 1979),

i i - nasal septum.

ing anterior to the nas . .
l:mmddl f)ack from the basitrabecular processes,
R Bellairs & Kamal,

Tasre 3. Characters unique to crocodiles and birds
amongst living tetrapods

Median nasal process
Infrapolar cartilages
Ossilied plrurmphcnuld
Parasphenoid in threc parts

Metotic cartilage sl

Farm of planum suprase
:‘i?:uclur:nud position of the quadrate
Prenmatisation of bones

Fenestra p!ﬂ:zumu}.n‘rlnda

Slightly curved cochlca V

ll‘l] :‘.I::n‘c‘l'u;ln tube opens medially in pharynx
l‘)... Elongated cnm-uinl_ )
13. Nature of forelimb joints
14. Deflection of wrist in embryo

15. Similar embryonic tarsus

16. Reduction of fifth toe

17, Elongation af pubis and ischivm

18, Hind limb muu:ululn‘;:-

4 hsence of septomaxitia

;:!. at:& aortic arch betier developed
21, Dorsal ventricular ridge

29, g-Crystallin Frurnt :

4 : the seales

ﬂ :ﬂ?:;::lrl{!l?l\ and haemoglobin sequences

Pk okt
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pleurosphenoid (Bellairs & Kamal, 1981). Nor is the pleurosphenoid
homologous to the superficially similar latero-sphenoid of snakes (Bellairs &
Kamal, 1981).

4. Parasphenoid forms separate median rostrum and paired basitemporals.

5. A presumed cranial rib forms a metotic cartilage (subcapsular process),
flooring the recessus scala tympani between the basal plate and the otic capsule.
(De Beer (1937) regards this as unique to crocodiles and birds, although
according to Bellairs & Kamal (1981} it is also present in chelonians. II they are
correct then this character is a doubtful homologue of crocodiles and birds.)

6. Similar shape of the planum supraseptale, before it regresses in birds
(Bellairs & Kamal, 1981).

7. The primary articulation of the head of the quadrate is in a relatively
anterior position, contacting the squamosal and prootic but not the opisthotic
as in other amniotes (Walker, 1972). In mammals, the incus (quadrate)
articulates with the crista parotica (opisthotic) and therefore corresponds to
non-crocodilian reptiles (De Beer, 1937: 405). Walker (1985: 132) has
recently suggested that this character is not homologous in crocodiles and birds,
because in crocodiles the stapedial artery passes dorso-medially to the quadrate,
while in birds it passes ventrally as in other amniotes. Nevertheless, the general
structure of the quadrate is uniquely similar in birds and crocodiles,

Characters of the ear region

8. Pneumatization of the bones surrounding the middle ear cavity, and the
presence of a siphonium from the quadrate to the lower jaw (Bellairs & Kamal,
1981). Whetstone & Whybrow (1983) were able to homologize the individual
pneumatic spaces in birds and crocodiles respectively,

9. Perilymphatic duct opens as a lenestra pseudorotunda, close to the fenestra
ovalis. The fenestra pseudorotunda is formed by the subcapsular process
(character 5), in a manner quite unlike the formation of the mammalian
foramen rotundum (Whetstone & Martin, 1981).

10. Cochlea elongated and slightly curved, compared to other reptiles. In
monotremes, the shape of the cochlea is superficially similar, but it is slightly
coiled at its distal end, and the curvature is outwards instead of inwards as in
birds and crocodiles (Pritchard, 1881). The structure of the basilar membrane
inside the cochlea of crocodiles and birds is entirely different from the organ of
Corti of mammals including monotremes (Griffiths, 1978).

11. Form of the eustachian tube, passing through the eranial base to open by
a medial foramen in the rool of the pharynx, a unique character of birds and
crocodiles that is conceded by Gardiner (1982a: 214).

Posteranial characters

12. Elongated coracoid in shoulder girdle.

13. Arrangement of the elbow and wrist joints, whereby when the elhow (lexes
a ridge on the humerus pushes on the radius, causing the radiale, ulnare and
manus to rotate laterally (Walker, 1972).

14, A similar lateral deflection of the wrist plus manus in the embryo
(Walker, 1972).

15. Similar embryonic tarsus. The calcaneal heel of the crocodile has a similar
relationship to the gastrocnemius and peroneus longus muscles as does the tibial
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.\IAMMALS, BIRDS AND CROCODILES 83
FOSSIL TESTS OF THE CLADOGRAM

Part of Gardiner's (1982a, b; see also antrup, 1985) methodology iy (he
refusal 1o accept that fossi] evidence has g valig role to play in testing hypotheses
ol rcIa[Eunships of living organisms. Ag (pe fossil Synapsicg (mammal-like
reptiles) ang archosaurs have traditionally been regarded ag important jp
deciding the relationships of mammals, birdy 4nq crocodiles, Guardiner’s
assertion needs irwcstigntiug.

Patterson (1981) reviewed the criticisms levelled ag (he role ul'pnlacunmlngy
in taxonomy, recognizing two general kinds, ‘Cladistic’ objections are that fossils
and fossjl Broups are usualy paraphyletic ("ancestral’), Jack unique, defining
c‘hnl'a('lerislirx, and are therefore artelacts of pg objective yge in lesting
cladograms, Sccondly, whay he termed ‘philosophica)® objections are eflectively
cpislr:muiogical, to the effect thyy the fossil record i o incomplete 10
overthrow classificationg based on the wealth of charactery available for living
organisms. A thirg criticism has also appeared, namely that fossils often show
transformationga) homalogies (morphoclines, Gaflney, 1979) whose role jn
specilying BIOUPS s claimed 10 be of doubify lcgilirrmry (Patterson, 1982,

Fossils ag Paraphyletic

Under the inflluence of evolutionary theory, miny palacontologists have taken
the view thay ancestral groups should be recognizable amongst lossils, Such
group will not possess unique characters, byt only a combination of characiers
of the group that j Supposedly gave rige 1o, with general (primitive o
plcsiumurphx’rj characters, Cladistic theory demands that (o be objective, »
natural group of Organisms mugy a) Posses unigue, defining rlmraclcristics, and
therefore (he ancestral groups of (he palacontologist g be rejected (see Kemp
(1985) for a review), They are artefact Broups, in the sense that difTereny
combinations of particular organisms can be mage into ancestra) groups, simply
by differeny arbitrary choices of general characiers to define them, However jt i
UnNecessary 1o go from (his impeccable principle of cladism 1o the conclusion
that fossils in principle cannoy alfect classifications of living 1axa,

Nt many, probably mas cascs, the fossils can he re-classified jnio aceeptable
cladistic groups, by the yse of the unique characters they are already known o
Possess. A traditional classification of the synapsid reptiles (Fig, 24) containg
several paraphyletic, or arbitrary groups, such as Synapsidu itself. pe
Therapsida an Cynadontia, However, (he cladistic relationshi
synapsids can he determined quite satisfactorily (Kemp, 1989, 1988; Hopson &
Barghusen, 1986), and (he group potentially reclassified along with (he
mammals in acceptable cladisgje fashion (Fig. 2B),

There may wel| remain certain fissil lorms whieh actually have
unique characters of their own, and which cannot pe fully classified ¢,
Suppose, [or example, that a fos) Was 1o be found (hy Possessed  severa|
Fig. 3), 10

Mammalian char;lrlcm, but no characters otherwise unique to jself |
adistic group, and js

no known
wlistica lly.

would not he possible to classify this fossil as 5 natural, or ¢f
precise r(-hiliunship to the mammals would be indvlc'r'min;th'. But it coulq still
he recognized ag part of a larger group consisting of (¢ lossil plus the mammals,
e would therefpre still have a pogentia] bearing upon the relationship of



