Cladisics (19906393 398

THE REL WEEN AND
EVOLUTIONARY ¢ cmncs

David P. Mindell,' Jack W. Sites, Jr,’ and Dan Graur
Department of Bological Sciencs, Univesity of Gincinnat, Cncinmati,
OH 13221, U.5.0.
*Dapastment of Zoolgs, Brighanm Young University Prvo, 111 4602, LS A.
*Depariment of Zoologs, Grarge . Wise Faculty of Life Seences, Tel Avic Uni
Ramat Asiz 6975, bael

sity,

Recenty we proposed and implemented a test of the potential role of speciation in

chaagebetwes dernengs v g (il 1, 1909, Sancemon
ncd an ur st n egar 10 i hemoplasic change. We share his
concern I

“correction” are inappropriate, being bused nderstandings or unwpported
assumplions regarding sources of homoplasy, derection of homaplasy, efects of
a  the actual homopl

onr dara et

Review of Model

Our model and test (Fig, 1} sy be vutlined as follows, IF evolurionary divey
oot gradaly

sly over time, with lille or no contribution fiom

then amaunts of dicrete character change wil be sl i any wo
cod. s g s o iciencccmpmrs) a0 e, elaive 1 the ouigeor
by definition, of equal age, and character change (in our case allozymes! il
Fave had equal time (0 sccrc in both. 1 speciation cotibules signiicanty w

e past specits 3

in Fig,
Amouns of eharacree fhﬂr;r ncluding homoplastic change, are deermine dironly

fram branch lengths of a phylogenetic tree.

Decection of Homoplasy

sanderson’s criticism of our test is that clades with more taxa capeure a larger
proportion of the actual hamoplastic change, and that this is  bias in favor of finding
corvclation berween branching events and divergence. Sanderson (1990: fig 1

nore homoplustc curacter
in which ageon a phylogeneti
b d

uange than a clade with fewer branching events. He

cd wa lineage wi g
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N chorccer charges 7 i 3 ?
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.h.w.m i uam,n. i Cgram et s ki s s
e drived char £ o ks o e v o et =
i3 Gt by g branc e on o peone e fx ach i 1f b

e e e spis S 4. 11

b more et charve it g flai o ¢ 0

evenus. For each of his [3g. 11 G}] examples, we provide an equally plnliccomer
éxample in which this s che case. In each of the hypothetical cladograms in o
three cl state changes have occurred. However, the most parsimonions
expli of eharacer states found (0 or ) in the sty taa il on or o
vkt b i el el gain or low and disiribution of the
actual character vuhumg(s Thus, one cannot asume thar adding taxa 1o incage
will 3 i i
can have the revere efct

Extent of Homopl

Sanderson

comment:

p
a branch I they were ot any.
biss in detecing them would have wo net efict. Let us conser, then, whether

evolutionary i ates, there st be a 15
change in & character an a given branch for there o be a 1% chance ofan undetceted
electrophorcie mobility change. Our characrer data show

chance of change per bianch {163 character changes/36 brunche
corresondingly less duan @ 0.5%, chance for undetected changes. On this busis,
ulliple hits are insuffiently conmon

Sanderson’s removal of Gxa is an arifact of the vmision of pertinent data and
redisteibution of characier changes over the wree {see helaw

cspite the reduction in character chunge following the removal e m, was
areater in the speciose Lucage in 11 of 11 of Sanderson's (1990 table
Viing he ACCTRAN opio anc 7 of || compersone g e DELTRAN sprion.




-

o

3 chargen;0 chsarvaa
S i whic luson of addicional s Gashed e sl in 3 ower

Fig 9. Tho v

& paricuar sate for e characte has gt epesdly . her g 4 e, BowEe:

Tate)
e, 04 e of s

n aic 1 e ependen s o e Tawlr b . s
pis 2 TA-C

e

howeser, the trend taward a
pecloe seeiporine ineage b sl apparnt
e vt eceaat ot (v at Avaa; 1) e it i specione
and species poor clades of the same age will she

clades

divergence.
Jineages compared b sl on distancs measures mable 10 disern homoplastic
change), and provides an aliernative asessment in which the rotentil Hasoll
homoplasy detection rates Fas heen “corrected for” as by Sanderson in removing taxa
from the specerich clade We have sl reportod s ming thi approach b

Slposs) was e o hae  arge mean gencc diance (0877 than cxcaur
zenera having fewer comsiuent species {average = 0.929) (Mindell e
Vit . altruaive (and in ou view I appropeias) madl n which mouss o




306 D P MINDELL ET AL

izards i also obscrved.

richuess and allozyme divergence in 2 larger sec of sclopori

erion adocates mu.....u ot all cha
axa, by remaxing thewn all from the species rich

by enly docs b pecmppenc 1har il change reaied by
i of the fll daa e nspecirich clade s matched by undetevicd cangein

thay
speciation. Homoplas

homoplastic change removed may be, in oy divergence asociated with
ry change, and, thercfore, comstitutes

the body of evidence available for the asessment of the potcitial role of speciarion in
contributing (v evolutionary divergence, and biases aguinst finding any association
between divergence and sphtting events.

One History of Character Evolation
ing § removal of o istributed on the
erginal tee, This resull 1 edciing the hitorca path, of charcier change that
tree. Synapomorphics may become autapomorphies and vice
udermines the test, which requires comparison of amounts of character
chungs e b o the ol v 5 heing e b Pl v o

ter relationshipe. For example, consider cvolutionary change of a siugle allozyme

persiieyooms kit rgas da st charcer 7, SMevA (malle

enryme; in table 2 of Mindell et al. {1999] shown here in Fig. 3. Accepting the most

jous tree in Sandenan |1990: fg. 31, lhnwlnuluxlmmhrm mally was

esized 10 have changed once and provided a synapomorphy for taxa -8 [Fig

Sias. s semoval of s 9 62 new o peionion s (majry e
e,

\h« ml g

2 dana ser. Thus, the removal of taxa may have sigifcant undesrable consequences
beyond removal uf homo
A i philoebica poin is that removal of axa, hich e vl of data
compromise the basis for deciding among competing theori angument, that
theory Md conforn 6 hacration, without dpoes of beervato, pravids the

basic rationale for parsmony analyses of phylogenctic relatianships as well {Farris,
1983).
Although we support our dis g 1)
gh o

lineage siting
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In thislight, our data set provides only a subser of the variation poteutially availablein
Alzyrne characees. Not 4l cletvaphereric chane dif eccnces wnong allorymes are

series of different buffers, pHs, and heat treatmen's in various electrophore ic
experiments isee Coyae, 1982; Murphy et al., 1990;

Regardless of this potential for greater resolution of variabilty, allozymes are
ahercutly separated from some change occuring at lower levels of molecular
organization. Only 15 1 30% uf wiino acid changes result in clectrophoretic charge
allozyme) differences (Nei and Chakraharry, 1975 Manhall and Brown, 1975; Graur,
1986 A
wccurring at the nuclearide evel are undetected when camining amino acid changes
Nei. 1975, In this light, it vould be informative 0 apply our discrete character test 0
nucleotide sequences in seeking corroborarion among findings biscd on data fram
different onganizacional level. Application of the text at uny lovel of organization,
including nucleotide sequences, would benefit from careful assessment of rates of
rvolutionary change for the characters to be used. and eorts designed (o fnclude data
sets with relatively Jow amounts of homoplasy.

Summary
Sanderson's concern {19901 with making our original test of the porential
m in contribating o evolutionary divergence as definitive s possible;

We shar
ol o spr
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howerer, s it “conrection’ i

dudes with more taxa will always capture more of the existing homoplastic change i
refiuted by counter examples. Under a Poivon model of evolutionary change, our
origi C chrater datn sene low tham 3 0.9% chance of chargt per
characier per branch, which is below the level at which any porential differences in
homaplsy detcction posc 4 problem, Remaval of taxa as & “correction” has the
undesirable consequences of removing character change potentally associated with

oriinal tree and required by the test. We cun recommend that applications of the test
. A i)

y y, s doncin many phy
studics.
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