
Polymorphi
 
hara
ters in Indo-European languagesDonald Ringe, Tandy Warnow, and Steve EvansThe estimation of evolutionary history in biology is a fundamental part of mu
h biologi
al resear
h, withlong-established te
hniques going ba
k for more than half a 
entury. Many of the early evolutionary treesestablished in biology were based upon \morphology". However, the in
reasing availability of DNA sequen
edata, and the introdu
tion of sto
hasti
 models of DNA sequen
e evolution, dramati
ally 
hanged mole
ularsystemati
s. Not only did the methods for inferring evolution 
hange as a result of the new data and models,but the estimations of history also were modi�ed, sometimes in signi�
ant ways. While mu
h still needs tobe understood, without doubt the viewpoint of evolution as a sto
hasti
 pro
ess has itself brought about afundamental 
hange in the way mole
ular phylogeneti
s is done.Our re
ent resear
h has been fo
using on developing appropriate sto
hasti
 models of 
hara
ter evolu-tion in languages, in the hope that statisti
al methods for estimating language evolution based upon thesemodels will be able to address some of the major open problems in the history of the Indo-European andother language families. In our earlier work, we postulated a simple model of language evolution. Thismodel des
ribed how 
hara
ters (lexi
al, morphologi
al, and phonologi
al) evolved, both through \geneti
transmission" and through borrowing between language groups; our model also allowed for limited (andidenti�able) homoplasy, where \homoplasy" refers to the repeated appearan
e of a 
hara
ter state in theevolutionary history, either through ba
k-mutation or parallel evolution. This model seems reasonable formost 
hara
ters, but makes the 
riti
al assumption that 
hara
ters are always \monomorphi
", whi
h meansthat ea
h 
hara
ter has a single state on any given language. By 
ontrast, 
hara
ters with two or more stateson a given language are 
alled \polymorphi
". A simple example of a polymorphi
 
hara
ter in linguisti
sis the semanti
 slot `small' in English, as both little and small have the same basi
 meaning. While thefrequen
y with whi
h linguisti
 
hara
ters violate the assumption of monomorphism is not yet known, ouranalysis of the Indo-European family turned up many polymorphi
 
hara
ters. A 
onsideration of the variousmethods 
urrently used to re
onstru
t evolution in languages makes it immediately 
lear that none of these
an reasonably utilize polymorphi
 
hara
ters.This paper will fo
us on the problem of polymorphi
 
hara
ters using examples from Indo-European, sin
ethorough traditional work on that family has yielded a large body of useful fa
ts. As we have established inprevious work, polymorphism is 
hie
y a property of lexi
al 
hara
ters, and su
h 
hara
ters must be de�nedsemanti
ally in order to render them informative. Polymorphism typi
ally arises by the pro
ess of semanti
shift, in whi
h a word of meaning `x' begins to a
quire a new meaning `y', 
ompeting with an already existingword that has that meaning. Two properties of this pro
ess render polymorphi
 
hara
ters diÆ
ult to use for
ladisti
 purposes in the absen
e of a good sto
hasti
 model of language evolution. On the one hand, somesemanti
 shifts are very 
ommon, re
urring frequently in histori
ally un
onne
ted lineages, while others aremu
h rarer. On the other hand, the polymorphism 
reated by semanti
 shift is sometimes transient (in whi
h
ase it may es
ape the histori
al re
ord) and sometimes persistent; an instan
e of the latter is the English
ase addu
ed above, whi
h has persisted for at least a millennium (see the entries for little and small in theOxford English Di
tionary). Sin
e the borrowing of vo
abulary from language to language also involves alateral transfer of linguisti
 material into a semanti
 slot whi
h de�nes a lexi
al 
hara
ter, it 
an also giverise to polymorphism. The fa
tors governing the frequen
y of borrowing are quite di�erent from those thatgovern semanti
 shift, but on
e a polymorphism has arisen through borrowing it 
an behave like any other.We will propose some sto
hasti
 models of 
hara
ter evolution whi
h produ
e di�erent patterns of poly-morphism and 
onsider the problem of estimating evolutionary histories under these models.
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