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WeextendtheOT-theoretictypologyof vowelharmonyproposedin Kiparskyand
Pajusalu(200X) to theunusualfront/backharmonysystemof SetoEstonian.Several
typesof apparentexceptionsareexplainedby the interactionof harmonywith other
constraints,includingthosegoverningsyllablestructureandstress.We showthatour
analysisof neutralvowels is superiorto thoseoffered by sympathy, turbidity, and
targetedconstraints.

1 Vowelharmony

1.1 Introduction

Thescopeof vowel harmonyin theBalto-Finniclanguagesis systematicallydeterminedby their
vowel systemson the basisof two exceptionlessgeneralizations.The first generalizationis that
(morphologicalrestrictionsaside)all of thelanguageshavefront-backvowelharmonyto thefullest
extentthat their vowel systemallows. Specifically, all vowelsharmonizeunlesssomeconstraint
on the distributionof the harmonicfeaturepreventsit. The secondgeneralizationis that only
lexically contrastivevowelsparticipatein vowel harmony, or putting it anotherway, harmonyis
structure-preserving,in thesensethat it introducesno newvowel types.For example,thereason
underlyingi ande do not become*1and*¨ in backharmonycontextsin Finnishis that *1and
*¨ arenot phonemicin the language(aswe cantell independentlyfrom thefact that theydo not
occurin initial syllables,whichdisplaythelanguage’s full setof vowelcontrasts).Takentogether,
thesetwo generalizationsmeanthat a harmonysystemcanbe understoodasa resolutionof the
conflictingclaimsof syntagmaticfeaturespreadparadigmaticfeatureneutralization.1

Within theseironcladlimits, the vowel harmonysystemsof the Balto-Finniclanguagesvary
widely, in consequenceof their differing vowel inventories.At oneextremeis NorthernEstonian,
whoserestrictedinventoryof non-initialvowels/i,e,u,a/,allowsnoharmonywhatever. At theother
extreme,with threeharmonicpairsapiece,areFinnish,with /a∼ä, o∼ö, u∼ü/ plusunpaired/i,e/,
andtheSoutheasterndialectsof Estonian,with non-initial /a∼ä, õ∼e,u∼ü/ plusunpaired/i/. The
intermediateinventoriesobeya partial markednesshierarchyä � ü � ö noticedby Wiik 1988:
any dialect that hasvowel harmonyat all hasat leasta:ä; in additionpossiblyu:ü and/ore∼õ;

1This researchwassupportedin partby anNSFTwinningGrantto theauthors.Wewould like to thankPaulHagu
for hisgeneroushelpandadviceseveralstagesof ourwork.
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andif oneof these,thenpossiblyo:ö.2 Wiik documentsthefollowing vowel systemsin Estonian
dialects,andharmonyoperatesto thefullestextentpossiblein each:

[1] Initial syllables Non-initial syllables Harmonicalternations
NorthernSeto u o a ü ö ä i e õ 1 u o a ü ö ä i e õ u∼ü, o∼ö, a∼ä, e∼õ
SouthernSeto u o a ü ö ä i e õ 1 u o a ü ä i e õ u∼ü, a∼ä, e∼õ
Northeastern u o a ü ö ä i e u o a ü ö ä i e u∼ü, o∼ö, a∼ä
NorthernTarto u o a ü ö ä i e õ 1 u o a ä i e õ a∼ä, e∼õ
Southwestern u o a ü ö ä i e õ u a ü ä i e u∼ü, a∼ä
Western u o a ü ö ä i e õ u a ä i e a∼ä
Northern u o a ü ö ä i e õ u a i e

Together,thesetwo generalizationsimply thatall theBalto-Finniclanguages(includingasthe
limiting caseeventhosethat haveno harmony)obey in principle the samefront/backharmony
constraint.To characterizetheactualharmonypatternof a given languagewe needonly specify
whatits vowelsare,in initial andnoninitialsyllables.Why thisshouldbesois oneof thequestions
thatwewish to addressin thispaper.

Althoughthebasicpictureis quitesimple,therearesomeinterestingcomplications,andthese
form our secondmaintopic. Thecomplicationsall haveto do with thebehaviorof theunpaired,
or NEUTRAL vowels. By definition,vowels(or moregenerally, segments)areneutralif theydo
not undergoharmony, which, to repeat,is alwaysdue to a gap in the vowel system,either in
the inventoryof phonemes(context-freeneutralization,e.g.1 in Finnish)or in their distribution
(positionalneutralization,e.g.non-initial1in SoutheasternEstonian).

However,thatisonly thebeginningof thestory. Neutralsegmentsmustbefurtherdifferentiated
on the basisof how they combinewith harmonicsegments.The fundamentaldivision among
neutralsegmentsis betweenOPAQUE segmentsandTRANSPARENT segments.Opaquesegments
aredefinedasthosewhich interruptharmonyandinitiateanewharmonicdomain,andtransparent
segmentsarethosewhich are“skipped” by harmony.3 From a theoreticalpoint of view, opaque
segmentsdo not seemvery problematic,for two reasons.In thefirst place,their behavioris quite
uniform, andsecondly, this behaviorfollows a patternof minimizing harmonyviolationswhich
canbereadilycharacterizedby almostanyOT-basedapproach.

The very existenceof transparentneutralsegments,on the otherhand,immediatelyraisesa
theoreticalpuzzle: why should the doubly disharmonic. . .a.. . i. . .a.. . ever be preferableto
. . .a.. . i. . . ä.. . , which hasjust onedisharmonictransition? The term “transparent”reflectsthe
powerful intuition, which hasguidedmanyan analysisin different ways, that the effect of har-
monysomehowreaches“across”this kind of neutralvowel. But how cansuchapparent“action
at a distance”be reconciledwith theprincipleof locality on which somanyfundamentalresults
in phonologydepend?This hasbeenoneof the central issuesaboutvowel harmonyfrom the
beginning,andremainssotill thisday(Bakovic2000).

Not contentwith beingpermeableto harmony, transparentneutralvowelsbehavein remarkably
diverseways. Someareneutralstem-internallybut trigger harmonyin morphologicallyderived

2TheTartodialectsof SouthEstonianhavea:ä, e:ö, butnotu:ü (Wiik 1988:160).
3Harmonictransparencyand opacity in this senseshouldbe distinguishedfrom derivationaltransparencyand

opacity, arising from feeding/bleedingandnon-feeding/non-bleedinginteractionsbetweenconstraints,respectively
(aswell asfrom othercauses).Confusingly, harmonictransparencycreatesderivationalopacity, andharmonicopacity
createsderivationaltransparency, aswe shallseedirectlybelow.
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environments,othersdo not. More subtly, someactuallypreferdisharmoniccombinations,others
preferharmoniccombinations,andwhich way the preferencegoescanitself dependon whether
the environmentis derivedor not. Moreover,if thereareseveraltransparentvowels, they may
divergein respectto theseproperties.

Still, all thisvariationis neitherrandomnorsimplyamessymatterof “degreeof transparency”.
Therearestrict generalizations,bothabsoluteandimplicational.Herearesomeexamplesof such
generalizationsthatwe will discussandtry to explain. Universally, neutralvowelsshowtheun-
markedvalue of the harmonicfeaturefor their (paradigmaticand/orsyntagmatic)context. In
front/backharmonysystems,back neutralvowelsarealwaysopaque. Front neutralvowelsare
opaquein somelanguagesandtransparentin others,andif thereareseveralsuchvowels,theyare
all consistentlyeitheropaqueor transparent.Our goal is to derivetheseandotherpropertiesof
neutralvowelsfrom theinteractionof generalconstraintsthatcanbejustifiedoutsideof harmony
phenomena,in thisway contributingto apredictivetypologyof harmonysystems.

As theprimaryempiricalfocusof our studywe havechosenSoutheasternEstonian,which is
ideally suitedfor suchexplorationsbecauseit hasthe richestvowel systemof any Balto-Finnic
language,with full front/backvowel harmonyanda largenumberof neutralvowelsof both the
transparentandthe opaquekind, somecontext-free,otherscontextuallyrestricted. Of thesedi-
alects,we will concentratespecificallyon Seto,spokenby approximately10,000peoplein the
Southeasternmostcornerof Estoniaandadjoiningpartsof Russia,andby a substantialdiaspora
in Siberia.4 Virtually the samesystemis found in the adjoiningVõru dialect,particularlyin the
conservativevariety which hasbeenselectedasthe basisof the new standardVõru literary lan-
guage(Keem1997). OtherSouthEstoniandialects,spokenfurther to thenorthandwest,havea
morereducedvowel inventoryandaccordinglymorerestrictedvowelharmony,5 andalmostall the
northerndialects,aswell asthestandardlanguage,lack harmonyentirely.

1.2 The vowel inventory

Setohasa10-vowelsystemconsistingof five front/backvowelpairs.

[2]
u o a 1 õ ü ö ä i e

Back + + + + + − − − − −
Round + + − − − + + − − −
High + − − + − + − − + −
Low − − + − − − − + − −

Although the systemitself is perfectlysymmetrical,the distributionof the vowels is skewedin
manyways.In fact,almosteveryvowelhasits ownpersonality.

[3] • /i/ is a transparentneutralvowel.

4Printedtextsin Setoincludethecollectionsof narrativesin Mägiste1977andHagu1999,andthePekoepicof
AnneVabarna(HaguandSuhonen1995).Pajusaluet al. 2000give phoneticdataon thevowels,andToomsalu1995
providesan inventoryof verbsandtheir inflectionalpatterns.We havedrawnon thesesourcesandcomplemented
themwith materialfrom threeinterviewsby PaulHaguwith othernativespeakersof thedialect,which we recorded
in threevillagesof Setocountyin July 2000.

5In addition,theytendto bemorestronglyinfluencedby standardEstonianandconsequentlyshowa lot of code-
switchingandvariation.
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• /1/ (written y in the modernSeto/Ṽoru orthography)is a back harmonicvowel and
occursonly in initial syllables.

• /e/ is a neutralvowel in initial syllables,and a front harmonicvowel in non-initial
syllables.

• /õ/ is anunroundedbackharmonicvowelandoccursin anysyllable.In inital, primary
stressedsyllablesit is realizedas a full back vowel (e in Finno-Ugric transcription,
equivalentto IPA [ ]̈). Elsewhere,it is realizedasaretracted,centralized,reducede, or
converselyafront schwa(Parve2000;thecustomaryF.-U. transcriptionis e

‰
, equivalent

to IPA [e], [e], or [@]). Thereducedarticulationof unstressed/õ/ hasconsequences,as
we shallsee.

• /o/ is a backharmonicvowel in initial syllables,andanopaqueneutralvowel in non-
initial syllables.

• /ö/ is a front harmonicvowelandoccursonly in initial syllables.

• /a/, /u/ arebackharmonicvowelsandoccurin anysyllable.

• /ä/, /ü/ arefront harmonicvowelsandoccurin anysyllable.

Beforeproceedingwe mustexplainour phonologicaltranscriptions.Formscitedin italics are
in standardSeto/Ṽoru orthography, which basicallyfollows the spellingconventionsof standard
Estonian.However,to minimizeconfusionwe write thehigh backunroundedvowel as1(instead
of asy), andwhererelevantwe markprimaryandsecondarystresswith theusualaccents(e.g.á,
à), morphemeboundarieswith hyphens,andextra-longsegmentswith colons(e.g.t:). Thosesame
diacriticswill bealsousedwhenwe give underlyingandphoneticrepresentations,in slashesand
squarebracketsrespectively. The letter q representsa glottal stop. Palatalizationis markede.g.
asin t́. Short(“Q1”) consonants,simplegeminated(“Q2”) consonants,andoverlongconsonants
(“Q3”) aremarkedby C, C:, andCC:, respectively. However,in line with the orthography, we
marktheshort(“Q1”) lenisstops(whichcanbevoiceless,voiced,or semi-voiced)by b d g.

Thebasicharmonyrestrictionisof coursethatfront andbackharmonicvowelsdonotco-occur.
Thestarredwordsarenotmerelynonexistentbut impossiblein Seto.

[4] a. ruga ‘stack’ rügä ‘rye’ (*rugä, *r üga)
b. s1na ‘word’ sinä ‘you’ (*s1nä)

Harmonyinducesalternationsin inflectionalandderivationalsuffixes,asillustratedin [5].

[5] a. pan-daq ‘to put’ müü-däq ‘to sell’
b. nõs̃o-s̃o ‘they rise’ elä-se ‘they live’
c. opp:a-ji-lõ ‘to teachers’ rebäs-i-le ‘to foxes’
d. saa:-ma ‘to get’ jää:-mä ‘to stay’
e. naĺa-tta-nuq ‘joked’ (Pp.) nälü-ttä-nüq ‘starved’(Pp.)
f. tütt:re-kkene ‘daughter’(dim.) maama-kk̃onõ ‘mom’ (dim.)

Stemscontainingonly transparentneutralvowels(e in initial syllablesand i in any syllable)
alwaystakefront endings(e.g.pet-m̈a ‘to deceive’,ihft́-mä ‘to poison’). Within a stem,however,
thesevowelscanfreely combinewith backharmonicvowels.
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[6] a. tuli ‘fire’ ütsi ‘alone’
b. kari-sta-ma ‘to punish’ käri-stä-mä ‘to sizzle’
c. kobi-ma ‘to grope’ köbi-mä ‘to grope’
d. kl1bisõ-ma ‘to rattle’ libise-m̈a ‘to flutter’
e. ilma ‘without’ silmä ‘eye’ (gen.)
f. lippõ ‘lye’ nimme ‘name’ (part.)
g. kill õ ‘shrill’ kille ‘flummery’ (part.)
h. teeda ‘grandpa’ es̈a ‘father’
i. ikkõ-tta-ma ‘to causeto weep’ ile-ttä-mä ‘to shine’
j. vii:ra-ma ‘to leaveawake’ hii:l ä-mä ‘to shine’
k. kirsa-hut-ma ‘to cry out’ irvä-hüt-mä ‘to crow’
l. klei:a-ma ‘to glue’ lei:nä-mä ‘to mourn’
m. hibõ-lõ-ma ‘to fly’ (of flags) vide-le-m̈a ‘to loaf’

In WesternSeto(whereourfield work wasdone),thefront vowel ö is restrictedto initial syllables,
exceptfor babytalk andcertainaffectivewords(e.g.jäńö ‘bunnyrabbit’, hérösk‘silly goose’.We
treattheseasbelongingto a separatestratumof thevocabularyandconsiderthato in non-initial
syllablesis neutral.6 After sucha neutralo, backharmonyis obligatory:

[7] a. läh:ko-lõ ‘near’ (allat.)
b. Höödo-kk̃onõ ‘Teddy’ (‘Höödo-diminutive’) (SP120)

This typeof neutralvowel is referredto asOPAQUE, asopposedto I, which is transparent.

Certainsoundchangesturnunstressed/o/ into /u/ and/a/,whicharenormallyharmonicvowels.
When/u/ and/a/ aresoderivedfrom /o/ theydo still not harmonize.In particular,/o/ is variably
raisedin word-finalposition,resultingin opaqueu.

[8] a. /nüssiko/ nüssigu ‘milking pail’ (gen.)
b. /lähko/ läh:ku,läh:ko ‘near’

Stem-final/-o/ is subjectto variouscontractionprocesseswhich result in opaque/-u/ and/-a/ as
well. For example,the stem/tütrikko-/ ‘girl’ givesa singularstem/tütrikku-/ by raising,anda
plural stem/tütrikka-/ by contraction.

[9] a. /tüttrikku-lõ/ ‘to thegirl’
b. /tüttrikka-lõ/ ‘to thegirls’

The high backunroundedvowel /1/ (usuallywritten y, thoughwe will just write 1) occursin
initial syllablesasanunderlyingshortnucleus,bothin nativewordsandasa renditionof Russian
/y/ in loans.It is mostcommonbeforenasals,whereõ is obligatorilyraisedto 1.

[10] a. s1s ‘then’
b. k1nõlõ-s̃oq ‘they talk’
c. n1na ‘nose’
d. s1na ‘you’

6In northernSetohowever,ö occursin non-initial syllablesbecauseof a soundchangewhich loweredü to ö, e.g.
nännö ‘seen’,for nännüq in thedialectstudiedhere.
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Thevowelesometimesoccursin backharmoniccontectsin functionwords:

[11] a. laze<minnu ‘let me’
b. sulle,mulle ‘me, you’ (allative)
c. maole ‘I am’ (ST 108)

It alsocontrastswith ewhenneutralvowelsprecedewithin thestem:

[12] a. inemiño ‘humanbeing’
b. lippõ ‘lye’

In contextslike /istu-õ/ ist-õ ‘sat’, it occursafteradeletedbackstemvowel. Otherwisein suffixes,
eandõ alternatevery regularlyby vowelharmony.

Thereis alsoa reducedvowel of rathervariablepronunciationwhich we will write [ı], which
occursonly asanepentheticvowelin final C R clusters,in bothfront andbackwords,e.g./mükr/
[mükır] ‘mole’, /tetr/ [tekır] ‘grouse’, /sõpr/ [sõpır] ‘friend’. In theSetoorthographyit is written
y, but Parve2000considersit to be a retractedallophoneof the neutralvowel i, and indeedits
neutralbehaviordistinguishesit phonologicallyfrom thefull backvowels/õ/ and/1/. This vowel
is transparent,asshownby formslike mükır-ei (with theharmonizingcliticizednegation-ei).

2 Harmony and disharmony

2.1 Typologyof neutral vowels

Oneof thecentralresultsof OT phonologyis thatmanycategoriespreviouslypositedasprimitive
emergefrom the interactionof independentlymotivatedconstraints.The best-knownexampleis
thefoot inventorypreviouslypostulatedin thetheoryof stressandprosodicmorphology, whichhas
beenarguedto bederivablefrom constraintson prosodicform (seeKager1999,Ch. 4 for a clear
exposition).Wethink thatthecomplexbehaviorof “neutral” segmentsin harmonysystemsfollows
from the interplayof faithfulnessconstraintswith context-freeandcontext-sensitivemarkedness
constraints.

Segmentswhich do not undergoharmonyarecalledNEUTRAL. But thereareat leastasmany
kindsof neutralityin phonologyastherearein internationalrelations.A familiardivisionof neutral
segmentsis into opaqueandtransparentsegments,on thebasisof whethertheytriggerharmonyor
not. Theboundarybetweenthemis complex,however. Variouskindsof mixedbehavioroccur. In
[3] weprovisionallyclassifiede in initial syllables,andi in anysyllable,asneutralon thegrounds
thattheycombinewith backandfront vowels.But thisdivisionis still toocrudein severalrespects.
Let uslook morecloselyat thedifferencebetweenthetwo neutralvowelsi ande.

Whenthe nucleusof a stem’s first syllable is i, the harmonicvowels in the restof the stem
aremoreoften back thanfront, approximatelyin the sameproportionasbackharmonicvowels
outnumberfront harmonicvowelsin the languageoverall. This, then,is just what we expectif
i is truly neutral. But whenthe first syllablehase, harmonicvowelsin the restof the stemare
predominantlyfront. Againsta very smallnumberof stemswith thevowel pattern[. . .e.. .a.. . ]
therearemanywith [. . .e. . . ä. . . ]. In otherwords,in initial syllablesthe vowel e is actuallynot
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wholly neutralevenwith respectto stem-internalharmony, but preferentiallycombineswith front
harmonicvowels.ThusemightbecalledSEMI-HARMONIC with respectto stem-internalharmony.

As for i, while fully neutral in all stemcombinations,in derivedcontextsit too showsits
frontness,for stemscontainingonly i (or anycombinationof i ande) consistentlytriggerfronting
in harmonicsuffixes. The three-waydistinctionbetweeni, e, and ä in the stem-internalcaseis
schematizedin [13], wherebracketsmarkthestemboundaries.

[13] Thediversityof disharmonicvowelsequencesin Seto

Stem-internal Stem+ending
[ ä a ] impossible [ ä ] a impossible
[ ea ] marked [ e ] a impossible
[ i a ] unmarked [ i ] a impossible

This illustratesthat the triggeringeffectsof transparentsegmentsmaydiffer in derivedandnon-
derivedenvironments,andthatall transparentsegmentsof a languagedo not necessarilybehave
thesameway.

Cross-linguistically, thereis anevenmoreobviousdifferenceamongso-calledtransparentseg-
ments:theydiffer with respectto thecontextin whichneutralizationoccurs.Theymaybecontext-
freely neutral,or participatein harmonyin somecontextswhile beingneutralin others,or finally
be idiosyncraticallyneutral.Contextualneutralitymaybedeterminedprosodically(for example,
initial/stressedvs. non-initial/unstressedposition)or by the harmoniccontext. For example,in
theMulgi dialect(Tanning1961:33),u is neutralaftervowelsof unlike height([. . . ä.. .u.. . ] ver-
sus*[. . . ä.. . ü.. . ]) but harmonicotherwise(*[. . .u.. . ü.. . ], *[. . . ü.. .u.. . ]), whereasa is always
harmonic.7 Wiik 1988reportsthe samesystemfor SouthernVepsian.Becauseof suchcontex-
tual neutralization,a segmentmay be neutralevenif it hasa harmonicpartnerin the language’s
inventory:therelevantnotionof contrastis acontextualone.

The factorial typology that emergesfrom the constraintsmustaccommodatesuchvariation.
Moreover,therearecertainbasictypologicalgeneralizationsthatit mustexplain.

Unmarkedness. Neutralvowelsbearanunmarkedvalueof theharmonizingfeature,in virtue
of suppressionof the contrast,eitherby a context-freefeatureco-occurrenceconstraint,or by a
prosodicallyor segmentallydefinedcontextualneutralization.Forexample,theunmarkedvalueof
backnessis [–Back] for unroundednonlowvowels,and[+Back] for othervowels.For front/back
harmonysystems,therefore,neutralvowelscanbeoneof i, e,a, o, u, but not1, ,̈ ä, ö, ü. In Seto,
wehavealreadyseenthat i, e,o canbeneutralvowels(andevenits othertwo unmarkedvowelsa,
u canbeneutralin certaincases,asweshallsee).

Uniformity. All neutralvowelswith a givenvalue[αF] of theharmonicfeaturewill beeither
opaqueor transparent.In Seto,for instance,the[–Back]neutralvowelsareall transparent,andthe
[+Back] neutralvowelsareall opaque,a generalizationwhich will be confirmedasexaminethe
wholesystemandfind moreinstancesof eachtype.

Asymmetry. Goingbeyondthepreviousgeneralization,it seemsthattransparentvowelshavea
specificfeaturevalue;in thefront/backharmonysystemswehaveexaminedit is always[–Back].

7i. . .a is retained,asin minnas‘go’ (cond.),exceptin thecontextof palatalizedconsonants(e.g. iļ ļä-ksi ‘quiet’
(Transl.Pl.).jää-nü ‘stayed’müü-dä ‘sell’.
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In Kiparsky & Pajusalu200X we documentthesedifferent kinds of harmonicneutralityand
thegeneralizationsaboutthem,andattemptanexplicationof thespaceof variationandthe lim-
itationson it in termsof a OT factorial typology. Our conclusionis that thecategoryof “neutral
segment”comprisesa family of disharmonicbehaviorsreflectingthe competitionbetweencon-
textualconstraintsandfeatureco-occurrenceconstraints.In this sectionwe briefly review these
findings.

2.2 The constraints

The markednessconstraintsthat governharmonyare of two types: featural markednesscon-
straints, and context-sensitivecombinatoricconstraints. The ranking of theseconstraintswith
respectto faithfulnessconstraintsdeterminestheinventoryin aparticularpositionor context.

[14] Featuralmarkednessconstraints8

a.
[
–Lo
–Rd

]
⇒ [–Bk]: If avowel is nonlowandunrounded,it mustbefront. Thisconstraint

will bemnemonicallyreferredto as*1,* .̈

b. [–Bk] ⇒
[
–Lo
–Rd

]
: If avowel is front, it mustbenonlowandunrounded(mnemonically:

* ä,*ö,*ü).

Theimplicationalformatin [14] is chosenoverthesimpleco-occurrenceformat(suchas*[–Lo,–Rd,+Bk],
*[+Lo,–Bk], *[+Rd,–Bk]) in order to precludesatisfactionof the constraintsby vowelsthat are
simply underspecifiedfor oneof thefeatures.In orderto conformto theimplicationalconstraints
[14a,b],vowelsmustbepositivelyspecifiedfor therequiredfeaturevalue.Of course,if othercon-
straintsor principles(suchastheconstraintSPECIFY proposedby Heinämäki andRingen2000)
ruleoutunderspecifiedvowels,wemayreinstatethesimpleco-occurrencerestrictions.Eitherway,
the importantpoint is thatunderspecificationplaysno role in our solution. Everyunderspecified
output candidatesuccumbsto a more harmonicfully specifiedcandidate,and for everyunder-
specifiedinput, theoptimaloutputcandidateis a fully specifiedwell-formedpossibleword of the
language.Let us addthat this doesnot necessarilymeanthat we consideran underspecification
analysisof harmonyeitherunfeasibleor undesirable.It justmeansthatwethink it is notnecessary,
andthatwewish to setthiscomplexissueasidefor now.

Thecombinatoricmarkednessconstraintthatdrivesharmonyis statedin [15].

[15] Combinatoricmarkednessconstraint

AGR(F): Adjacentsegmentsmusthavethesamevalueof the feature[F] (in the languages
studiedhere,[F] = [Back]) (Bakovic2000:4,cf. Krämer2000).

We alsorequirethetwo familiar faithfulnessconstraintsin [16].

[16] Faithfulnessconstraints

8Eachof theseconstraintsreally conflatestwo constraints,onerelating[Back] to [Low], theotherrelating[Back]
to [Round].Datanot treatedin thepresentarticleshowthattheyaredistinct.
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a. IDENT-�1(Back): An [αBack] inputsegmentin astem-initialsyllablemustnothavea
[−αBack] outputcorrespondent).(PositionalFaithfulness,Beckman1998).

b. IDENTSTEM(BACK): An [αBack] input segmentin a stemmustnot havea [−αBack]
outputcorrespondent).(Note that this is anordinaryI/O faithfulnessconstraint,con-
trasttheOutput/OutputconstraintSA-IDENT(F) proposedby Bakovic2000:23).

Thesefaithfulnessconstraintsbecomevisible in a languagewhentheydominatesomemarkedness
constraint,suchas[15] AGR(F). They determinetwo controlling(“triggering”) environmentsin
harmonysystems.One is the first vowel of the harmonicdomain,expressedby [16a] IDENT-
�1(Back). In all the languagesthat we are concernedwith, certaincontrastsin the harmonic
featurearesuppressedin non-initialsyllables,regardlessof themorphologicalmakeupof theword.
For example,vowel harmonyminimally prohibitsnon-neutralvowelswith differentvaluesof the
harmonicfeaturein abuttingsyllables,suchasCäCaandCaCä in front/backharmonysystems.In
thevirtue of constraintinteraction,theprivilegedstatusof theword-initial syllableestablishedby
IDENT-σ1(BACK) meanstwo things:it is thepositionof maximalcontrast(evenindependentlyof
anyharmony),andit is a triggerof harmony.

Thesecondcontrollingenvironmentis theSTEM. Whenstemandaffix havedistinctharmonic
values,thevalueof thestemprevails.Thefaithfulnessconstraint[16a] thatensuresthis is [16b]
IDENTSTEM(Back). IDENTSTEM(Back)hasanotherfunctionaswell. It accountsfor the“derived
environment”asymmetriescommonlyseenin harmonysystems.Theoverarchinggeneralization
hereis thatharmonicconstraintsaremoreseverein derivedenvironmentsthanstem-internally. For
example,in Finnish,affixesarefrontedafterall-neutralstems:el-el-y ‘living’, tie-tön ‘roadless’.
But within simple stems,back and front harmonicvowels contrastafter neutralvowels: hellä
‘tender’,hella ‘stove’, isä ‘father’, kisa ‘game’,kesy‘tame’, resu‘rag’.9

In asuffixing languagesuchasFinnish,theeffectsof thetwo constraintsIDENTSTEM(BACK)
andIDENT-�1(Back) overlapsignificantly. Still, therethereis evidencefor both. Although the
privilegedstatusof theinitial syllabledeterminedby IDENT-�1(Back) is normallynotdetectable,
it canbeseenin loanwordadaptation,by a kind of Emergenceof theUnmarked:10

[17] a. Peugeot→ pös̈o (not *poso)

b. olympialaiset→ olumpialaiset, trotyyli→ rotuli, pulityyri→ pulituuri

Beforespecifyingtheharmonyconstraintslet usreviewthetypologicalspaceof neutralvowel
behaviordescriptively. To fix thebehaviorof an [αF] neutralvowel, we mustknow threethings:
whetherit transmits[−αF] harmony, whetherit transmits[αF] harmony, andwhetherit triggers
[αF] harmonyonitsown. Toschematizethedatafor front/backharmony, wesymbolizetransparent
vowelsby i, backharmonicvowelsby a, andfront harmonicvowelsby ä, andassumeleft-to-right
harmonyin virtueof [16], asin all thelanguagesin oursample.

• Transparencyto backharmony. Is . . .a.. . i. . . ä.. . excluded?

9Vocalicaffixesaftermonosyllabicrootsact like stem-internalvowels: pes-u‘washing’, tiet-o ‘knowledge’,el-o
‘living’.

10Whentheinitial syllableis stressed,asin thelanguagesconsideredhere,theeffectof IDENT-�1(Back) is indis-
tinguishablefrom faithfulnessto stressedsyllables,which raisesthequestionwhethertheformercouldbereducedto
thelatter. Turkish,in spiteof its word-finalstress,showsthesamespecialstatusof initial syllables,anindicationthat
IDENT-�1(Back) is not reducibleto faithfulnessto stressedsyllables.
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• Transparencyto front harmony. Is . . . ä.. . i. . .a.. . excluded?

• Triggeringof front harmony. Is . . . i. . .a.. . excluded?

The tablein [18] mapsout the different waysin which languagesdealwith thesesituations.
Eachcolumnrepresentsa typeof disharmony. Thestarsin thefirst columndiagnoseharmonyit-
self: if a languagedoesnotbarsequencesof disharmonicsegmentsin adjacentsyllablesit doesnot
haveharmonyatall. Thecheckmarksin thesecondcolumndiagnoseneutrality:if a languagedoes
notallow suchsequencesof syllablesit doesnothaveneutralvowelsatall. Thelastthreecolumns
of [18] representthethreecritical diagnosticsjust listedthatestablishthedescriptivetypologyof
neutralvowels.Sinceharmonyis oftensuspendedinsidestemsby thefaithfulnessconstraint[16b]
— to which we will return in a moment— we considerherethe derivedenvironmentcase(as
shownby thebrackets),in orderto castournetaswideaspossible.11

[18] Thedifferentiationof neutralvowelsin derivedenvironments:

[ [ ä ] a ] [ [ a ] i ] [ [ a i ] ä ] [ [ ä i ] a ] [ [ i ] a ]
a. Finnish * ✓ * * *
b. Uyghur * ✓ * * ✓

c. (Unattested) * ✓ * ✓ *
d. EnarveVepsian * ✓ * ✓ ✓

e. Khanty * ✓ ✓ * *
f. (Unattested) * ✓ ✓ * ✓

g. (Unattested) * ✓ ✓ ✓ *
h. (Unattested) * ✓ ✓ ✓ ✓

In all four languages,thevowel i is neutral(unpaired);in somealsoe is neutral.12 But theseneutral
vowelbehavedifferentlyasshown.Forexample,Uyghurhasyol-imiz-Ka ‘our road-dat’andsinip-
ta ‘class-loc.’ (Vaux2000),whereFinnishhasthreatsthecorrespondingconfigurationsdifferently,
e.g.sot-i-mis-ta‘warring-part’,butsinis-ẗa ‘blue-part’.

A similar typologycouldbedevelopedfor ATR harmony.

Of theeightlogically possiblecases,four areinstantiatedin [18]. In developingourtheoretical
typology, we will proceedon the assumptionthat the other four systemsare systematicgaps.
Of coursethat may turn out to be wrong. However,we think it hasa goodshotat beingright,
becausetheattestedtypesarepredictedby constraintsthatweneedindependentlyof theworkings
of harmonysystems,andbecausethemissingtypeswould requireconstraintsthatnot otherwise
motivated.Weproposethatthefour actuallyoccurringsubtypesof neutralvowelsaredistinguished
from eachother,andfrom the logically possiblebut unattestedones,by the intersectionof two
binaryproperties.

11In Seto,for example,front neutralvowelscombinewith backvowelsin stems;thecombinationis howeverstarred
in thelastcolumnof thetablebecausesuffixalvowelsarealwaysfrontedafterneutralvowels.

12TheUyghursystemhasbeentreatedby Lindblad1990andVaux2000.ForKhanty(Ostyak)we arenotawareof
anyphonologicalanalysis,but thematerialhasbeenpainstakinglyanalyzedby Vertes1977,from whomwe takeour
data. Both languagespresentinterestingcomplicationswhich we setasidehere. In Khanty, an optionalpostlexical
localassimilationprocesscreatesback1, ,̈ without interactingwith harmonyin anyway (Vertes1977).
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Triggering. The first propertydistinguishesFinnishandKhanty from UyghurandVepsian.In
FinnishandKhanty, all-neutralcontextstriggerharmonyin derivedenvironments,in Uyghurand
Vepsiantheydo not. Alternativerankingsof two previouslyintroducedconstraintswill generate
thispartof thetypology. UyghurandVepsianpreferto avoidthemarkedvowelsä, ü, ö. In Finnish
andKhanty, avoidingthe markedvowelsvowels ä, ü, ö is lessimportantthaneliminatingeven
mildly disharmonicvowelcombinations.In termsof constraintranking:

[19] a. Finnish,Khanty: AGR(BACK) � * ä,*ö,*ü

b. UyghurandVepsian:* ä,*ö,*ü� AGR(BACK)

[20]
Finnish . . . AGR(BK) * ä,*ö,*ü . . .

[ i ] a i a *
☞ i ä *

[ i ] ä ☞ i a *
i ä *

[21]
Uyghur . . . * ä,*ö,*ü AGR(BK) . . .

[ i ] a ☞ i a *
i ä *

[ i ] ä ☞ i a *
i ä *

Thisaverysimpleillustrationof howthetypologyof neutralvowelsreflectsalternativeresolutions
of theconflict betweensyntagmaticconstraints(suchasAGR(BK)) andparadigmaticconstraints
(suchas* ä,*ö,*ü).

Of course,this cannotbe the whole story by a long shot: stem-internally, Finnishwelcomes
combinationslike i a with openarms,whereasit still excludescombinationslike ä a. This fact
tells us that theremustbe another,moreselectiveconstraintwhich is violatedby ä a but not by
i a. It alsotells us that this moreselectiveconstraintdominatesIDENT-�1(Back) (sinceit treats
stemsandderivedenvironmentsalike), which as we alreadyknow in turn dominatesthe more
generalharmonyconstraintAGR(Back). We proposethat this new constraintforbids a harmony
violationthatinvolvesmarkedvowels.To expresstheideathatdisharmonywith markedvowelsis
bothworsethandisharmonyalone,andworsethanmarkednessalone,we needno newprimitive
constraints.Rather,we uselocal constraintconjunction(Smolensky1993,Kager1999:392-400)
to combinethe existingconstraints[15] AGR(BK) and[14b,c] * ä, * ö, * ü into a new constraint
MARKED HARMONY (MH):

[22] MARKED HARMONY (MH): AGR(Back)& * ä, * ö, * ü

A conjoinedconstraintis violatedwhenboth its conjunctsareviolated; it universallydominates
eachconjunct.[23] will helpmakethegeneralideaclear.

[23] Finnishdisharmony:

a. *a ä — ä is bothmarkedanddisharmonic(violating theconjoinedconstraint)
b. ✓i a — a is disharmonicbutunmarked(noviolationof theconjoinedconstraint)
c. ✓i ä — ä is markedbut harmonic(noviolationof theconjoinedconstraint)
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Transparency. We must still accountfor the fact that sequencessuchas ä i a and a i ä are
badin FinnishandUyghur,andgoodin theotherlanguages,exceptof coursewhereexcludedby
independentconstraintsalreadyformulated(namely, in Vepsiana i ä is rejectedin favorof a i a by
[19a],andin Khanty ä i a is rejectedin favor of ä i ä by [16b]). This is simply whatwe normally
meanwhenwesaythatneutralvowelsaretransparentin FinnishandUyghur. To accountfor it we
needa constraintthatmilitatesagainstlong-distancedisharmony. Whenthatconstraintdominates
themoregeneralharmonyconstraintAGR(Back), transparencyresults.

Again,weneednonewprimitiveconstraintsto getthisresult.As formulatedin theliteratureso
far, thetheoryof constraintconjunctionrequiresspecificationof somedomainin whichviolations
of the conjoinedconstraintareassessed,suchasa segment,a morpheme,or a word. Insteadof
embracingthis full freedom,let us supposethat thereare just two interpretationsof conjoined
constraints:

[24] a. CONSTRAINT CONJUNCTION (GENERAL CASE): A conjoinedconstraintC1&C2 is
violatedwhenC1 andC2 areviolated.

b. CONSTRAINT CONJUNCTION (CORE CASE): A conjoinedconstraintC1&C2 is vio-
latedwhenC1 andC2 areviolatedandtheminimalsubstringsthatcontaintheviolations
overlap.

By specifyingthe domainof constraintevaluationin the two alternativewaysin [24] we obtain
two versionsof theconjoinedconstraintMH thatprecludesdisharmonyof markedvowels.

[25] a. GENERAL MH: nodomaincancontainbothamarkedvowelandadisharmonicvowel.

b. CORE MH: amarkedvowelmaynotbedisharmonic.

This givesustheparametrizationof neutralitythatwe want. For example,CORE MH is violated
by thesequencesa ä andä a, but not by thesequences̈a i a or a i ä, whereasGENERAL MH is
violatedby all of them. ä o ä hastwo violationsof bothconstraints(onein thesubstringä o, the
otherin thesubstringo ä). ä i a i ä hastwo violationsof GENERAL MH (namelyä i a anda i ä),
butno violationsof CORE MH.

Giventheseconstrains,neutralvowelsaretransparentif GENERAL MH outranksCORE MH,
andsomeanti-harmonyconstraint(whetherfaithfulnessor markedness)intervenesbetweenthem.
Otherwise,neutralvowelsareopaque.Theprecisenatureof thetransparentbehaviorfollows from
thenatureof theinterveninganti-harmonyconstraint.Fromthedistributionin [13] we know that
in thelanguagesunderconsideration,it is AGR(BACK) thatintervenes.

[26] a. Transparency(FinnishandUyghur): GENERAL MH � AGR(BACK)

b. Opacity(KhantyandVepsian):AGR(BACK) � GENERAL MH

[27]
Transparent /i/ . . . GENERAL MH AGR(BK) . . .

[ ä i ] a ä i a * *
☞ ä i ä

[ a i ] ä ☞ a i a **
a i ä * *
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[28]
Transparent /i/ . . . AGR(BK) GENERAL MH . . .

[ ä i ] a ä i a * *
☞ ä i ä

[ a i ] ä a i a **
☞ a i ä * *

Thecollatedrankingsdiscussedsofar aregivenin [29].

[29] a. Finnish: GENERAL MH, IDENTSTEM(BACK) � AGR(Back)� * ä,*ö,*ü (i.e. [14b]
[–Bk] ⇒ [–Lo,–Rd])

b. Khanty: CORE MH � IDENTSTEM(BACK) � AGR(Back)� * ä,*ö,*ü

c. Uyghur: GENERAL MH � IDENTSTEM(BACK) � * ä,*ö,*ü� AGR(Back)

d. Vepsian: CORE MH � IDENTSTEM(BACK) � * ä,*ö,*ü� AGR(Back)

In theconjoinedconstraints[25], theconjunctthatexcludesthemarkedvowelsis [14b] (* ä,*ö,*ü).
In principleall markednessconstraintsshouldconjoinwith AGR(Back)bothin thecoremodeand
in thegeneralmode.13 Suchconjoinedconstraintsarein fact instantiated.For Turkish,Clements
& Sezer1983proposethegeneralizationthatdisharmonicwordsdonotcontainthemarkedvowels
ö, ü, 1(but only theunmarkedvowelsi, e, a, o, u). This meansthat [15] alsoconjoinswith [14a]
into aconstraintAGR(Back)& *1,* .̈ Theconstraintrankingfor Turkishwouldbeasfollows:

[30] Turkish:
{

AGR(Back)& *1,¨
AGR(Back)&* ä,*ö,*ü

}
� IDENTSTEM(BACK) � *1, ,̈ AGR(Back),* ä,*ö,*ü

Turkish “non-derivedenvironment”disharmonyoccursbecauseIDENTSTEM(BACK) intervenes
betweentheconjoinedconstraintbarringmarkeddisharmonyandmoregeneralmarkednesscon-
straintsincludingtheplainharmonyconstraintAGR(Back).

[31] Turkishdisharmony:

a. *e1 — 1is bothmarkedanddisharmonic(violating theconjoinedconstraint)
b. ✓eu — u is disharmonicbutunmarked(no violationof theconjoinedconstraint)
c. ✓e ü — ü is markedbutharmonic(no violationof theconjoinedconstraint)

Typologicalconsequences. If correct,ouranalysisshouldderivethetruetypologicalgeneraliza-
tionsaboutneutralvowels.Abovewe formulatedthreeempiricalgeneralizations,unmarkedness,
asymmetry, anduniformity. Thesedo follow from thefactorialtypologyof theconstraintsystem.

Let usseewhy this is so. Theunmarkednesspropertyfollows from theleadingideathathar-
mony reflectsthe interactionof generalsyntagmaticconstraints(in this caseAGR(Back)) with
paradigmaticrestrictionson vowel contrasts.Thereis no “harmonyrule”, thereforeno stipulated
contextualrestrictionson theharmonyprocess.Rather,neutralityis enforcedby markednesscon-
straints. We know that theseconstraintssuppressfeaturedistinctionsin favor of the unmarked
featurespecifications.Thereforeneutralvowelsareunmarked.

13However,asItô andMesterhavenoted,conjoinedconstraintsshouldbemutuallyrelevant,in somesensewhich
remainsto bepreciselyexplicated.
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The uniformity propertyis a consequenceof the generalityof the featuralmarkednesscon-
straints[14]. Notethat thepredictionhereis weakerthanin theprecedingcasein that it depends
on thesubstanceof theactualconstraintsthatwe haveposited.To theextentthatthereexistmore
specificmarkednessconstraintsthatsingleoutparticularneutralvowels,non-uniformityshouldbe
possible.

The asymmetryproperty(in the caseat hand,the generalizationthat backneutralvowelsin
front/backharmonysystemsareopaqueratherthantransparent)follows from theproposedanaly-
sisof transparency. Neutralvowelsaretransparentwith respectto backnessharmonywhenGEN-
ERAL MH (the conjunctionof * ä,*ö,*ü andAGR(Back)) rankshigh. In [26] we sawthat under
the rankingGENERAL MH � AGR(BK), i is transparent,andunderthe ranking AGR(BK) �
GENERAL MH, i is opaque.But, asthefollowing tableauxshow, ä o a is betterthanä o ä under
both rankings.In fact, o comesout opaquewith respectto front/backharmonyon anyrankingof
theconstraintswehave.

[32]
Transparent /i/ . . . GENERAL MH AGR(BK) . . .

[ ä o ] a ☞ ä o a * *
ä o ä ** **

[ ä o ] ä ☞ ä o a * *
ä o ä ** **

[33]
Opaque/i/ . . . AGR(BK) GENERAL MH . . .

[ ä o ] a ☞ ä o a * *
ä o ä ** **

[ ä o ] ä ☞ ä o a * *
ä o ä ** **

Undereveryrankingof the proposedconstraints,neutralvowelsareunmarked,backneutral
vowelsareopaque(andnot transparent)andif evenonefront neutralvowel is transparent,all of
themmustbe.Moreover,thispredictionholdsfor all typesof neutralvowels,whethercontext-free,
contextual,or idiosyncratic.

If this solutionis correct,it follows thata conjoinedconstraintcannotuniversallyoutrankthe
conjunctsthatcomposeit (contraryto whatis usuallyassumed,Kager1999:393).
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2.3 Summary of front-back harmony systems

Input Khanty [–
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[ a i ] ☞ a i *
a ī * *
ä i * * *

[ a ī ] ☞ a i * *
a ī *
ä i * ** *

[[ a i ] a ] a i a **
☞ a i ä * *

a ī a * *
ä i ä * * **

[ i ] ☞ i
ī * * *

[ ī ] ☞ i *
ī *

[[ i ] a ] i a *
☞ i ä *

ī a * *

[ ä i ] ☞ ä i *
ä ī * * * * *
a i * * *

[ ä ī ] ☞ ä i * *
ä ī * * * *
a i * ** *

[[ ä i ] a] ä i a * *
☞ ä i ä **

ä ī a * ** * * *
ä ī ä * * * ** **
a i a * * **

[ ä i a] ä i a * * *
☞ ä i ä * **

a i a * * **

[ i a ] ☞ i a *
ī a * *
i ä * *

[ i ä ] i a * *
☞ i ä *

[ ä a ] äa * * *
☞ ä ä * **

aa * *
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☞ a i *
a ī * *
ä i * * *

☞ a i * *
a ī *
ä i * * **

☞ a i a **
a i ä * *
a ī a * *
ä i ä * ** *

☞ i
ī * * *

☞ i *
ī *

☞ i a *
i ä *
ī a * *

ä i *
ä ī * * * * *
a i * * *

ä i * *
ä ī * * * *
a i * ** *

☞ ä i a * *
ä i ä **
ä ī a * * * * *
ä ī ä * ** ** * **
a i a * * **

ä i a * * *
☞ ä i ä ** *

a i a * * **

☞ i a *
ī a * *
i ä * *

☞ i a * *
i ä *

ä a * * *
☞ ä ä ** *

a a * *
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Input Finnish [–
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[ a i ] ☞ a i *
a ī * *
ä i * * *

[ a ī ] ☞ a i * *
a ī *
ä i * ** *

[[ a i ] a ] ☞ a i a **
a i ä * * *
a ī a * *
ä i ä * * **

[ i ] ☞ i
ī * * *

[ ī ] ☞ i *
ī * *

[[ i ] a ] i a *
☞ i ä *

ī a * * *

[ ä i ] ☞ ä i *
ä ī * * * * *
a i * * *

[ ä ī ] ☞ ä i * *
ä ī * * * *
a i * ** *

[[ ä i ] a] ä i a * * *
☞ ä i ä **

ä ī a * * * * *
ä ī ä * ** * ** **
a i a * * **

[ ä i a] ä i a * * *
☞ ä i ä * **

a i a * * **

[ i a ] ☞ i a *
ī a * * *
i ä * *

[ a i ] ☞ a i *
a ī * *
ä i * * *

[ i ä ] i a * *
☞ i ä *

[ ä a ] ä a * * *
☞ ä ä * **

a a * *
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☞ a i *
a ī * *
ä i * * *

☞ a i * *
a ī *
ä i * * *

☞ a i a **
a i ä * * *
a ī a * *
ä i ä * * **

☞ i
ī * * *

☞ i *
ī * *

☞ i a *
i ä *
ī a * * *

☞ ä i *
ä ī * * * * *
a i * * *

☞ ä i * *
ä ī * * * *
a i * ** *

ä i a * * *
☞ ä i ä **

ä ī a * * * * *
ä ī ä * * * ** **
a i a * * **

ä i a * * *
☞ ä i ä * **

a i a * * **

☞ i a *
ī a * * *
i ä * *

☞ a i *
a ī * * *
ä i * * *

i a * *
☞ i ä *

ä a * * *
☞ ä ä * **

aa * *
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2.4 Seto

We will saythat a featurespecification[αF] is MARKED in a givencontextof a given language
if its realizationin that contextdependson faithfulnessconstraints,which is to say if it is cru-
cially specifiedas [αF] in the lexicon. For example,in Finnish the [–Back] specificationof /i/
is unmarkedin all contextsbecausetheundominatedconstraint*1ensuresthat thevowel will be
realizedas[–Back] in all contextswhetherit is specifiedin the lexicon as [–Back] or not. The
[–Back] specificationof /ä/ is unmarkedin front harmoniccontextsbecauseAGR(Back) ensures
that it is realizedas[–Back] in thosecontextswhetherit is specifiedin thelexiconas[–Back] or
not. But the [–Back] specificationof /ä/ in initial syllablesis marked,for in that contexta back
vowelor avowelunmarkedfor backnesswill berealizedasa by [14c].

[DISCUSSIONOFTHEDIFFERENCESBETWEENNEUTRAL /I/ AND SEMI-HARMONIC
/E/ COMESHERE.]

[34] a. olle-kelt́ri ‘beer-cellar’ (ST 54)
b. paneq ‘put’ (ST 40)

To ensurethato in noninitialsyllablesis neutral,andspecificallythatit is opaque,theminimal
constraint*o suffices.RankedbelowIDENT-�1(Back), it neutralizesfrontnessonly in non-initial
syllables,andtheneutralizedvowel is necessarilyopaque.

[35] Setoconstraintranking:

IDENT-�1(Back)� *1� * ö� GENERAL MH (nodomaincancontainbothadisharmonic
vowel anda markedvowel ä,ö,ü)� IDENTSTEM(BACK) � WEAK*MD (no disharmonic
front vowels)� *[–Back] (no front vowels)
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[36]

Seto ID
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☞ a i õ ** *
[[ a i] e] a i e *** *

a1õ * ** *
a1e * *** * *
ä i e * ** *

[[ ä i ] õ] ä i õ * ** *
☞ ä i e ***

ä1õ * * ** * * *
ä1e * *** * *
a1e * ** *

[[ ä i] a] ä i a * *** *
☞ ä i ä ***

ä1a * * * *** * * *

[ a i ä ] ☞ a i a *** *
a i ä * *** *

[ õ i õ ] ☞ õ i õ ** *
õ i e *** *

[ e i õ ] ☞ e i õ ** *
e i e *** *

[ i a ] ☞ i a ** *
i ä ** *
1a * * **

[ i ] a i a ** *
☞ i ä **

1a * * ** *

[ e a ] ☞ e a ** *
e ä ** *
õ a * **

[ a e ] a e ** *
☞ a õ * *

[ e ] a e a ** * *
☞ e ä **

õ a * **

[ ä a ] ä a * ** * *
☞ ä ä ** *

a a * **

[ a ä ] a ä * ** * *
☞ a a ** *

ä ä * ** *

[ 1i ] ☞ 1i * ** *
11 ** ** *
i i * ** *

[ ä o ] a ☞ ä o a * *** * *
ä o ä * *** * **
ä ö ä * *** *
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2.5 Predictions about neutral vowels

In disharmonicloanwords,suffixesharmonizewith thelastharmonicvowel, e.g.türanni-a(back
harmony)versuskup̈uüri-ldä. As ouranalysispredicts,thisalsoholdstruefor disharmonice, e.g.
Novembri-le, not *Novembri-l̃o.

[NOTE: shouldthisbekub̈uüri-ldä? or kupp̈uüri-ldä?]

3 Derived transparencyand opacity

The harmonyprocessdescribedherehascertainprima facie exceptions(Iva 2000). In this sec-
tion we showthatnearlyall thesystematicexceptionsresultfrom otherconstraintsthatmaskthe
harmonypatternby introducingneutralvowelsinto theharmonicdomain.Theselocaleffectscon-
form to thegeneralizationof section2 thatfront neutralvowelswill betransparentandbackneutral
vowelswill beopaque.

We first showthatpalatalandpalatalizedconsonantscausea fronting of the following vowel
andthatthevowelsresultingfrom thisfrontingprocessaretransparent.Wethenbriefly discussthe
specialstatusof clitics with respectto harmony. Mostof thissectionis devotedto ademonstration
thatonsetless̃o is regularlyfrontedto e in theweaksyllableof a foot, andthatthis frontede is also
transparent.This fronting processis morecomplexandits explanationrequiresa detourthrough
foot structureandsyllablestructure,whichhoweveris of someinterestin its ownright.

3.1 Palatalization and syllable harmony

In StandardEstonian,distinctivepalatalizationis restrictedto /t́ ś ĺ ń/ (Hint 1997).SouthEstonian
dialectshavemoreextensivepalatalization;in Setoit is in principledistinctivein all consonants,
althoughits functionalloadis low:

[37] a. [(ruu:v́)ma] ‘to lath’ (a roof)
b. [(nuu:ḿ)ma] ‘to transform’
c. [(nuutśk)ma] ‘to blubber’
d. [(mää:ŕ)mä] ‘to grease’
e. [(halṕ:)ma] ‘to play thefool’
f. [(põh́a:)] ‘north’ (gen.)

Before/i/ andthecorrespondingglide /j/, palatalizationis automatic(hencenoncontrastive).

[38] a. põrśikkas ‘piglet’ cf. põrsas‘pig’
b. poiźikk̃oz̃o ‘little boy’ (gen.) cf. pois ‘boy’ (ST 38)

[NOTE: I changedthis from põrśikas, poiźikõz̃o. Correct?]

Contrastivepalatalizationariseshistorically(andperhapsin partsynchronically)asa resultof
deletionof the pasttenseending/i/ (see[39a]) andof stem-final/i/ ([39b,c]), andof mergerof
consonantswith /j/ ([39d]).
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[39] a. and ‘gives’ and´(< *anti) ‘gave’ (3.Sg.)
b. lask ‘lets go’ lasḱ (< * laski) ‘let go’ (3.Sg.Past)
c. kost:ma ‘to answer’ kośt:ma (< *kostima) ‘to visit’
d. pusk:ma ‘to butt’ puśk:ma(< *puskima) ‘to prod’

Beforeasecondarystress,thedeletionis optional,e.g.kérikkohe∼ kérkkohe‘to church’(ST190),
poiźikk̃oz̃o∼ poiśk̃oz̃o (ST 38).

With respectto harmony, palatalizedconsonantsareneutral,like /i/: therestof thewordobeys
thenormalconstraintson vowelsequences,cf. [5a] oŕõhtõllaq, [5e] ḱauma, [5g] naĺatanuq.

Contrastivepalatality, andthe obligatoryredundantpalatalitytriggeredby /i/ and/j/, should
be distinguishedfrom the gradientallophoniceffectsof a coarticulatoryprocesswhich spreads
palatality betweentautosyllabicvowels and consonants.Consonantsare palatalizedto varying
extentnextto all front vowelsandpalatalizedconsonants,andin theotherdirection,distinctively
palatalizedconsonantsandthe glide /j/ tendto causesomedegreeof fronting in a tautosyllabic
vowel(Hagu1999:6).Wemarksuchhalf-frontedvowelswith asingledot,e.g.t́śura[t́śu̇ra] ‘boy’.

This fronting effect too is purely local anddoesnot interactwith theharmonicpatternof the
rest of the word; regularback harmonyalwaysresumesin the next syllable. We assumethat
frontingis dueto acoarticulatory, allophonicprocess,whichwetaketo begovernedby constraints
of a separatepostlexicalmodulewhich appliesto theoutputof thelexicalphonologicalconstraint
system.

Thefrontingof vowelsby palatalconsonantsis normallypartialanddoesnotresultin complete
merger.14 However,in thecaseof /õ/ thefronting seemsto befully neutralizing.In thespeechof
ourconsultants,fronted/õ/ is indistinguishablefrom e(to theear,at least)andit is regularlyspelled
ase in publishedtexts,includingthoserecordedby Mägiste,anexcellentphonetician.

[40] a. paĺĺe [pálĺe] ‘GLOSS???’
b. aije-mi [ajjemi] ‘we drove’ (48)
c. sa-i-je [sajje] ‘got’ (120,122)
d. tõ-i-je [tojje] ‘brought’ (140)
e. raśśeeja-st [raśśeejast] ‘Russia’(Elat.) (80)
f. naaśe-l̃o [naaśel̃o] ‘woman’ (Allat.) (ST 202)

Thefronting of õ to e afterpalatalsis responsiblefor a largeclassof apparentexceptionsto e∼ õ
harmonyin the texts. As predicted(section2), thee that resultsfrom thefronting is consistently
transparent;see[40f].

As stated,the mutual influenceof i,j andpalatalizedconsonantsis consistentlyneutralizing
only in the caseof e. However,its extentis variableand it may havebeenmore extensivein
thepast.This canbeconcludedfrom thefact thatit hasled to diachronicreanalysesof thelexical
representationsof somewords,in bothdirections.Sometimesbackvowelssubjecttocoarticulatory
fronting by adjacentpalatalconsonantsaccordingto therulesjust statedhavebeenreanalyzedas
actualphonemicfront vowels. In the word */ki ŕa/ ‘letter’ (Part.Sg.),the phoneticallyfronted/a/

14For thefrontedallophoneof /a/,Mägistewrites[ȧ] eitherasa (fronted[a]), e.g.naĺas: ‘for fun’, or asä
‰

(retracted
[ä]), e.g.ajä

‰
q ‘drive!’ (54), lakḱä

‰
, majä

‰
‘house’(118),sajä

‰
‘wedding’ (124),mõrźä

‰
‘bride’ butheneverwritesit asä.

Interestingly, thepalatalizingj is optionallydeleted,creatinga surface[Vȧ]:[Va] contrast,asin puä
‰
q ‘boys’ (ST 124)

vs.kua ‘who’ (ST68).
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hasbeenreanalyzedasphonemic/ä/. Theunderlyingform is now /kiŕä/, pronounced[ki ŕä] with
full fronting, andtaking front suffixes(e.g.kirässeV.-K.L. 90). Of course,the activeharmony
constraintpreventedsuchreanalysisin wordssuchas/kaŕa/ ‘cattle’ (gen.),/maŕa/ ‘berry’ (gen.),
and/põh́a/ ‘north’ (gen.),wherethe first backvowel unambiguouslyrevealsthe backnessof the
second.

A converserenalysisprocesshasresultedin transferof fronting from vowelsto adjacentcon-
sonants.In a switch of the site of distinctivepalatality, phonemicfront vowelsareperceivedas
frontedbackvowels,andthe allophonicpartial palatalizationthat they formerly triggeredin the
theneighboringconsonantis phonemicized.Thishashappenedin theword*/k äü-mä/ ‘go’, corre-
spondingto Võrukäü-mä (Toomsalu1995:13)andto StandardEstoniankäi-ma, which in Setohas
become/ḱau-ma/,pronounced[ḱȧuma].Similarly perhaps/ńaug-ma/‘meow’ (StandardEstonian
näuguma).

Theschemain [41] summarizesthetwo reanalysispatterns.

[41] a. */ki ŕa/ is reanalyzedas/kiŕä/ (phoneticchange:*[ki ŕȧ]> [ki ŕä])
b. */k äu/is reanalyzedas/ḱau/ (phoneticchange:*[ ḱäu]> [ḱȧu])

3.2 Opaqueclitics

Harmonyappliesto the phonologicalword. In the caseof the e ∼ õ alternation,the domain
of harmonyincludesthe conjunctionet ‘that’ whenit cliticizes phonologicallyto the preceding
lexicalword (whichneednotbesyntacticallyrelatedto it).15

[42] a. k1nõli<õt. . . ‘said that’
b. küll<et. . . ‘surely that’ (Mägiste116)

On theotherhand,clitics with othervowelsdo not harmonize.For example,the conjunctionsa
‘but’ andja ‘and’ areneverfrontedto * ä, *j ä.

Anotherclitic which is subjectto harmonyis the abessiveending-lta, e.g. /töö-ltä/ [tüü:ltä]
‘without work’ (raisingdueto Q3).16 It is a “phrasalaffix” which attachesto NPs,asin tüü: ja
leivältä ‘without work andbread’,mustaleivältä ‘without blackbread’.

However,not all clitics are subjectto harmony. The comitativesuffix /-ka/, a phrasalaffix
that syntacticallybehaveslike -ta, alwayshasan invariantbackvowel (e.g. tüü:ga ‘with work’,
püss̈uga ‘with a gun’ (ST 166)). Historically, thereasonwhy -ta and-na areharmonicand-ga is
notharmonicis that-ta and-naareold clitics,whereas-gaonly becameaclitic ratherrecently;in
the17thcenturyit still appearedasanindependentwordkaas(< *kansak) thatgovernsagenitive
NP. Synchronically, -gaseemsto besimplyanexceptionandmustbelexically specifiedasexempt
from harmonyin someway.

15Harmonyin clitics is notmarkedin thestandardorthographyusedfor literary textsin SetoandVõru.
16SeePrince1980:544on theQ3-triggeringpropertiesof theabessive.

21



3.3 Vowelsequencesand /h/

3.3.1 Another fronting process

Immediatelyfollowing abackvowelwithin a foot (see[43]), or separatedfrom it only by asingle
/h/ ([44]), front eshowsup regularlyinsteadof expectedbackõ.

[43] a. soe ‘wolf ’ (Gen.) (ST 68)
b. kae ‘look’
c. koes ‘where’ (ST 90)
d. jõe-q ‘rivers’ (ST 48)

[44] a. kohe ‘where’ (Illat.) (ST 28,52,68.. . )
b. ei toheq ‘may not’ (ST 34,48,82.. . )
c. kaug̃o-he ‘far’ (Illat.) (ST 50)
d. uibo-he ‘appletree’ (Illat.) (ST 44)
e. kaĺĺe-he ‘expensively’ (134)
f. taĺ ĺina-he ‘to Tallinn’ (I3)

In [44e]wehavetwo contextuallyneutrale-vowelsin arow, thefirst by palatalfronting,thesecond
by theprocesswearenow lookingat.

Importantly, fronting happensonly aftera single/h/. After geminate/hh/, thedistributionof õ
ande follows thenormalrulesof harmony.

[45] a. halõhh̃ohe ‘pitifully’ (202)
b. vaihh̃olõ ‘between’(Allat.) (96)
c. hõbõhh̃ots̃o ‘silver (adj.)’ (Gen.) (72)

This frontingeffectis strictly local, in thatharmonyresumesin thefollowing syllable.

[46] b. soe-l̃o ‘wolf ’ (Allat.) (ST 68)
f. sõera-ta-ma ‘to winnow’ (T 27)
f. hahe-tta-ma ‘to dawn’ (T 26) [CHECK GEMINATION]
e. vahet-t̃o-t ‘exchanged’ (ST 142)

Thisconfirmsonceagainthatfront neutralvowelsaretransparent,ratherthanopaque.

Two explanationsof the õ-fronting effect in [43]-[44] may be considered:dissimilationand
syllablestructure. Thedissimilationaccountwould posita constraintagainstsequencesof a back
vowel followed immediatelyon the melodic tier by õ, — that is, wheneitherno consonantin-
tervenesbetweenthe vowels,or only the consonanth, which hasno (oral) featurecontent. We
rejectthis ideafor two reasons.First, it doesnot explainwhy theconstrainttriggersfronting just
of õ, andnot of thethreeotherbackvowels,or why theviolationsarerepairedby fronting the õ,
andnot the precedingbackvowel. Also, suchbacknessdissimilationof vowelsis typologically
unusual.We know of no parallelsfrom otherlanguages;on thecontrary, adjacencywith possibly

22



intervening/h/ is themostfavoredcontextfor backnessassimilationin closelyrelateddialectsand
languages.17 Forsimilareffectsin EstonianseeWiik 1988:28ff.).

Instead,we proposean explanationon the basisof a constrainton well-formedsyllables. It
dependson an analysisof Setostressand syllabification,which are closeto thoseof standard
Estonian,but showa few telling differenceswhich arerelevantto the processwe areconcerned
with. We mustthereforelook into themetricalstructureof theEstonianword. Unavoidably, our
pathis somewhatcircuitous,but thereadermayrestassuredof a returnto vowelharmony.

3.3.2 Feet,syllables,and moras

Thecoreprosodicconstraintin Seto,asin Estoniangenerally, is thatwordsareparsedinto disyl-
labic left-headedfeet.

The primary stressof a word usuallyfalls on the initial syllable. The foot that containsthat
syllableundergoesFOOT-FINAL LENGTHENING.18 Foot-finallengtheningmaximizestheduration
of the weakbranchof a foot, in satisfactionof PEAK-TO-WEIGHT, a constraintof the general
STRESS-TO-WEIGHT family (Kager1999). In disyllabic feet this processlengthensthesecond,
unstressedsyllable. In monosyllabicfeet, it yields the famousoverlong(“Q3”) syllablesof Es-
tonian. Thefundamentalinsight thatmonosyllabicfeetalwayshaveQ3 quantityis dueto Prince
1980,andtheparallelismbetweenQ3lengtheningin monosyllablesandlengtheningof thesecond
syllableof disyllabicfeetwaspointedout by Carlson1978for thestructurallyanalogousprocess
of expressivelengtheningin Finnish,andfor Estonianindependentlyby Wiik 1985.Theexamples
in [47] showsimplecasesof footing andfoot-final lengtheningunderprimary stress.(Hereand
below, feetareshownby parenthesesandfoot-final lengthis markedby acolon.)

[47] a. /vana/ [(va.na:)] ‘old’
b. /kae/ [(ka.e:)] ‘look’
c. /või/ [(või:)] ‘can’
d. /maa/ [(maa:)] ‘land’
e. /tamm/ [(tam:)] ‘oak’
f. /jumala-ka/ [(j úma:)(l̀aka)] ‘with God’ (ST 34)
g. /sulas̃o-lõ/ [(súla:)(s̃òlõ)] ‘to thegroom’ (ST 40)
h. /k1nõlõ-s̃o/ [(k1́nõ:)(lò̃sõ)] ‘they say’

Subjectto *CLASH, heavysyllablesbecomefeet of their own whenthereis no nextsyllable
to groupthemwith, asat the endof the word. Sincea monosyllabicword constitutesa foot, it
necessarilyundergoesfoot-final lengtheningto Q3(e.g.[47d]).

[48] a. /pakoh̃oss/ [(pákoh)(h̃òss)] ‘escapes’
b. /pólikarp/ [(pó́li:)(k àrp)] ‘Polycarp’ (personalname)
c. /näẗali-t/ [(ná̈tä:)(lı̀t)] ‘week’ (part.)
d. /maa/ [(máa:)] ‘land’

17It wouldbea differentmatterif therestrictioninvolvedjust adjacentvowels,but theVhV casecannotbeassimi-
latedto anyrestrictionon diphthongs.Wiik 1989:37pointsout thatsomedialectsof VepsianpreserveiCa sequences
(suchassiga ‘pig’) exceptwhentheinterveningconsonantis h, e.g.lihä ‘meat’.

18Sometimesprimaryorsecondarystressfalls onalexicallymarkedinternalsyllable.Suchsyllablesarealsosubject
to foot-final lenthening.
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Feetwhichdonotbearprimaryor lexicalstressdonot lengthen(seetheweakfeetin [47], and
[49a] for an exampleof a pre-mainstressweakfoot.19 Also, feet which arealreadylong do not
lengthenfurther(see[49b,c]).

[49] a. /biolóogia [(bı̀.o.)(lóo.gi)a] ‘biology’
b. /kiŕottettu/ [(kı́.ŕot)(tèt.tu)] ‘written’
c. /vaparna/ [(vá.par.)na] ‘Vabarna’(personalname)

A handydiagnosticfor the distinctionbetweenmonosyllabicanddisyllabic feet is a process
(whichSetoshareswith otherSouthEstoniandialects)thatraisesmid vowelsin superheavysylla-
bles.In Seto,this raisingprocessalsoappliesto /õõ/, asin [50d,e].

[50] a. [(süü:)mä] (cf. Pp. [söönüq)] ‘to eat’ (T 86)
b. [(vi i:)mä] (cf. Pp.veen̈uq) ‘to bring’ (T 97)
c. [(luu)] (cf. Pp. [loonuq]) ‘to create’
d. [(m11:t)ma] (cf. mõõda) ‘to measure’ (T 35)
e. [(v11:)ra] (cf. võõras) ‘strange’

Thereis somequestionwhetherthis raisingprocessis neutralizingor not. Accordingto Teras
2000,noneof thefour raisedvowelsarereliably distinguishablefrom theunderlyinghigh vowels
by earalone,but acousticallytheyareslightly lower; thedistinctionbetween/ii:/ and/ii:/ is par-
ticularly clearin his data.20 Theraisingis probablya pseudo-neutralizationprocess,like German
final devoicing(Port 19XX), or the near-mergersreportedby Labov (1994,Ch. 12) for several
Englishdialects).

Thenegativeending-i causesthewordstressto shift, butwithoutbleedingfoot-final lengthen-
ing. For example,in [70b] thefirst foot retainsits final lengtheningin spiteof cedingtheprimary
word stressto thefollowing -i.

[51] a. /paratiis/ [(pá.ra:.)(t`ıis)] ‘paradise’
b. /paratiis-ka-i/ [(pà.ra:.)(t`ıis)(ká.i:)] ‘not evenparadise’

Weassumethatone-morafeetandthree-syllablefeetareexcludedby undominatedconstraints.
Syllableswhichcannotbeaccommodatedinto well-formedfeetarestrayadjoinedatahigherlevel
of structureratherthan integratedto form non-canonical(right-headedor ternary)feet. [52a,b]
illustratestrayadjunctionin word-finalandword-initial position.

[52] a. jumala [(j úma:)la] ‘God’
b. mehe-le [(méhe:)le] ‘to theman’ (ST 42)
c. botaanika [bot(táani)ka] ‘botany’

Thatthetwo-moralowerboundis inviolableis shownby thecompleteabsenceof wordsconsisting
of just a light syllable(exceptfor functionwordssuchasmi ‘we’, a ‘but’, no ‘now, nu!’), andby
theobligatorydestressingof monomoraicfeet,aswhenthestress-attractingnegative-i is addedto
adisyllable.

19In metalinguisticdiscourse,of course,any syllablecanbe emphasized,andis thensubjectto lengthening.In
commentingon thepronunciationof theword vaihhõlõ, oneof our consultantstwice pronouncedit emphaticallyas
[(váih)(hò̃lõ:)], asif it werea compound.

20On the otherhand,Toomsalu1995:35statesthat raised11is identical to basic11, whereasthe other raisedQ3
vowelsaredistinctfrom thecorrespondingunderlyingQ3highvowels.
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[53] a. ei tohi [(õi tóhi:)] ‘darenot’ (preposednegation)
b. tohi-i [to(hı́i:)] ‘darenot’ (cliticizednegation)

Evidencefor the disyllabicupperboundis the fact that foot-final lengtheninginvariably applies
just to thesyllablethatdirectlyfollows thestress.Forexample,jumala‘God’ (gen.)is pronounced
[(j úma:)la],not *[(j úmala:)],or *[(j úmala)],andin k1nõ-lõ-mis̃o ‘of thespeaking’,thesecondsyl-
lableis lengthenedevenif thesecondarystressfalls onthefourthsyllable,e.g.[(k1nõ:)-lõ.(mı̀.sõ)].

Eventhoughthree-syllablefeetareexcludedin Seto,disyllabicintervalsbetweenstressesare
not infrequent.We think that theyarealwaysdueto specialphonologicalor morphologicalfac-
tors. For long words,thegeneralizationis thatdisyllabicendingstendto form feetof their own,
while odd-numberedsequencesof monosyllabicendingscanbe groupedin different ways,with
preferencesgovernedby morphology. Thefollowing dataarereportedfor standardEstonian(Hint
1973:163).

[54] a. ilu-sa-ma-le [(ı́lu:)(sàma)le]∼ [(ı́.lu.:)sa.(m̀a.le)] ‘to themorebeautiful’
b. ilu-duse-le [(ı́.lu.:)(tùse.)le](not *[( ı́.lu.:)tu.(s̀e.le)]) ‘to thebeautifulperson’

Even-numberedsequencesof syllablesseemto admit variationonly by transferof the prosodic
structureof simplerwordsinto morecomplexwords(Hint 1973:165).Forexample,thepatternin
[54] is replicatedwith additionof theclitic -ka in [55].

[55] a. ilu-sa-ma-le-gi [(ı́.lu.:)(s̀a.ma.)(l̀e.ki.)] ∼ [(ı́.lu:).sa.(m̀a.le).ki] ‘evento themorebeautiful’
b. ilu-duse-le-gi [(ı́.lu:.)(tùse.)(le.ki)](not *[( ı́.lu:.)tu.(s̀e.le).ki]) ‘evento thebeautifulperson’

Alignmentconstraints,O/O constraints,andcyclic constraintevaluationaretheprincipalalterna-
tive approachesto modelingsuchmorphologicaltransfereffects.21

The preferencefor disyllabic endingsto coincidewith feet can evenresult in stressclash,
causingacompound-likelengtheningof monosyllabicstemsto Q3:

[56] a. maalikule /maa-lı̀kku-le/ [(máa:)(lı̀k.ku.le)]∼ [(máa.lik)(kù.le)] ‘rustic’ (allative)

Perhapsdisyllabicsuffixesshouldberegardedashavingoptionalinherentstress.Interestingly,
in Setopoetrydisyllabicsuffixespatternwith secondmembersof compoundsin that theycanbe
split off from therestof theword. Hereareexamplesfrom theSetoepic.

[57] a. Vaiva-
trouble-

ól ĺ
was

tuu
that

-linõ
-some

vaes̃o
orphan’s

elo
life

‘that orphan’s life wastroublesome’(l. 6923)

b. ime-
mother

õks
ever

sa
you

-kene,
-dim.,

helläkene
tender-dim.

‘you dearlittle mother,tenderone’ (l. 347)

c. Näg̈u-
appear-

õks
even

no
now

-nesse,
-pot.pres.

kuuluñoss̃o
beheard-pot.pres.

‘it is seen,it is heard’(l. 4957-8)

21SeeKiparsky2000for argumentsin favorof thelatter.
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Thesecondarystressof disyllabicendingssometimesleadsto themhavingown front or back
harmonicdomain.

[58] a. lául-m̀ıne, gen.lául-m̀ıse ‘singing’
b. pú̈mek-k̀ulõ ‘till nightfall’ (ST 188)
c. ḿıdä:-g̀ına ‘anything’
d. kó̃llat-s̀ıde ‘yellow’ (pl.gen.) (V-K.L. 9)
e. má̈t-lìkkaño ‘turfy’ (V-K.L. 9)

Eachmemberof acompoundformsaseparateprosodicword. Thereforefoot-final lengthening,
whichappliesto themostprominentfoot of aword,appliesto all membersof compounds,not just
to theonethatbearsprimarystress.For thesamereason,thereis no harmonyacrosscompound
boundaries.

[59] a. [vána:-̀es̈a:] ‘grandfather’ (ST 54)
b. [sá̈itse:-s̀ata:] ‘sevenhundred’ (ST 50)

Foot structureinteractscrucially with syllableweight,of which Estoniandistinguishesthree
degrees:LIGHT, HEAVY, andSUPERHEAVY:

[60] a. A syllablethatendsin a shortvowel (-V) is light.

b. A syllablethatendsin -VC or -VV is heavy.

c. A syllablethatendsin -VCC(C) or -VVC(C) is superheavy.

Footstructureandsyllableweight influenceeachotherin bothdirections:footing determinesthe
weightof syllablesin theoutput,but is itself determinedby inherentlexicalweight.22

A light syllablecanneitherform a foot by itself (by FTMIN), norbelengthened,soit mustbe
groupedwith thenextsyllableinto a foot, or, asa lastresort,strayadjoined.If neitheris possible,
theword is phonologicallydeviant.

Thetreatmentof heavyandsuperheavysyllablesis in partmorphologicallydeterminedby the
syllablethat follows. Therearebasicallythreetypesof endings.Endingsof thefirst typeremain
stray after a superheavysyllable (suchas laul-), but are joined with a precedingregularheavy
syllable(suchasḱau-) into a binaryfoot. (Notetheraisingin thesuperheavysyllablerüük).

[61] a. laul-nuq [(laul)nuq] ‘sung’ ḱau-nuq [(ḱaunuq)] ‘gone’
b. röök-v̈aq [(rüük)-väq] ‘they squall’ too-vaq [(toovaq)] ‘they bring’

22Wiik 1985proposesa differentanalysiswhich builds foot-final lengtheninginto the templateitself by positing
a basicthree-morafoot. (More precisely, Wiik positsa “3 1

2 ” moratemplate,in orderto approximatethe phonetic
lengtheningdatamoreclosely. We shouldaddthatWiik’ s underlyingformsaremuchmoreabstractthanours. This
is becausehe wasaiming for a practicalsetof rules for deriving Estonianwords from Finnishwords.) Although
Wiik’ sanalysisis ingeniouswepreferthetrochaicanalysisfor severalreasons.First, thelengtheningcanbemotivated
by other,dominantconstraints,as indicated,andbimoraicfeet do surfacewhereverthe dominantconstraintsallow
it. For example,feet which do not containthe principalstressdo not lengthen.Secondly, the trochaicanalysishas
thetheoreticaladvantageof usingonly independentlymotivatedtemplates/constraints,whereasternarytemplatesare
rarelyif at all basic.
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We take this to be the optimal metrical parsing,imposedby the phonologicalconstraintsif no
morphologicalfactorsintervene.

The other two typesof endingseachimposetheir prosodicselectionalrequirementson the
word. Onetype,exemplifiedin [62] by the infinitive -maandby thezeroendingof thepartitive,
mustalwaysbedirectlyprecededby a foot. Any precedingheavysyllablebecomessuperheavyso
thatit canfulfil thatrequirement.23

[62] a. laul-ma [(laul)ma] ‘to sing’ ḱau-ma [(ḱau:)-ma] ‘to go’
b. Pihkva [(pih:k.)va] ‘Pskov’ (part.) kolmõ [(kol:)mõ] ‘three’ (part.)

Estonian(includingSeto)hasa third typeof ending,illustratedin [63] by thegenitive.This type
canon thecontraryneverbe directly precededby a foot, but mustitself be theweakmemberof
a binary foot. Suchendingsarethesourceof thesomewhatunusualtypeof superheavysyllable
with Q2.

[63] a. kriipsu [(kriipsu)] ‘line’ (gen.) kolmõ [(kolmõ)] ‘three’ (gen.)
b. keel-tte [(keeltte)] ‘language’(gen.pl.) soi-jõ [(soijõ)] ‘bog’ (gen.pl.)

Thegeneralizationsstatedsofar operateasif word-finalconsonantswerenot there.In partic-
ular, althoughclosedsyllablesdo not undergofinal lengtheningword-internally, theydo undergo
final lengtheningat theendof aword;contrast[49f,g] with [64].

[64] a. /vana-q/ [(va.na:q)] ‘old’ (Nom.Pl.)
b. /tüttär/ [(tüt.tä:r)] ‘daughter’
b. /kajõ-t/ [(kae:t)] ‘I look’
c. /või-t/ [(või:t)] ‘I can’
d. /maa-q/ [(maa:q)] ‘lands’
d. /külm/ [(kül:m)] ‘cold’

Word-final consonantsare apparentlynot weight-bearing;they are extrametricaland excluded
from the calculusof syllablequantity(Prince1980:531). We do not discussherethe detailsof
lengtheningin syllablesthatendin two or moreconsonants,which arequitecomplex.In general,
thereis a preferencefor lengtheningvoicelessconsonants.

Wehavearguedthattheconstraintthatdriveslengtheningis thatfeetwhichconstituteprosodic
peaksare lengthenedto conform to PEAK-TO-WEIGHT. This implies that the lengtheningis
phonological(ratherthansimply a matterof phoneticimplementation,Prince1980:514).There-
fore, we might expectto find a phonologicalrationalealso for the way the lengtheningis real-
ized. For example,why is the secondsyllableof disyllabic feet lengthened,ratherthanthefirst,
viz. why does(CV.CV) become(CV́.CVV), ratherthan*(CV́V.CV) or *(CV́C.CV). Why is the
lengtheningof thesecondsyllableimplementedonthevowel,ratherthanbyconsonantlengthening
(gemination),viz. (CV.CV)CV→ (CV́.CV:)CV ratherthan*(CV́.CVC)CV? And why is length-
eningin monosyllabicfeet realizedon thecodaconsonantwheneverpossible,viz. CVC<C> →
(CVCC<C>) andCVV<C>→ (CVVC<C>)?24

23If two suchendingscometogether,theymustform a foot, e.g.(vaih:)(hõ-lõ).
24Rememberthatfinal consonants,beingextrametrical,arenotweight-bearing.
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Writing on the similar Finnishexpressivelengthening,Carlson1978(seePrince1980:555),
proposesthat lengtheningworkssoasto minimizelossof distinctivelength. We adoptCarlson’s
functionalexplanationandmodelit formally by theconstraintPRESERVECONTRAST.25

[65] PRESERVECONTRAST: Lexical quantitycontrastsmustberetained.

From this point of view, the reasonwhy the vowel of the secondsyllable is lengthenedis that
vowel length is distinctive in the first syllable, and consonantgeminationis distinctive in any
syllable.And thereasonmonosyllablesdorealizeQ3by consonantgeminationis thatin precisely
thatpositiongeminationlosesnocontrasts.

The functionalexplanationis supportedby an exceptionto the lengtheningpatternwhich is
uniqueto theSetodialect: foot-final lengtheningcanberealizedby geminationof /h/ but not by
geminationof otherconsonants.In foot-final position,only geminate/hh/ occurs,in which case
thevowelbeforeit remainsshort:

[66] a. /soo-h̃o/ [(suuh.)hõ] ‘bog’ (ill.)
b. /laiha/ [(laih)ha] ‘lean,emaciated’(Part.)
c. /hõpõ-hõts̃o/ [(hõ.põh.)(h̃o.ts̃o)]
d. /kupõhi-tõ/ [(kúpõh.)(hı̀.tõ)] ‘of thesides’(ST 54)

Interestingly, for someVõru speakersgeminated/hh/ triggersconsonantgradationin thepre-
cedingsyllable(Keem1997:54).

[67] a. magahas̃oq [(má.kah.)(h̀as.s̃o)] cf. (timä) maka [(mák.ka)]
b. pagoh̃oss [(pá.koh.)(h̃òss)] cf. pakos̃o [(pák.ko.)s̃o]

This is a telling fact becausea closedsyllableis thecorephonologicalenvironmentfor consonant
gradation(eventhoughtheprocesshasnow becomelargelymorphologized).It showsagainthat
foot-final lengtheningis moraadditionat the phonologicallevel, ratherthansimply a matterof
phoneticimplementation.

Theformal constraintsthatgovernSetofoot structureandquantityshouldcapturethesebasic
generalizations:lengtheningservesto maximizethe weight of peak feet, it addsa mora, and
it preserveslexical contrasts. If lengtheningis driven by the PEAK-TO-WEIGHT constraint,it
must dominatethe faithfulnessconstraintswhich mandatepreservationof contrastivequantity.
Moreover,sincegeminationprevailsovervowellengtheningwhenbotharecontrast-preserving,the
DEP constraintthat forbidsvowel lengtheningmustalsooutrankstheDEP constraintthat forbids
thegeminationof consonants.All theseconstraintsaredominatedby theconstraintsrequiringthat
feetcontainat leasttwo moras,andat mosttwo syllables.

[68] a. PEAK-TO-WEIGHT

b. PRESERVECONTRAST

c. DEP-�V

d. DEP-�C

25SeeFlemming1997for argumentsthatpreservationof contrastgovernsin phonologicalprocessesvia constraints
thatcanberankedamongotherconstraints.
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[69]
Seto PK-TO-WT PRESCONTR DEP-�V DEP-�C . . .

Input: /jumala-ka/‘with God’
1a.☞ (júma:)(l̀aka) *
1b. (júma)(l̀aka) *
1c. (júma:)(l̀aka:) **
1d. (jú:ma)(l̀aka) * *
1e. (júmma)(l̀aka) * *
1f. (júmal)(l̀aka) * *
1h. (jú:mal)(l̀aka) ** * *

Input: /hõpõhõt/
2a. (hó̃põ:)(hò̃t) *
2b. (hó̃:põ)(hò̃t) * *
2c. (hó̃ppõ)(hò̃t) * *
2d. ☞ (hó̃põh)(h̃òt) *

3.3.3 The statusof quasi-diphthongs

In additionto indubitablediphthongssuchasai, au, Estonianhasa seriesof vowel sequences,
suchas ae, oa, which are usuallyalso consideredas diphthongs. We think that they are actu-
ally phonologicallydisyllabicsequences.For purposesof this discussion,let us refer to themas
quasi-diphthongs,withoutanyintentto prejudgetheissue.Historically, andin partsynchronically
too, quasi-diphthongsarisefrom the lossof interveningconsonantsby consonantgradationand
by otherweakeningprocesses.Hint 1973:189-191reportsthat theyarenormallypronouncedas
monosyllabicbut cancountasdisyllabic in poetryandthenbe pronouncedaccordingly. This is
notenoughto determinetheirphonologicalstatus,but thereareotherthingsto look at.

Evidencefor thedisyllabicstatusof quasi-diphthongscomesfrom morphophonemicpattern-
ing. Considerthefollowing verbparadigms,payingparticularattentionto thedistributionof Q3,
againmarkedby thecolon.

[70] Infinitive PastParticiple Imperative
a. /saa/ saa:ma saanuq saa: ‘get’

/jää/ jää:mä jäänüq jää: ‘stay’
/või/ või:ma võinuq või: ‘be able’
/ḱau/ ḱau:ma ḱaunuq ḱau: ‘go’
/müü/ müü:mä möönüq müü: ‘sell’

b. /joo/ juu:ma joonuq juu: ‘drink’
/löö/ lüü:mä löönüq lüü: ‘hit’
/vee/ vii:mä veen̈uq vii: ‘takeaway’

c. /vala/ vala:ma vala:nuq vala: ‘pour’
/jürä/ jürä:mä jürä:nüq jürä: ‘gnash’
/kosi/ kosi:ma kosi:nuq kosi: ‘propose(marriage)’

d. /vao/ vao:ma vao:nuq vao: ‘sink’
/kae/ kae:ma kae:nuq kae: ‘look’
/häö/ häö:mä häö:nüq häö: ‘perish’

In [70a,b]weseethatmonosyllabicverbstems(whicharealwaysheavy)becomeoverlongbefore
theinfinitive -mabutretainsregular(Q2)lengthbefore-(d)aq. As /joo/ ‘drink’ in [70b] shows,mid
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vowelsareregularlyraisedin Q3 in accordwith theprocessdescribedin [50]. CVCV stemslike
[70c], on theotherhand,lengthenthevowel of their secondsyllablebeforebothtypesof syllabic
endings.Thereasonis that (asnotedabove)ternaryfeetarenot allowedin Estonian,so that the
secondsyllablemustterminatethefoot, andhenceundergoesfoot-final lengtheningregardlessof
themorphologicaltypeof theending.

Now let us usethe contrastbetween[70a,b]and [70c] asa test for the syllablestructureof
quasi-diphthongalstems.We find that theyalsoundergofoot-final lengtheningbeforeboth types
of syllabicendings(see[70d]), thuspatterningwith thedisyllabicstems.For example,thequasi-
diphthongin [71c] patternswith thedisyllabic[71b].

[71] a. /saa-nuq/ [(saa.nuq)]
b. /vala-nuq/ [(va.la:)nuq]
c. /va.o-nuq/ [(va.o:)nuq]

Anotherclassof argumentsfor the disyllabic statusof “contracteddiphthongs”comesfrom
stress. For standardEstonian,Hint (1973)showsthat quasi-diphthongs(“late diphthongs”)are
associatedwith a different secondarystressthanlong vowelsanddiphthongs.He documentsan
intricatepatternof variationandpreferenceswhich do not easilyyield to any simpleformula.26

However,a first-ordergeneralizationwhich coversmuchof his stressdatais that feetwith “con-
tracteddiphthongs”normally behavelike disyllabic feet, andonly optionally andin limited cir-
cumstanceslike monosyllabicfeet.

Considerwordsof theform Fσσ, whereF is a monosyllabicor disyllabicfoot. If thefinal σσ
sequenceconsistsof two light syllables,it mayform thesecondfoot:

[72] a. Monosyllabic:[(vánk.)(krı̀.le)]

b. Disyllabic: [(nóo.rik.)(kù.le)]

c. Quasi-dipthong:[(vé.ok.)(kı̀.le)]

But whentheword endsin a light-heavysequence,theplaceof secondarystressdoesdependon
theshapeof F (Hint 1973:158-9).If F is monosyllabic,thefooting is either(F)(LH) or (FL)(H). If
F is disyllabic,or hasacontracteddiphthong,thepenultis normallystressed:27

[73] a. Monosyllabic:[(káu:.)(k̀u.ses)]∼ [(káu.ku).(s̀es)]

b. Disyllabic: [(í.lu:.)(tù.sest)]

c. Quasi-diphthong:[(té.os.)(t̀u.sel)]

Again,weseethatquasi-diphthongspatternwith disyllables,notwith monosyllables.Presumably
the option in [73a] reflectsthe effect of constraint*CLASH, which prohibitsstresson adjacent
syllables.But in orderto explainwhy high-ranking*CLASH doesnot similarly pushthestressto
thelastsyllablein [73c], wemustassumethat té.os-countsastwo syllables.

[REPLACETHESESTANDARD ESTONIANEXAMPLESWITH SETOEXAMPLES.]

26SeeKager199X...
27Final stressis possiblein poetry, however.
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Similar constraintcompetitionoccursin longerwords, but with more variability. Consider
nowcaseswhereF is followedby threesyllables(Hint 1973:162-3).If F is monosyllabic,CLASH

normallydrivesthesecondarystressto thethird syllable,asin [74a]. If F is disyllabic,asin [74b],
thereis no questionof violating CLASH andthealternatingsecondarystresspatternis obligatory.
Againquasi-diphthongspreferentiallybehavelike disyllabicsequences,see[74c].

[74] a. Monosyllabic:(rarely[(áu.)(s̀at.te.)le],usually[(áu.sat.)(t̀e.le)]

b. Disyllabic: [(válu.)(s̀at.te.)le])(not *[(v álu.sat.)(t̀e.le)])

c. Quasi-dipthong:[(vé.ok.)(kı̀t.te.)(l̀e.ki)], or marginally[(vé.ok.)kit.(t̀e.le.)ki)]

Thesamepatternis repeatedin longerwords:

[75] a. Monosyllabic:rarely[(kı́nt.)(lùs.te.)(l̀e.ki)], usually[(kı́nt.)lus.(t̀e.le.)ki]

b. Disyllabic: [(ó̃p.pet.)(t̀us.te.)(l̀e.ki)] (not *[( ó̃p.pet.)tus.(t̀e.le.)ki)]

c. Quasi-dipthong:[(vé.ok.)(kı̀t.te.)(l̀e.ki)], or marginally[(vé.ok.)kit.(t̀e.le.)ki)])

Quasi-diphthongsusuallypatternwith functionasdisyllables,but in longerwordsthereis a less
frequentoptionwhichseemsto reflectanalternativemonosyllabicsyllabification.It ispossiblethat
it is amatterof adisyllabiclexical syllabificationandamonosyllabicpostlexicalsyllabification.

[GET CORRESPONDINGSTRESSDATA FORTHE SETODIALECTS.]

3.3.4 The analysisof õ-fronting

We arefinally readyto formulatetheconstraintthatdrivesthe õ-fronting processdiscussedhere.
Final lengtheningandh-gemination(section3.3.2)tellsusthatthee is alwaysunstressedin [V.he]
sequences,andtheanalysisof quasi-diphthongs(section3.3.3)tellsusthatadjacent[Ve] sequences
suchas that in [ka.e] aredisyllabic. Therefore,the õ-vowelssubjectto fronting areunstressed
nuclei.

That leadsto the thegeneralizationthat õ-fronting appliesjust to unstressedonsetless-õ and
to -hõ. Statedthis way, the processacquiresa rationale. As we stressedabove,unstressed̃o is
phoneticallya reducedvowel similar to @, andcross-linguistically, suchreducedvowelson their
own makepoorsyllables.Specifically, thetypologicalobservationis thatonsetlesssyllableswith
a reducednucleusareexcludedin somelanguages.For example,word-initial @ is not possiblein
Frenchor German.Moreover,theonsetrequirementcannotbesatisfiedby a placelessconsonant
suchash or ?. Let usreferto thisconstraintasσ-WF.

This interpretation,then,positsthemotivationof thefronting processseenin [43] and[44] as
thatof avoidingsyllableswith reducednucleiandno onset,or anonsetwith no oral articulation.
Giventheprosodicstructurewehaveassumed,σ-WF explainseverythingaboutthefronting. First,
it explainswhy the fronting only appliesto õ, not to any otherbackvowel, and thenonly if it
immediatelyfollows a vowel or is separatedfrom it by a singleh. For it is only then that the
prohibitedtypeof weaksyllablearises.Theotherwisepuzzlingfact thatthereis no fronting after
geminate/hh/ is alsoexplained,on thebasisof thefoot structurethatwemotivated.

By tying thefrontingto thereducedcharacterof thebackunroundedvowel in non-initialsylla-
bles,wepredictthatadialectthathasafull backvowel õ in thisposition.Weknowof nosuchSeto
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dialects,butVotic, which otherwisehasa verysimilarharmonysystem,includingõ∼ e harmony,
seemsto bea casein point. Its õ seemsto be a full backvowel in all positions,transcribedase
(=IPA [ ]̈), andthisvowel is indeednot subjectto postvocalicfronting.28

4 Constraint interaction

4.1 Sympathy

The local effectsdiscussedin the precedingsectionmaskthe effectsof vowel harmonyin two
ways:by creatingislandsof frontnessin backharmonicdomains(transparentvowels),andby in-
troducingnewbackdomains(opaquevowels).Thetheoreticalinterestof this interactionbetween
harmonyandlocal fronting is that it showstheneedfor a theoryof constraintmasking(“opaque
constraintinteraction”),andeliminatessomecandidatesfor suchtheoriesfrom contention,includ-
ing in particularSympathy.

A Sympathysolutionof thetypeadvocatedby McCarthypositsthatharmonyis outrankedby
a constraintwhich requiresa vowel to havethesamebacknessasa Sympathycandidatethatdoes
not undergoumlaut.TheSympathycandidate(the“❀-candidate”)mustbetheoptimalcandidate
that satisfiessomeFaithfulnessconstraint(with the understandingthat all sympathyconstraints
areexcludedfrom the selectionprocess).In the derivationof a casesuchasvahett̃ot, the back
vowelof thefinal syllablemustharmonizewith theprecedingbackvowel in *vahõttõt. This is the
Sympathycandidate.TheFaithfulnessconstraintthatselectsit mustthenbeIDENT-I/O(BACK).

McCarthy’s most recentformulationof Sympathytheory (McCarthy 2000) positstwo con-
straints,❀CUMUL and❀DIFF, universallyrankedin thatorder. ❀CUMUL winnowsoutall candi-
dateswhicharenot CUMULATIVE, meaningthattheydonot havea supersetof the❀-Candidate’s
faithfulnessviolations. Such“incommensurable”candidatescanneverbe optimal. The sympa-
thetic candidateitself, therefore,doesnot violate ❀CUMUL, but, in the caseswheresympathy
doesany work, it is rejectedby somehigher-rankingconstraint. The function of ❀DIFF is to
choosebetweenremainingcandidates,possiblyin conjunctionwith otherconstraintsof the sys-
tem. ❀DIFF assignsoneviolation mark to everycandidatefor eachunfaithful mappingthat it
doesnot sharewith the ❀-Candidate.Thus,it choosesthe candidatethat is mostsimilar to the
Sympathycandidate.

McCarthy’s formulationof theconstraints❀CUMUL and❀DIFF is reproducedin [76].

[76] Givenasympatheticcandidate❀-Cand,to evaluateacandidateE-Cand:

a. ❀CUMUL : E-Candis cumulativewith respectto ❀-Cand.That is, U❀-Cand⊆ UE-Cand

(whereU is thesetof acandidate’s faithfulnessviolations).

b. ❀DIFF: Every unfaithful mappingincurredby E-Candis also incurredby ❀-Cand.
That is, assignoneviolation markfor everymemberof thesetUE-Candwhich is not in
U❀-Cand.

c. ❀CUMUL � ❀DIFF (universally).

28SeehoweverLauerma1993:258.

32



To makeit clearhow this ideaworks, we showthe derivationin two stages.The first stage
is representedin [77] andshowshow ✬IDENT(Back) selectsthesympathycandidate.For clarity,
I omit ❀CUMUL and❀DIFF from this tableaubecausethe theory stipulatesthat they mustbe
disregardedfor thispurpose.Assumefirst thattheunderlyingform is /vah̃ot-tõt/.

[77]
Seto . . . . . . . . . ✬IDENT(Back) . . . . . .

Input: /vah̃ot-tõt/ ‘exchanged’
a. ❀ vah̃ot-tõt ✓

b. vahet-t̃ot *
c. vahet-tet **
d. vah̃ot-tet *

Themostharmoniccandidatethatconformsto theselectorconstraint✬IDENT(Back) is ❀vah̃ot-
tõt. Thenexttableau[78] showshowtheactualoutputcandidateis chosenby sympathyto ❀vah̃ot-
tõt, by σ-WF and❀DIFF. Herewe let AGR(Back) standfor whateverconstraintor constraints
drivevowelharmony.

[78]
Seto σ-WF ❀CUMUL ❀DIFF AGR(Back) ✬IDENT(Back) . . .

Input: /vah̃ot-tõt/ ‘exchanged’
a. ❀ vah̃ot-tõt *
b. ☞ vahet-t̃ot * ** *
c. vahet-tet ** * **
d. vah̃ot-tet * * * *

SincetheSympathycandidate(a) ❀vah̃ot-tõt hasno faithfulnessviolationsrelativeto underlying
/vah̃ot-tõt/,all candidateshaveasupersetof its faithfulnessviolations.TheSympathycandidate(a)
vah̃ot-tõt andcandidate(d) arethrownoutbecausetheyviolateσ-WF (which hasto dominatethe
Sympathyconstraints❀CUMUL and❀DIFF if theseareto haveanyeffect).Of theremainingtwo
candidates,(b) vahet-t̃ot, beingcloserto ❀vah̃ot-tõt, bettersatisfies❀DIFF. In thiswaySympathy
defeatsAGR(Back),asdesired.

Let us recordthat this is in effect a Duke of York derivation. Although sympathytheory is
designedto excludeDuke of York derivations,certainsubtypesof themincluding the oneseen
abovearereadilytractablewithin sympathytheory.

Theproblemfor thesympathyaccountis that,by Richnessof theBaseandFreedomof Analy-
sis,wemustallow anycombinationof /e/and/õ/ in inputs,and,moreover,sincefrontnessbeyond
theinitial syllableis nondistinctive,thechoiceof /e/or /õ/ in thosepositionsmustconvergeon the
sameoutput.Suppose,then,wechoosetheinput /vahet-tet/.✬IDENT(Back)will nowchoosethis
inputastheSympathycandidate.

[79]
Seto . . . . . . . . . ✬IDENT(Back) . . . . . .

Input: /vahet-tet/‘exchanged’
a. vah̃ot-tõt **
b. vahet-t̃ot *
c. ❀ vahet-tet ✓

d. vah̃ot-tet *
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Againall thecandidatesarecommensurablewith theSympathycandidate(c) ❀vahet-tet, because
eachhasa supersetof the latter’s faithfulnessviolation relativeto underlying/vahet-tet/.Of the
two candidatesthatsurviveσ-WF, it is theSympathycandidateitself, identicalto theunderlying
form, thatbestsatisfies❀DIFF.

[80]
Seto σ-WF ❀CUMUL ❀DIFF AGR(Back) ✬IDENT(Back) . . .

Input: /vahet-tet/‘exchanged’
a. ☞ vah̃ot-tõt * **
b. vahet-t̃ot * ** *
c. ☞❀ vahet-tet * *
d. vah̃ot-tet * * * *

Therefore,underthischoiceof input form, Sympathyagainfails to selectthedesiredoutput.

4.2 ExtendedSympathy

Theargumentsofar hasrespectedMcCarthy’sstricturethatsympathycandidatesmustbeselected
by Faithfulnessconstraints.It shouldnot begivenup in a casualway, becauseit is conceptually
an essentialpart of the theoryandhasimportantempiricalconsequences.But problemslike the
onewe havesketchedout haveneverthelessled severalauthorsto proposethatmarkednesscon-
straintscanalsofunction asselectorconstraints(Itô andMester1997,Merchant1997,De Lacy
1998, Walker 1999). The versionof SympathyTheory in which this is allowed is called EX-
TENDED SYMPATHY. Walker specificallyarguesthat harmonyis transmittedacrossintervening
neutralvowelsin local fashionvia aSympathycandidatein whichneutralvowelsparticipatein the
harmonicprocess.

But ExtendedSympathyfaresnobetterthanoriginalSympathyin thiscase.True,wecannow
forcetheSympathycandidatevah̃ot-tõt byusingharmonyastheselector. But usingharmonyasthe
selectorhastheunfortunateeffectof makingopaquevowelstransparent.In Seto,for example,we
wouldget*l ähko-leinsteadof lähko-l̃o, on thebasisof sympathyto thefully harmonicSympathy
candidate*l ähk̈o-le. [81] showstheselectionof the❀-candidateunderExtendedSympathy.

[81]
Seto . . . . . . . . . ✬AGR(Back) . . . . . .

Input: /lähko-le/(or /lähk̈o-le/, /lähko-l̃o/, etc.)
a. ❀ lähk̈o-le ✓

b. lähko-l̃o *
c. lähko-le **
d. lähk̈o-lõ *

Themostharmoniccandidatethatconformsto theselectorconstraintis❀lähk̈o-le. [82] showshow
theincorrectoutputcandidate*l ähko-leis chosenbysympathyto❀lähk̈o-leontheassumptionthat
theunderlyingform is /lähk̈o-le/.
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[82]
Seto * ö ❀CUMUL ❀DIFF AGR(Back) ✬IDENT(Back) . . .

Input: /lähk̈o-le/
a. ❀ lähk̈o-le *
b. lähko-l̃o ** * **
c. ☞ lähko-le * ** *
d. lähk̈o-lõ * * * *

Candidates(a) and(d) arethrownout becausetheyviolate* ö (which, asbefore,hasto dominate
theSympathyconstraintsin orderfor thewholemachineryto haveanyeffectat all). ❀DIFF then
decidesagainstthedesired(b) lähko-l̃o in favor of theunwanted(c) *l ähko-le. We concludethat
eventheExtendedSympathyapproachto opacityis inconsistentwith OT’s fundamentalprinciples
of Richnessof theBaseandFreedomof Analysis.

4.3 Turbidity

Goldrick (2000)attackstheproblemof non-patentconstraintinteractionby introducingtwo types
of input/outputrelations,anabstract,structuralrelationof PROJECTION, andanaudible,surface
relationof PRONUNCIATION. Normally the two relationscoincide— what is projectedis pro-
nouncedand vice versa. But becausethe two relationsare subjectto separateMAX and DEP

constraintstheycandivergeunderthepressureof structuralmarkednessconstraints.

Turbidity theoryoffersanotherwaytoachievepartialoutputvisibility of neutralizedunderlying
information. Any suchsolutionrunsinto theproblemdiscussedin connectionwith sympathyin
the precedingsection,namelythat the requiredunderlyingrepresentationscannotbe guaranteed
weretheyarenoncontrastive,asin thecaseat hand.

4.4 Targetedconstraints

Bakovic (2000)developsyet anotherapproachto neutralsegmentsbasedon the notion of TAR-
GETED CONSTRAINTS, which he creditsto Colin Wilson. As Bakovic explains,the appealing
intuition behindit is that “transparent-vowelcandidateshavemore in commonwith the ideal,
fully-harmoniccandidatethanopaque-vowelcandidatesdo” (p. 272). Let us agreethat kopima
soundsmorelike *kop1mathankopim̈a does.

In our analysisof neutralvowelsthis could be understoodasa consequenceof the fact that
transparencyleadsto maximizationof unmarkedvowels(in thiscasei), andthatunmarkedvowels
suchasi areby theirverynaturelesssalientthanthemarkedvowelssuchasä which would result
from opacity.

Now let us seehow targetedconstraintscashin this intuition. They do so by carrying out
pairwise(ratherthanglobal)constraintevaluationsof candidates.Constraintevaluationproceeds
by a seriesof pairwisecomparisonsbetweencandidates,andtheoutcomesareaccumulateduntil
theoptimalcandidateis found.

Thetargetedversionof theconstraintthatrulesout *1in Seto(a direct translationof a similar
constraintof Bakovic’s)wouldbe:
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[83]
⊙

[–Back,–Round,+High]

Let x be any candidateandζ be any [–Back,–Round,+High]vowel in x. If candidatey is
exactlylike x exceptthatζ is not [–Back,–Round,+High],theny is betterthanx.

Much dependson the right sequenceof pairwisecomparisons,for which Bakovicadoptsthe
following principlesformulatedby Wilson:

[84] a. Ordering. Startingwith the highest-rankedconstraintin the hierarchy, if the current
constraintassertsthe orderingx � y, thenaddx � y to the cumulativeorderingO,
exceptwhenthe oppositeordering(i.e. y � x) is in O. Repeatfor the next highest-
rankedconstraintin the hierarchy. [To which Bakovic adds:The order in which the
relativeorderingsamongcandidatesthat a given constraintassertsareaddedto O is
givenby theabsoluterankingwhich thatconstraintestablishesamongthecandidates.]

b. Transitiveclosure.For anycandidatesx, y, andz, if bothx � y andy � z arein the
cumulativeorderingO, thenx � z is alsoin O (i.e.x � y & y � z ⇒ x � z).

c. Optimality. A candidateisoptimal if andonly if it isnotworsethananyothercandidate
in thefirst cumulativeordering(i.e.whentheloop in (a) ends).

Still following Bakovic’s exposition,we considerthederivationof kopimafrom /kopi-ma/‘to
grope’.Thistimeweneednotworry aboutthebacknessof thenon-initialinputvowels,for targeted
constraints,to their credit, do not rely on faithfulnessto underlyingrepresentations.Narrowing
downthefield to thefour mostinterestingcandidates,weobtainthetableauin [86].

[85]
Candidates

⊙
[+Back,–Round,+High] AGR(Back)

Input: /kopi-ma/
a. kop1ma d � a !
b. kopimä a � b !
c. kop1mä b � c !
d. ☞ kopima a, b, c � d
Cum.ordering: d � a, b � c d � a � b � c

Crucially, both[+Back,–Round,+High]andAGR(Back)mustbetargetedconstraints,evaluatedin
thepairwisefashionstipulatedin [84].

Now considerthevowel o. Recallthatwe got thedesiredopaquebehaviorsimply by ranking
thecorrespondingconstraint* ö with *1after IDENT-�1(Back). Undertargetedconstraintsthis is
nolongerthecase.Thereis noreasonwhy o wouldnotbetransparentlike i. Thetableauis exactly
thesame.

[86]
Candidates

⊙
[–Back,+Round,–High] AGR(Back)

Input: /lähko-le/
a. ☞ lähko-l̃o d � a !
b. lähko-le a � b !
c. lähk̈o-lõ b � c !
d. lähk̈o-le a, b, c � d
Cum.ordering: d � a, b � c d � a � b � c
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In fact, it is notclearhowto formulatea targetedconstraintthataccountsfor opaquebehavior.
Supposehoweverthat thereis sucha targetedconstraint,or that we find a way of orchestrating
a mix of targetedandordinaryconstraintswithin oneconstraintsystem. Thenwe still losethe
predictionthatbackneutralvowelsareopaqueandfront neutralvowelsaretransparent.

5 Conclusions

We havepresentedananalysisof thevowel harmonysystemof SetoEstonian,with its abundant
disharmonyphenomenawhich involvebothtransparentandopaquevowels.Drawingonaprelim-
inary typologyof disharmonydevelopedin anotherstudyof ours,weshowedthattheSetosystem
revealstheinteractionof markednessconstraintsthatgovernsegmentinventorieswith faithfulness
constraintsanda featureagreementconstraint.Theconstraintsthemselvesareall uncontroversial;
theonly theoreticalnoveltywasto makeuseof two modesof constraintconjunctionwhichemerge
naturallywhentheprocedurefor evaluatingconjoinedconstraintsis spelledout.
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