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A Typology of Consonant Agreement as Correspondence
1. INTRODUCTION The action at a distance that is characteristic of ‘consonant harmonies’ stands
as a pivotal problem to be addressed by phonolothealry. Considethe nasal alternations in the
Bantu languageKikongo (Meinhof 1932, Dereau1955, Webb 1965, Ao 1991,0dden 1994,
Piggott 1996). In this languagtine voicedstop inthe suffix —idi in (1a) isrealized as [ini] in(1b)
when preceded by a nasal consonant at any distance in the stem, consisting of root and suffixes.
(1) a. m-[bud-idi],, ‘lhit b. tu-[kun-ini]
n-[suk-idi]

In addition to the alternation if1), there are ndikongo rootscontaining a nasal followed by a

‘we planted’

stem
e ‘| washed’ tu-[nik-inil, ‘we ground’

voiced stop, confirming that nasal harmony or ‘agreement’, as we will term it, also htidsrabt
level as a morpheme structure constraint (MSC). In fact, MSCs which require that consmateints
for featurescan also be considered examples of consonant harmony (se&laso 1991), but
within a more restrictedomain. Inthe Semiticlanguage, Chahasoronal and velar oratops in
roots matchfor laryngeal features (Leslal®79, Banksira2000). Stopsare either voicelesa),

voiced (2b) or ejectives (2c):

(2) a. ji-kotf ‘he hashes (meat)’  cji-t'ok’ir ‘he hides’
ji-koft ‘he opens’ ji-t' ok’ ‘it is tight’
b. ji-dog(i)s ‘he gives a feast’
ji-dorg ‘he hits, fights’

Datasuch as those in (1-2ye crucial to the debate on mechanisms of feature agreement and
their locality, because they display agreemantoss strings ofpparently unaffected neutral
material. In the case of Kikongo, intervening consonants and vaneisotnasalized. Likewise in
Chaha,interveningvowels in (2a)are notvoiceless, and in (2cintervening segmentare not
glottalized.Such phenomena, which vierm Long DistanceConsonanAgreement(LDCA), raise
two fundamental questions: (i) what determirtiee participatingsegments iLDCA for a given
feature? and (iijpow isthe neutrality of interveningegments to be obtained? Théssueshave
stimulatedvarious proposals ihe literature on nonlineaphonology that involve linking the
agreeing feature between participatoansonants; however, well argue that thesaccounts are

unsatisfactory on the basis of explanatory and theoretical considerations.



The aim ofthis paper igwofold. First, wepresent a typology diDCA thatincludes not only
familiar cases of coronal sibilant agreement (i.e. Chumash; see B8@®&rApplegatel972, Poser
1982, Shaw 1991, Gafos 1996[1999jut also a range of oth&rpes,including the examples in
(1) and (2). The typology we assemble comprises both alternatioMd®@d. Second, wedevelop
an alternative analytical proposal whereby LDCA is brokeradh correspondence-theoretic relation
established between the participant segments (extending ideas discussed ir?WHlkeo, 2001a).
We termthis approachAgreement byCorrespondence (ABC). A&hief assertion ofthe ABC
proposal ighat agreement is determined by Identiynstraints whictcheck feature matching in
corresponding consonantereby obviating representations in whielature linkageskips over
spans of neutral segments.The ABC configuration isshown in (3). Inthis structure a
correspondence relation has been established between two consonants, as indicated by coindexing.

3) ABC configuration

C,VC.V

@l F] [a I:]
Another keyclaim is thatsimilarity plays a decisive role in identifying which segments stand in
correspondence.

This paper is organized dsllows. 82 presents arosslinguistic typology ofLDCA and
discusses our findingthat (i) participantconsonants share a consideratgree of similarity to
eachother,and (ii) intervening segmengeneutral. In 83 we establighe principles of the ABC
approach in connection witthe descriptive generalizations thatir typology determines. 884-5
demonstrate aspects of the depth and breadthi®imodel'sapplicationthrough case studies in
long-distance laryngeal agreement and nasal agreeme®, Iwe provide a critique ofrevious
researchthat positsdistance featural agreement as the outcome of linkagpreading. Finally, in

87 we discuss some issues for further study and present the conclusion.

2. ATYPOLOGY OF LONGDISTANCE CONSONANT AGREEMENT
2.1 QROSSLINGUISTIC OVERVIEW. We begin our survey by defining LomystanceConsonant
Agreement (LDCA):
4) Long Distance Consonant Agreementi{LDCA): Agreemenfor anarticulatory or

acoustic property that holds between consonants separated by another segment.



LDCA may involveconsonants separated by a singbevel, or bylargerdistancesAlthough this
description excludes patterfisited to root adjacentassimilations, ouformal analysis allows for
their inclusion, but only as a subset of agreement at a greater distance, as discussed in 83.2.

LDCA encompasses both MSCs and alternati@very language we have examined that has
long-distance alternations also appears to have root structure constraihts samdeatures. This
confluence may in fact have a diachronic explanation undeasthenptiorthat MSCs wereoriginal
and subsequently extended to alternations. In languages wititVi@@s, there are ofterexical
exceptions, suggestingither that lexical diffusion is incomplete or thatloanwords are
unincorporated. Nevertheless, this does meain thatMSCs are not synchronically part of the
grammar(Frisch & Zawaydel2000, Ussishkin &Vedel2003). Despite the historicabrigins, the
parallel strongly points to treating MSCs and alternations synchronically with a unified analysis: they
differ in their morphological domain afperation. Such aonflation hasthe further advantage of
avoiding theduplicationproblem (Kenstowicz & Kisseberth 1977, see also Shiba&@r3, Clayton
1976, Hooper 1976). MSGsere originally conceived astaticrulesthat applied to lexical entries
before the application of any phonological (and/or morphologioéds (Chomsky &Halle 1968).
Subsequent phonological rules applying atwioed level had the potential to duplicate tirrk of
MSCs, aghey were formallydistinct. The architecture of Optimalitfheory (OT), in which our
analysis is couched, eliminates the duplication problem by articuldt8@s interms of constraints
on theoutput, aconsequence of the Principle Richness othe Base, which prohibitsonstraints
on inputs (Prince & Smolensky993). Both will be analyzed as output constrailftSCs operate
within a smaller subset domain than that of alternations.

What we callLDCA is not coextensive with what is ofteralled ‘consonant harmony’'While
many cases dfDCA fall under thislabel in theliterature, it has alsbeenused torefer to other
phenomena. Some harmonies involving consonantsopks@te over a distance timat they do not
terminate at the immediately adjacent segméwatyvever, they are local in that they affect a
contiguous string of segmeniacluding vowels. Suchpatterns aravitnessed, for exampleyith
the feature [nasal] and in the phenomelkmown as emphasis spread. \Weserve theterm
‘harmony’ to describe thesmases.They stand in contrast the nonlocal nature of LDCAyhich

hasthe capacity taskip certain interveningsegmentsDissimilation alsodoes notfall within our



survey (cf. Shaw 1991jalthough we note¢hat it shows certain similarities tcagreement. For a
recent overview of dissimilation, see Suzuki (1998).

Other uses ofthe term‘consonant harmony’ have includegsbund symbolismalternations
(Nichols 1971,Cole 1987) andmorphological harmoniesuch as Salislglottalization (Reichard
1938, Cole 1987) othaha labialization (Leslal©®67)! We do not addredbese in this paper for
two reasons. First, they do not form a cohesive class. For examplepsopt®logical harmonies
arose from vowel-consonant interaction, which wotddl outside thescope of consonant
agreement. Second, many such cases are morphological rather than phonolabyieaknsethat a
series of consonantternates to convey morphologigaformation, but not necessarily with an
overt triggering element. This is particularly true of diminutas@nsonant symbolism in Native
Americanlanguages, which showalternations that aneot always triggered by an ovetfix, and
even if they do, do not show a consistent featural relationship. For examylg/,oin(Teeterl964)
the diminutive suffixes-ic, -oc and—ot cooccur with stem alternations not only from /s/"fp [t
also from /I/ to [r]. In Luisefio (Kroeber & Grace 196@)e diminutivesuffix —mal triggers shift of
/sl to [s] and sometimes /r/ t6][ It is not clear what featural relationship thebgts share. Nichols
(1971:838) further notes that ‘symbolic shifts are never duplicated in regular phonological rules of a
single language’, reinforcinthat they have a morphologicaymbolic functiononly. In contrast,
consonant agreement is a phonological restriction operating between two or more ougmnants.
Due to thesereasons, weprefer to be conservative in this paper and exclude morphological
harmonies andound symbolism fronthe typologicalsurvey. See Cole(1987), Akinlabi (1996),
Rose (1997), Zoll (1998) and Kurisu (2001) for further discussion.

2.1.1 AGREEMENT TYPES The typology ofLDCA includes nasal agreement, liquid agreement,
laryngeal agreement and coronal alwisal agreement. We presesaich case iturn and point out
two key characteristics that unite them: the similarity of the interacbngonants anthe neutrality
of the intervening segments. We list only certain representative languages — for a more diggnsive

we refer the reader to Hansson (2001).

2.1.1.1 MsAL. Nasal agreementacrossintervening vowels and consonants is found in
Kikongo (Ao 1991, Odden1994, Piggott 1996) andraka (Hyman 1995,Walker 2000b). Nasal



agreement in the Adamawa-Ubangi language, Ngbaka (Thbd&&8 Wescott1965, Mester1986,
van deWeijer 1994), presents @ase outside dBantu. The keyproperty of nasahgreement that
distinguishes it fromthe pattern that wecall nasal harmony (Piggoti992, 1996, Walker
1998[2000]) is that intervening vowels (and other consonants) are not nasalized.

Examples of nasal agreement in the Kikongo perfective active suffix following a nasal consonant
in the stem domain are repeated5i from (1). The suffix consonanphoneme is variablyealized
as [d] or [I] when oral, as we elaborate in 8§5.

(5) a. m-[bud-idi},,, ‘I hit b. tu-[kun-ini]

n-[suk-idi]

wem  We planted’

siem ‘| washed’ tu-[nik-inil, ‘we ground’

The segmentghat interactwith a nasal irthe suffix alternation are voicedtopsand oral sonorant
consonants. In addition, Kikongo has an MSC wherein these consonants do not appear after a nasal.
In the case of Ngbaka, nasals do not cooccur with prenasal stiygsss#fime place of articulation in

the root.

In Ndonga (Viljoen 1973), suffixal /I/, as in (6a), shows nasal agreement when a nasal occurs in
an adjacent (open) syllable, as seen in (6b-c) (vowel heighe suffix is controlled byharmony).

If more than a vowel intervenes, agreement does not obtain (6d).

(6) a. pep-el-a ‘blow towards’ c. kun-in-a ‘sow for’

b. kam-en-a  ‘press for’ d. nik-il-a ‘season for’

OtherBantu languagesuch aBemba(Hyman 1995) and.amba (Dokel938, Odden1994,
Piggott 1996) also show agreement only over an intervening vowel. Thesewsales considered
long-distance, but thegperate over a&horter span due to andependent proximity restriction,
which we discuss in 83.

Among theconsonantshat participate in nasalgreement, approximant consonants and nasals
sharethe property of beingsonorants,and voicedstopsand nasals sharhe property of being
voiced noncontinuants. In some languagesmsal agreement is extended to include voiceless
consonants as welalthough this is less common. @anda,nasal agreement affects homorganic
voicelessstops following anasal within dexical root (Bantu; Katamba &lyman 1991, Hansson
2001). The structures in (7a-b) are well-formedsianda,while those in (7c-daredisallowed. N,

D and T symbolize a homorganic nasal, voiced stop and voiceless stop, respectively



(7) a. NVN -n6na ‘fetch’ c. *NVD, *DVN
b. TVN -tana ‘go septic’ d. *NVT
Tiene (Bantu) also presents a casmicelessconsonants — asell as voiced — participate in nasal

agreement within the ‘prosodic trough’ (Hyman 1996, Hyman & Inkelas 1997, Hanssor? 2001).

2.1.1.2 LQuID. LDCA also affectsliquids, although interaction among liquids is more
commonly dissimilatory in nature (e.g. Latin (Jensen 1974, Steriade X9&8@gian (Fallorl993,
Odden 1994, Sundanese (Cohn 1992)). In the Bantu language, Blkirsthe benefactivesuffix
/-ila/, shown in (8a), becomes [r] after a stem containing [r] in (8b) (Odden 1994). The quality of the

suffix front vowel is regulated by height harmony.

(8) a. teex-ela ‘cook for b. kar-ira ‘twist’
lim-ila ‘cultivate for’ reeb-era ‘ask for’
iil-ila ‘send thing’ resj-era  ‘retrieve for’

Liquid agreement operateser interveningvowels and nonliquicconsonantsThe segments are
highly similar, differing in Bukusu only for the alternating feature [lateral].

Liquid agreement islso found inthe Austronesiatanguage, Ponapean (Rebh§81, Hansson
2001), and in the Chadic language, Hawgi#h the retroflex flap and/ (Newman 2000Hansson
2001). Inthe Bantulanguage, KiparéOdden1994),the glide/j/ of the perfectivesuffix /-ije/ and
appliedsuffix /-ija/ is realized adr] following [r] and as [I] following [l] in the immediately

preceding syllable. Again, the interacting segments are all sonorant approXimants.

2.1.1.3 IARYNGEAL. The laryngeal featurabhat weassumeare[voice], [spread glottis{[sg])
and [constricted glottis] ([cg]) (Lombard©91). The featurdsg] characterizes aspirated segments
and [cg] marks ejectives, implosives and ottjlettalizedsegmentsAll these featureshow LDCA
effects among oral stops. In some cases, a homorganicity restriction is imposed.

VOICE. In Kera, aChadiclanguage, voicelesgelar stops in prefixeand suffixesare voiced if
the stem contains voiced ostbpsand affricates; other voiced segments do not trigigeevoicing
agreement (Ebert 1979, Odden 1994, Walker 2000a).

(9) a. /kvgar/ > [gagar] ‘knee’

b. /dzar-k&d/ > [d3argd] ‘colorful’ (fem.)



c. /kV-maad/ > [komaand] *[gomaand] ‘woman’
d. /kV-sar-kan/ > [kosarkan] *[ gesargan]  ‘black’ (coll.)

As mentioned irg1, in Chaha, &emiticlanguage, stops in a roagreefor voicing (Banksira
2000). Fricatives do nopatrticipate in theestriction, and we find roots with raix of voiced and
voiceless obstruents such asp/stturse’, /k#3/ ‘becomeinferior.” Voicing restrictions onstops
also hold in Ngbaka stems (Thomas 1963, Wescott 1965, Mester 1986, van de WeijgvdlRed,
2000a), with aradditional caveat that th&tops be homorganic. Finally, Proto-Indo-European is
reported to have a voicing agreement betwserps in roots undethe Glottalic Theory
(Gamkredlidze & Ivanovi973, Hopper 1973, Salmons 1993). In summanicing agreement
generally holds between orstiopsonly.? Hansson (2001) pointsut the case dflgizim, aChadic
language (Schuh 1978, 1997), in which nonimplosive obstruents in a root agree forvoicing.

SPREAD GLOTTISAND CONSTRICTED GLOTTIS The other laryngedeatures, [sgland [cg]
demonstratdISCs, but we havefound noactive alternations iaffixes? Theseconstraints, which
require that oral stops match for [cg] or [sg], may hold over homorganic stops or stops in general.

In Yucatec Mayar{Straight1976, Yip 1989) homorganicstopsand affricates mustatch for
[cg] to cooccur in a root. Roots such as *k'Vk are ruled ouboth consonantare[cg], they must
be identical, so *t'VK' isimpossible. MacEachern(1997[1999]) documentseveral cases of
laryngeal constraints requiringgreement among homorganstops in roots. Forxample, in
‘Bolivian’ Aymara,” Hausa andhe Mayanlanguage, Tzujutilstopsare not required to agree for
place, but if they do, then they must match for [sg] or [cg] specifications. This resthotasover
stops separated by botlrowels andconsonantsOther languages have no restrictions on the
homorganic nature aftops. InKalabari ljo (ljoid; Jenewarll989, Hansson 2001yiced stops
must agredor [cg], being either implosive or plawoiced. InChaha (Banksir&000), stops in a
root display a restrictiothat theynot differ in laryngeal specification, being either ejectives or
voiced, as we saw above in (2). The Bolivian Aymara and Chaha cases are analyzed further in 84.

In all of theselanguages, [sgland [cg] are characteristic of stops/affricatesly. While
glottalized fricatives ar@ossible,they are rare and are oftesalized phonetically asffricates.
Fricatives are noaspirated, althouglvaux (1998) has arguethat [sg] can characterize plain

voiceless fricatives (see also Kingston 1990, Stevens 1998). Yet, we knowagfegment effects



obtaining between fricatives and aspiraséops. Wealso found noagreement between glottalized

sonorants and obstruents.

2.1.1.4 @RONAL. There are three types of coronal LDCA: sibilant agreendemtal agreement
and retroflex agreemenll involve featureghat refer to theongue tip/bladgGafos 1996[1999])
and are therefore only relevant to coronals.

SIBILANT . Themost common type operates among sibilant fricatives and affricates, producing
alternations such as [d]J] This has previously been termegbilant harmony’.(The term ‘sibilant’
is strictly inaccurate, since at least in Tahltan, harmony invahteslental nonsibilantricatives.)
This type of agreement is documented in many Native Ameritamguages,including the
Athapaskan languages Navajo (Hoij&45, Sapir & Hoijer1967,Kari 1976, McDonough1990,
1991), Tahltan (Hardwick 1984, Nater 1989, Shaw 1€9éments2001), Chilcotin (Cook 1983,
1993), Chiricahua ApachdgHoijer 1939, 1946)and Kiowa Apache (Bittle 1963), Uto-Aztecan
SouthernPaiute (Sapid931, Harms 1966)ndMayanlanguages such azutujil (Dayley 1985)
and Tzeltal (Kaufman1971). It isalso found in Basque (Hualde991, Trask 1997, Clements
2001), Imdlawn Tashlhiyt Berber (Elmedlaoui992), Moroccan Arabic(Heath 1987), Bantu
languages such as Kinyarwanda (Kimenyi 1979) and Kir@Ndhirageza1993), and Omotic
languages such as Aari (Hayward 1990) Mtadle (Amha2001). The key characteristic of sibilant
agreement is that holds between coronal fricatives and affricates, but @talps (coronal and
noncoronal) and all other consonants and vowels are transparent.

An example from Aari (Hayward 1990) is given in (10) with the causatiNix /-sis/, which is
realized as(ff] when palatoalveolar affricates or fricatives ocamywhere inthe preceding stem

(10b). Note that the initial suffix consonant is voiced adjacent to a voiced obstruent.

(10) a. gi?- ‘hit gi?-sis-  ‘cause to hit’
duuk- ‘bury’ duuk-sis- ‘cause to bury’
sug- ‘push’ sw-zis- ‘cause to push’

b. naf- ‘like, love’ naf-fif-  ‘cause to like’

tf’aaq- ‘curse, swear an oath’ t{’aaq-fif- ‘cause to curse, etc.’
faan- ‘urinate’ faan-fif- ‘cause to urinate’

3aag- ‘sew’ 3aag-3if- ‘cause to sew’



In Kinyarwanda (Kimenyi 1979:43}%ibilant agreement operates in theposite direction:

alveolar fricatives in theoot become palatoalveolavhen preceding a palatoalveolar fricative in a

suffix:
(11) a. ku-sas-a/ [gusasa] ‘to make bed’
/ku-sas-iif-a/ [gufafiifa] ‘to cause to make the bed’
b. /ku-soonz-a/ [gusoonza] ‘to get hungry’

/ku-soonz-iif-a/ [gufoonzeefa]  ‘to cause to make get hungry’
In manylanguagesdirectional sibilant agreementcurs irrespective of affix/rocffiliation of the
sounds and may produce an assimilapattern thatonverts, for examplés/ to [[] and §/ to [s].
Although sibilant agreement imost commonlyregressive,the Aari caseshows that regressive
directionality is not a fixed property. In Aari, the morphological root controls changes in the suffix.
DENTAL. Thesecond type of coron&dDCA operates amongtopsand is found in languages
with alveolar-dentalcontrasts. It isparticularly prevalent in Nilotidanguages, such allayak
(Andersen 1999), Shilluk (Gilley 1992), Anywa (Reh 19983geri (Anderseri988) and[Dho)Luo
(Stafford 1967, Yip 1989, Tucker 1994). In most of these languagesement isound strictly as
an MSC holding ovethe cooccurrence of alveolar and destalps. Inlanguageghat allowdental
nasals, the constraints also hold of nasaps. InAnywa (Reh1996), there is no cooccurrence of
dental and alveolar stops ir@ot. In addition, aoot final [I] or [r] is realized as a voiced alveolar
stop with the patient-deleting suffix /-o/, as in (12a). If following a moiial dentalstop, however,
it must be dental as in (12b). A similar process is found in Paeri (Andersen*1988).
(12) a. dl  dudo ‘to fold something’ b.dir  dido ‘tojostle’
ndur naudod ‘to press something down’  toor  toodo ‘to finish’
lier liedd ‘to hang’
Since roots are of the shape CV(V}@ere are no interveningpnsonantshat can be examined for
transparency or opacity to the agreement.
In Mayak, alternationsare found in the affixesthemselves, andnlike Anywa, agreement
converts a dental stop to alveolar rather than alveolar to dental. The singulative suffixe®l//at/
and the suffix /-t may optionally be realized with an alveolar\thenthe root contains amlveolar

stop, including the implosive stod][(13b). The alveolars /I/ ant/ fail to initiate LDCA as shown

10



in (13a). They also do not block agreement, as seer(1Bb). Only oral stops show the

dental/alveolar contrast, and it is only among these consonants that agreement operates.

(13) a. beel-¢et ‘cane’ b. din-et ~ din-et ‘bird’
naj-it ‘snail’ ket-m-et ~ ket-n-et  ‘star
?in-At ‘intestine’ tid-At ~  tid-at ‘doctor’
tuy-it ~ tuy-it ‘back of head’

RETROFLEX The third type of coronal agreemeimvolves retroflexion.Breeze (1990:10)
reports that in Gimira (Benchnon), an Omotic language of Ethiopia, ‘n@atedoalveolar fricatives
or affricates within a root morpheme can differ in the featunewbflexion’!* Gimirahas a series
of plain coronal obstruents{s tf t{’ s z { 3] and retroflex{s ts’ s z]. Roots such athe following
are attested. The numbers indicate tone levels.

(14) sas3 ‘vein’ fatf 4 ‘stretcher’

ts'uts’ 4 ‘louse’ tf’aft4  ‘be pierced’

The causative affix-s/ shown in (15a) undergoestroflex and palatoalveolar agreement with

preceding roosegments, as in (15b). fkal root segment is often dropped; single fiableolar

stops fuse with the suffix to form an affricate:

(15) Stem Causative
a. mak2 ‘say mas 2 ‘cause to say’
dub 4 ‘dance’ dus 4 ‘cause to dance’
kit 1 ‘draw water’ kits 1 ‘cause to draw water’
b. zertl ‘be red’ zers 1 ‘make red’
sup 3 ‘slaughter’ sus 3 ‘cause to slaughter’
ts'ud’ ‘spit’ ts'utg’ ‘cause to spit’
fid3 ‘remain’ fit{ 3 ‘cause to leave’

Some Australian languages also present toriguerientationcontrasts among coronatops,
but few effects of consonaagjreement arattested. Therare retroflexion alternatiordiscussed in
McGregor (1990) andHamilton (1993) involvingapical consonants. In Gaagudiju,ward-initial
apical alveolarstop isrealized as retroflex preceding a retroflednsonant across antervening

vowel. Evans (1995) states that in Mayali, apical stops and nasals (but not retfpfepdrated by

11



only a vowelagree inretroflexion. Sanskrit retroflexion is aft-cited case of retroflekarmony,
but it shows certain characteristics that set it apart from the others. We address it in §6.3.

All three coronal agreemecdises showvalternationfor featuresthat refer to theéongue tip or
tongue blade(Gafos (1996[1999]) argudhat coronaharmonies involve either the feature [tongue
tip constriction area] ([TTCA]) or the featurgongue tip constriction orientation}([TTCO)]).
Segments that participate in sibilant agreement are highly similar iortlyafricatives and affricates
are involved to the exclusion sfops.The dental/alveolar alternationvolves onlystops. Finally,
retroflexion involves either oral stops or fricatives/affricates. It may also include nasals and rhotics if

the language contains alveolar and retroflex sonorants.

2.1.1.5 DRSAL The final type weconsider is Dorsal agreemefiiur discussion is based on
examples identified irHansson (2001)Dorsal agreemeninvolves alternations or restrictions
between velar and uvular articulations. These segmametslistinguished bythe feature[high]
(Chomsky &Halle 1968) or[retracted tongueoot] ([RTR]) (Czaykowska-Higgind987, Goad
1989), and in feature geometric models, are characterized with a Dorsal node.

In the Totonacatanguage,Tlachichilco Tepehua (Watters988), /k/ in a derivationalprefix,
such as?uks-/ (16a), is realized as uvular if a uvular follows in the stem (16b):

(16) a. Ruks-k'atsa ?uksk’atsa ‘feel, experience sensation’

b. fRuks-lagts’-in/ ?0gslaqgts’in ‘look at Y across surface’

Dorsal agreement takes place across intervening vowels and consonants. Although high vowels may
be lowered whemdjacent tauvulars (notehe lowering of Ruks-/ to fogs-] in (16b)),this only
occurs in a strictly local environment and does not interfere with dorsal agreement. This underscores
that dorsalagreement cannot be analyzed as extension of a featallesiegments irthe domain;
otherwise nonlocal vowel loweringhould result. Hansson (2001:94) poirgst that when
intervening high vowels are not adjacent to one oftweagreeing uvulaconsonantsthey do not
lower. In the exampldak-pu:tiq’i-ni-j/ = [lagpu:te?enij] ‘X recounted it to them’/i/ lowers to [e]
directly preceding the uvular (tHg’] debuccalizes to?]), but i/ located between the agreeing
dorsal consonants fails to lower to:][ Other cases of dorsahgreement ardound in Misantla
Totonac (MacKay1999), Aymara (De Luccal987, MacEachern1997), Inesefio Chumash
(Applegate 1972) and the Dravidian language, Malto (Mahapatra 1979).

12



In conclusion, there are five main types of consonant agreement: nasal, liquid, laryngeal, coronal
and dorsal, along with varioussub-types? Several key properties dfDCA emerged from the
discussion. Firstthe typology includes both MSCs arattive alternations. Secondhe agreeing
consonants share a higlegree of similarity.Third, segmentsntervening between the agreeing
consonantare unaffected by the agreeifepture, and do not block agreement.the next two

sections, we will elaborate on the similarity and blocking characteristics of LDCA.

2.2 SMILARITY . LDCA phenomena share the general property that the interacting setpeants
a high level of ‘similarity’. We viewsimilarity as determined bghared features, and our typology
reveals that in terms of features, [sonorant], [continuant] and place features are the most important in
identifying classes odimilar segments. Segments withimese classeare differentiated by one or
more minor featuresuch aglateral] or [voice]. The following table summarizesour similarity

findings with respect to LDCA, and lists one example language for each type:

(17)
TYPE SUB-TYPE | EXAMPLE LANGUAGE INTERACTING SEGMENTS
Laryngeal | voice Kera (Ebert 1979) Oral stopor
Ngizim (Schuh 1978, 1997) obstruents
constricted | Chaha (Leslau 1979) Oral stops
glottis
slpread Aymara (MacEachern 1997[1999]) Oral stops
glottis
Nasal Kikongo (Meinhof 1932, Ao 1991, | (Voiced) stopor
etc.) consonantal approximants
Liquid rhotic Bukusu (Odden 1994) Liquids
lateral Kipare (Odden 1994) Approximants
Coronal sibilant Aari (Hayward 1990) Fricatives & affricates
retroflex Gimira (Breeze 1990) Fricatives & affricatesr
Mayali (Evans 1995) Stops & affricates
dental Mayak (Andersen 1999) Stops (affricates)
Dorsal retracted | Tlachichilco Tepehua (Watters 1988) Stopsor
tongue root Malto (Mahapatra 1979) obstruents

Homorganicity is an independent requirement that maynigosed on laryngeal and nasal
agreement. We also notkat laryngeal specifications daot usuallyimpact Coronal or Dorsal
agreement. For example, sibilant agreement may otgtigardless othe [cg] or [voice] features of
the interactingconsonants, as seen wile Aari example i(10). Similarly, dental and retroflex
agreement operates betwestops regardless of voicinghe major Placenodes,Labial, Dorsal,

Coronal and Pharyngeal do msltow long-distance agreement. Vidéscuss possible reasons for
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their exclusion in 87.

The notion of ‘similarity’ in MSCs has previously been noted by Pierrehun(ib@@3), van der
Weijer (1994), Broe (1996), Frisch (1996), Frigthal. (in press)and MacEacherr(1997[1999]),
although most of these works focus primarily on dissimilatory constraints (but Etisthn press
discuss possible extensions to harmony systeft®.metricfor computing similarityproposed by
Frisch et al. (in press)relies on featureclasses, groups of segmerdsaracterized by a set of
distinctive features. Similarity is obtained bglculating thesharedfeatureclasses of two segments
in a given language inventory and dividing it by the numbeshafredfeatureclasses plus non-
sharedfeatureclasses.The similarity metric isbased on individual languageventories, but the
methodusesuniversal features and natuidasses. Thereforegven though garticular pair of
consonants will not have the exact same similarity rating in diffégaguages, its position asore
or less similar with respect to another consonant pair will be maintained. Althougbkdeveloped
for other phenomena, thimethod of computing similarity isuccessful in establishingglevant
hierarchies betweesets of consonants found in consonant agreement, aratopt ithere. For
example, homorganic consonaate computed as more similar tHagterorganic, and nasatops
are more similar to voiced stops than to voicet#eps, goatternfound innasal agreemeiisee 85
for more details).Although it cannot predict preciselyhich consonanagreement patterns a given
languagehas, it providesgeneral guidelines concerninghich consonantsare more likely to
participate in different agreemepaitterns. In addition, Frisct al. (in press)point out theirmetric
might be further refined by adjusting the weight feataasy, inparticular theysuggesthat major
mannerfeatures, such as [sonorantjjght be weighted more heavily in computing similarity, and
this is consistent with our observations about LDCA.

The similarity requirement on agreeisggments in.DCA is not systematicallyound in other
kinds of assimilatorysystems involvingconsonantsand this set6 DCA apart. Weclaim that the
interacting segments in harmony systerage driven by satisfaction of alignment spreading
rules/constraintsParticipant segmentrethose contained withithe domain ofspreadingthat are
sufficiently phonetically compatiblevith the spreading feature (Cole &isseberth 1995Walker
1998[2000], but see Piggott 1992 on nasal harmdoy)example hasal harmony regularly affects

vowels, which are relativelgompatiblewith superimposed nasalization, but vowels dointatract
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with nasals in LDCA. On the other hand, if specific targets are apparently singledhautrianies,

one proposa(Gafos 1996[1999]maintains that it is the contrastive nature of segmentghat
determines their perceptible participation as targets or triggers of harmony. While this may be true of
many cases of consonant agreement, it is meliable predictive factor in compelling participation.

For example,Chaha voice agreemerdjscussed in§2.1.1.3 and in 84, singlesout stops for
agreement, but fricatives do nparticipate despite a contrast betwdesh and /z/. InAnywa,
discussed in 86nasalstopsparticipate in dental agreement ewvirough there is no phonemic

contrast between nasal dental and alveolar stops.

2.3 BLOCKING EFFECTS The other main characteristic of consoragreemensystemghat we
have identified is that intervening segments do not block agreement, aratéhayaffected by the
agreeing feature, that is, they are ‘skippéd’ong-distance assimilations in which consonafidsy
a role and whichshow blocking effects, such asasalharmony, emphasis harmony tabial
harmony, showother propertieshat setthem aparfrom the LDCA typology. Most notably, they
affect contiguous strings of segments, i.e. they are local, and the assimilation does not hold between
consonantsalone; vowels may trigger the assimilation and be audibly affecteédmselves.
Moreover, the set of interacting segments are not regularly those that are most similar. There are two
main sources of blocking ithese systems: blocking by segmentompatiblewith the harmonic
feature and blocking by segments specified for the feature.

In nasalharmony, obstruenteften block assimilation ofnasal]. Inljo (Kwa) (Williamson
1965, 1969, 198 \Walker 1998[2000]),leftward nasal harmonigsues from anasal consonant or
nasal vowel (18a), but obstruents block the assimilation (18b).

(18) a. anda ‘wrestle’ b. izdgygo  ‘jug’

jart  ‘shake’ abamu  ‘loft’

Obstruents are the least likedggments t@articipate in nasdtarmonysystems.This stands in
contrast to nasal consonant agreement, where vetopdare oftentargets, andther obstruents,
which often remain unaffected, do not interfere with the agreement. A comparable blocking effect is
found in emphasis harmony in somalects of Arabicwhich may be halted byigh vowels and
palatal consonants (Hobermaf89, Davis 1995, Shahin 1997)Archangeli & PulleyblankK1994)

and Davis(1995) argue that the featuf®TR], which requiregetraction of the tongueoot, is
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antagonistic to segmentisat require a contradictogesture, raising ahe tonguebody. InDorsal
agreementhowever, consonantagreefor the featurefRTR] despitethe presence of intervening
high vowels, which dmot lower and do ndblock. Nasal harmonynd emphasis harmorhave
been analyzed in terms of feature spreading between contiguous se@rerdsvis 1995, Walker
1998[2000]), and we believe that is correct. In cases whergpreading feature reaches a segment
with which it is incompatible, the spreading is ended.

Harmonymay also be blockedvhen anintervening segment is specifiédr the assimilating
feature. An example is found in Nawtabial harmony (Casali995), in which round vowels and
glides cause a high vowel in ammediately preceding syllable to becom®und (19a). The
assimilation is blocked by intervening plalabial consonants (incareful speech)19b). The
alternations shown here involve a singular noun class prefix /gl-/, ilheepresents a high vowel

whose roundness and ATR qualities are determined by the following vowel.

(19) a. grsibta ‘sandal’ b. gi-mu ‘heat’
gi-kelli: ~ ‘kapok tree’ gi-fufuli  ‘white’
gu-su ‘ear’ gi-pula  ‘burial

gu-jo ‘yam gi-boito:  ‘leprosy’

Casali (1995) analyzes this assimilation as spreadifigtwél] from a [-consonanta§egment.
He obtains the blocking bigbial consonants throughfaature geometry invhich the Place node
and its dependent featurés.g. [labial], [coronal], etc.) occupyhe same tier irconsonants and
vowels. Labial consonants therefore block rounding harmony betzis¢labial] feature prevents
[labial] spreading from a neighboring vocoid via a prohibition on line crossing (Goldsmith 1976).

Onceagain,the blocking phenomenadnas been treated in terms of the mechanics of (local)
feature spreadind.ike the nasahnd emphasis harmonigbe Nawuri data are compatiblith an
analysis under which continuous strings of segmergaffected. Ni Chiosain and Padggt®97)
have argued that the consonants which intervene between assimilating vowels also undergo harmony
themselves, though frequently not audibty Wereturn to this issue i86. These harmony cases
stand in stark contrast the LDCA cases outlined ir2.1, which show noblocking either due to
featural incompatibility or to specification with the agreeing feature. The approatdkeveoLDCA

treats it separately from spreading-bagpbgénomena. Inhe nextsection, we turn tdhe formal
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treatment of LDCA that we propose and its underpinnings.

3. LONG-DISTANCE AGREEMENT BY CORRESPONDENCE

3.1 SMILARITY INSTIGATES SOUND RELATIONS. Our typology reveals a correlation between
LDCA and similarity between the agreeiognsonantsBuilding on Walker(2000a,b, 2001a), we
proposethat similarity forms the basis for establishing farmal relation between the interacting
segments. We hypothesize that LDCA patterns have their functiogeds in languag@roduction,
in particular, the phonological planning of speech (i.e. organization and sequencing of abstract units)
and its executiorfi.e. motor controlsthat accomplish théplan’). Considerable psycholinguistic
evidenceshows that speakers form connections betwesmilar segments anthat similar but
different segmentpose problems in speech production. By rendesinglar soundsidentical in
some propertyl. DCA thus hasthe potential to facilitatgoroduction. As weoutline below, we
suggest that LDCA may arise through production-based pressures in diachronic change but may also
operate as an activeonstraint in a synchronic grammar. Vi&ave open the possibility that
perception-based factors might also play a role, but focus chiefly on the production basis here.

Language production studies have firmly establighatl theproduction of a given consonant
primes or activates othepnsonants ithe word or phrasdhat share darge number ofeatures.
This is apparent in patterns of speeetiors, for which it hasbeen widely establishethat
consonants sharingreater similarity have an increased likelihood to participate slipaof the
tongue (Nooteboom 1967, MacKay 1970, Fromkin 1SHattuck-Hufnagel & Klatl979, Kupin
1982, Stembergef 982, Levitt & Healy 1985, Frisch 1996Yousdenet al. 2000). It is observed
that near-identicalsounds often shift to identical ones. Representative examples include
mispronunciation of the phrasabjects showsshubjects sho{Shattuck-Hufnagel &ilatt 1979),
and misproducingellowin the tongue twistered lorry, yellow lorry asyerow or yeyow Priming
among similar segments withimords is also made evident byphonologically-basednalogical
pressure. Zuraw (2000) observibat segments in similar syllablemre often rendered identical,
English examples incluggompon-> pompan, sherbet> sherbet. **

Although speech errors of this kind are often described in terms of seguistitution,several
studies have now shown that an individual articulatory gesture or feature may be mistakenly repeated

in a similar sound while another gesture or featloes notcarry over (Mowrey &MacKay 1990,
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Frisch & Wright 1996-1997, 2002Pouplieret al. 1999). This parallelsthe pattern of LDCA.
Moreover, work by Poupliest al.(1999) reveals that erroneous (partial) carryover of a gesture from
one segment to another may take place without producing audible consequences for the listener. This
suggestghe occurrence oérrors in speech production is considerably highan indicated by
counts of perceived errors. Errorful productions wahkerefore seem to present a greater problem
for speakerghan previously conceived. laddition, the sources of production errotsetween
similar soundsmight well be richer tharassumed underaditional planning-basedcenarios. A
study by Pouplier & Goldstein (2002) finds that not all speech emarspulate static abstraghits
alone: they can be gradient and prodsegmentghat arenot phonotactically well-formed in the
language. Thisthey argue, suggestthat errors may arise notonly from miscoordination of
planning, but also through dynamically-based miscoordination in execution.

In the aggregatethe speecterror researclsuggestghat the occurrence of similaut different
consonants in antterancepresents productiodifficulties that are mitigated by ahift towards
identity. This pointhas beenaddressed in spreadirggtivation models of language production
processing (e.g. Dell & Reich 1980, Dell 1984, 198&mberged 985, MacKay 1987). The most
relevant aspect of this modeling tisat each of the featural gestural properties of a consonant
causes the associated processing nodes to become ‘activated/ofd @ntainingtwo consonants
that haveonly a small degree dfifference,there is a significant overlap in tmodesthat receive
activation. Theproduction-based difficultyfor consonantghat are near-identicahus arises in
coordinating theiffew separate properties and keeping the sins&gments distinct. As seen in
natural speecterrors and errorsassociated with tongue twisters anodrtain otherelicitation
techniques,the tendency is to improve ease of production-relgieacessing by overriding
differences between the consonants and making some or all of their properties match.

We suggest that LDCA is a phonologized means of accomplishicigmatchingfor individual
features. We speculate that this may arise in a landuage the form of an MSC (se&Valker et
al. 2002). Morphemes containing combinations @fnsonantshat are morgrone tointeract in a
speech error would be excluded from the lexicon. This could emerge in diachronic lacigaage,
occurring gradually until the exclusion is systematic, and/or it could operateaasiveasynchronic

condition. For examplepne canobservethe historical origins of Chahalaryngeal agreement
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discussed in 84 by comparing it with related languages, such as Amharic Jadkitheagreement,
ex. Amharic [widak’] / Chaha [wit'ok’] ‘fall’ (Banksira 2000). Incircumstances where affixation
forms wordscontaining consonant combinations excluded withorphemesthe condition could
be extended by analogy to the entirerd. This will produce alternations in afficonsonants, such
that they change to agree with some featural property of a root segmengtairimeaticakeflexes of
MSCs versuslternations in a synchrongrammarwould bethe domainver whichthe relevant
phonological constraints operate, i.e. morpheme or word.

Our hypothesizedyrounding ofLDCA in speech production provokdble question whether
errors and LDCA show a true parallel with respect to similahgt, iswhether the samgroupings
of similar consonantsare witnessed acrosthese phenomena. study by Walker et al. (2002)
suggests an answer in the affirmative. Tle&gminederrors involving nasalpn, n] and oralstops
in English elicited using the SLIPS errorinduction techniqugBaars & Motley 1974). The stop
consonant inventory of English is rougtdgmparable to that of certain Barltanguageshowing
nasal agreemerfe.g. Kikongo,which affects homorganic/heterorgarstops, and Ganda,which
affects homorganic stops only). Their results show that for the consonant pairs under scrutiny, those
more likely to interact in long-distance nasal agreement patatisk participating in moreerrors.
Specifically, there were more errors between nasals and voiced stops vs. nasals and stmpsless
and more errors between nasals and homorganic stops vs. nasals and heterorganic stops.

Our suggested basis ilmnguage production is further strengthened Hgnsson’s (2001)
typological findingthat LDCA is predominantly regressive in cases where it is not root/stem
controlled. Hansson pointaut that this directionality correlatesvith a tendencyfor speecherrors
involving near-identical segments to involve the early pronunciation (‘anticipation’) of a property of
a segment sequenced later in the word or utterance. It should be haeder,that regressivity in
LDCA stands as a crosslinguistic tendency rather than an absolute — for instatade,patterns of
nasal agreement are progressive, as will be discussed in 85. The occurramogpattoryerrors in
speech rather than perseveratory ones likewise stands as a téndency.

In sum, the interactionobserved amongear-identicalsounds inspeech production provides
support for ourclaim that speakers construct #ormal relation between similasegments.

Furthermore,the parallels between speeehror patterns and distan@greement lead to our
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suppositionthat LDCA is agrammaticized avoidance abnsonant combinatiorthat maypresent
production difficulties, resolved via matching of subsegmental properties.

Finally, the similarity basis forinteraction is notimited to consonantsand we envision the
potentialfor extension tather kinds of agreemenpatterns.Similar vowels are also observed to
have increased likelihood of participation in speedwrs (Shattuck-Hufnagedl986), and certain
vowel harmoniesnight be amenable to an account utilizing a similarity-based relation between
vocalic segments. For example, Kaun (1995) has observed that voatelsing in height are more
prone toparticipate inround harmony. Moreovesimilarity hasbeenobserved to form a basis for
relations established between constituents at levels higher thaegheent, for instancdetween
words, producing analogical or paradigmatic effecsee Burzio1999, 2000 orthe notion of

Gradient Attraction). We identify some additional cases in the next section.

3.2 THEORETICAL ASSUMPTIONS We frameour analysis inOptimality Theory (Prince &
Smolensky 1993) anddopt theCorrespondence approach to faithfulness (McCarthy & Prince
1995, 1999). We assume familiarity with the core assumptions of this framework.

As anticipated in81, weformalize the relation betweearonsonantghat interact inLDCA in
terms of correspondence. Followititge definition given by McCarthy & Princgl995:262), two
structuresare in correspondence if a relation is established between their comptereents.
Correspondence constraintietermine faithfulness of mapping betweerelated structures by
requiring identity of their structure and content.

In general, we posthat similarity is asource of correspondence betwestructures,that is,
structureghat are recognized as alike in mamgys are prone to be associated together, and this
connection may be grammaticized in terms of a correspondence reftivlarity (which includes
identity at its extreme) may be morphological and/or phonological in basis, and we sugjdesth
kinds of similarity may contribute to the occurrence of correspondence betireetures. Consider
the familiar examples otorrespondence between input-output, stem-affiséeim and base-
reduplicant. The occurrence of a correspondence relation iirgshévo cases isittributable to the
morphological similarity/identity of thestructures, and irthe latter case it is theesult of a
morphological requirement that the reduplicant be phonologically simiis base. Inthe case of

Agreement byCorrespondence (ABC), we sugg#sit correspondence between consonants in the
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output arises from their phonological similarity.

Correspondencattributable to phonological similarityas been previouslydentified at higher
levels of organization. Otie basis of pseudo-reduplication phenomena, Zuraw (2000argasd
for aviolable constraint requirinthat syllables in aword stand in correspondenamnd Suzuki's
(1999) study of onset identity effects has accrued evidence for a constraint enforcing correspondence
between onsets of adjacent syllables. Our proposal also connects to a broad range of other research
identifying linguistic requirements that phonological elements woad be repeated or copied
outside of morphological reduplication (S8ead 1996 MacEacherrn 997[1999], Rose 1997, Yip
1997, Kitto & De Lacy 1999, Ussishkin 1999Clements2001, Feng 2001Kramer 2001, Pater
2003).

The requirement that @orrespondence relation be established between similar segments in the
output is expressed asvimlable constraint, building owWalker (2000a,b, 2001a)The generalized
schema for this type of constraint is given in (20).

(20) CORR-C.C: Let S be aroutput string of segments ahet C;, C; be segmentthat

share a specified set of features F.;If@0U S, then is in a relation with ¢ that
is, G and G are correspondents of one another.

We regard the schema iR0) as providing a framework for constraints requiring
correspondence between any pair of segments belongitige toutput, bethey consonants or
otherwise. In view of our present focus on consonant agreemeilopé Walker's ORR-C. C
label. Nevertheless, wallow that a more generalORR-Seg- Seg label would have utility in
agreement phenomena riatited exclusively toconsonants. In cases of consonagrteement, the
restriction of WRR-Seg- Seg constraints to consonamigl follow from their similarity. This is
illustrated in the definition of the constraint that \edel GORRT. D in (21). This constraint
requires that a correspondence relation be established between stops in the output thaplagege in
i.e. pairs that arat leastas similar as [t] and [d] (e.g. [...p...b...], [...d...t...], [...k...k...]).

(21) CORR-T -D: Let S be arputput string of segments anet X and Y be segments

specified [-sonorant, -continuantPlace]. If X, YOI S, then X is in a relation with
Y, that is, X and Y are correspondents of one another.

To accommodate the gradient nature of similarity, we array individbRRC .. C constraints in
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a fixed hierarchy — a familiar implementation of scalar phenomena in the {iseerg.g., Prince &
Smolensky 1993Kenstowicz1994, Walker 1998[2000], Crosswhite 1999[2001])he hierarchy

is organized such that the more similar the pair of consonants, the higher ranked the regiaement
they correspond. The portion of the correspondence hierarchy relevant for \agjeeegnent among

stops is given in (22) (drawing on Walker 2000a). We note that the ranking of these comsteaints

not be stipulated, but is an expositional convenience. The implications follow from superset relations
between constraints encompassing increasingly less similar segments.

(22) Similarity-based correspondence hierarchy

CORRT-T >> @ORRT-D >> CORRK T >> (ORRK.D

“identical stops” “same place” “same voicing” “any oral stops”
The constraints in (22)are interpreted a$ollows. CORRT. T requiresthat a correspondence
relation be established between stops that agrplaéeand voicing(e.g. [...t...t...], [...b...b...]).
CORRT. D expresseshe same requiremeifidr the superset of stop pairthat match inplace.
CORRK - T encompasses ampair thatagrees in voicingincluding heterorganipairs,and GORR-
K - D expands to any pair of oral stops.

We supposdhat correspondence constraints exist ofdy segment pairs exceedingcartain
threshold of similarity. In this study, weill usethe similarity scales resultinijom the method of
computation proposed by Frisehal. (in press) — which function as our basis rielative similarity
— together with our survey of attested LDCA patterns as a guide to this threshold.

A schema of the relevant correspondence relations operating in a hypotbetica given in
(23). Faith-10 constraints enforce faithfulness between inpubatmlt. Within the output, ®RR-

C- C constraints can produce correspondence between similar consonants. Cotlettairgdabel
Faith-CC (or Faith-SegSeg underore general circumstances) require identity of structure and
content between these segments.

(23) Consonantal correspondence model:

Input /bepol
¢ IO Faithfulness

Output b ep o]
&P CC Faithfulness

A Faith-CC constrainapplicable to voicing is given i(24), again with expositionalocus on

consonants. It requirdbat if a segment in theutput is specified apsoice], any corresponding
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segments inhe outputmustmatch in voicingspecification. We assuntbat laryngealfeatures are
monovalent, but the basic analysis is not altered if binary features are adopted instead.

(24) IDENT-CC(voice) Let G be a segment in the output ando€ any correspondent of

G in the output. If €is [voice] then Cis [voice].
The constraint ir(24) isformulated without reference to segmentler. Howeverthe existence in
some languages of unidirectional rightward or leftwa&BC which is not derivative from
morphological structure will necessitate an elaboration in directional terms, as discussed in 85.

Constraints enforcing faithfulness between input and output also play @lkeyrawing on
Pater(1999), we assumihat IDENT constraints distinguish betwe#éme lossand gain of privative
feature specifications (an extension also adopted by McCarthy & Prp@®, 1999 forbinary
features). Examples are given irf25). IDENT-IO(voice) penalizes thdoss of input [voice]
specifications, andbENT-OI(voice) punishes segments that acquire [voice] in the output.

(25) a. IDENT-IO(voice): Leta be a segment in the input afddbe any correspondent

segment ofx in the output. Ifx is [voice], ther is [voice].
b. IDENT-OI(voice): Leta be a segment in the input addbe any correspondent
segment ofx in the output. I3 is [voice], ther is [voice].

We lllustrate the aboveonstraints’ evaluation with respectyarious candidates i(26). This
tableausimply tabulates violations; constrairdse unranked here. Subscriptdetters notate CC
correspondence. We assuthat 10 relations in the candidates harel in subsequerableaux are
such that segments with matching positions in the input and output strings are in correspondence.

(26) Correspondence among consonants in the output

/bepo/ b-CC(voi) , ID-I0/Ol(voi);, CORRT . T, CORRT .. D CORRK . T, CORRK . D
a. bep,o | | | * I I *

b. bepo o | | I I

c. hebo ) I I I

Candidates (26a-b) do not display voicing agreement. In (B6ahomorganiconsonants are
not in correspondenceiolating GORR-T . D, and by implication, ORR-K .. D, as well. In(26b),
the consonantsre incorrespondence, btitey do not agreéor voicing, incurring aviolation of
IDENT-CC(voice). Candidate (26c) exemplifiethe ABC outcome. The consonantsare in

correspondence with each other and they agree in their voicing specification.
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As (26) illustrates, CC-correspondermgtomaticallyfavors arelation between segment pairs
matching in the specified featuregenever they occur ithe output. Inthe preponderance of
languages that do not show LDCA, Faith-IO/Ol will be sufficiently high-ranked to block changes to
segmentghatwould be required tenforce agreement. In ordiar an LDCA pattern to be active,
both the relevant DENT-CC and ©RR-C.. C constraint(s) must supercede I@1Ol faithfulness
constraint.

It is alsothe case thdtDCA may be moderated by proximitgstrictions, which wdormalize
via a ROXIMITY constraint.Recall that insome languages, consonatitsit are relatively close
together agredor a given feature, whereas those separated lgreater distance fail tagree.

Compare the patterns in Kikongo and Ndonga, repeated here from 82:

(27) a. Kikongo b. Ndonga
m-[bud-idi],, ‘I hit’ [pep-el-al,,, ‘blow towards’
tu-[kun-ini]g,,, ‘we planted’ [kun-in-a},,, ‘sow for’
tu-[nik-ini] ., ‘we ground’ [nik-il-al,.,, ‘season for’

In Kikongo, nasal agreement operates in the stem regardless of distance between the nasal and suffix
consonant. In Ndonga, nasal agreement fails if the consonants are not in adjacent syllables.

Proximity is an independent requirement that may be imposed on intergetngnts. Itan be
incorporated into our analysis through a proximity constraint:

(28) PROXIMITY : Correspondent segments must be within the domain of adjacent syllables.
PROXIMITY is invariably obeyed itNdonga,but it is violated inwords of Kikongo in whichhasal
agreement holds between consonants separated by multiple segments, as $8wrBinranking
PROXIMITY overthe relevant ORR-C.. C and DENT-CC constraints irNdonga, nasal agreement
will obtain only amongconsonants separated by nwre than a singleowel, but consonants
standing at a greater distance valil to agree oicorrespondWhen ROXIMITY is rankedlower,

agreement obtains regardless of distance between the relevant consonants, as in Kikongo.

(29) Ndonga PROXIMITY Kikongo PROXIMITY
kungin,a v tukunin,i v
nyikil ;a v tunikin,i *

Oneimportant question is whethéscal noniterative root-adjacemissimilations might also be
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subject to an analysis incorporatiagreementhrough correspondence. In fattiere is nothing in

the definition of correspondendeat precludes such a situatiosince theonly restriction ©RR-

C- C places on correspondence is the similarity of the interastiggnents. Nevertheless, just as
CORR-C.. C does notrestrict adjacensegments from being in correspondence, it @ees not
restrict segments at a distance from being in correspondence. Therefore, if root-adjacent ABC occurs
in a given language, it igredicted that the language wallso exhibitABC over a longer distance.

This occurs in languages with consonant sequences, suchken(Shaw 1991). InTahltan/s/ is

altered to {] preceding palatoalveolar fricatives and affricatesh in rootadjacentcontexts, ex.
/hudi-s-fa/ > [hudiftfa] ‘1 love them’ and distanceontexts, ex./ya-s-t'et{/ > [yafttet(] ‘I
splashedit’. PROXIMITY is a separate constraint that regulateaximal distance between
corresponding segments. IRBXIMITY is ranked higher thandRR-C. C and bENT-CC, as in
Ndonga, then the upper-bound of correspondence is limited to a window of adjacent syllables. If the
language allows consonasgquencegpoot-adjacent agreement majso occur,but again only in
addition to agreement within the limit@XIMITY sets. We have not identified any language which
exhibits this situation, since those languagéd®se LDCA is restricted by ROXIMITY have a

limited range of consonant clusters.

Local assimilation is also regulated by factors other than correspondence through similarity, such
as phonotactic factors and coarticulation, which by defingiotails root adjacencyzor example,
post-nasal voicing is often attributed t@@articulation difficulty in terminating voicingpllowing a
nasal(Hayes & Stivers 1995Pater1999). Prenasal voicing is also attested. $panish,/s/ is
commonly voiced preceding nasad. mismo[mizmo] ‘same’. This doesiot apply in cases of
long-distance interaction, and we know of no cases of long-distance vagregment triggered by
nasals. Weconclude that locahssimilations are triggered by separatastraints, andubject to
separate pressures that do not apply at greater distarwesreturn to thisnatter in§4, where we
discusslaryngeal agreement in Chaha and contraswith a separate case ddcal laryngeal
spreading.

In what follows weexplore the application of the ABC approattirough two sets otase
studies.The first considerdaryngeal agreement in Chaha and Bolivian Aymara, andedhend

investigates nasal agreementNigbaka andKikongo. Both pairs of languages contrast in the
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strength ofthe similarity requirement enforced between agreergments,thereby revealing
typological parallelsacrossLDCA for different features. In additiongachset of case studies

presents different properties that test the capacity of ABC to capture variation within the typology.

4. CASE STUDIESI: LARYNGEAL AGREEMENT
The features [sg] and [cg] are grouped with [voice] to fdrenfamily of Laryngeafeatures. In
this section, weexaminetwo cases ofaryngeal agreement in detahowing howlanguages may
differ in their similarity requirements. Chaha (BanksiZD00) hasagreement effects imoots
pertaining to both [cg] and [voice] in stops. A dialecyinara termedBolivian’ (De Luccal987,

MacEachern 1997[1999]) shows agreement for [cg] and [sg] in roots for homorganic stops only.

4.1 (HAHA. Banksira (2000) reportthat in Chaha, aSemitic Guragedialect of Ethiopia,
adjacent oral stops in a root may not differ in laryngeal specification. As thiSamiiclanguage,
Banksira’'s use ofadjacent’ refers to rootadjacentsegments, buassessed ahe level of the
morphological root. In actual stems, consonants will be separated by a templatic vowel in at least the
perfective form othe verbalparadigm, producing aonlocal effect. Inaccordance wittthe ABC
analysis, agreement is assessed at the level of the output stem, not at the level of the uroaterlying
so consonantwill be separated by an intervening voweltlre verbalparadigm. Wewill provide
additional evidence that the agreement also holds at a distance across intervening consonants.

Stopsare ejectiveg30a), voiced (30b) or voiceles$30c). In generalthe interactingstops are
heterorganic, either coronal or velar. Due to Semitic MSCs that prevent consonants of thiesame
of articulation from cooccurring in roots (Greenb&&H0, Bender &Fulass 1978Buckley 1997),
there arefew instances ohomorganicstops in a root. Weprovide conjugations in the 3 ms.
imperfective and imperative to illustrate that differeatvels may appear between tkensonants?

The Chaha consonant inventorytik t k' d g fs z x m r B w j/ plus palatalizedand labialized
versions of some of these which maynaaty not be derivedk{ k” k™ k™ ¢ g™ [ tf t[" 3]. /x/ is
included as separate frofi/, since,although theyalternate inverb paradigmstheir distribution is

not entirely complementary.
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(30) Imperfective  Imperative

a. ji-t'ok'ir t'ik’ir ‘hide!
ji-rat’ik’ nit'ik’ ‘snatch’
ji-K ot ir K'it’ ir kil
ji-rok’it’ nik’ it’ ‘kick!’

b. ji-dog(i)s dg(i)s ‘give a feastl’
j-ad@®)g ad(i)g ‘make fall”
ji-godir gidlir ‘put to sleep’
j-ag(@)d og(H)d ‘tie!

C. ji-kotf kitf ‘hash (meat)!
ji-toks tiks ‘set on fire!
Ji-kotkit kotkit ‘hit with a stick repeatedly”’

There arealso numerous verb roots withgreement betweestops acrossintervening

consonants:
(31) Imperfective  Imperative
a. ji-k'mot’ir K omt'ir ‘amputate’
ji-t' ok’ t' ifok’ ‘be tight’
b. ji-dorg dirg ‘hit, fight’
Ji-gradf gordif ‘grind coarsely’
c. ji-koft kift ‘open’

The labial stops do not participate in the agreement, either as triggers or targets. Banksira (2000)

argues that the only phonemic bilabials in Chaha are the sonordiitsTime voiced bilabial stop [b]

occurs as an allophone di/ /word-initially, following nasals,and in certain morphologically-
conditioned former geminatiosites. The voicelessilabial stop [p] only appears as devoiced

variant of thislatter former geminateEjective [p’] does not occur except in a@ew Ambharic
loanwords.The restriction of the agreement effecictwonals and velars is a result tbe limited
distribution of labial stops. Assuming thegreemenholds of surfacéorms, labial stopscannot be

targets. The voiceless labial stop [p] is restricted to penultimate root position and will appear only to

meet morphological requirements, which outraldtyngeal agreement. Afor voiced [b], this
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segment is also restricted; it is the sonorgwvhich appears in the paradigm in most instarfegs

[zobok’a] ‘he daubed'vs. [jizofk’] ‘he daubs’). Since only stops participate in laryngeal
agreement, paradigm uniformity woybdevent consonarggreementrom appearing in aubset of
the paradigm. Labial stops also cannot trigger voiéomghe sameeason. Givertheseconditions,

we limit our attention to the coronals and vel#rs.

Banksira does nanentioncases of voicelesstopsadjacent (at the level of the morphological
root) to either ejectives or voiced stops, but we have found no examples obstechin adatabase
of 855 Chaha verbroots including reduplicatedorms compiled from Banksirg2000), Leslau
(1979) and other sources, there are 117 verb roots with corongélandtops.All but 20 of these
show laryngeal agreement, a rate of 83%e 83% agreement rate i®und for stopaot separated
by another consonant or ‘adjacent’ (58/70 verbs) as well as for those separated by another consonant
(39/47 verbs). In our calculations, weatedconsonants separated by ‘weak’ root consonants /j w
a/ as being adjacent, since they are not separatec¢dysanant irthe surfacdorm. Forexample,
the consonantdd/ and /k’/ are categorized asljacent in averb like [dak’am] ‘laugh’, although
many analystsvould treatthis verb as having a root with three segmeaiésk’/** Based on these
figures, we conclude that the laryngeal agreement effect is also active in positions sepastited by
consonantsput that in both adjacentand non-adjacerpositions,the restriction is notbsolute.
MSCs often show lexical exceptions in this manner.

There argwo possibleinterpretations ouch exceptiongOne assumes MSCare no longer
synchronically active (Paradis & Prurf993). Another recognizes that long-distarm@cesses, be
they consonantaISCs or vowel harmonytend to exhibit lexicalrestrictions andfail to adapt
loanwords (Ussishkin &Vedel2003). Either way, analyseautilizing lexically specificrankings or
stratified lexicons (It6 & Mestet 995, Pater2000) orlexically-specified co-phonologies (Inkelas
al. 1997)have beerproposed taccountfor these differences. We therefore assuha the small
class of words that does not respect the agreement is lexically specified with a higheroanked |
IO/OI constraint.

Fricatives are not targets of agreem@aa). Nor ddfricatives andsonorantdrigger agreement
(32b):
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(32) a. s$qgd ‘worship! sdif3 ‘curse’

b. kizof ‘become inferior! tima ‘be thirsty!’

The restriction of [cg] agreement to stops is not surprising given that all ejectives in the language
are stops. Nevertheless, the restriction of [voice] agreement to stops cannot béhdusbsence of
voiced fricatives. Chaha has a contrast between /s/zAfttie fricative inventory is [f s X]). Yet,
as seen irf32), [s]freely combines with voicedtopsand [z] with voicelesstops. Wefind the
same pattern of voice agreement restricted to stigbs inthe Chadiclanguage, KergWalker
2000a). This appears to be a typical property of LDCA in whanticipantsegmentsarethose with
a high degree of similarity; in this case, the sub-clastagsamong the largetlass ofobstruents.

We note that contrast plays no role in favoring stops for agreement over the coronal fricatives.

The LDCA pattern in verbroots contrasts witHocal voicing assimilation inChaha which
includesall obstruents (Banksird000). Patterns oflocal voicing assimilationcrosslinguistically
show two predominant patterns: assimilation between all consonants including sonorants, or voicing
assimilation betweenbstruents (Lombardl991, Fallon 1998). We know of no cases which
local voicing assimilation is restricted to theb-class of stops dhe sub-class of fricatives. The
passive-reflexive prefi¥t-/ in imperfectiveverb forms inChaha is optionally voiced before voiced

obstruentsg? but not before sonorants. It is also optionally glottalized before ejectives.

(33) ji-t-gomos or ji-d-gomos ‘he cuts off into chunks’
Ji-t-zomad ji-d-zomod ‘he stretches (intr.)’
ji-t-k’'anom ji-t'-k’'anam ‘he insults’
ji-t-rok’or *Ji-d-rok’ or ‘it is uprooted’
ji-t-marox *] i-d-marox ‘it is captured’

Crucially, the voicing assimilatioshows norestriction tostops only. In addition, if aowel
intervenes, no voicing assimilation is attested. The /t-/ prefix of the verbs in (33) has aroexdta
/lto-/ when attached to a perfective stem. Yet it is not realized with a voiced segment in this-case: [t
goamoasom] ‘he cutoff into chunks’ not *[d-gomasom]. As with [voice], local [cg] assimilation
does notoperateacross a vowel: §tk’anomom] ‘he insulted’ not*[t’ o-k’anomom]. Thesedata
suggesthat LDCA andlocal spreading of [voice] and [c@re differentiated by the fact thiatcal

spreading may affect the whole class of obstruents, whereas LDCA is commonly restrattgusto
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One might counter that the difference between these two phenomena in Chaha is historical in nature:
the LDCA is a lexicalized historicalprocess andocal spreading is armctive synchronicprocess.
However, this type of synchrony-diachrony dichotonoffers no explanationfor the apparent
inertness of fricatives in LDCA, even in alternatidias in Kera (se&2.1.1.3)), compared with
their participation in local voicing assimilation betweebstruents.Combinations of laryngeally
mismatched stop-fricative combinations are frequembats. Furthermore, asill be discussed in
84.3, laryngeal agreement Aaymaraexhibits homorganiciteffects, whichlocal voicingalso does

not display.

4.2. ANALYSIS. As outlined in83.2, similarity is calculatecamongstops based ontaerarchy
of identical segments (¥T), homorganic segments <¥D), and heterorganicstops (k—T,
K<D), as repeated from (22) in (34a) favicing only. With [cg] adding anothedimension there
are furthercorrespondences between homorganic voicedegss (F~T’), heterorganic voiceless
(K<>T"), homorganic (B~T’) and heterorganic (B>K’), as shown in (34b).

(34) a. [voice]: CORR-T<T >> CORR-T<D >> CORRK-T >> CORR-K~D

b. [cg]: CORR-T' T’ >> CORR-To T’ >> CORR-K T, CORR-Do T’ >>CoRRD <K’

The [voice] agreement hierarchy is familiaom 83.2. The [cg] constraintsare interpreted as
follows. CORRT<T’ requires correspondence between homorganic voiceitsss, including
ejectiveand plainvoiceless. ORR-K<>T’ holds overthe superset of homorganic amheterorganic
voiceless stops.@RR-D—T’ expands to include homorganic pairs that disagree in [voice[ayjd
and finally ®@RR-D<—K’ refers to allstops,including thosehatdisagree in laryngedéatures. The
similarity between [t'] and [k], which differ for Place and [cg] and between [t'] and [d], which differ
for [voice] and [cq], is very close, so we have situated the constraints pertaining to these sound pairs
at the same level in the hierarchy. There is only one example of a Chaha root withatalsagree
only for [cg] and Place (i.e. [t k'] or [K't]), whereas varioesamples oktops showdisagreement
for [voice] and Place (i.e. [g t] or [d k]). the[cg] and [voice] scalearecombined, this seems to
point to a ranking of GRR-K<>T’ >> CORR-K«>D. Furthermore, on a similarity scale (Friszthal.
in press),voiceless-ejective combinations are rated much higher in similarity than voiceless-voiced
or ejective-voiced pairs within their respective homorganic or heterorganic classes.

IDENT-CC requires that for the relationRT;, if C; bears garticular laryngealeaturethen G
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bears the sameDENT-CC constraints are defined with respect to [voice] (see (24), 83.2) and [cqg]:
(35) IDENT-CC(cg). Let G be a segment in the output andb€ any correspondent of
the output. If Cis [cg] then Cis [cq].
As outlined in 83.2, monovalent features entail the use of battmHO and DENT-OI for [cg] and
for [voice]. Since the Chaha pattern is consisteith conversion of voicedtops toejectives and
ejectives to voiced stops, we assume that both types of constraints will be low-ranked.

A correspondence relation is established between oral stops in a rotbte adeintity constraints
require that they matcfor the features [voice] anftg]. We illustrate the rankingor the stem
[wit’ ok’] ‘fall’, for which we consider a possiblenput ividok’/ with a mix of a voicedstop and
ejective.For reasons of space, \a#ow thecapital letters Tand K to stand for bothjectives and
plain voicelessstops inthe following tableau. Because laryngeafjreement includeall stops,
including heterorganigoairs, the DENT-IO/Ol constraintsare rankedbelow the GRRK<—D
constraint. Candidate$36b) and (36¢) lose out t@andidate (36a) becausethere is no
correspondence relation established betweertvibestops inthe root. Candidate(36d) loses to
candidatg(36a) becausthe corresponding stops daot matchfor [cg]. It is not enoughthat the
consonantsnatchonly for [voice]. Finally,candidate(36e) showsthat the bENT-CC constraints
must outrank theDENT-10O/OI constraints in order to compel agreement.

(36) @MRR-K«>D >> IDENT-I0/OI(cg), IDENT-IO/Ol(voice),

Jwidok'/ ID-CC ! ID-CC ! CORR- | CORR-| CORR-| CORR- | ID-I0/OI ! ID-IO/OI
(cg) 1+ (voi) + T&T | ToD | KT | KD (voi) 1+ (cg)

a.[d wit’ ok’ ! ! *(10) + *(Ql)

b. itk ! ! ! § (10) ; *(©N

c. widoky : : *! :

d. witoek, | * *(10)

e. wvidok, | *(

*(")

The tableau in (36) illustrates an output wefjbctiveagreementHowever, it isalso possible to

derive a form withtwo voicedstops from amixed ejective-voicedtop input.The choice of one
versus the other would depend on directionality, which we set aside hbesymchronicgrammar
of Chah&? The important point is that agreement for laryngeal features is enforcedrR@. C
at the expense of faithfulness.

In conclusion,Chahashowsevidence of a laryngeal agreement pattern operating between a
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three-way series of oral stops. Under an ABC analysis, the restriction takiopss a function of
their similarity. This contrasts witthe pattern of local laryngeassimilation, which operates

between obstruents, both stops and fricatives.

4.3 BOLIVIAN AYMARA. ‘Bolivian’ Aymara(Davidson1977, DeLuccal987, Hardmanet al.
1974, MacEachern1996, 1997[1999]) hasooccurrence restrictions on both [cg] afsd] in
morphemes. Unlik&€€haha,Bolivian Aymaraimposes a homorganicity restriction onatgreement
effect. Homorganic stopagreefor laryngealfeatures, as shown ithe following combinations in
(37). There are no voiced oratops inthe language. If heterorganic, stopgy combinefreely,
except for ejectives, which must lmkentical tocooccur.The Bolivian Aymaraconsonant inventory

consistsofgttfkqp t' tf k' q p"t"tf"k"q"sxhrmnpl&wijl

(37) Homorganic Heterorganic
tunti ‘arid, dry’ gotu ‘group, pile’
k'aska ‘acid to the taste’ *t'ank’a
k'usku  ‘common’ dut'u ‘hole, hollow’
*Kk'aka (rare) taga ‘flock, herd’
*k"aka  (rare) "ampa  ‘dense’
*k'ak"a talda  ‘wide’

We focus orthe [sg] agreemengffects. Stopsgreefor [sg] if homorganic. Noagreement is
enforced if they ardeterorganic. We assuntiee same basic hierarchy oORR-C . C constraints
for [sg] as we did for [cg] in our analysis of Chaf&e faithfulness constraint®ENT-OI(sg) and
IDENT-IO(sg) are rankedver the correspondence constraamplicable tcheterorganic, laryngeally
nonidentical stops, ®RR-K"—T. This ranking effectively prevents alterintipe [sg] feature
specification of the second consonant, as shown in (38).

(38) IDENT-10(sg), DENT-OI(sg) >> ®MRR-K"—T

/t"ampa/ ID-CC(sg) @RR-T"-T"| CORR-T"-T:ID-I0(sg) ID-Ol(sg) ORR-K"-T
a. tamp,a | | Y

b.O0 tyampa : : : &

c. fampa A : ]

d. tampa : LR

If the input contained two aspirated stops, as'lnt[p], then the constraint ranking wouthgender
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no alteration, because no high-ranking constraints compel violations of input-output faithfulness.
In (39), weillustrate an examplaiith homorganicstopsand consider an input with only one
aspiratedstop. The constraint ¥=T requires correspondence between any homorganicstoph.
By ranking this constraint above one of the input-oufsgi faithfulness constraintegreement for
[sqg] is enforced. Ithe tableau givemere, DENT-IO(sg) islocated abovedENT-OI(sg), which
selects a winning candidate with double aspiration. However, the reverse ranking is pogsble
and will favor acandidatewith no aspiration. Botltandidates (39a) an@9d) are well-formed
roots; given that the agreement effect holdsoots andthereforeshows naalternations, we cannot
determine the exact ranking of tlENT-IO/OI constraintsHowever,the point ofthis tableau is to
illustrate thasingleaspiration candidates cannot emerge as winners even if faithful to the input.
(39) RR-T"—T >> either bENT-OI(sg) or DENT-10(sQ)

/K"usku/ ID-CC(sg) ®ORRT"T"| CORR-T"-T11D-10(sg) IP-Ol(sg) CORR-K"-T
a.0 k" usk,u ! ! *

b.  Reusku ; x| : *

c. Kusku S :

d.  kusku B

Homorganic ejectives show the sapatern, sahe crucialranking would be ORR-T' T >>
either DENT-OIl(cg) or DENT-IO(cg). By positioningthe input-outputfaithfulness constraint
between the GRR-C . C constraint that refers to homorganiéT) and the onéhatencompasses
heterorganic (K—T), we model the restriction of laryngeal agreement to appiyy between
homorganic stop¥.

In conclusion, Bolivian Aymara resembles Chaha in imposing an MSC on rootthatistops
must agree for laryngeal features, either [sg] or [cg]. It differs from Chathatimeterorganistops
do not respect this condition. This is expressed by ranking faithfulness constraints in different places
in the hierarchy with respect ta@R-T'/T"—T, as shown in (40) for [cg] and [sg].

(40) Chaha CORR-T'<T >> CORRK’ T >> |DENT-I0(cg), IDENT-OI(cg)

Bolivian Aymara: CORR-T"~T >> IDENT-1O(sg), DENT-OI(sg) >> ®RR-K"—T

Bolivian Aymara laryngeal agreemeptesents no proximity restriction, aragjreement may

apply across other segments, including fricatives ([k’ask’a] ‘acitié¢daste’, [KusK'u] ‘common’)

and sonorants ([tirtaa] ‘button up one’siress, shawl’, [lanK'a] ‘rough tothe touch’). There is
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no indication that these segments are also glottalized osdhatrantsare aspirated/devoicetdnder
an ABC analysis,intervening segmentare ignored, ashey are dissimilafrom oral stops and

accordingly do not enter into correspondence relations with them.

5. CASE STUDIESII: NASAL AGREEMENT
Ngbaka and Kikongo each present patterns of long-distance nasal agrédtaethe preceding
laryngeal cases, they demonstrate a difference in the strictness of similarity: Ngbakegressaent
is restricted to homorganiconsonantswhile Kikongo agreement extends t@ertain heterorganic
consonants as well’he juxtaposition of thesavo languages alsshows howdifferences in the
phoneme inventory campact theset of consonantthat interact in LDCA. Inaddition, Kikongo

presents a case in which unidirectionality is witnessed in the agreement pattern.

5.1 NGBAKA AND KIKONGO. Thefirst case of nasahgreement that weonsider is found in
Ngbaka, a Niger-Congo language spoketh& DemocratidRepublic of theCongo (Thomad963,
1970, Wescott 1965). The inventory of Ngbaka includes four series of stdpe amsality-voicing
continuum:nasal, prenasal, voicednd voicelessThe languagalisplays restrictions on possible
combinations of homorganic consonants in noncompound words (Mester 1986, Sagey 1986, van de
Weijer 1994, Broe 1996). We focus here on the restriction involving nasals, whereistopsahre
excluded from cooccurring with homorganic prenasal stops. A sketitie @irohibitedstop pairs is
given in (41)[n] represents a dorso-palatal stop.

(41) Prohibited combinations (either orderfm—"b  *n-"d *n—"g *m-—""gb
By contrast, pairs of homorganic nasals or homorganic prenasals (i.e. identical) are permissible:

(42) a. nant ‘today’ *na"de

b. ™bee™be ‘snail’ *Mhegme

The generalization is that nasatd prenasastops whichmatch in placemust also agree in
nasality, i.e. both must be fully nasal or both (partially) oral. In this regard, a remark on the status of
prenasalstops in Ngbaka is warranted. Prenasaks uncontroversially monosegmental in this
language (Thoma%963, 1970,Mester 1986, Sagey 1986).Drawing on proposals by Piggott
(1992) andRice (1993), wepositthat theybelong to theclass of sonorantdhey are phonetically
realized asprenasal as an implementation of a type of voidimg occurs in sonorantge.g.

‘spontaneous voicing’), buhey lack a phonological specificatidar [nasal]. The motivation is
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two-fold. First, the occurrence of single segmehtg contain featuratontours fomasality in their
phonological representation is questionable (Padfj@fibb). Moreover, wehave found no
indication of phonologicallyactive nasality in therenasals of Ngbaka. Secorie existence of
stops in whichprenasalization is purely phonehasbeen confirmed in othdanguagesincluding
Barasano (Piggott 199Rice 1993) andMixtec (lverson & Salmons 1996) he nature of voicing

in such segments differs from voicing in purely oral voiced stops in that it is partly accomplished by
a phase ofelic lowering. The sonorant status of prenasals in Ngbaka distinguiteesfrom the
obstruent oral voiced series, and it renders them most similar among the stop series%b nasals.

In Ngbaka, the nasal agreement is limited to (near)-identical stops. Accordingly, consonant pairs
that arelesssimilar can disagree inasality, for instance, ihomorganicpairs, anasal can occur
with a (fully) oral stop (43a), and in heterorganic pairs, a nasal can occur with a prenag&Bisjop
In addition, two heterorganic nasals or prenasals are acceptable {43c-d).

(43) a. boma ‘how’ C. mini ‘tongue’

b. ma’ga  ‘net’ d. °ga™ba  ‘navvy’

A critical aspect of the agreement is that it operates betsteps at a distance. Ngbagarmits
only CV syllables (Sage$%986:261),and vowelsthat intervene between agreeiognsonants are
unaffected. In additiorphonemic nasaftowels in Ngbaka do ndtigger nasal agreement; they are
found incombination with onsettops ofany nasality-voicing quality;pg] ‘dew’, [Mbg] ‘brown,
dark’, [g0] ‘tender’, [t0] ‘to spit’. Nasal agreement is thus limited to a subset of the consonants.

Our second case of nasagreementoccurs in Kikongo, aBantu languagespoken in the
DemocraticRepublic of theCongo(Bentley 1887, Meinhof 1932, Dereaul955, Webb 1965, Ao
1991, Odden 1994, Piggott 1996). The Kikongo inventory differs from Ngbaka’s in distinguishing
just threestop series: nasaljoiced andvoiceless. As previewed i82.1.1.1, anasalstop in
Kikongo induceshasalization of certain voicezbnsonants occurring at adystance to its right in
the stem(root andsuffixes). The Kikongo nasalsare [mn]. The data in(44) showthree suffixes
containing/l/ which isrealized agl] or [d] when the stem contains no nasal; itreslized as [d]
before [i] and as [l] before otheowels. When preceded by a nasal in tstem,/l/ becomeqn].
Vowel quality in suffixes obeys a heightirmony.The alternatinguffixesare the perfectivactive

(with variants-idi, -ele, -ini, -eng perfective passiveylu, -olo, -unu, -onpandapplicative {il-, -
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el-, -in-, -en).*®

(44) a. m-bud-idi ‘I hit’ tu-kun-ini ‘we planted’
n-suk-idi ‘I washed’ tu-nik-ini ‘we ground’
sos-ele ‘searched for’ sim-ini ‘prohibited’

leem-ene ‘shone’
futumuk-ini ‘resuscitated (intr.)’
b. m-bul-ulu ‘I was hit’ ma-nik-unu ‘it was ground’
c. ku-toot-ila ‘to harvest for’ ku-kin-ina ‘to dance for’
sakid-ila ‘congratulate for’ non-ena ‘to pick up for’

ku-dumuk-ina ‘to jump for’
ku-kin-is-ina ‘to cause to dance for’
ku-dumuk-is-ina ‘to cause to jump for’

As in Ngbaka, Kikongo nasal agreement operates between segments at a dis@aggeeing
consonants in Kikongo can be separated by multiple syllables, and intervening vowels and voiceless
consonants are neutral. Observe that Kikongo nasal agreement operates only rightward in the stem —
[l] and [d] appearing to the left of a nasdbpremainoral. This is alsaconfirmed by the lack of
LDCA in an example such as [bilumuka] ‘assemble in craivd'.

The nasal agreement &fikongo targets not onlyl/, but alsovoiced stops atall places of
articulation (/d/exists as a separate phoneméhmlanguage)Alternations involving /b dy/ could
not be found, because these phonemes do not oceue oare irKikongo suffixes outside of NC
sequences. Nevertheless, the basis of adictionary search, Piggott (1996)Jetermines that the
consonants in question do nappear aftemasals in a stem, imther words, the following
distributional generalization holds: *[...{m n}...{b dI}...] (see also Ao 1991:195-6, fn. 3).

Let usconsolidate the chief properties Mgbaka and Kikongmasal agreement. The patterns
present twoprimary characteristics oL DCA identified in 82.1: the potentialfor nonlocal
interactions, and a&imilarity effect. Evidencefor the first property is abundantthe agreeing
consonantsieed not be root-adjacent, and intervensegments, such as vowelsjicelessstops
and fricatives, neither participate in nor block the nasal agreement.

The consequence of the similarity effect in these languages is moderatedribiirtass otheir
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phonemicstop inventory. Orthe nasality-voicingcontinuum, Ngbakamaintainsfour distinctive
series of stopand Kikongo three, adepicted in(45) for bilabials.The preferential targeting of
similar segments is evident from nasal agreement in both languages affecsegdheof stopthat

is closest to the nasals, that is, the prenasal series in Ngbaka and the voiced series in Kikongo.

(45) Ngbaka Four stop series Kikongo: Three stop series
p—b-"b-m p—b-m

Ngbaka levies a stricter similarity requirement, limiting agreement to stops of the adgwesthat
are homorganic with the nasal. Kikongo targets all stopiseiradjacenseries,whether homorganic
or heterorganic, as well as approximant consonants that also share some properties with nasals.

We have calculated similaritamong singleton consonants tfie inventoriesusing the
methodology of Frisctet al. (in press). For Ngbakathe highest similarity ratings are among
adjacentstops orthe scale i{45), and the least similar atbosethat arefurthest apartSimilarity
rankingsaveragedor homorganic pairare asfollows, with a rating of 1 asomplete identity
(illustrated with labials)adjacent pairsb-"b (.70) > p—b (.60) > n¥e (.46) >non-adjacent pairs
p—"b (.44) >b—m(.35) >p—-m(.25). For Kikongo,theresults alsanatch the scale i¢45), with
averages for homorganic and heteroganic pairs combined: voiced stop-3@sal voiceless stop-
voiced stop (.27) > voiceless stop-nasal (.17). In addition, the nasal class ioc@yaérto voiced
stops (.30) an@pproximant [[](.28) than to voiced fricative6 15) and voicelesstops (.17). The
resulting overall similarity scaling for Kikongo is shown in (46) (shaded classes of sanenldsst
similar to nasals) and is consistent with the trends outlined in 82.

(46) Nasal similarity scale
Approximant Cons. [0 Nasal Stof] Voiced Stop[ Voiced Fric., Voiceless Conf.

The soundsthat emerge amost similar tonasalsare voiced (prenasaftopsand approximant

consonants. lragreementvith our inventory-drivencalculation, previousvork haspointed out
phonetic commonalities between thesmmsonantgWalker 2000b). Voiced stops are similar to
nasals intheir articulatory configuration — botére characterized by futllosure in the oratract.
They also sharéhe acoustic correlates of voicing and produce similar transitions in the formant
structures of neighboring vowels. timle case ohasals and approximaabnsonantstheir acoustic
properties are similar in their intensity and in displaying well-defif@dhants. The closeness

between nasals and voiced stops/approximant consonants hasbiseared to trigger phonological
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effects in othetanguages. For example, [n] substitutes/koin fortition environments in Korean
and Cuna, a pattern which Flemming (1995a) suggests is dbeit@uditory resemblanc¥oiced
stops alternate with nasals in Irish Eclipsis environmgratg, of a chain shift phenomentrat Ni
Chiosain (1991) analyzes as involving a minimal change in sonority (cf. Gnanadesikan 1997).

Relative similarity is informativenot only about which segmentaight participate inlong-
distance nasal agreement but also about which ones might not. The shaded clEmsedsoin (46)
are sufficiently different from nasatops torenderthem neutral in th&ikongo systemFricatives
and voicelessstops remain unaffected irthis language, as deowels. The vowel/consonant
separation in terms of similarity also prevents nasalels fromtriggering LDCA for [nasal] in
consonants. In Ngbakdhe stricter similarity effect togethewith the inclusion of aseries of
prenasaktops inthe inventory limits nasal agreement to tardlets are homorganiand prenasal.
Conversely, in the few languages where nagatement affects a larger setcohsonants, such as
Ganda or Tienethe participation of voicelessonsonants in nasagreement i®bserved tamply
the inclusion of voiced consonants, which are more similar to nasals.

In Kikongo there is a particular configuration in which nasals and voiced stops gartdpate
in nasal agreement. The phonotactics of the langadget NC clusters composed of a nas#bp-
oral stop sequence. Such clustbehave neutral in nasal agreementwo respectsthey do not
induce nasalization of voicestops or sonorant consonants (47a)d they are transparent to

agreement between simple nasals and voiced stops/sonorant consonarts (47b).

(47) a. bantik-idi ‘begun’ b. tu-mant-ini ‘we climbed’
tu-bing-idi ~ ‘we hunted’ tu-meng-ini ‘we hated’
kemb-ele ‘swept’
n-tond-ele ‘I loved’
dimb-ulu ‘had listened’ wu-mant-unu ‘it was climbed’
tu-kong-olo  ‘we were tied’ tu-meng-ono ‘we were hated’

tu-bing-ulu  ‘we were hunted’
We attribute the neutrality ofasals in NC clusters their dissimilarity fromthe targeted oral
consonants. Waypothesizethat the dissimilaritystems fromthe unreleasedtatus of a pre-stop

nasalversusthe released nature of a singletumset oraconsonantReleasaefers tothe offset of
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the consonantatonstriction, which under some conditions occurs withsasient burst. An
unreleasedtop, be itoral ornasal,lacks this audibleoffset of the oralconstriction. It is widely
recognized that the distinction between releamed unreleasedtops plays anmportant role in
phonology. Itconnects withthe relativeinformativeness of the transitions contained within a CV
sequence versus a VC one. The highly perceptible oral release portion of a stop carries cues about its
contrastiveproperties, such aglace ofarticulation, and hence caerve as agivotal identifying
phase. Furthermoréhe information carried by release applies aoly to oralstops, but also to
nasals, as discussed by Padgett (1995c).

Several studies haveddressedhe special role of release by incorporating it into segmental/
featural representations (including Selkirk 1982, Steriade 1993, 1994) or referencing tomtad
in grammaticakonstraintde.g. Padgett1995c, Steriadel997, Lombardi 1999, Bauer2001). For
example, Padgett (1995pjoposes @onstraint thapreserves segmentslacefeatures specifically
in releasedenvironments. We viewhe quality of being released as sepafaben the acoustic
correlates of distinctive featuréisat may be perceiveduring release, such as [labial], [coronal],
[sgl, [cq], in the respect that release is a property of a consonant — gedetadiyined by position
— that may be referenced in phonologipedcessesbhut it is not a distinctivéeature. However it is
representedthe presence or absence of a relgasase stands as amdependent characterizing
quality of segments. We interpret the failure of nasals that lack release from entering into LDCA with
released consonants as evidetina theproperty of release factors intiee calculation of similarity
and suggedghat the similarity metric be augmented to reflect gtaps with amismatch in release
are less similar thanthosethat match?®? This is a further instance of release playing a role in
determining the character of a segniént.

We do not preclude the possibiliyat release wilklso play a role in laryngealgreement or
other LDCA patterns. In the laryngeal case studies that we discussed in 84, release is not decisive in
determining the set of interactirgpnsonants. IBolivian Aymara, obstruenstopsoccur only in
onset, i.e. inreleased position (Davidsoi977). Inthe case ofChaha,its nonconcatenative
morphology meansghat within the verbalparadigm,the sameroot consonant will occur in both
releasedpositions andpotentially unreleasegbosition (i.e. codas). Itcould be surmisedhat

paradigm uniformity effects prevent release/unrelease from interfering with agreetoesmtver,
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Chahastopsare released even in cog@asition. There is gradient reduction of the release in one
special case: when a velar ejective precedes an alveolar ejective, which Gaditmttributes to
aerodynamic difficulties in timing.

Finally, the second type of neutrality presented by NC clusteérgighe oratonsonant fails to
become nasal. We supposd¢hat this neutrality is not similarity-based but rathésllows
straightforwardly from avoidance of the structure that would result: geminate nasals are prohibited in
Kikongo (Laman 1936).

5.2 ANALYSIS. The precedingliscussion supporte following hierarchyfor correspondence
between nasals and other consonants. In these constraints, ‘L’ represents an approximant consonant;
‘B’ and "D’ represent singleton prenasal stops, such as those in Ngbaka; they do not refer to NC
clusters found in Kikongo.

(48) Nasal correspondence hierarchyCORR-N - N >> CORR-N . "D, CORR-M « N >>

CORRN .. "B, CORR-N . D >> CORR-N . B, CORR-N .. L

This hierarchy encoddbat a pair of identicatasals is moreimilar than a homorganic nasal/
prenasal pair, which is in turn more similar than a pair comprised of a heterorganic nasal/prenasal or
a homorganic nasal and voiced astdp, and soon. Although the similarity metric we anesing is
tied to particular languageventories, itstill results ingeneralrankings for classes of consonants
which are valid cross-linguistically. The nasal correspondence hierar¢d)ins applicableacross
languagesCertain languages may have more refined similagtykings. For examplesimilarity
ratings for Ngbakasituate the prenasal-nassg¢ries abovehe two nasals andchence warrant a
ranking of @RR-N "D >> CoRR-M . N. Given our observatioabove that unreleasethsals are
not sufficiently similar to released stops to enter into long-distance agreeitrettiem inour case
studies, welet the constraints in (48) holdpecifically of releasedonsonants (building on a
proposal by Bauer 2001) — this will be the set relevant for the patterns under scrutiny. We will argue
that what distinguishes nasal agreemerntigibaka and Kikongo ithe ranking offaithfulness with
respect to this hierarchy. The differences that we have identified in the inventory structure of the two
languages will also have ramifications.

In our analysis, weavill assumethat[nasal] is a privative feature (Trigh993, Steriade1993,

1995), although this is not crucial. As discussed8®.2 with respect tqvoice], we will require
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IDENT-IO(nasal), which isviolated by theloss of aninput [nasal] specification, andDENT-
Ol(nasal), whichpenalizes segmentsat gain[nasal] in theoutput. Since alternations ikikongo
produce structures in which an output segment acquires nasalizatialenastlization of a nasal
trigger does notoccur, we positthe ranking DENT-IO(nas) >> DENT-OIl(nas). Although
alternations are natbserved in Ngbaka, wwill assumethat the sameaanking holds for this

language, and in what follows we omit candidates involving denasalization from consideration.

5.2.1 HOMORGANIC NASAL AGREEMENT. We focus first orthe rankings for Ngbaka. Inhis
language, prenasal stops displ@sal agreementith a homorganicasal.Since prenasatops in
Ngbaka do not have a phonological [nasal] specification, the constraint demanding identity between
corresponding stops musiverride DENT-OIl(nas). The ranking is illustrated ir(49) with a
hypotheticalinput. Weinterpret DENT-CC(nas) as requirintghat if a segment ,CGn the output is
[nasal], then any correspondent Gf C; in the outputmust also be [nasallAn elaboration of
IDENT-CC that discriminates left/right directionality is discussed in the Kikongo analysis.)

(49) IDENT-CC(nas) >>DENT-Ol(nas)
/na"de/ ID-CC(nas) b-Ol(nas)

*
a.lJ nyan,e

*|

n
b. nya"d,e

In order to compel correspondence between homorganic nasal and psér@asahthe output,
CORR-N . "D must dominatedENT-OI(nas), as shown i60). The winning candidate ig50a), in
which the stops are in correspondence and agree in nasality, incurring a violabanofl(nas).
The competitor in(50b) fails because the homorgarstops donot correspond. Candidate (50c)
establishes correspondence betwdwrstops,but incurs aatal IDENT-CC(nas) violation. DENT-
CC(nas) onlycrucially outranks DENT-OIl(nas) herebut since it is consistently obeyed in the
language, we situate it at the top of the hierarchy.

(50) CORR-N . "D >> IDENT-Ol(nas)
/na"de/ ID-CC(nag 1CORR-N . N| CORR-N . "D| ID-Ol(nag

a.l nyan.e

*

b.  nya"dye

1
1
1 *|
| :
]
1

n *|
C. nya'dse !

Since nasal agreement is not enforced in heterorganic prsT-DI(nas) must outrank @RR-
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N.“B. The ranking issupported in (51).The winning output in (51a) does not establish
correspondence between the heterorganic nasal and prenasal consonants, viskaiNg. €8 but
obeying DENT-Ol(nas). The alternative in(51b), in whichthe consonants agree, losbscause
nasalization of the second stop viola®BNT-Ol(nas).

(51) IDENT-Ol(nas) >> ©RR-N .. "B
/ma®ga/ l>-CC(nas) ©RRN - N/CorRN .. "D| CORR-M - NID-Ol(nas) ®RR-N - "B

a.l mxa‘nga"

*|

b. myan,a ||

The lack of nasal agreement between nasélvoiced orastop pairs issimilarly captured via the
ranking: DENT-OIl(nas) >> ©RR-N - D.

What is important to notice about the constraariking for Ngbaka ighat DENT-OI(nas) is
situated between thedRR-C.. C constraints requiring correspondence between homorganic nasal/
prenasaktopsand theonesthat enforcecorrespondence between heterorganic nasal/presiaged
and nasal/voiced orastop pairs. DENT-CC(nas), which promotesiasal identity between

corresponding segments, stands undominated.

5.2.2 HOMORGANIC AND HETERORGANIC NASAL AGREEMENT We turn ourattentionnow to
Kikongo, where nasal agreement holds between nasals and voicstbpsaboth homorganic and
heterorganic pairs. Approximant consonants also are targeted. First, some preliminariesdee in
As theKikongo inventory does nahclude prenasastops,the GORR-C.. C constraints involving
prenasals will not be aklevancehere,and so weomit theseconstraints from Kikongo tableaux.
We alsoomit CORR-N~ N and @WRR-M - N, as these constraints only produce redundant nasal
agreement and will not play a critical role in the alternations we examine.

Kikongo nasal agreemerghowsrightward directionality, agxemplified in /kudumuk-ila~>
[kudumukina] *[kunumukina]. We propodbat directional agreemeatises from arevaluation of
faithfulness sensitive tdhe left/right dimension(i.e. precedence). DENT-CC constraintsthat
distinguish progressive versus regressageeement are given i52). IDENT-C Cy(nas) requires
that if a segment iphasal],any corresponderthat appears to itsight in the sequence of segments
must also be [nasal]DENT-C.C, (nas) is responsible famgreement in the leftwardirection.

Unidirectional agreemerarises undeasymmetricatankings of theseonstraints.Prioritization of
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IDENT-C, C,(F) will produce progressivefeature agreement, as Kikongo, and dominance of
IDENT-C.,C, (F) will result in regressive agreement, as in Kinyarwanda sibilant harmonyl(spe
We posit that the left/right sensitigenstraints together replace nondirectiom@ENT-CC(F) inCon
(the set of universatonstraints). In Ngbaka, whetbere is no evidence of unidirectional nasal
agreement, both constrairdse situated at the same place in tierarchy, and likewise for the
relevant laryngeaDENT-CC(F) constraints in Chaha and Bolivian Aymara.

(52) a. IDENT-C Cy(nas) Let G be a segment in the output angdl® any correspondent

of C_ such that Cfollows G in the sequence of segments in the output (R>L). If
C, is [nasal], then gis [nasal].

b. IDENT-CLC, (nas) Let G be a segment in the output angl® any correspondent
of C_ such that Cfollows G in the sequence of segments in the output (R>L). If
Cy is [nasal], then Cis [nasal].

Our account of unidirectional agreement calls on a distinction already available in the formalism
of Correspondence Theory: faRp, faithfulness constraints may target eithesr 3. In the case of
input-output correspondencexamples of constraintthat targeta include the MX-IO family
(McCarthy & Prince 1995) and theeNT-10 formalism of Pate(1999), while those focusing of8
are DEP-1O constraints andDENT-OI. The directionalconstraints in (52kimilarly distinguish the
target of faithfulness, with characterizatioroo&dndf in terms of the precedence dimension.

By incorporating directionality into thexpression othe constraint thatirives agreement, we
employ a similar tactic to that taken in other work dealing with directionality in assimilatiovork
on featurespreading.the constraint driving harmonyas been formalized in terms of alignment
(Kirchner 1993). Such constraints accomplish directionality by inclutedeft/right target edge in
their statement (exampldésr harmonies involving consonanisclude Cole &Kisseberth1995,
Padgett1995a, Gafos 1996[1999], NChiosain & Padgettl997, cf. Walker 1998 [2000]).
Likewise, in rule-based approachdise direction is incorporated into thmele’s description(e.g.
Poser 1982, Shaw 1990dden1994). Inthe ABC approach, DENT-CC constraintscompel
agreement between consonants, and it is here that we locate the directionality statement.

In Kikongo, the rightward direction of nasahigreement indicates thabeNT-C C;(nas) is

prioritized above DENT-C.C, (nas). Since DENT-C, C; is always obeyed bthe consonantghat
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participate inKikongo nasal agreement, wecate this constraint athe top of thehierarchy. The
dominated status oDENT-C,C, will become apparenwhen weexamineforms in which anoral
voiced stop or approximant consonant precedes a nasal in a stem.

First, we determine the ranking afeNT-Ol(nas) with respect tdENT-C, C,(nas) andhe nasal
correspondence hierarchy. In Kikongo, any voiced stop becomes nasal if preceded by a nasal in the
stem. This signalshat GRR-N. B and DENT-C C.(nas) together outrankDENT-Ol(nas), as
shown in (53).The winning candidate in53a) establishes correspondence betwhennasal and
suffix consonant, anthey agredor nasality*® In (53b), the stops donot correspondijncurring a
fatal violation of @RR-N - B, and in (53c}he stops corresponbut do not agree imasality, an
outcome ruled out bypENT-C, C(nas).

(53) IDENT-C C(nas), ©RR-N . B >> IDENT-OI(nas)
/sim-idi/ ID-C, Cx(nas) @®RR-N.D | CORRN.B | ID-Ol(nas)

*

a.d simgin,i
b. simyid,i
C.  simid,i

*|

*|

In addition to voicedstops, approximant consonanfsarticipate inKikongo nasal agreement.
This is captured by situatinggNT-Ol(nas) below ©ORR-N - L as well. Welocate ®WRR-N - L and
CORR-N .. B together in the nasal correspondehagrarchy, agheir similarity rankingsare very
close. The outcome is illustrated in (54). Candidates (54b) and (54c), which do not risalihe
output, are eliminated on the basis afR&-N .. L and bENT-CC(nas), respectivefy.

(54) GORRN « L >> IDENT-OI(nas)
/nik-ulu/ ID-C, Cg(nas) ORRN.D | CORRN.B ' CORRN-L | ID-Ol(nas)

*

a.d ngikunu
b.  nyikul,u
c. nikulu

*|

*|

Observe that the voiceless stop in (54) does not participate in nasal agreement. This follows from
its lack of similarity to the nasal: the nasal and voicet¢gpare not sufficiently similar tgprovoke
correspondence iKikongo, and hence agreement is not enforced betwihem. Candidates in
which these consonantgre in correspondence are screened outfdithfulness constraints:
[n,n,in,u] incurs a gratuitous violation obENT-Ol(nas), and likewise [k, unu] with respect to

IDENT-CC(nas). Correspondendsetween consonants ithe outputthus occurs only when
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compelled by similarity-driveronstraints, anthe neutrality of voicelessonsonants (and vowels
and voiced fricatives) follows straightforwardly. The neutrality of the nasal in an NC dlesiernn
[kunt-ila] ‘shakefor’) receives a paralletxplanation. As an unreleasstbp it is notsufficiently
similar to released oralonsonants to stand in similarity-driven correspondence thigm, and
accordingly, it does ndtigger nasal agreement. On the othand, avoiced oralstop in an NC
cluster will not agree with a preceding released nasal begaens@atenasalsare disallowed in
Kikongo, hence /tu-mgy-idi/ = [tumeygini] ‘we hated’ *[tumeyyini].

The tableau in (55) addresses directionality. Nagatement irthis word producegasalization
in the /I/ to the right of the nasal but leaves the oral quality of the /d/ ledtitatact. The resulting
output sequence obeysENT-C, C,(nas), which requires that corresponding consonants following a
nasal be specified [nasal], but it violategENT-C,C, (nas), which requires a [nasafpecification in
corresponding consonants precedingasal. It isthe interleaving of DENT-OI(nas) between these
constraintsthat achieves unidirectionalgreement. The ranking obENT-C C,(nas) over DENT-
Ol(nas) compels rightward nasal agreement in the /l/, as evident in comparison of (56a) dine
one-waydirectionality isseen in (55a) versub-c). In (55a) versufb), both candidates establish
correspondence between all three voiced consonants and botibekeyd C (nas).However, the
leftward agreement affecting tifiest voiced consonant i(b5b) incurs &atal violation of DENT-
Ol(nas). Even though this candidate fabesterwith respect toDENT-C.C, (nas), thisconstraint is
dominated by DENT-Ol(nas), andhence a faithful mapping of the leftward /d/ favored.
Candidates (55a) and (c) incequal violations with respect t@gNT-Ol(nas), but (55c)yiolates
CORR-N - L while (a) obeys it. Nasalization of the first voiced consonant is dgasmdisharmonic.
CORR-C. C constraints also rule out candidates (55d) and (f).

(55) IDENT-C, C(nas) >> bENT-Ol(nas) >> beNT-C.C, (nas)

/ku-dumuk-ila/ D-C C; | CORR- | CORR-1 CORR-| ID-OIl | ID-C.C,
(nas) NoD | NoB | NoL | (nas) (nas)

al kudumukin,a : ' -

b. kunum,ukina | !

c. kunumukil,a : *r *

d. kugumukin,a * = : *

e. kugumukil,a * : *

f.  kudum,ukil,a HONEENO
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A summary of the constraint rankings determined for Kikongo and Ngbaka is gi{&8&)inWe
see in (56ajhat IDENT-Ol(nas) islocatedbelow the constraints enforcing correspondence between
nasals/voicedtopsand nasals/approximanbnsonantsThe simple demotion oDENT-Ol(nas) in
Kikongo in comparison tthe Ngbaka ranking expandbe set ofsegments participating in nasal
agreement to include heterorganic stops and sonorant consonants.

(56) a.Kikongo: ID-C C,(nas)>> CORR-N - D >> CORR-N. B, CORR-N. L >>

IDENT-OI(nas) >> b-C.C, (nas)
b. Ngbaka: ID-C_C.(nas),|D-C.C, (nas) >> @RRN .. "D >> IDENT-Ol(nas) >> ©ORR-
N "B, CORR-N . D >> CORR-N .. B, CORR-N .. L

Another point of contrast betwed&tikongo and Nbgaka itheir inventory:Ngbaka includes a
series of prenasadtops not found in Kikongo. Although the nasal-prenasal correspondence
constraintsare omittedfor simplicity in (56a), the implicationsfor a language withNgbaka’'s
inventory structure and Kikongo’s ranking abeENT-Ol(nas) should be clear. there were a
language thahad nasal,prenasal and voiced orsiop seriesand nasal agreement included voiced
oral stops, then prenasastops wouldparticipate in nasal agreemenb. The languages are also
distinguished by directionality. IKikongo, nasal agreement operatady rightward, as produced
by the asymmetrical ranking obENT-C, C,(nas) and DENT-C.C, (nas). Ngbaka does neogstrict

agreement to one direction, which results from locating both constraints in the top stratum.

6. ALTERNATIVE SPREADINGANALYSES

6.1 SPREADING-BASED APPROACHES In nonlinear phonology, featural assimilatidmesve been
analyzed as the product epreadingthatis, throughcross-segmental linkage dhe feature in
guestion. This approach hasstomarily been adopted bdthr assimilations between root-adjacent
segments and foagreement betweesegments at a distance, suchtlas LDCA cases under
consideration.While assimilations between root-adjacent segmeats not problematic for
spreading-based approacht® neutrality of interveningegments inLDCA presents a challenge.
Spreading-based analyses generally relyherassumption otier-basedlocality. Research in this
direction obtains different distances of interactions through geometric organization of dteses
and underspecification of structufir overviews se&Clements & Humel995, Steriade1995).

Tier-based locality determines adjacency at a mother-node for the linking feature.
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Considerthe case of nasal agreemeHyman (1995) sketches a possible spreading-based
accountfor Yaka, whichshows anagreement pattern closely resembling thatKiekongo. A
treatment of the transparency of vowels and voiceless consonants under tidodmggds shown
in (57). Underthis approachthe Soft Palatenode (SP), under which [+nasal] is contained, is
specified on nasal segments and voi@ahsonants but is absent on vowels and voiceless
consonants. Herén/ and /d/ areadjacent at the SRer, thereby accomplishing neutrality of the

intervening segments.

(57) nVvitVvd nVvtvd->nVtvn
| |
sP___SP
[+ﬁasa|]

The representation i(57) contains @apped configurationWe follow Ni Chioséain & Padgett
(2001) in taking this to refer to structures whgature linkagegaps across antervening segment
of which it is not an associatedroperty. In work assumingier-based locality, gapped
configurations areadmitted provided that association lines do natross (Goldsmith 1976) and
locality at the relevant tier isespected. Such structurbave not beetimited to harmoniesthat
produce alternations. MSQgve also been analyzed with tier-based linkage of feativtester
1986, Yip 1989) and have given rise to gapped configurations.

Despite the early promise of the tier-based view of locality, this apph@eckdrawbackd-irst,
it fails to capture the role of similarity. Tilustrate, we return to nasal agreement. In spreading
accounts, the neutrality of intervening segments is usually obtained thiresiglack of targehode
or structure. However, the underspecification or other structural inethagssust be assumed for
neutral NC complexes in nasal agreement is problen@dicsiderthe representation i(b8), taken
from Hyman (1995), where NC is underspecified for [nasal] and its immediately dominating node.

(58) nvndVd nVndvd -> nVndVn
| |

SP SP

-
-

[..-

[+nasal]

We must question why [nasaihd SP would be underspecified in NC but not in singleton
nasals and voicestops. In his discussion dfaka, Hyman (1995) points othat several ad hoc

representationasolutions couldaccomplishNC’s neutrality. These optionsre troubling both
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because of their lack ahsight andtheoreticalrestrictivenessEven if it weresupposedhat the
segments iMNCs are underspecified because their nasal quality is predicfablein sonorant-
obstruent stop clusters), anderspecification-based account of neutraliyt BCA would fail to
capture a key explanatory generalization emerdiogn our typology in 82: across languages
similarity is the criterion that determines segments’ potential to interadd@A — not predictability
of distribution.

Another kind of spreading-based proposal bears further omsghie.Piggott (1996) positthat
nasal agreement in Kikongo results from [nasal] spreaditigedével of a syllable-organizingode

that he calls the harmony foot. The structure is illustrated in (59).

(59) [nasal] /kin-ulula/ -> [kinununa] ‘to replant’
[~~~
Ft Ft
|\ I
o (@ o) (o)

ki nu nu na

Under this approachhe oral quality oflvowels innasal harmonyeet is attributed to Structure
Preservation (Piggott 1996:155-6): because nasal vowels do not occur in underlying representations,
they are preventettom occurring inoutputs. However, outypology revealghat LDCA across
languages preferentially targets soutigd aresimilar. Attributing the neutrality ofvowels innasal
agreement to Structuf@reservation misses thgeneralization. Ngbaka is a case paint. This
languagehasphonemic nasalowels, but oralvowelsare neverthelesscceptable in the context of
flanking homorganic nasalonsonants, i.ethey appear to be unaffected by nasal agreement. Our
similarity-based approach correctly predicts bibth preferencdor voiced consonant targets and
neutral interveningvowels in LDCA involving nasalstops. Weacknowledgethat the nasal
agreement pattern iNgbaka is an MSCand hence it might not bieeated byPiggott under a
spreading accountHowever, if it were analyzeddifferently, that would miss animportant
connection between MSC agreement aftdrnations.The Bantulanguage, Ganda, hasnasal
LDCA that stands as aMSC, but relatedlanguages, such as Kikongalso have alternations. We
deem a unified analysis preferable, as discussed in 8§2.

A second problemfor tier-based locality concernsthe questionablestatus of gapped

configurations in thetheory. A group of studiebave arguedthat certain feature assimilation
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phenomena which were formeibglieved to involve action at a distance do actually overlook
intervening segments. Ni Chiosain & Padd2@01) makethis claim for transparent consonants in
vowel harmony. They argue that thespreadingvocalic feature carrieghrough intervening
consonants, but they are perceived as transparent, because the relevant vocalic gesturéal@es not
a significant contrast potential in thesegments.Other work supporting the occurrence of
perceptual transparency includes Walker & Pull(f@99) on transparerdlottal stops innasal
harmony,Flemming(1995b), NiChiosain & Padget(1997) andGafos (1996[1999]) orertain
coronal harmonies, and studies by McCarthy (1994a) and Gaftasnfardi(1999) ontransparent
consonants in vowel echo, focusiegpecially on the transparency sinorants and consonants
with unmarkedplace(coronal, pharyngeal)lakentogether, this research points towards a finding
that gapped structureare unnecessary angredict a broader range of so-called long-distance
assimilations than are attested. It suppsirist segmental localitywherefeature linkage must obey
adjacency at the level of the root node (Ni Chiosain & Padgett 2001).

Neverthelessmany of the agreemenaises outlined in 8are notamenable to a strictiiocal
spreading approach. For example, laryngeal agreement between consonants across vowels would be
problematic. If [-voice] were simultaneously associated todartsonants, it should follothat the
intervening vowel is als¢-voice]. This isnot, howeverreported in the description dfigbaka
(Thomas1963). Although [-voice] could conceivably be rendered absent in representations via a
monovalent view of featurethe problempersists inagreementor [cg] and[sg] acrosaunaffected
vowels. Consider the case of Chaha, where [cg] would be spread from one consanattidoin
a continuous span, and the intervening vowel would be phonetically affected by the [cg] feature. It is
conceivable that glottalization of vowels may not be indicated in transcription if it ont&stive.
However, we examined spectrograms of Chaha vowels betwyeetives andound noevidence of
continuous glottalization. Aocal spreading analysis is even mopeoblematic for the Chaha
configurations where sonorants intervene, lan¢ not glottalized (see (31)). The status of
intervening consonants also undermines any proposal in vegmemenioccurs between root
consonants projected onto separate morphological tiers (e.g. McCarthy Ailg@@@rmore, such an
analysis fails to explainthe fact that Chah&DCA for [voice] patterns differently fromvoice

assimilation between adjacent consonants in being restricted to stops.
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Other kinds of LDCA also resist gperceptual transparency explanatidiasal agreement in
Kikongo is an example. If [nasal] were associated to the string of segments intervening between the
nasal stop and the alternating suffix consonalhtyowels and consonants would &epected to be
nasalized -many, if not all, perceptibly so — but they amot. Strictly local spreading cannot
distinguish nasal harmony and nasal agreemidm.same problerholds forDorsal agreement. As
Hansson (2001) points outrictly local spreading of [RTR] predicthat interveninghigh vowels
should be affected or act as blockers in Dorsal agreement, and yet they are neutral.

To summarize, a spreading-based treatment of certain kifdagflistance agreement between
consonants is problematic. Under one scenaeaotdils theassumption of gapped representations,
which yields too permissive ¢heory. Onthe other hand, if a more constrained view of
representations is adopted and spreading is strictly lib@atheorywrongly fails to predictLDCA
for features such as [voicdfg], [nasal] andRTR]. Both alternativeanissthe generalization that

true action-at-a-distance occurs between similar consonants.

6.2 S’READING AND CORONAL LDCA. Although other types dfDCA cannot be analyzed via
featurespreading, whethecoronal agreemerghould betreated in terms of an AB@nalysis or
strictly local spreading is more controversiahfos (1996[1999]) argudbat sibilant agreement of
the type found in Tahltan is best analyzedilsgnment of[ TTCA], a scalarfeaturewhich specifies
the shape othe tip-blade on theross-sectional dimensiorelevant onlyfor coronal fricatives and
affricates. Only segments contrasting fdhese features are perceived to be involved in the
agreement. It iglaimed that thespreadfeature affectsll segments irthe harmonispan?’ yet the
phonetic effect of [TTCA] on othesegments ismperceptible or so slight as to bareported by
researchers (see Flemmird®95b and Ni Chiosain &adgett1997 for similar proposals).
Specifically, manipulation of the tip-bladeas nosignificant effect on the acoustic quality of
interveningvowels or noncoronatonsonants, whictare produced withthe tonguedorsum or
separate articulators. Aer coronalstops, Gafosdypothesizeghat thetongue blade may still be
shaped adlat or grooved behindhe tongue tigclosure ofstops. Ifthe featurespread is [TTCO],
which contrast@picaland laminal articulations, as he proposes for Chumsailant agreement,
coronalstopsareassumed to be pronouncededtber apical or laminalepending on the harmony

span ([+/-TTCQ]) in which they are found.
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Despite the potential appeal of tligoposal,there araeasons taeject a strictly locakpreading
analysis for such cases of coronal agreement ammdabthem in the same manneraéiser types of
LDCA. The strictly local spreading analysias developedor alimited dataset of coronal sibilant
and retroflex agreement and was basedhererroneous assumptidhat these are thenly attested
types of consonardagreementsee Gafos996[1999]).Yet asdiscussed abovdhe samekind of
analysis cannot reasonably extend to other types of LIFOAcases oforonal agreemenwhich
show the same general characteristics as okinals of LDCA, i.e. the similarity of interacting
segments anthe neutrality of interveningegments, we consider pteferable to adopt a unified
analysis(cf. our discussion of Sanskrit in 86.3 below). Moreouweg local spreading theory
applied to coronal agreement relies on hypothesized pronunciatiantefeeningsegments, which
to the best of our knowledge have not been experimentally velifidded, as Hansson (2001:272)
argues,the lack ofreported phonetic alternation mhescriptions of coronahgreemeniseems to
bolster an analysis relying on correspondence constraints over one adopting local spreading.

Clements(2001) makes a related argumaegarding sibilant agreement in BaztBasque. He
points out that in thevord [sipetsi] ‘to believe’, apico-alveolars] and [s] show agreemenacross
palatal h], which is incompatible withhe apico-alveolarsith respect taapicality and posteriority.
Clementsobserveghat if the assimilation iquestion involved a spreadirijat encompassed all
interveningsegmentsthe intervening ji] should merge withthe language’s apico-anterifn].
However, this does not occur. Accordingiementsproposeghat the agreemestrises through a
constraint mandating identical contdot coronalnodes of strident segments imerphological
root, a constraint enforced through node copy rather than cross-segmentallifdeges Clements
supposes that a similar operation is active in enforcing the coronal agreement of Tahltan.

A further consideration isthat under the local spreading theoryarticulated in Gafos
(1996[1999]),segments perceived as participatingthe harmony arg¢hosethat contrast for the
spreading feature. This accounts for the nonparticipation of other segmetite dhotcking effects
of specifiedsegments.Yet it is not alwaysthe case thatontrast is involved in determining
participation in LDCA. Consider the case of dental agreement in the N#dogcage, Anywa (Reh
1996), as discussed in (12). In this langudlgere is no cooccurrence of dental and alvestiaps

in a root. This also pertains to the nasals, even thoygk fgimost entirely derivable frorim/. Reh
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(1996:24) states that ‘there is no single wordhim languagevith a simpledental nasaivhich does
not comprise a dental stop as well’. Examples of st@mgiven in(60)2® Word-final voicedstops

are devoiced, which is not indicated here.

(60) Dental Alveolar
nudo ‘to lick (sugar)’ naudo ‘to press something down’
0doéon ‘mud’ din ‘to thresh something’
tiin ‘to be small’ ton ‘to leak (a bit)’
tud ‘ropes’ taud ‘pus’

The dental nasalrises through LDCA, and ihay alsoemerge as a nasal mutation alternant of
oral dental stops, e.gpdhbd/ ‘be smooth’=> [poonno] ‘become smooth’. Anywa presents a counter-
example to the claim thatontrasts inthe inventory determinavhich segments wilparticipate in
harmony. Yet, it iclear that the participatingegmentsare highly similar —-all coronalstops. This
argument holds despite the status of dental agreement as an MSC in Anywa.

Given the above considerations, we take the poditiahat leassome cases of coronal LDCA,
and possiblyall those showinghe hallmarks of similar interactingegments and no blocking,

should be analyzed as agreement by correspondence rather than spreading.

6.3 SANSKRIT. Although we posit the occurrence of coroagiteement vigorrespondence, this
does notexclude the possibilitghat tongue tip-blade features ebnsonantsnay be involved in
spreading that carries through vowels. Sanskrit retroflex harmony presents an example. In Sanskrit
retroflex harmony,the continuant retroflegsegments_/sand /r/(and /f)** cause a followingn/ to
become retroflex [across intervening noncoronals aralvels (61a) ifthe nasal igollowed by a
sonorant (vowels, nasals, [y] and [v]). Dental, retroflex paldtalsegments (witlthe exception of
the palatal glide [y]) block retroflexion from being spread (61b) (Whitt&§9, Allen 1951, Schein
& Steriade1986, Flemming 1995b, Humbert 1995, Gafos 1996[1999], NThiosain & Padgett
1997). Alternations are illustratedvith the primary derivative formingsuffix —ana (Whitney
1889:426-7). [dh] is a dental stop; [c] and [j] are palatal stops. We were undbdatean example
showingblocking by retroflexstops, soundsvhich are relatively rare in the languagegwever,

descriptions are explicit on the question of their blocking.
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(61) a. rakam ‘protection’ b. vardhana ‘increase’

krpara ‘miserable’ rocana ‘shining’
akrdmara ‘striding’ vijana ‘enclosure’
ksayara ‘habitable’

Sanskrit presents a case of assimilation that audibly affects only coronal consonants, but it is not
an instance ofABC. Sanskritretroflex assimilation fails teshow the two main properties of
agreement viaorrespondence. Firsthe participantsegments /s (r)/ and /n/ are not the most
similar, andsecond, itexhibits blocking effectsRetroflex oralstops donot trigger retroflexion of
the nasal. In contrast, other cases of retroflex assimilation discussedperg@® primarily between
fricatives/affricates or betweestops. Furthermoreamong the coronal agreemearases which we
analyze as ABC, intervening segments of the same class as the agegememtgail to block. For
example, inMayak dental agreeme(dee(13)), analveolar oralstop inthe stemcausesagreement
with a dental oral stop in the suffix, across an intervening alveolar nasal.

Unlike the othercases of coronalLDCA that we havediscussed, Sanskritetroflexion
assimilationshows unambiguousevidence of aspreading-based harmony. Gaf(i996[1999]),
analyzes Sanskrit in terms of local spreading of [TTA®E assumption ighatthis featurehas no
perceptible impact on other segments in the string, but dental and retroflex oral stops, which contrast
for [TTCO], block further spreading (see Flemmih§95b and Ni Chiosain &adgett1997 for
similar analyses; Allen 1951, assumed a prosodaracterization of retroflexarmony as affecting
the whole span of segments). We concur that Sanskrit retroflexion harmony is indeed spreading (see
Hansson 2001 for aimilar conclusion). Hencepatterns of assimilation operating between coronal
consonanthave the potential to arigarough both spreading andBC, although the resulting

patterns may show differences with respect to similarity of participants and blocking.

7. FURTHERISSUES ANDCONCLUSION
LDCA patternsfall into five maingroups: nasal, laryngeal, liquidoronal anddorsal. One
group of features that do not display LDCA consists of the features [sonorant] and [consonantal]. Ni
Chiosain & Padget{1997) point outthat the inactivity of theséeatures is not specific to long-

distance phenomena, they also fail to enter into local assimilations.
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A second set of featurdisat fails toshow distance agreement is majorPlace.Although local
spreading of Place features is attested, we know of no cases of long-diségorcplace agreement
between consonants over intervenirmyvels!® The absence dhis type ofinteractionhasbeen a
puzzle in phonologicaheory?* Ni Chiosain & Padge{t1997) speculate that i§preading is local,
spreading of major C-Place featui@sross a vowel alsentails spreading of strictureatures,
which are incompatiblewith interveningvowels. This is explicitly represented in the articulator
group model of feature geometry advocated in Pad@®5b). Yet there is another compelling
observation about the nature méceassimilations. Theyypically involve coda-onsetequences in
which the coda assimilates to theset. This is expressed through markedcesslitions on codas
(Steriade1982, 1t6 1986[1988]) or as faithfulness to onsetsreleasedpositions (Padgett995c,
Beckman1998, Lombardi1999). Jun (1996¢laims that casuapeechplaceassimilations involve
gestural reduction (but not elimination) of the coda segment, giving the perception of assimilation.

To bring this back to LDCA, long-distance interactions invaleasonantshat are indifferent,
unconnected prosodic positions. There is no coarticulation impetpaéagestures to be reduced,
and accordingly, it appears that retentiorplaicefeatures idavored. This is supported byrecent
kinematic study of speech errors by Poupdieal. (1999), which investigated interaction of nonlocal
stops of different place of articulation. They found that errors involving place gestures irstofsl
in the phrase ‘cop topactually involved theintrusive production of a dorsaplace in the /t/ in
addition to its coronaplace gesture. Howevergrrorful productions of this kind were often
perceived as ‘copop’, i.e. aghoughthe coronal placevas lost (see also Pouplier & Goldstein
2002). Our interpretation is that place featueerors can produce the perception of one feature
replacinganother, althougkhe segmentsre actuallyproduced as complestops. We suggeshat
the additive property of speech errors with place is mirrored in consonantal agreement in the respect
that place articulations can be added butraotoved.Place agreement evoided,because complex
stopsare generallydispreferredPlace featurestandapart from other featuresich as [nasal] and
laryngeal features, because place specifications involve separate articulators. In tarmsresent
proposal, a possible implementation would be to supposenttat-lO(Place) regularly supercedes
IDENT-CC(Place), or the constraimie#NT-CC(Place) does not exist; however, the final word on this

issue remains for further research.
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Our goal in this paper is to argtieat LDCA should beanalyzed as featural agreement mediated
through an output-based corresponderatation rather than aspreading omultiple linking of
features.The correspondencanalysis enjoys several advantages over spreading-aasedints.
First, itaccounts forthe behavior of interveningegmentseither specified or unspecifiddr the
agreeingfeature. In LDCA, intervening segmentisat do not participate in the agreement are
transparent to it. Second, agreement is based on similatiy afteractingsegmentsOutput-based
correspondence constraints fotine core ofour analysis, with constrainrrayed according to a
scale of descending similarity. Thadlows us toaccount straightforwardlyor variation between
languages with respect to the typology of interacting segments in agreement, a typology informed by
close to 50 cases &DCA identified in82, aswell as furtherones discussed in Hansson (2001)
which are consistent with the trends we have identliee:. Faithfulness constrairdee positioned
at different locations in thaierarchy, delimiting the extent tovhich segmentsnteract through
agreement.

Intrinsic to our proposal is a claim that there @ve kinds ofmechanisms awork in segmental
assimilations in general: ABC and featsgeading. Correspondence-basgdeement is involved
in cases where non-local agreement is witnessed, as in LDCA. Such patteis® marked by the
comparative similarity of participant segments and the absence of blocking by intersegmgnts.
On the othehand, feature spreading is atork in cases ofocal assimilation,i.e. where the
participantsegmentsare root adjacent. These cases afsight show blocking effects,either by
segments that are incompatible with the spreading feature or by ones that are already fepetified
Furthermore, the participant segments are not regularly determined by their relative similarity.

Vowel harmonypresents a promisingrea inwhich to explore further applications tife ABC
approach. As mentioned in 83.1, certain cases of rounding harmony limit the participant segments to
onesthat aresimilar, specifically,they match inheight. In additionmany patterns of vowel
harmonyshow nonlocal interactiongcrossintervening transparentowels, suggestinghat ABC
might be at work. Yet some vowel harmongw apparent blocking by certairowels. Under an
ABC account, thignight arise if a proximity restrictiowere in effect, which wouldequire that
correspondent segments belong within a syitable window. The suitability of an ABC approach

for such patterns would need to be assessed in the context of individual caséstudies.
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Finally, it hasbeen establishethat similarity also plays a role in distance dissimilation and
future research may illuminate how dissimilation differs from long-distance agreebmergtriking
divergence is th@ropensity forplacedissimilations and OCP effects on place, whith notably
absent from LDCA. We envision that sound similarity, its calculation and its sensitivity to inventory

structure, is an area that deserves continued study in the exploration of these patterns.

Acknowledgements omitted.
! Chaha labialization (Leslau 1967) is not actually harmony, but involves the morphological feature of labialization
appearing orreduplicatedconsonants. In Inor (Prunet 1991)redateddialect, the labializatiortan extend to other
velars and labials in the stem.
2 Following the original submission of this paper, Hansson (2001)campletedand madeavailable tous. That
work provides a survey afonsonanagreemenpatterns that isvider in scopeand offers more detailed descriptions
than we have space for here. Although tesearchwas conductedndependently, there is considerable convergence in
the findings and analytical results, which we take as a positive sign that the general model is correct.
¥ As expected, stops and approximant consonants in Tiene become nasabwdwnringwith a nasal However,
nasals becomeoiced oral stops when theyooccurwith a fricative. Hyman & Inkelas (1997analyze the
denasalization as driven by avoidance of a strident nasal, which prevents nasalization of the fricative.
4 A separate optional phenomenon changes the glide /j/ to a palatg] stbpri a palatal consonarft { n] occurs
in the preceding syllable, e.g. /kujmj/ --> [kumipiza] ‘to press for'. At first blush, thisppears to be an agreement
for [consonantal] between palat#gments, as this is the orfBature shared byhe three palataktonsonants. Yet,
Hume & Odden(1996) havearguedagainst thefeature [cons]. Instead, wesuggest that the fortitioreffect is
conditioned by the intervening high vocoid. An [i.j] sequence of two high froobids isdispreferred, at©CP effect
(Rosenthall 1994[1997]). Although generally tolerated in the language, this sequencseised bythe presence of a
precedingpalatal consonant which sharpkce ofarticulation with the glide. The two compoundi@CP effects
(which could be modeled using local conjunction) are alleviated by adjusting¢bal status of the [j] to 3], which
preserves place and voice features and also creates a more respectable sonority contour.
®  There is only onevoiced fricative[z] in Chaha,andforms like theverb [wizf] ‘procrastinate’andnoun fofar]
‘track, trace’ suggest that fricatives do not agree for [voicf].ig[a sonorant.)
® Imdlawn Tashlhiyt Berber (EImedlaoui 1992) has a voicing alternation that is unusual in two refSpsigts. is

concomitant with sibilanagreement. The causative prefé¢/ is realized as{], [z] or [3] depending orthe coronal
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sibilants in the stemSecond, the voicingagreement appears to be blocked \mjiceless obstruents intervening
between a voiced sibilant in the stem and the prefix: ex. s&etagnize’ *zz-ukz,but not byvoiced elementsgeven
obstruents such agj][ [3*-g'r'u*33'm‘] ‘extinguished (cooking)'. Elmedlaoui (1992) analyzbsés pattern as the
feature [+voice] spreading but fusing with other [+voice] features in the word. Segments with [-voice}jniealling.

If correct, the coronal sibilant alternation would be analyzed @s@ ofLDCA, but the voicing pattermvould be an
example of long-distance iterative spreading of [+voice] ratm@n acase ofconsonant agreement. The restriction of
the voicing alternation to coronalbilants points to it beindriggered by a generatonstraint on homorganic
obstruents also active in the root. EImedlaoui notes (p. 52) thasegatents distinguished solely by voicing do not
cooccur within a root.

" Ngizim voicing is asymmetric in that a voiceless-voiced sequence is disallowedvbigea-voicelessequence is
permitted (e.g. [bakd] ‘roast’).

& We hypothesize that thscarcity orpossibleabsence ofsg] and [cg] alternations in affixes iddue to the
propensity of glottalize@ndaspiratedsegments taccur in roots. Languages othis type include Cuzco Quechua
(Parker & Weber 1996) and Chaha (Bank&ié90). Underthe Glottalic Theory oProto-Indo-Europeastops, voiced
stopsare reanalyzed aglottalizedandthe mostmarkedmembers of the series; they also do potur in suffixes
(Salmon 1993). McCarthy & Prince (1994, 1995, 1999) observe that marked segments, such as ph&ydgeals,
to occur in affixes. They attribute this to a meta-constraint, Root-Faith >> Affix-Feliérein faithfulness to root
content is prioritized over that of affixes. We make the uncontroversial assumptiayiottelized and aspiratedstops
are marked in relation to their plain counterparts. So the rarighgence oalternations isdue totheseindependent
factors.

®  ‘Bolivian Aymara’ is the term MacEachern uses to refer to the dialect of Aysparieen primarily in Bolivia and
described in De Lucca (1987).

10 Dental stops in these languages may be pronounced phonetically with affrication.

1 Breeze does not mention root cooccurrence restrictions on alvaotipalatoalveolars, afund in other Omotic
languages. However, we could find no examples of this cooccurrence in the data provided in her article.

12 Hansson (2001) also lists ‘stricture’ as a poss#gjeeementype. Thisincludesany agreemenholding between
stops and fricatives or fricatives and approximants. The cases cited all involve alternations among corogakesTwo

(Shambaand Mwiini) aresuspect. Hansson (2001) points outa#ternateanalysis in Hyman (1993, 1994yhich

suggests that the patterns may have another source, from imbricationpeffdativesuffix. The only clear-cutcase
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appears to be Yabem (Ross 1995) in which a prefix /sé-/ is realized with a [t] instead of [gredeeling an alveolar
stop across asingle vowel: /sé-tff > [té-t&)] ‘weep (3pl. realis/irrealis)’. Inroots, there are nos...t or s...d
sequences. As the agreement pattenestricted to coronabbstruents, it seems tepresent anothelass ofcoronal
agreement in which a larger set of coronals is implicated. Given the panditestionable nature ahe ‘stricture’
cases, we conclude that there is not enough evidence to warrant positing anotlctassain

13 Hansson (2001) recognizes the lack of blocking property andadtigprosodic structur@nd directionality to the
list of characteristics. Harguesthat consonanagreement effects atgpically regressiveandshow no sensitivity to
prosodic structure. We do not discuss these characteristics here asetlesg clear-cut.First regressive directionality
appears to benly atendencySee, e.g., Kikongo nasafjreement irg5. Second, the lack akference to prosodic
structure could follow from the fact that vowels play no role in consonant agreement. Howevespgsisamalyses
of consonant harmony @greemenproposespreading tovowels, thislends support to the typologynd analysis
advocated here and in Hansson (2001), in which vowels are ignored. See 83 and 86 for further discussion.

4 Such analogicathangesare also attested across words,g. Abu Dhabi -> Abu D(h)abu (Zuraw 2000). In
addition, Bybee (1985:118) argues that phonological similarity is one of the factomatiatntribute to connections
between lexical items within her ‘dynamic lexicon’ model.

5 An apparentleparture inthe patterning ofspeech errophenomenaand LDCA is that theformer may show
sensitivity to prosodic structure (see, e.g., Shattuck-Hufnagel 1983, 1987), while the latter appedseeivt td3).
This suggests that thaperative ‘similarity’ in LDCA iscomputedmyopically oversound segmentand might not
reference higher levels of organization. However, work by Suzuki (1999) and Zuraw (28Q@bpposedhat syllable
structure can indeed figure in certain kinds of correspondence relations that produce agreemensdmpivesda in the
output of a word (see 8§3.2). We leave further exploration of this issue for future research.

16 Otherresearcherhave proposedhore complex proximity relations. In particular, Suzuki (198®)orporates a
full Proximity Hierarchyinto his dissimilatory constraints through constraint encapsulation, which haffebeof
explodingeachdissimilatory constraint into hierarchy ofsub-constraintslepending onthe amount of intervening
material. We advocate instead a single independ@@XMMITY constraint thatefers to correspondingegments. Only
proximity as wehave formulated it appeavgarranted byavailable data. Isubsumes S. Rose’s (200@pnsonant
adjacency’,wherein consonantmay interact across at least an interveniogvel, either in the same aadjacent
syllables, Suzuki’s (1998) ‘single consonadiacency’ which allows two vowels to interagcrossonly a single

consonantand Odden’g1994) parameter ofsyllable adjacency’ which applies to interaction among consonants in

adjacentsyllables. While bothOdden(1994)and Suzuki (1998)recognize a root-adjacent parameter in determining

58



proximity of interacting segments, the majority of thases discussemvolve dissimilations.Local consonant
assimilations, such as Chukchi Koreannasal assimilation, in which a stop-nasetjuencébecomes nasal-nasal,
behave differentlyfrom nasalagreement irthat all stopsratherthan a subsetretargets. They may banalyzed as
following from a phonotactic constraint on sonority sequencing rather than as nasal agreement.

7 This leaves open the question of how hiandle root-adjacerdissimilation. These cases could conceivably be
reanalyzedhrough coarticulation or phonotactic pressures, such as constraints against gemination or poor sonority
sequencing (see Rice & Avery 1991 and DaviSRKin 1999for an analysis oKoreannasal assimilation that stems

from syllable contact). This would lead us beyond the scope of this paper, so we do not explore this pastieility

here.

8 There is a morphologically-conditioned procdisat devoicespenultimate obstruents in theerfective (normal
citation form) if the following consonant is sonorant, [x] or [t], giving the surface appearance of a mix of wveiging:
[gidir] corresponds to perfectivgdtoraom]. The devoicingeffect doemot extend tothe initial consonant, suggesting
that either voiceagreement isot triggered by voiceless segments or the morphologidaloicing requirement
overrides agreement.

9 Banksira (2000) argues that there is no underlying /k/, but /x/, which strengthgiisrtacertain circumstances,
such as preceding fricatives.

20 Although /k/ alternateswith /x/ in penultimate root position gkors] ‘he wasdrunk’ vs. [jesxer] ‘let him be
drunk’), none of these verbs involves laryngeal mismatches. There is possibhnectionbetweeercontrasts in the
inventory of soundsandtheir participation in agreement; a mdahorough exploration of thipattern awaitdurther
research.

L SeeBanksira(2000), Chamora (1997), Lowenstamm (1996), Prunet (1996a¢giiRose (1997) on roof’ in
Gurage languages.

2 Obligatory total assimilatiomccurs before coronatops and affricates: /j-t-domad/ - [jiddomad] ‘he joins
(intr.)".

% Banksira (2000points out thatognate examples from Amharievealthat thelaryngeal specification of the
rightmost consonant determined the direction of agreement in Chaha. While directionalitaveayeen involved in
producingthe pattern diachronicallythere is noevidence inthe synchronic language for directionality, as the
agreement pattern igstricted toroots. Accordingly, in our discussion dthaha, we do not posit asymmetrical

ranking fordirectional DENT-CC constraints, but note thatominance ofthe leftward constraint, DENT-CC, (F),
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discussed irg5, could beinvoked. See Hansson (2001) farther discussion of directionality ingreemensystems

and the relationship between historical and synchronic forms.

2 There are some additional complications in Aymara which we ddelet¢into herefor lack of spaceAspirated

stops pattern slightly differently than ejectives in that heterorganic ejectives megaustr: *[t'ank’a]. This follows

from separate restrictions on the distribution of ejective stops in Bolivian Ayfiesg. only oneejective isallowed

per morphemaeinlessthey areidentical. Secondthis single ejective must be positioned asr to the left edge as
possible. Ejectiveandaspiratedstops also obegrderingrestrictions, with ejectivepreceding aspiratedtops. The

order is reversed, however, if the initial consonant is labial or uvular. MacEachern (1997[1999]) argtiés thadue

to markedness restrictions against labial and uvular ejectives, ranked over those pertaining to other ejectives, which are
more common crosslinguistically. We direct the reader to MacEachern (1997[1999]) for an analysis additieal

facts.

% Sagey (1986) suggests that labiovelars in Ngbaka have a major Labial place specification and a minor Dorsal one.
She posits that the homorganicity restriction is sensitive only to major plerepyobtaining theinteraction

between labial-labiovelar pairs but not dorsal—labiovelar pairs.

% We remain neutrategardingparticulars of the phonological representation of the sonorant natyseerdsal

stops. See Piggott (1992) and Rice (1993) for discussion.

%7 In a study of cooccurrences among labial stops in Ngbaka, van de Weijer (1994) observes that roots containing [p]
and [m] seem to be rare. Heacheghe tentative conclusion that roots with this combination of consoaamiit-

formed. That hypothesis remains to \mified. Nevertheless, if [phnd[m] were avoided irthe language, wesould

attribute that to someource othethan similarity betweenthe two segments, since [b] - [m] combinations are
permitted. Orthis point wedepartfrom van deWeijer — onthe basis ofeaturecount in the representatidhat he
assumes, van dé/eijer posits [p] and [m] as less dissimilar than [ldnd [m]. Our crosslinguistic observations
regarding similarity in LDCA suggest otherwise. Furthermore, similarity calculatiased orFrisch et al (inpress)

show that voiced stops are more similar to nasals than voiceless stops, e.g. the pair [p]-[ginflagty rating of

.29, whereas [b]-[m] has a similarity rating of .40.

2 Thedata in(44) and (47) are presenteavith prefixes (or lack thereof) athey appear inthe primarysources
(Bentley 1887, Meinhof 1932, Dereau 1955, Ao 1991 and Odden 1994).

2 Though the canonical Bantadical is ofthe structure CVC- (Guthrie 1962:202), the lexical entrythids form

appears to comprise the sequence [CVIVN...], as itis listed irditienary (Bentleyl887) without acorresponding

[CVI-] verb entry (i.e. without [bil-a])Hence, it is suggestivinat therightward direction ofnasalagreement is not
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reducible to “cyclic application” together with privileged root-initial faithfulness (cf. Hansson 2001:380). The same is
true of Yaka, which shows nasajjreementatching Kikongo's in the essentials (e.g. /natik-idi/ -> [natuk-itoi]

slant’, Hyman 1995). The rightward directionality in Yaka is apparent in cases like [folandgligleted’, [fwéébam4]

‘be curved (back)'(Comparative Bantu On-Line Dictionary, http://linguistics.berkeley.edu/CBOMDigrein stem-
medial [| b] donot participate in LDCA (although theyndergonasalagreement when tthe right of a nasal).
Although [-am-] could be viewed from a historical perspective dszen” derivationalextension(seeHyman 1998),

the absence of correspondir@VC- forms suggests thstoredforms are /folam-/, /fweebam-/thereby warranting
statement of rightward agreement. We are grateful to Larry Hyman for discussion on this matter.

30 On the basis of aearch of dictionargntries in Bentley (1887gndLaman (1936)Piggott suggests thatasal
agreement irkikongo actually targets alfoiced consonantsadding [v zy] to the list. However, Meinhof's(1932)
description ofKikongo, written in collaboration with Lamamdicatesotherwise. Nasahgreement occurs across a
neutral [z] in [van-uzuna] ‘give agai@ndagain’ and[son-uzuna] ‘write agaimndagain’. Compargkamb-uzula] ‘tell
over and over again,” where the target consonant is realized as [l]] when conditions fagreesaknt araot present
(we will see presently that NC clusters do not trigger nasal agreemettie ¢ase of {], it seems that the status of
this phoneme is tenuous. In tleentral dialects dealvith by Meinhof, thevelar fricative appears to have often
developed into the glide [j], and it Eided betweenvowels. Webb (1965)also reports finding noy| in the Kindibu
dialect. Wewere unable tofind datathat confirm ordenytargeting of [v]. Given the patterning of other sounds, we
hypothesize that if thisound is neutral, it has the phonologistdtus of africative in the languageand if it is
targeted, it is grouped with the approximantsvéas /

31 That NCs have the status of segmental clusters in Kikongo asciordancevith Ao (1991)andPiggott (1996),

who posit that theyre nasal-oralstop sequences. Aimilar claim ismadefor Yaka, another Bantu languagéth
long-distance nasal agreement, by van den Eynde (1968:6) and Walker (2000b) (note also Kidima 1991:4).

%2 Qur analysis is neutral regarding whether an NC cluster is syllabified across two syllables or belongs entirely to a
syllable onset. In at least somases it appearthat the latter will beappropriate. A benefit of theslease-based
analysis is that it is compatible with either analyditubbard (1995) argueshat NC sequences in Ganda are
(ultimately) syllabifiedinto an onsetandHyman (1995),finds evidencethat nasals in NGsequences of Yaka are
nonmoraic, a property consistent with onset syllabificatitaka and Gandaboth belong to theBantu family and

display long-distance nasal agreement.

% This interpretation of the facts is independently supported by anlis&imilation operative in certain Australian

languages, such as Gurindji (McConvell 1993, Odden 1994). In this phenomenon, the nasal in an N@elelester
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when preceded by an NC clusteraay distance inthe word, e.g. /kankula-mpa / becomes [kankula-pah the high
ground’. However, NC clusterare compatible with a single nasdkani-mpa] ‘downstream’signalling that the
released and unreleasedsal are not judged assufficiently similar to trigger the dissimilatory deletion. NC
dissimilation also occurs in several Bantu languages. If adjacent syllables begin with a nasal-voisedustioge, one
of the nasals is deleted (Meinhof 1932). In Ganda, the nasal of the first syllable is lo@nagi] ‘good (cl. 9)’ for
*endugi; in Kuanyama, it is the second nasal, e.g. [ondoda] ‘step (9)’ for *ondonda.

3 Cf. another kind of approach which apparent directionality effects seen in certiinds of assimilation are
accomplishedvia positional faithfulness constraints without statementicdction (e.g. Padgett1995c, Beckman
1997, 1998, Lombardi 1999, Walker 2001b).

% Whether we posit /I/ or /d/ as the input suffix consonant does not figure here. Either way, it nedlizeel as [d]
before [i] if oral, which we attribute to a contextual markedness constraint that we refer to descriptively as *[li].
% We regard it as unsurprising thaidernasalagreementhe affectedconsonant becomes a plain nastap at the

cost of manner features that might be active in the segment. For instance, Wiesnifles a nasal segmentiites

not retainits approximantnature (attributable to théeature [lateral]). In addition, therare no reports of nasal
continuants in languagegherecontinuant approximantare affected bynasalagreement irMSCs. The explanation

here is two-fold First, thedispreferencdor nasalizedcontinuants/approximants is welbcumentedPadgett1995b).
Constraints on such configurations will trigger the hardening of approximants to stops under nasalization. Second, the
formation of nasal stops rather than nasalized segments better saisfigsCC requirements. These constrainid

promote the closest match in stricture and other properties between agreeing segments.

87 Gafos (1996[1999]) defines locality in terms of Articulatory Locality; however, he observedefiring locality
as root adjacency (i.e. strict segmental locality) is essentially consistent with his proposal.

% There isoneword in which the nasatioesnot agreefor dentality: faan3] ‘person’, which Reh assumes was
historically a compound.

¥ The syllabic [t is classified as @owel in Sanskrit grammar@.g. Whitney 1889), but arises fromvowel or
vowel-r sequences.

4 In the development of certain languagssch as Latinand Celtic from Proto-Indo-European, a word-initial *p
became dabiovelar [R] if the secondsyllable begarwith [k"], ex. Latin: *penk‘e > *k*enk'e > K'i:nk"e ‘five’

(Palmer 1961), Irish*penk‘e > *k*enk'e > céic ‘five’ (Thurneyserl946). Although thispattern shows some

properties suggestive ofaase ofhistorical LDCA for C-place, it has others that set it aparfolews. First, the
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assimilation is quite restricted. It occurs only between lalsiatHabiovelarsandonly when theaffectedconsonant is

in initial position. Second, theassimilationappears to be facilitated bgentity of the following vowel for the
matching consonants, causibipdsay (1894) to classifghe change as aflassimilation of syllables”. Third, the
assimilationproducesonly full identity betweenconsonants, that is, ware aware of naases(in adult language)
producing changesuch as dak/ -> [gak]. The latter two pointsare suggestive that ayllable-based “aggressive
reduplication,” along the lines proposed by Zuraw (2000), may be what underlies the Latin and Celtic phenomenon.

4 Such a phenomenon is attested in child language. See Smith (1973), Cruttenden (1978), Vihman (1978), Dinnsen
et al. (1997), Pater (1997)50ad (1997, 2000), Y. Rose (2000), Pater \Werle (2001), among others. Theause

appears to be developmental. Gafos (1996[1998]) suggests such prodaiakd of articulator miscoordination

that results from an underdeveloped motor system in which the contributions or ‘weights’ of individual articulators are

not yet properly established.
42 Previous work by Bakovi(2000), Kramer (2001) has proposed that vowel harmony comes about thrkingh a
of relation between adjacent elements within an outfiémer formalizeghis in terms ofcorrespondence. However,
these analyses depart from the ABC proposal in two important ways. First, similarity does not drive the existence of a

relation between elements, and secondrefaedentities arerequired to beadjacentj.e. local. See also Pulleyblank

(in press) on an approach to vowel harmony driven by dissimilatory constraints.
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