A Typology of Consonant Agreement as Correspondence

Sharon Rose and Rachel Walker
University of California, San Diego and University of Southern California
March 2001

1. INTRODUCTION. The action at a distance that is characteristic of consonant harmonies stands
as a pivotal problem to keddressed by phonologictieory. Consider d&amiliar examplefrom
Chumash.The character of coronal fricatives and affricatesCimumash isdetermined by the
rightmost coronal sibilantla). This agreement alters /s/ t§] [when preceding a root osuffix
palatoalveola1b), and converselyf/ is realized ags] when preceding[s] (1c). The rightmost
sibilant can occur at any distance fréime affected fricatives/affricates, and téeredconsonants
may occur in a root or affix. Data are drawn from Poser (1982) and Shaw (1991).

(2) a. f-api-tfo-it ‘I have good luck’ s-api-tso-us  ‘he has good luck’
b. s-ixut ‘it burns’ f-ilakf ‘it is soft’
c. ufla ‘with the hand’ usla-siq ‘to press firmly by hand’

Another representative case is seeth@nasal agreement &ikongo. In this language, the
voiced stop in the suffixidi in (2a) is realized as [ini] in (2b) when preceded by a nasal consonant
at any distance in thstem, consisting of rocand suffixes (prefix nasalare excluded). The
examples are from Piggott (1996).

(2) a. m-bud-idi ‘I hit’ b. tu-kin-ini ‘we planted’
n-suk-idi ‘I washed’ tu-nik-ini ‘we ground’

Datasuch asthese are central in the debate on mechanisms of feature agreerdeheir

locality, because they display agreemaeitoss strings oépparently unaffected neutral material.
Suchphenomena raisevo fundamental questions: (i) what determities participating segments

in long-distance agreemeior a given feature? and (iijhow is the neutrality of intervening
segments to be obtained? Thessueshave stimulatedsarious proposals irhe literature on
nonlinear phonologyhat involve linking the agreeing feature between participatmgsonants;
however, wewill argue that thesaccounts are unsatisfactory on thasis of explanatory and
theoreticalconsiderationsThe aim ofthis paper is to develop aalternativeproposal whereby
long-distance agreement is brokered via a correspondence-theoretic relation established between the
participant segments. We term this approach Long-Distance Agreement through Correspondence or
LDAC. A chief assertion ofthe LDAC proposal isthat agreement is determined by Ildentity
constraints whichcheck feature matching iorresponding consonantshereby obviating
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representations in which feature linkage skips over spans of neutral segments. Another key claim is
that similarity plays a decisive role in identifying which segments stand in correspondence.

This paper is organized as follows. Section 2 provides a brief backgroundrkrthat posits
featural agreement as the outcome of linkagspseading and previewtke motivationfor the
correspondence approach in cases of long-distance agreement. In 83 we present a cross-linguistic
typology of consonant agreement at a distanced@asuliss our findinghat participantonsonants
typically share a considerable degree sohilarity to eachother. Weproceed to establish the
principles of theLDAC approach in connection witthe descriptive generalizations that our
typology determines. Sections 4 and 5 together demonstrate aspéuts dafpth and breadth of
this model’s application through case-studies in long-distance nasgdeement and laryngeal
agreement. In 86 we turn to diagnostics iftentifying LDAC agreemenwersusfeature linkage
phenomena, and we consider where coronal harmgstgms stand in this regard. Finally, in 87
we discuss some issues for further study and present the conclusion.

2. BACKGROUND

2.1 READING-BASED APPROACHESIN nonlinear phonology, featuragreement phenomena
have been analyzed as the producsmfeading that is, throughcross-segmental linkage of the
agreeingfeature. This approach haasstomarily been adopted bdthr assimilations thaproduce
agreement between root-adjacent segments and for agreement between segments at a distance. The
latter cases depend dhe assumption ofier-basedlocality, which formedthe basis for amajor
body of work focused orepresentationally-driven explanation. Research in this direction obtains
different distances of interactions througieometric organization of featurelasses and
underspecification of structure (for overviews see Clements & Hume 1995, Steriade 1995).

One widespread version of tier-badecality determines adjacency at thther-node for the
linking feature. Let us consider againChumash coronaharmony. Shaw (1991pnalyzes
agreement for coronal subsidiary features among sibilants in Chum#si @educt okpreading
the feature [anterior], a daughter of the Coronal node. According to mother-node locality, segments
specified with a coronal nodare adjacent at th€oronal tier.The neutrality of non-coronal
segments is accordingBtraightforward, as shown in (33eeArchangeli & Pulleyblank1987,
Shaw 19910dden1994 for extensions wherebgcality for targets is reckoned at some other
tier).

(3) S - api - tso - us
Cor - .

The representation if3) contains what icalled agapped configurationWe follow Ni
Chioséin & Padgett (to appear) in taking this to refer specifically to structures where feature linkage
gaps across antervening segment of which it is not an associgiegerty. In work assuming
tier-based locality, gapped configurations adenittedprovidedthat association lines do notoss
(Goldsmith 1976) andocality at the relevant tier isespected. Such structureave not been
limited to harmonieghat produce alternationdlorpheme structure constrair@@SCs) have also
been analyzed with tier-based linkage of features (Mé&&86, Yip 1989),and have given rise to
gapped configurations.

Although the tier-basediiew of locality represents a significant stage tine theory of
phonological locality, subsequent advances in work on long-distance interactions haaliedce
this approach into question. A group of recent studies reveals that many cases ofdgaenaént
that were formerly believed to involve action at a distance inrégmesent interactiorthat do not
overlook intervening segments. Ni Chioséin & Padgett (to appe@this claim for transparent



consonants in vowel harmonyhey argue that thepreadingvocalic feature carrieshrough
intervening consonantsput they are perceived dasmansparent, becauste spreadingvocalic
gesture does not have a significant contrast potential in seggeentsOtherwork thatargues for
this kind of perceptual transparency includes Walker & Pullli®99) on transpareigiottal stops

in nasal harmony, and Flemming (1995b), Gafos (1996[1999]) and Ni Chiosain & RA@§é&i
on certain coronal harmonies (cf. our discussion of some other cases of egreeatent ir§3.1
and 86below). Further support fothe treatment oftransparent’ segments as participants in
spreading comes from studies kl¢Carthy (1994), Padgett(1995a), Walker (1998[2000]), and
Gafos & Lombardi (1999). Together this research makes a strong case for eliminating the notion of
gapping in feature spreading in favorapfict segmentalocality, wherefeature linkage must obey
adjacency at the level of the root node (Ni Chiosain & Padgett to appear).

A further consideration ithat thepursuit of transparencyia gappinghas in some instances
necessitated ad hatructures. For examplé/jester (1986) proposes #er ordering for voice
agreement between homorganansonants in Ngbakayherein [voice] is dependent on C-place,
as shown in (4) (adapted from Mester):

4 a tvt b. dvd
Vo \ o
[Coronal] [Coronal]
| |
[-voice] [+voice]

In addition to the doubtful status of the gapped association of a C-place f®atngse a vowel, the

feature organization in these representations is questionable. The dependency of [voice] on C-place
is not cross-linguistically motivated—{voice] is generally agreed to belong to a Laryngeal node
which stands as a sister to C-place. The language-spiifardering in Ngbaka is needed under

an approachthat assumeshe voicing agreement and its homorganicity conditems from

feature linking across segments.

On the otherhand, certain types of feature agreement remain problemalic the strict
segmental localityapproach.Long-distance nasal harmorlike that shown in (2) resists a
perceptual transparency explanationthé feature [nasalvere associated tthe entirestring of
segments intervening betwetre nasaktop andthe alternatinguffix consonantall vowels and
consonants would be expected to be nasalized. But they are not. tHali&eamples of perceptual
transparency noted above, the spreading feature in this instance is expected to be perceptible on the
transparent segmeritaryngeal agreement betweenonsonants across vowelsasother case in
point. If [-voice] were simultaneously associatedtwsm consonants, it should followhat the
intervening vowel is als@voice]. This isnot, however reported in the description dgbaka
(Thomas1963). Although [-voice] could conceivably be rendered absent in representations via a
monovalent view of features, the problem persists in agreement for [constricted glottis] and [spread
glottis] across unaffected vowels, as discussed in 85.

To summarize, the treatment of certain kinds of long-distance agreement between consonants is
problematicunder spreading-based approache®nttils theassumption of representatiotigat
there is reason to reject in the theory. If a more constrained view of representations is adopted, the
theory does nopredict the possibility of long-distance consonantal agreefioenteatureslike
[voice] and [nasal] via feature spreading. We take this position as our point of departure.

2.2 RREVIEW OF CORRESPONDENGBASED PROPOSAL We proposéhat the mechanisitiat
underlies non-local agreement between consonants is not spreading but rather an identitateffect
arises between segmerttat are recognized asmilar. We suggesthat consonants showing
agreement at a distance stand melationthrough whichthe featural identity of theonsonants is



mediated (extending ideakéscussed inWalker 1999, 2000a,b)The type of configuration with
which we will be concerned is represented in (5).

(5) LDAC configuration:
C,VC,V
|

¢F] [aF]
& P

In this structure a relatiohas been established betweé&wo consonants, amdicated by
coindexing. In 83.3, we propose flarmalize this relation in terms o€orrespondencéMcCarthy
& Prince 1995, 1999). The featural agreement comes about thileeigittivity ofconstraintghat
enforce identity betweenorresponding segment@bserve that incontrast to spreading-based
accounts that admgapping,the LDAC approactthat we advocate here maintains #ssumption
of strict segmental locality. No feature linkkeat gap acrossntervening segmentare posited in
(5).

Before developing theanalysis, we present a typology lohg-distance consonamafgreement
(building on Rose &WValker 2000) anddemonstrate the importance of similarity between the
interacting segments.

3. ATYPOLOGY OF LONGDISTANCE CONSONANT AGREEMENT

3.1 (ROSSLINGUISTIC OVERVIEW. LDAC encompasses both MSCs and alternati@very
language we have examined thaslong-distance alternations albas root structure constraints
for the samefeatures.Many cases of long-distancagreement have been labeladnsonant
harmony’ inthe literatureYet, thisterm has alsobeenused torefer to phenomena that do not
involve agreement-or example, Shaw (1991) ust® term‘consonant harmony’ to refer to
processes that entail ‘action at a distance’, including both assimilatory and dissinpifatoegses.
Many of thecasescited in her typological list of consonant harmoii@haw 1991:128-9) are
dissimilations; only the coronal harmonies that she lists are true agreement phenomena. We exclude
dissimilation fromour survey,although we not¢hat there are certain similarities between it and
agreement. For eecentoverview of dissimilation, see Suzuii998). Otheruses ofthe term
‘consonant harmony’ have includesbund symbolismand morphological harmoniesuch as
Salish glottalization or Chaha labializatibmhich we also do not address in this papethag are
generally analyzed as involving floating features or morphological rewrite rules.

3.1.1 AGREEMENT TYPES The typology of LDAC includes nasal agreement, liquid
agreement, laryngeal agreement and coronal agreement. We present each case in turn and point out
the similarity of the interacting consonants.

3.1.1.1 MsSAL. Nasal agreementover interveningvowels and consonants is found in
Kikongo (Ao 1991, Odden1994, Piggott 1996) andaka (Hyman 1995 Walker 2000b). Other
Bantu languages such as Bemba (Hyman 1995), Lamba (@3& Odden1994, Piggott 1996),
and NdongaViljoen 1973) showagreementonly over an interveninggowel. Both types are
considered long-distance; tHatter operates over a shorter distance due to an independent
proximity restriction (see Oddetf94, Suzuki 1998 on proximity). Nasalgreement irNgbaka

! Chaha labialization (Leslau 1967) it actually harmony, but involves the morphologidehture of
labialization appearing omeduplicatedconsonants. In Inor (Prunet 1991) redateddialect, the labialization can
extend to other velars and labials in the stem.



presents a case outsideRdNtu. The keyproperty of nasaagreement thatlistinguishes it from
nasal harmony ithat interveningrzowels (andother consonantsyre notnasalized. Examples of
nasal agreement in thdkongo perfective activesuffix following a nasal consonant ithe stem
domain (root and suffixes) are repeated in (6) f(@mn The suffix consonanphoneme is variably
realized as [d] or [I] when oral, as we elaborate in §4.

(6) a. m-bud-idi ‘I hit’ b. tu-kin-ini ‘we planted’
Nn-suk-idi ‘I washed’ tu-nik-ini ‘we ground’

The segmentdhat interactwith a nasal inthe suffix alternation are voicedtopsand oral
sonorant consonants. In addition, Kikongo ha®/&C wherein these consonants do apear
after a nasal. In the case of Ngbaka, nasals do not cooccur with stopsdofthe same place of
articulation.

Among the consonants that participate in hagaéement, approximant consonants and nasals
sharethe property of beingsonorantsand voicedstopsand nasals sharthe property of being
voiced non-continuants. This is representedthe following chart. The dissimilarity between
nasals and the consonattiat donot display nasal agreement is highlighted inghadedboxes.
This is for illustrative purposes only; we contehdt merecounting of features is not a sufficient
mechanism for calculating similarity. Note that participating consonants sharguhgor [cont]
as well as [voice].

(7)
TARGET TRIGGER | SHARED DIFFERENT AGREEING
FEATURES FEATURES FEATURE
Approximant consonan{s Nasal [son] ([voice])  [cont] [nasal]
Voiced stops Nasal [cont] [voice] | [son] [nasal]
Voiceless stops Nasal [cont] [son] ([voice]) | -
Voiced fricatives Nasal [voice] [son] [cont] -

3.1.1.2 uQuID. LDAC also affectsliquids, although interaction among liquids is more
commonly dissimilatory imature. In Bukusu/l/ in the benefactivesuffix /-ila/ shown in (8a)
becomes [r] after a stem containing [r] in (8b) (Odden 1994). The qualttyesuffix 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 operates over intervening vowels and other non-liquid consonants. The segments
are highlysimilar, differing only forthe alternatingfeature, which we assume to be [rhotic]
(Walsh-Dickey1997). InKipare (Oddenl994), the glide/j/ of the perfective suffix /-ije/ and

applied suffix /-ija/ is realized as [r] following [r] and as [l] following [l] ([lateral] agreement) in the
immediately preceding syllable. Again, the segments interacting are all sonorous approximants.

2 |tis possible that the [I] of Kikongo is [-cont], in which case this particular segment would agree with nasals in
this property as well.

A separateoptional phenomenoohangedhe glide /j/ to a palatal stop jj] when a palatal consonani { n]
occurs in the preceding syllable, e.g. /kyj --> [kumipia] ‘to press for’. On thesurface this appears to be an
agreement for [consonantal] betwepalatal segments, as this is the orfidature shared byhe three palatal



3.1.1.3 IARYNGEAL. The laryngeal features are [voice], [spread glottis] ([sg]) and [constricted
glottis] ([cg]) (Lombardil991). The featurdsg] characterizes aspirated segments and [cg] marks
ejectives, implosives and other glottalized segments. All these feahoed DAC effects among
oral stops. In addition, a homorganicity restriction may be imposed on the agreement.

VOICE. In Kera,voiceless velastops in prefixeand suffixesare voiced if the stem contains
voiced oral stops and affricates; other voiced segments do not trigger the voicing agreement (Ebert
1979, Odden 1994, Walker 2000a).

(9) a. IkV-gar/ > [gdgar] ‘knee’
b. Idzar-k&/ > [dzargd] ‘colorful’ (fem.)
C. /kV-maaw/ > [komaand] *[ gomaan3] ‘woman’

d. IkV-sér-kin/ > [kosarkan] *[ gosargan] ‘black’ (coll.)

In Chaha, &emitic language, stops in a root mumjreefor voicing (Banksira2000). Hence,
roots with *kd or *gt are disallowed; fricatives do not participate in the restriction, so we find roots
such as /K ‘become inferior’ or /spl ‘curse’* Voicing restrictions on stops also hold in stems in
Ngbaka (Thomad963, 1970,Mester 1986, Walker 2000a), with aradditional caveat that the
stops must be homorganic. In summamyicing agreemenholds between oraktops. Wehave
found no cases where it operates between both fricatives and stops.

SPREAD GLOTTISAND CONSTRICTED GLOTTIS The other laryngedeatures, [sgland [cg]
exhibit fewer active alternations iaffixes, but do demonstrattSCs. Theseconstraints, which
require that oral stops match for [cg] or [sg], may hold over homorgéops or stops in general.
In Yucatec Mayan (Straight 1976, Y#989) homorganicstopsand affricates mushatchfor [cg]
to cooccur in a root. Roots such as *k'Vk are ruled oubolh consonantare[cg], they must be
identical, so *t'VK’ is impossible. MacEachern (1997[1999]) documents several calsegnoeal
constraints requiringagreement among homorgarstops in roots. Foexample, in Bolivian
Aymara, Hausa and Tzujuttopsare not required to agrder place, but ifthey do, then they
must matchfor [sg] or [cg] specifications. Thisestrictionholds over stopseparated by both
vowels andconsonantsOtherlanguages have no restrictions on the homorganic natw®os$.

In Chaha (Banksir2000), stops in aot may not differ in laryngeal specification, beiegher
ejectives or voiced, as we saw above. The Bolivian Aymara and Chaha cases are analyzed in 85.

In all of theselanguages, [sghnd [cg] are characteristic of stops/affricatesly. While
glottalized fricatives argossible,they are rare and are ofteealized phonetically aaffricates.
Fricatives are noaspirated, althougWaux (1998) has arguethat [sg] can characterize plain
voiceless fricativesThe inventories osome languages contaghottalized sonorants,and these
often behave differently from otheglottalized segments. For example, in Coeur d’Alene, a
morphological floating [cg] feature is realized only on sonorants, even treyecfives exist in the
language (Reichard938, Cole 1987). Although thishasbeen analyzed as a type of harmony
phenomenonsince it is a morphological feature, we do ramtdress it hereArchangeli &
Pulleyblank (1994)document a similar separation sbnorants and obstruents @sgets for
docking of a floating [cg] feature in Yawelmani.

consonants. Yet, Hume & Odden (1996) have argued against the feature [cons]. Instead, we suggest that the fortition
effect is conditioned by the intervening high vocoid. An [sgquence ofwo high frontvocoids isdispreferred, an

OCP effect (Rosenthall 1994[1997]). Although generally tolerated in the languagsedhince is worsened by the
presence of a precedipglatal consonant which shanglace ofarticulation with the glide. The twoompounding

OCP effects (which could be modeled using local conjunction) are alleviated by adjustingditestatus of the [j]

to [3], which preserves place and voice features and also creates a more respectable sonority contour.

4 There is only one voiced fricative [z] in Chalaadforms like theverb [wizf] ‘procrastinate’andnoun [ofar]

‘track, trace’ suggest that fricatives do not agree for [voice].



We hypothesize that the scarcity of [sg] and [cg] alternations in affixes is duepgoopgensity
of glottalized and aspirated segments to occur primarily in roots araffixats. Languages of this
type include Cuzco Quech(BRarker & Weber1996) andChaha (Banksir&000). McCarthy &
Prince (1995, 1999) observihat markedsegments such as pharyngessd not to occur in
affixes. They attribute this to a meta-constraint ranking Root-Faith > Affix-Faith. Raoubject
to special positional faithfulness constraints in comparison to affixes (Beckd®d)Pater1999).
We make the uncontroversial assumption that glottalized and asmtapsdre marked in relation
to their plain counterparts.

3.1.1.4 (©ORONAL. There are thre¢ypes of coronalLDAC: ‘sibilant’ agreement,dental
agreement and retroflex agreemeiit.involve featureghat refer to theéongue blade/tifGafos
1996[1999]) and are therefore only relevant or subsidiary to coronals.

SIBILANT . The most common type operates among sibilant fricatives and affricates, producing
alternationssuch as [s]f]]. This is oftentermedsibilant harmony and is documented in many
Native American languages, including Chumash, Navaho, Tahltan, ChilCbiincahua Apache,
Kiowa Apache, Tzutujil, SoutherRaiute and Tzeltal. It is alsfound in Imdlawn Tashlhiyt
Berber, Moroccan Arabic, Bantu languagsesich as Kinyarwanda anKirundi, and Omotic
languages such a&ayse and AariThe key characteristic of sibilant harmonytligt it applies
between fricatives and affricates, but ostbps and all other consonants angowels are
transparent. An example from Aari (Hayward 1990) is given below with the causatiive/-sis/,
which is realized agi]] following palatoalveolar affricates or fricatives anywherdha 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’ Ssw-zis- ‘cause to push’
?its-  ‘eat’ ?ittsis- ‘cause to eat’
b. naf- ‘like, love’ naf-fif-  ‘cause to like’
3aq- ‘throw’ 3aq-fif  ‘cause to throw’
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 tbpposite 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/ [gusoonzal] ‘to get hungry’

/ku-soonz-iif-a/ [gufoonzeefa]  ‘to cause to make get hungry’

In manylanguagesdirectional sibilant harmongccurs irrespective of affix/rocffiliation of the

sounds and may produce an assimilation pattern that converts, for examplef]/ahtbff to [s].

Although sibilant harmony is most commoriggressive the Aari caseshows that regressive
directionality is not a general property of sibilant agreement.

® The term ‘sibilant’ is strictlyinaccurate, since deast in Tahltan, harmony involvéaterdentalnon-sibilant
fricatives.



DENTAL. The second type of coronaDAC operates amongtopsand is found in languages
with alveolar-dentatontrasts. It igparticularly prevalent in Nilotidanguages, such adlayak
(Andersen1999), Shilluk (Gilley 1992), Anywa (Reh1996), Paeri (Anderseri988) and Luo
(Stafford 1967, Yip 1989, Tucker 1994). In mosttliéselanguagesagreement ignly found as
an MSC holding over the cooccurrence of alveolar and dstap. Inthose languagethat allow
dental nasals,the constraints also hold of nasatops. In Anywa (Reh 1996), there is no
cooccurrence of dental and alveolar stops in a root. In addition, a root final [I] orgglized as a
voiced alveolarstop withthe patient-deletinguffix /-o/, as in (12a). If following aoot initial
dentalestop, however, it must be dental as in (12k8infMar process is found iPaeri (Andersen
1988).

(12) a. dal dudo ‘to fold something’ b.dir dido ‘to jostle’
ngur  NQudo ‘to press something down’  toor  toodo ‘to finish’
lier liedé ‘to hang’

Since roots are of the shape CV(V)C, there are no intervening consonants that can be examined for
transparency or opacity to the agreement.

In Mayak, alternationsre found inthe affixesthemselves, andnlike Anywa, agreement
converts aentalstop toalveolar rather than alveolar ttental. The singulativesuffixes /et/ and
/-atl and thesuffix /-it/ may optionally be realizedith an alveolar [tiwhen the root contains an
alveolar stop, includinghe implosivestop (] (13b). Coronal sonorantseither triggemor block
agreement. The alveolafts and /n/fail to causeharmony asshown in (13a).They also do not
block agreement, as seen in (13b). Only etaps showthe dental/alveolar contrast and it is only
among these forms that agreement operates.

(13) a. beel-et ‘cane’ b. dimn-gt ~ dim-et ‘bird’
naj-it ‘snalil’ ket-m-et ~ ket-m-et ‘star
?in-At ‘intestine’ tid-at ~  tid-at ‘doctor’
tuy-it ~ tuy-it ‘back of head’

We will revisit the dental/alveolar agreement patterns in 86.

RETROFLEX The third type of coronal agreemantolves retroflexion.Breeze (1990:10)
reportsthat in Gimira(Benchnon), anOmotic language of Ethiopia,no two palatoalveolar
fricatives or affricates within a root morpheran differ in the feature afetroflexion’.” Gimira
has a series gflain coronalobstruentst[ts tf tf’ s, z, {, 3] and retroflex {s ts’ s z] suchthat
palatoalveolar fricatives and affricates contrfast retroflexion. Roots such ake 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 /-ghown in (15a) undergoestroflex and palatoalveolar agreement with
preceding roosegments, as in (15b). fkal root segment is often dropped; single fiakleolar
stops fuse with the suffix to form an affricate:

®  Note that dental stops in these languages may be pronounced phonetically with affrication.

" Breezedoesnot mention rootcooccurrencaestrictions on alveolarand palatoalveolars, agound in other
Omotic languages. However, we could find no examples of this cooccurrence in the data provided in her article.



(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. zert1l ‘be red’ zers 1 ‘make red’
sup 3 ‘slaughter’ sus 3 ‘cause to slaughter’
ts'ud’ ‘spit’ ts'uts’ ‘cause to spit’
fid3 ‘remain’ fitf 3 ‘cause to leave’

Some Australian languages also contstigps adifferent places of articulation or tongue tip
orientation, but feweffects of consonant harmomye attested. Therare retroflexion alternations
discussed in McGregor (1990) akl@dmilton (1993) involvingapicalconsonants. In Gaagudju, a
word-initial apical alveolar stop is realized as retroflex if the following consonant is retroflex across
an intervening vowel. Evans (1995) states that in Mayali, apical atapsiasals (but not retroflex
/1/) separated by only a vowagree inretroflexion. Sanskrit retrofleagreement is another oft-
cited case of retroflex harmony. We will return to it in 8§6.

All three coronal agreemecdises shovalternationfor featureshat refer to theongue tip or
tongue blade; Gafos (1996[1999]) argues that coronal harmonies ireithiee the feature [tongue
tip constriction area] ([TTCA]) or the featufgéongue tip constriction orientation][TTCO]).?
Segments are highly similar in sibilant harmonyhat only fricatives and affricategarticipate to
the exclusion ofstops. The dental/alveolar alternatianvolves onlystops, either oral ornasal.
Finally, retroflexion involveseither stops orfricatives/affricates. It maglso includenasals and
rhotics if the language contrasts alveolar and retroflex sonorants.

3.1.2 SMILARITY AND FEATURES LDAC phenomena sharthe generalproperty that the
interactingsegments bear a higavel of ‘similarity’. The notion of ‘similarity’ in MSCs has
previously been noted by Pierrehumb€t®93), Frisch (1996), Frisclet al. (1997), and
MacEachern (1997 [1999]), although theseworks deal with dissimilatory constraints.
Pierrehumbert (1993) computssnilarity by counting the number of featurtbsit segmentdave
in common under a contrastive underspecificatimdel of feature specification. In théecount,
major place features and sonority are assidimst] implicitly attributing more importance to these
features in computing similarity than minor featusesh agvoice] or [anterior].Frisch (1996)
and Frisclet al. (1997) adopt instead a model of ‘structured’ specification referring to a hierarchy
of natural classes of features under the theory developed in Broe (1993). Similarity is computed by
dividing thesharednaturalclasses of two segments the addition of thesharednatural classes
and non-sharechatural classes ofthe two segmentsWhile such an approach incorporates
redundant features into th@omputation, it does not addre8® inherent difference between
features in both their descriptive and functiopadperties. We showhat [sonorant],[continuant]
and place features are the most important in computing similarity; conversely, these features are not
those required to agree in distance agreement.

The following table summarizes our findings with respect to LDAC:

8 In Gafos (1996), [TTCA] waseferred to adcross-sectional channel] dCSC]. [TTCO] was [tongue tip
orientation] or [TTR]. Gafos also allows tip®ssibility that Chumaskoronal harmony (§/alternation) involves
the feature tongue tip orientation [TTR] rather than [CSC]. These features might raise a problem for a Enguage
as Gimiron which has both retroflex and anteriority harmony among fricatives, unless tfeatwesmay cooccur

on a single segment.



(16)

TYPE SUB-TYPE | EXAMPLE INTERACTING SHARED FEATURES
LANGUAGE SEGMENTS
Laryngeal | voice Kera Oral stops [-cont, -son]
(Ebert 1979)
constricted | Chaha Oral stops [-cont, -son]
glottis (Leslau 1979)
spread Aymara Oral stops [-cont, -son]
glottis (MacEachern
1997[1999])
Nasal Kikongo Voiced stop®r | [-cont, +voice]or
(Meinhof 1932, | consonantal [+son]
Ao 1991, etc.) approximants
Liquid rhotic Bukusu Liquids [+cont, +son, Cor,
(Odden 1994) +cons]
lateral Kipare Approximants [+cont, +son, Cor]
(Odden 1994)
Coronal sibilant Aari Fricatives & [+cont, -son, Cor]
(Hayward 1990) | affricates
retroflex Gimira Fricatives & [+cont, -son, Cor]
(Breeze 1990) affricatesor
Mayali Stops & affricates[-cont. Cor
(Evans 1995) P [-cont, Cor]
dental Mayak Stops (affricates) [-cont, Cor]
(Andersen 1999)

A number of observationare inorder. First,the featureghat all consonantgarticipating in a
given agreemerghareare[son] or [cont] or both. These are the key featurthst establish the
degree of similarity of interactingegments. Secondaryngeal and nasal agreement are not
restricted to operate between coronal segments only. Accordingly, homorganicity is an independent
requirement that may be imposed on these agregmaéietns. We also findimilarity for [voice]
imposed on nasal agreement. Third, laryngeal specifications do not impact Coronal agreement. For
example, sibilant agreement may obtain regardless dtgjeor [voice] features ofhe interacting
consonants, as seen wite Aari example in(10). Similarly, dental and retroflexagreement
operates between stops regardless of voicing. Nasal stops may or may not interact in these types of
coronal agreements, depending partly on the nasal stop coatragdble in thdanguage. See 86
for more details.

The features [cont] anfgon] define the stricture properties obnsonantsThe feature [cont]
setsapartstops fromother sounds,and long-distance agreement can operate betatkanops,
both nasal andral, tothe exclusion of othesounds.The featuregson] separatesoundswith
some obstruction ithe vocal tracfrom thosethat have a relativelgpen channel. We find long-
distance agreement between glides dimgiids, and between approximants andasals.
Interestingly, we haveot observedagreement betweall [+cont] sounds (sonoramontinuants
and oral fricatives) or all [-son] sounds (all obstruer#)ilant harmony occurs between Coronal
[+cont] sounds,but if Gafos (1996[1999]) is correct, this die to the nature of the agreeing
tongue tip constriction feature rather than constrictiogeneral.The restriction to [-cont] and
[+son] appears to suggetitat we are dealingvith monovalent featurefstop] and[sonorant].
Nevertheless, some processes such as local voicing assimilation apply onlycdrstongnts, and
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it would appear thaf-son] is still a useful classification outside of long-distance agreement.
Finally, the place of articulation of agreeisgunds is importanThe Coronal regiosubsumes a
much larger class afonsonantshan other places of articulation. Agreement may operate within
the Coronalclass for features such as tondipgblade orientation, whichare only relevant for
coronals.

The features [son] [cont] and [cons] hold a controversial status in feature theory. Gnanadesikan
(1997) has previously proposeddiiminate[sonorant] and [continuant] ardplace thenwith a
consonantal stricture scale. In feature geometry [sonoratngated as part of thiRoot node, due
in part to its failure to spread in local assimilations, thetting it apart from other featurtst do
assimilate (McCarthy1988). The featuregconsonantal], alsgart of the Root node, hasbeen
rejected byHume & Odden(1996). Kirchner (1998) hasconvincingly argued against former
analyses of lenition invhich [continuant] could spread fromowels or continuantsonorants.
Finally, Padgett(1995b) arguedhat [cont] was dependent on each plaéeature, essentially
because local place assimilations must also refer to [cont]. Evidence suggests that thddeajures
and [cont] are utilized for classificatory purposesy, and do not enter inttmcal assimilations or
distant agreements. In othesords, they are not ‘active’ in the sansense as features such as
[nasal] or [voice], whichmay spreadocally and be involved in LDAC. These ‘passive’ features
areused to classify segmerdascording to naturatlasses onlyThe major Placenodes,Labial,
Dorsal, Coronal and Pharyngealso do noshow long-distance agreement. Weescuss possible
reasons for their exclusion in 87.

In summary, our cross-linguistic typologgveals several different types of LDAC. éach
case, only segmentkat arehighly similar interactFor thosefeaturesthat cross-cutdifferent
places of articulatiorsuch as [nasal]voice] and the laryngedkatures similarity is based on a
degree ofsonority, determined byshared properties of [sonorant] and [continuafktle feature
[voice] may also be required to match. Homorganicity is an additional similarity crittabmay
be imposed on long-distance agreement involving these features. Coronal agreement is of a slightly
different nature, and pertains only to subclasseanalsegmentsSimilarity follows from the
nature of the featurivolved, tongudip constriction area/orientatiomhich is relevant only for
coronals.Decidingwhether coronal agreementLiDAC or iterative localspreading is not always
clear. This issue is examined in 86.

3.2 THE BASIS FOR AGREEMENT Our cross-linguistic typology reveals a correlation between
LDAC and similarity between the agreeiegnsonants. We view thisorrelation as key and
propose that similarity forms the basis for establishinglagion between the interacting segments
(building on Walker 1999, 2000a,b).

The formation of connections between simitsagments is supported by research in the
processing of phonological structure. Psycholinguistic studies reveal that the production of a given
consonant primes or activates other consonarttseiword that share darge number ofeatures.
The effects are apparent in speeciors where consonarifsat are near-identical afeund to be
more likely to participate in a slip dfie tongue thaonesthat arelesssimilar (Nooteboom1967,
MacKay 1970, Fromkin 1971Shattuck-Hufnagel & Klatl979, Kupin 1982 Stembergef 982,
Frisch 1996). It is observed thagar-identicasoundsoften shift toidenticalones.Representative
examples include mispronunciation of thRerasesubjectsshow as shubjectsshow (Shattuck-
Hufnagel & Klatt 1979)and misproducingellowin the tongue twistered lorry, yellow lorry as
yerowor yeyow A kinematic study by Poupliest al. (1999) findsevidence thaérrorscan occur
at the gesturdevel. Interpretingheir findings in terms of features—tlo®rrelates ofgestures in

®  We havealso found no cases ofDAC involving the feature [retractedongue root], whichcharacterizes

pharyngealsand uvulars. If this is thefeature used iremphasis harmony (e.g. Davis 1995)faucal harmony
(Bessell 1992, 1998), it primarily affects vowels or spreads to all segments in a given.domain
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our framework—this studyeveals that irsome cases an individutdature may be mistakenly
repeated in a similar segment while another feature does notozamyPouplieret al. note that in
some instances, gestutaVvel errorsare not audibly perceptibleyhich is undoubtedlgonnected

to errors of this sorbeing under-reported in early research on speegirs. Note alsorelated
findings by Mowrey &MacKay (1970) and Frisch &N\right (1996-1997).0Other work with a
perceptualfocus findsthat gradient perceived similarity is a factor that can contribute to the
potential for interaction betweesegments, e.g. icalculatingMSCs, asmentioned abové@-risch
1996, Frisclet al. 1997, MacEachern 1997[1999]).

In the aggregate, this reseasaiggestshat the occurrence of similaut different consonants
in an utterancepresents production angerception difficulties, a pointhat is addressed in
spreadingactivation models of speecprocessing(Dell & Reich 1980, Dell 1984, 1986,
Stemberger 1985, MacKay 1987, among others). For our purposesaapeaey of this modeling
is that each of the featurploperties of a consonant causlkes associategrocessing nodes to
become ‘activated’. In avord containingtwo consonantghat haveonly a small degree of
difference, there is a significant overlap in theodesthat receiveactivation. Theprocessing
difficulty for consonantghat are near-identicahus arises ircoordinating theirfew separate
features and keeping the similggments distinct. As seen time errors associated with tongue
twisters, the tendency is to improverocessing ease by overriditige differences between the
consonants and making their properties match.

The interactiorobserved amongear-identicasounds in processing provides support for the
claim that speakers construct a grammaticized relation between siegiaents. Waote thatthis
basis forinteraction is notlimited to consonants.Similar vowels are also observed tdave
increased likelihood of participation in speestiors (Shattuck-Hufnagel986), and arelation
between vocalicsegments might underlieertain vowel harmonies(cf. Kramer to appear).
Moreover, similarity has been observed to form a basis faelations established between
constituents at levels higher than the segment, for instance, between words (see Burzio 1999, 2000
on the notion of Gradient Attraction). We identify some additional cases in the next section.

3.3 THEORETICAL ASSUMPTIONS We frame our analysis @ptimality Theory (OT; Prince &
Smolensky 1993) anddopt theCorrespondence approach to faithfulness (McCarthy & Prince
1995, 1999). We assume familiarity with the core assumptions of this framework.

As anticipated in82.2, weformalize the relation betweatbnsonantghat interact inlong-
distance agreement in terms adrrespondence. Followintpe definition given by McCarthy &
Prince(1995:262), two structuremre in correspondence if a relation is established betiinesgn
component elements. Correspondence constraietsrmine faithfulness of mapping between
relatedstructures by requiringdentity of their structure andontent. In general, we poditat
similarity is a source of correspondence betwstencturesthatis, structureghat are recognized
as alike in mayways are prone to be associated together, and ttwsnection may be
grammaticized in terms of eorrespondence relatioisimilarity may be morphological and/or
phonological inbasis, and we suggesthat both kinds of similarity may contribute to the
occurrence of correspondence betwestructures. Considerthe familiar examples of
correspondence between input-output, stem-affixed stem and base-reduplicant. The occurrence of a
correspondence relation in thest two cases isttributable to the morphological similarity of the
structures, and in the latter case it is the result of a morphological requitbatethie reduplicant
be phonologically similar to its base. In the case of LDAC, correspondence between consonants in
the output issuggested to arise frotheir phonological similarityOther studies havedentified
correspondence attributable to phonological similarity at higher levels of organizatitime Kasis
of pseudo-reduplication phenomena, Zuraw (2000) has argued \fmladle constraint which
requiresthat syllables within the samword stand in correspondencand research on onset-
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identity effects bySuzuki (1999) has foundvidencefor a constraint requiring correspondence

between the onsets of adjacent syllables. Within the theory at large, our proposal also connects to a

broad range of other research identifying linguistic requirenmtéatsphonological elements in a

word berepeated or copied outside of morphological reduplication Geeed 1996,Yip 1997,

MacEachern 1997[1999], Rose 1997, Kitto & De Lacy 1999, Ussishkin 1999, Kramer to appear).
The requirement that correspondence be established between similar consonants in the output is

expressed as\aolable constraint,after Walker(1999). The schemdor this type of constraint is

given in (17), generalized over all consonants.

(17) Corr-C-C
Let S be aroutput string of segments. If consonants G LI S, then Cis in a relation
with G, that is, Gand G are correspondents of one another.

We have determined that similarity is an important factor in activating a correspomnellatioa
between consonants. Accordingly, we ptisat GORR-C . C constraints hold specifically of pairs
of similar consonants. Toapture the gradient nature of similarity, we array dbestraints in a
fixed hierarchy such that the more similar the pair of consonants, the higher ranked the requirement
that they correspond. To illustrate, the portion of the correspondence hierarchy rievanting
agreement among stops is given in (18) (drawing on Walker 2000a).

(18) Similarity-based correspondence hierarchy :
CORRToT >> CORRT oD >> CORRK . T >> CORRK D

The constraints in (18pare interpreted afollows. CORRT -~ T requiresthat acorrespondence
relation be established betweetops that agree in placeand voicing (e.g. [...t...t...],
[...b...b...]). CORRT «. D expresses the same requirement for the superset of stophphiagree
in place,i.e. pairs that areat leastas similar as [t] andd] (e.g. [...p...b...], [...d...t...],
[...k...k...]). CORRK.T encompasses any pdirat agrees in voicingjncluding heterorganic
pairs, and ®MRRK . D expands to any pair of oratops. We suggeshat correspondence
constraints exist onlfor pairs of consonanthat are above a certainreshold of similarity. The
threshold could be determined numerically using a quantified measure of similarity. For the present
study, wewill usethe cross-linguistic typology of long-distan@greement as a guide to the
segment pairghat are sufficiently similar to triggeorrespondence. On ralatedpoint, we note
that the hierarchy if18) isframed tofacilitate discussion okimilarity for the segmentghat are
relevant to voicing agreementowever, it might well be subsumed under aore general
hierarchy thaexpressesimilarity in numeric terms rather than by specific segnggotps. For
example, the top-rankedo®R constraint wouldapply to any pair of segmeritsat are maximally
similar, the next one down woulthply to thoseéhat are scaled ame unitless in similarity, and
so on. Such numeric assessment has parallels in the sonority hierarchy (e.g. Steriade 1982, Selkirk
1984) and the impedance hierarchy (Hume & Odden 1996). Like these other hierarchies, we do not
base our scale on a simple feature count, but rather find that some features weigh more heavily than
others in determining similarity.

A schema of the relevant correspondence relatizathold within a hypothetical fornfbepo]
is given in(19). Faith-IO constraints enforce faithfulness betwées input and outputorms.
Within the output, ®WRRC. C constraintscan produce correspondence between similar
consonants. Faith-CC constraints require identity of structure and content between these segments.
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(19) Consonantal correspondence model:

Input /bepol
] |O Faithfulness
Output b ep 0]
& H CC Faithfulness

A Faith-CC constraint applicable to the property of voicing is givg@®). It requiresthat if a
consonant in the output is specified[asice], any corresponding Cs the outputmustmatch in
voicing specification. We assume that laryngeal featuremarmvalent, buthe basicanalysis is
not altered if binary features are adopted instead.

(20) IDENT-CC(voice)
Let G be a consonant in the output and€ any correspondent of i@ the output. If €is
[voice] then Gis [voice].

The constraint i{20) isformulated without reference to tleedering ofthe segmentsHowever,
the existence in some languages of unidirectional rightward or leftizk@ agreementvhich is
not derivative from morphological structure will necessitate an elaboratidinectionalterms, as
discussed in 8§4.

Constraints enforcing faithfulness between input and output also play a kepnaleng on a
proposal by Patg1999), we assumihat IDENT constraintamay distinguish betweethe loss or
gain of privative feature specifications (an extension also adopted by McCarthy & P9@6e
1999 withapplication to binanfeatures) Examples are given i(21). IDENT-IO(voice) penalizes
the loss of input [voice] specifications, anENT-OIl(voice) punishes segmentthat acquire
[voice] in the output.

(21) a. DENT-IO(voice)
Leta be a segment in the input giithe any correspondent segmentioh the output.
If a is [voice], ther is [voice].
b. IDENT-Ol(voice)
Leta be a segment in the input githe any correspondent segmenttah the output.
If B is [voice], thero is [voice].

We illustrate the evaluation of the above constraints with respect to an assortment of candidates

in (22). This tableau simply tabulates violations; constrargsinranked here. Subscriptéatters
annotate CCQorrespondence. We assuitmat 10 relations in the candidatseown here and in

subsequent tableaux are such that segments with matching positions in the input and output strings

are in correspondence.

(22) Correspondence among consonants in the output
/bepo/ D-CC(voi) ID-I0/OIl(voi) CORRToT CORRT.D CORRK-T CORRK.D
a. hep,o * *
b. hepo *
c. bebo *(Ql)
d. heho *(Ol) * * * *

Candidates (22a-b) do not display voicing agreement. In (B2ahomorganiconsonants are
not in correspondence, violating Core-D, and by implication, Corr-K D, as well. In (22b), the
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consonantsre incorrespondence, buhey do not agredor voicing, incurring aviolation of
IDENT-CC(voice). Candidate (22c) exemplifiethe LDAC outcome. The consonantsare in
correspondence withach otheand they agree in their voicing specificati¢nnally, candidate
(22d) shows amnstance of unmotivatedhange. Her¢he second consonant hhecomevoiced,
but without being in correspondence with firet consonant. Thisandidate is sub-optimainder
any ranking of this set of constrainfs.

In what follows weexplore the application of theDAC approach through two sets oése
studies. The first considers nasahgreement inNgbaka andKikongo. These languages are
distinguished by the point they select on the similarity scale to determine participants in agreement.
They also illustrate how differences in the inventory can affect the set of intersegiments. The
second palr investigates laryngeal agreement in Chaha and Bolivian Aymara. These languages also
contrast in the strength of the similarity requirement that is enforced between agesggiments. In
Chaha we note the effect of a proximity tendency between agresgmgents and contraddDAC
with a separate local laryngeal spreading that is active in the language. Bolivian Aymara presents an
intriguing conflict between a laryngeal OCP effect and laryngeal agreement.

4. CASE STUDIESI: NASAL AGREEMENT

4.1 DATA AND DESCRIPTION NGBAKA AND KIKONGO. Thefirst case of long-distance nasal
agreement that we consider occurdNgbaka, a Niger-Conglanguagespoken inthe Democratic
Republic of the Congo (Thomas 1963). The consonant inventory of Ngbaka includes four series of
stops onthe nasality-voicing continuummasal, prenasal, voice@nd voicelessThe language
displays restrictions othe combinations of homorgantonsonantshat may occuwithin a non-
compound word (SagelO86, Mester1986). We focusere on the restriction involvingasals,
wherein nasastopsare excludedrom occurring with homorganic prenasabps. By contrast,
pairs of homorganic nasals or homorganic prenasals (i.e. identical consonants) are permissible:

10 A conceivable alternative tthe scaling of ORRC« C constraintsvould be toattempt toinsteadobtain

similarity via a fixed ranking ofDENT constraints alongside amdifferentiatedversion of @RR-C C. Thefaith-
basedhierarchy would be composed sfmple DENT-CC constraints as well as constrairft/med by local
conjunction (Smolensky 1993, 1997), such BENT-CC(voi) &, IDENT-CC(place):if in CC correspondence, do
not disagree in voice and placahd DENT-IO(voi) &, IDENT-CC(place):‘consonants in CQorrespondence do not
change input voice specification if disagree in place’.

Our initial observation is that while such an approach is logically possible, it is not favored simply by virtue of
IDENT constraints performing the evaluationptace of ®RR-C - C. Indeedthe task of determiningimilarity is
not intrinsic to the laborperformed by faithfulness. DENT constraintscheck featurematching in related
representations, but they do not calculate the relative similarity of representations. As disc&Ssgé® jnsimilarity
is not determined by a simple count of the number of matching features—certain features contribute more to segment
similarity than othersHence, asimilarity scaling isrequiredwhether it holds over GRR-C. C constraints or
faithfulness; utilizing a faith-based hierarchy does not achieve a simplification on this front.

The potential advantage to be gained here would be replacemietsafale in (18with a single ©ORRC- C
constraint. However, wedeemthis benefit fails to outweigh at least two seriodsawbacks ofthe faith-based
alternative. Thesare asfollows. First, fixing a rankingover a set of faithfulness constraimt®uld be highly
unusual. The possibility oflifferent rankings of these constraints in input-outphgse-reduplicantind other
domains is critical in obtainindifferent cross-linguistic patterns. Moreover, in studies of languagesdibplay
lexical strata withrespect tophonological properties, It6 & Mester (1995, 2000) suggest ttieae is afixed
hierarchy ofmarkednessonstraints against which faithfulness constrapats be re-rankechot thereverse. Second,
given factorial typology, a faith-based hierarchy predicthe possibility oflanguages in which substantially
dissimilar segments display agreemgmbvidedthat more similar segments do as well. Thredictiondoes not
conform with our observation that LDAC interacticarsseonly betweenconsonants above a certain threshold of
similarity. It could be positedhat a single ORR-C C constraint holds onlypver consonantexceedingsome
similarity threshold. However, the similarity calculation would theribglicated inthe grammar, since the scaling
over faithfulness wouldtill be required toachieve asimilarity hierarchy. Given these considerations, regct a
faith-based scaling and opt for our implementation of the similarity hierarchyORRC - C.
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(23) a. nang ‘today’ *na"de
b. ™bee™be ‘snail’ *Mhegme

A sketch of the prohibited pairs of stops is given in (Bd)represents a dorso-palatal stop.

(24) Prohibited combinations (either order)
*m-"b *n-"d *n—"g *m —""gb

The generalization is thatasalsare excluded in combinationith homorganicstopsthat are
adjacent in the nasality-voicing series, but identical nasal pairs are acceptable. In other words, nasal
and prenasal stops that match in place must also agressatity:' The nasal agreementlisited
to (near)-identical stops. Accordingly, consonant pairs that are less similar can disagree in nasality,
for instance, iromorganicpairs, anasal can occuwith an oralstop (25a),and in heterorganic
pairs, anasal can occuwith a prenasal stof25b). In addition, twoheterorganic nasals or
prenasals are acceptable (25c-d).

(25) a. boma ‘how’ b. ma°ga ‘net’
C. mini ‘tongue’ d. °ga™ba  ‘navvy’

An intriguing aspect of the Ngbaka data is that the nasal agreement operates beipeeth a
distance. Ngbaka permits only CV syllables (Sagey 1986:261), and vihaeistervene between
agreeingconsonantsemainunaffected. It is also noteworththat phonemic nasalowels of the
language do not trigger nasal agreement; theyoamed in combination with onsestops of any
nasality-voicing quality:ji€] ‘dew’, [bg] ‘brown, dark’, [gd] ‘tender’, [to] ‘to spit'.

A secondexample of long-distance nasal agreement is exemplifieikgngo, alanguage
spoken inthe DemocratidRepublic of theCongo, discussed hyleinhof (1932), Dereau(1955),
Webb (1965), Ao (1991)0dden(1994), Piggott(1996). The inventory ofKikongo differs from
Ngbaka in distinguishing just threseries of stops: nasal, voicehd voiceless. As previewed in
83.1, anasalstop in Kikongo inducesasalization of certain voicatbnsonants occurring at any
distance to its right within the stefroot andsuffixes). The data in(26) show three suffixes
containing a consonattat is realized af] or [d] when the stem contains no nasal stop—it is
realized ag4d] before [i] and as [l] beforethervowels. Apart from the [l/d] consonant/d/ also
exists as a separate phoneme in the language. When preceded by a nasdém, fiid] becomes
[n]. The nasals of Kikongo are [m n]. Vowel quality in suffixes is sensitive to a height harmony.

(26) a. m-bud-idi ‘I hit’ tu-kin-ini ‘we planted’
n-suk-idi ‘I washed’ tu-nik-ini ‘we ground’
n-tum-ini ‘I sent’
futumuk-ini ‘resuscitated (intr.)’
leem-ene ‘shone’
b. m-bul-ulu ‘I was hit’ ma-kin-unu ‘it was planted’
n-suk-ulu ‘I was washed’ ma-nik-unu ‘it was ground’
c. kutootila-ila ‘to harvest for’ kukin-ina ‘to dance for’
sakid-ila ‘to congratulate for’ kudumuk-ina ‘to jump for’
kukin-is-ina ‘to cause to dance for’

kudumuk-is-ina  ‘to cause to jump for’

1 Sagey (1986) suggests that labiovelardNgbaka have anajor Labialplace specificatiomnd aminor Dorsal

one. She posits that the homorganicity restriction is sensitive only to major place, thistahing theinteraction
between labial-labiovelar pairs but not velar—labiovelar pairs.
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Observe that as iNgbaka, Kikongmasal agreement takptace betweesegments at a distance.
The agreeing segments in Kikongo can be separateduliiple syllables, andnterveningvowels
and voiceless consonants are neutral.

The nasal agreement Kikongo targets not onlyl/d], but also voicedstops atall places of
articulation. On théasis of aictionary search, Piggott (199GJetermines that theegments in
guestion do not appear aftamsals in a stem, imther words, the following distributional
generalization holds: *[...{m, n}...{b, dg, I}...] (see also Ao 1991:195-6, fn. ).

The phonotactics dkikongo admit NC complexes that acemposed of nasal and orstop
elements. Interestingly, these structures belmerdral in nasal agreement. They do not induce
nasalization of voicedtops or sonorant consonants (27and they are transparent to nasal
agreement between simple nasals and voiced stops / sonorant consonants (27b).

(27) a. kamb-ila ‘to intercept’ b. tu-meng-ini ‘we hated’
somp-ela ‘to borrow from/for’ tu-meng-ono ‘we were hated’
bind-ula ‘to unlock’ tu-mant-ini ‘we climbed’
kunt-ila ‘shake for’ wu-mant-unu ‘it was climbed
tu-bing-idi ‘we hunted’
konk-ela ‘to push to’

4.1.1 'RRENASALIZED’ NCs. The different behavior oKikongo NC complexesversus the
prenasaktops of Ngbaka presents antriguing contrast. We suggeshat this difference stems
from a structural distinctioior prenasals inheselanguages. Research ¢@orenasalized’ NCs
converges on support for twoain phonologicaktructure types: (i) a two-root nasal-osibp
sequence, and (ii) a stop with a single root node and no phonological specificafioasal]. We
diagnosethe former structure iKikongo andthe latter inNgbaka, and our analysis ohasal
agreement links this contrast to their divergent outcomes.

The position that NCs in which nasalization is phonologicatlyve have @awo-root structure,
as in (28), isconvincingly arguedor by Padgett(1995b), building on Feinsteir{(1979)** The
special character of NCs is attributed to their ability to form a syllable onset in some languages.

(28) m b
Rt Rt

I\
[nasal] Place

Studies of various Bantu languages contributiié¢oclaim thaprenasalizedNCs are composed of
two segments. For example, it has been ardl@dprenasalizetlCs inLuganda an&Kikuyu are

12 Piggott claims that Kikongo actually targets all voiced consonants in the langulage[v, z, y] to thelist.

This assertion is based on his search of dictionary entries in Bentley @i@88@man (1936). However, Meinhof’s
(1932) description of Kikongo written in collaboration with Laman shows that is not theNzsa#.agreement can
take place across a neutral [z], aguan-uzuna]‘give againand again’ and [son-uzuna] ‘write agairand again’.
Compare [kamb-uzula] ‘tell over and over again’ where the target consonant is realized as [I] when the conditions for
nasal agreement are not present (we will see presently that NC clusters do not trigger nasal agreemease lofthe
[y], it appearghat the status of this phoneme is tenuous. Incémgral dialects dealtith by Meinhof, thevelar
fricative appears to have often developed into the glide [j], and it is elided between Welels (1965)also reports
finding no [y] in the Kindibu dialect. We were unable to find data to confirntemythe targeting of [v]. Given the
patterning of other sounds in the language, we posit that ifsthied is neutral it has the phonologistdtus of a
fricative in the language, and if it is targeted, it is grouped with the approximants as [

13 The aperture-theoretic approach to prenasalization proposed by Stdie88) makeselatedinsights, though
with a somewhat different view of what constitutes a root.
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demonstrably clusters underlyingly (Clements 1986, Herbert 1986). Also, the presence of a [nasal]
feature is verified by NC triggering phonologicalwel nasalization in some Bantanguages.
This and further evidence is comprehensively reviewed by Padgett (1995b) and Piggott (1996).
Various properties of prenasaliz&tCs in Kikongo supporthe two-root structure in this
language. First, the potential for disagreement in voicing betieealements of an NC complex
is indicative of awo-root structure. Second, N@sesent a moréimited distribution thanstops
unambiguously composed of a singtet. Simple nasal and oratopsoccur bothinitially and
medially in stems. By contrast, NComplexes occur stem-medially but are rare in itfikeal
position of stems—thegre generallfound initially only when apreceding nasal is present via
prefixation (Meinhof1932:175). Thidlistributional gagfor NC is unexpected if itconsists of a
single segment. Ahird argument comes iour analysis of Kikongmasal agreemertielow,
wherein we connect the neutrality of NC complexes to tixrroot representation. \Ware not
unique in positinghat Kikongo NCs consist of aegment sequence: several analygt® have
addressed the structure of NC in Bantu languages with long-distancegiesahent concur with
a dual representation. Ao (1991) and Piggott (1996) pasil-oralstop sequences fétikongo,
and likewise Van den Eynde (1968:6) and Walker (2000b) for Yaka (note also Kidima 1991:4).
In contrast to Kikongo, the prenasalized stops in Ngbaka are uncontroversially segments with a
single root (Thoma4963, 1970 Mester1986, Sagey 1986). A€xpected, they occur freely in
both initial and medial positions:

(29) ™bo ‘small’ ko"de ‘heart’
"da ‘place’ 10790 ‘elephant trap’

Although prenasal stops in Ngbaka are produced with a phase of nasalizaticglitasiondoes
not imply the presence of [nasal] in their phonologatalicture.The existence of monosegmental
stopsthat are phonetically realized psenasal but have no phonological specificatmnnasal]
hasbeen confirmed in severédnguagesijncluding Barasano (Piggot992, Rice 1993) and
Mixtec (lverson & Salmons 1996). Givetmat we havefound no indication that nasality is
phonologically active in the prenasalized stops of Ngbaka, we posiathalso members of this
group. Following Rice we assume that the ‘sonorant-obstruent’ status of these stops distinguishes
them from the plain voiced series, as determined by the presence of a spowtécingsnode in
their structure.

We conclude thatvith respect tathe nasality-voicingcontinuum, Ngbaka distinguishes four
series of stops and Kikongo three, as shown in (30) for bilabials.

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

4.1.2 IMMARY . Let us review the main properties of Ngbaka and Kikomggal agreement.
The patterns present th@o primary characteristics dfDAC identified in83.1: the potential for
non-local interactions, and samilarity effect. Evidencefor the first property is abundant: the
agreeingconsonantsneed not be root-adjacent, and intervensggments, such asowels,
voiceless consonants and voiced fricatives, can occur without participating in or blocking the nasal
agreement.

Turning to the similarityeffect, the preferential targeting of similaegments is evident from
nasalization in both languages affectthg series of stopshat is closest to thenasals. Ngbaka
levies a stricter requirement of similarity, limiting agreemendttps ofthe adjacenseriesthat are
homorganic with the nasal. Kikongo targets all stopthénadjacenseries as well as approximant
consonantshatalso share some properties withsals. Classes of sountiat are substantially
different from nasal stops do not enter into nagatementvith them.Walker (2000b) points out
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that the basis for determining similarity tonasals lies inarticulatory and auditory/acoustic
properties.Voiced oralstopsare similar tonasals intheir articulatoryconfiguration. They also
share the acoustic correlates of voicing and produce similar transitions in the fetraefures of
neighboring vowels. This closeness is reflecteth@consonantmutation of Moderrrish known
as eclipsis, wherein voicedstops shift to nasaland voiceless obstruents shift woiced (Ni
Chiosain1991). Inthe case ohasals and approximanbnsonantstheir acoustic properties are
similar in their intensity and in displaying well-definémkmants. Thissimilarity has alsobeen
observed to trigger phonological interactions in otaaguages. For examplElemming (1995a)
suggestghat theauditory closeness between [l] ajmd inducesthe substitution of [n] for/l/ in
fortition environments in Korean ar@una. The resulting similarity scaling relevafur Kikongo,

is shown in (31) and is consistent with the trends outlined in 83.1.

(31) Nasal similarity scale
Approximant Cons. [J Nasal Stoi] ~ Voiced Stop[ Voiced Fric., Voiceless Corfs.

In Ngbaka, the stricter similarity effect along with the inclusion of a series of prestapalin the
inventory limits nasal agreement to targets that are homorganic and prenasal.

4.2 ANALYSIS. The preceding discussion supports the following hierafmhgorrespondence
between nasals and other consonants. (‘L’ represents an approximant consonant.)

(32) Nasal correspondence hierarchy:
CORRN < N >> CORR-M «. N, CORR-N . "D >> CORR-N ."B, CORR-N . D >>
CORR-N . B, CORR-N - L

This hierarchy encodehat a pair of identicahasals is moraimilar than a homorganic nasal/
prenasal pair, which is in turn mosenilar than a pair comprised of a heterorganic nasal/prenasal
or a homorganic nasal and voiced astdp, and soon. Our data donot determine a ranking
between ORRM N and ®RRN."D, so we have situated thernwogether. The nasal
correspondence hierarchy remains fiemtloss languages. Wl argue thatwhat distinguishes
the patterns of nasal agreement in Ngbaka and Kikontie isanking offaithfulness with respect
to the hierarchy ir{32). The differenceshat we have identified in theventory structure of the
two languages will also have ramifications.

In our analysis, we will assume that [nasal] is a privative feature, given the obsetivaitithe
feature specification [-nasaloes notappear to be active in assimilation or dissimilation
phenomena (Trigo 1993, Steriade 1993, 1995). This choice is not crucial to our aboaeter.
As discussed in 83.3 with respect to [voice], we will requbeNIiT-IO(nasal), which is violated by
the loss of an input [nasal] specification, aneNT-Ol(nasal), which penalizes segmetitat gain
[nasal] in the output. Since alternations in Kikongo produce structures in which an output segment
acquires nasalization, but denasalization of a nasal trijges notoccur, we posithe ranking
IDENT-IO(nas) >> DENT-OIl(nas). Thoughalternations are nobbserved in Ngbaka, wwill
assumehat the sameanking holds for this language. In what follows w#él accordingly omit
candidates involving denasalization from consideration.

4.2.1 HOMORGANIC NASAL AGREEMENT. We focus first orthe rankings for Ngbaka. Ithis
language, prenasal stops display nasal agreement with a homorganiSmasaprenasatops in
Ngbaka do not have a phonological [nasal] specificattbe, constraint demanding identity
between correspondirgjops musthereby overridedENT-OIl(nas). The ranking is illustrated in
(33) in relation to a hypothetical input. We interpeNT-CC(nas) as requiring that if a consonant
C; in the output is [nasal], then any correspondemtf C; in the outputmust also be [nasal]. (An
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elaboration of DENT-CC that discriminates between lefind right direction of evaluation is
discussed in the Kikongo analysis.)

(33) IDENT-CC(nas) >>DbENT-Ol(nas)
Ina"de/ | Io-CC(nas)  b-Ol(nas)

*
a.l nyanye ||
*|

n
b. nua'de ||

In order tocompel a correspondence relation between homorganic nasal and pstoEsah
the output, ©RR-N .. "D must dominatedeNT-Ol(nas), as shown in (34The winning candidate
is (34a), in whichthe stopsare in correspondence and agre@asality, incurring aviolation of
IDENT-OI(nas). The competitor in (34b) fails becatis® homorganistops donot correspond. A
third candidate in (34c) establishes correspondence between the stops, but thedmsis of an
IDENT-CC(nas) violation.DENT-CC(nas) only crucially outrank®ENT-Ol(nas) herebut since it
is consistently obeyed in the language, we situate it at the top of the hierarchy.

(34) CORRN .. "D >> IDENT-Ol(nas)

/na"de/ ID-CC(nag | CORR-N . N| CORR-M . N| CORR-N . "D| ID-Ol(nag
a.l nyanye *

b. nya"de *1

Cc. na"dye *1

Since nasal agreement is not enforced in heterorgeaiis, DENT-Ol(nas) must outrank
CorrN . "B. The relevant set of candidates is seen in (35). The winning output in (35a) does not
establish correspondence between the heterorganic nasal and prenasal consonants, @Rkating C
N."B but obeying bENT-Ol(nas). The alternatives irwhich the consonants correspond lose
either because nasalization of teecond stopviolates DENT-Ol(nas) (35b) orbecause the
corresponding stops do not agree in nasality (35c).

(35) IDENT-Ol(nas) >> ©RR-N . "B
/ma®ga/ ID-CC(nas) ®RR-N - N| CORR-M - N| CORR-N"D| ID-Ol(nas) ®RR-N."B

*

a.lJ mya’g,a

]
b. myana -

c. m,a’g,a

*|

The lack of nasal agreement between nasal and voicedtopapairs isimilarly captured via the
ranking: DENT-Ol(nas) >> ©RR-N - D.

A summary of the constraint rankirigr the Ngbakapattern of nasal agreement is given in
(36). IDENT-OI(nas) is situated in the nasal correspondence hierarchy betvweeRNC. "D,
requiring correspondence between homorganic nasal and prenasal stdpe, @®RR constraints
that enforcecorrespondence between heterorganic nasal/prestapsland nasal/voiced oratop
pairs. bENT-CC(nas), which promotesasal identity betweerorresponding consonants, is
undominated in this constraint group.

(36) Ngbaka: b-CC(nas), ©RR-N. N >> CORR-M - N, CORR-N . "D >> |D-Ol(nas) >>
CORRN "B, CORR-N.D
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4.2.2 HOMORGANIC AND HETERORGANIC NASAL AGREEMENT We turn ourattentionnow to
Kikongo, wherenasal agreemefhiolds between nasals and voiced osabps, both homorganic
and heterorganic pairs. Approximant consonants also participate in nasal agreement.

Before advancing the details of thecount, somereliminaries are irorder. Since Kikongo
does not include a series of prenagalps inits inventory,the GRR-C. C constraints involving
prenasals will not be oflirect relevance to the candidates that eemsider. Tosimplify the
presentation, wemit theseconstraints fronthe Kikongo tableaux! We alsoomit CORR-N - N
and @WRR-M . N, since these constraints only produce redundant agsaément and will not
play a critical role in the alternations we examine.

An interesting property ofhe Kikongo pattern of nasal agreement is its directionality. The
rightward direction of agreement is exemplified in /kudumuk-ila/ -> [kudumukina] *[kunumukina].
We proposdhat directional agreemeastrises from arevaluation of faithfulness sensitive to the
left/right dimension. DENT-CC constraintsthat distinguish progressive versus regressive
agreement are given i(B7). IDENT-C _Cg(nas) requiresthat if a consonant is [nasal], any
corresponding consonant that appears to its right in the sequence of segments mus$hadsd] be
i.e. it compels nasal agreementsegments appearing tbe right of anasal. Thisconstraintis
silent on the reverse state of affairs: if an @ahsonant appears tbe left of acorresponding
nasal, it is obeyed.DENT-C.C, (nas) is responsible fomgreement in the leftwardirection.
Unidirectional agreement arises under asymmetraratings ofdirectional DENT-CC constraints.
Prioritization of DENT-C_ C(F) will produce progressiveeature agreement, as Kikongo, and
dominance of DENT-C,C, (F) will result in regressive agreement, as in Kinyarwasdalant
harmony (se€11)). The left/right sensitiveconstraintscan together replace the non-directional
IDENT-CC(F). In alanguagesuch as Ngbaka, wheitbere is no evidence of unidirectional
agreement, both of these constraints are situated high.

(37) a. DENT-C Cy(nas)
Let G be a consonant in the output and€ any correspondent of i@ the output
such that Cfollows G in the sequence of segments in the output (j>i); 16 (hasal],
then G is [nasall.
b. IDENT-C.C (nas)
Let G be a consonant in the output and€ any correspondent of i@ the output
such that Cfollows G in the sequence of segments in the output (j>i); 16 (hasal],
then G is [nasal].

Our account of unidirectional agreement calls on a distinction already available in the formalism
of Correspondence Theory: foR[3, faithfulness constraintsay target eithea or (3. In the case
of input-output correspondencexamples of constraintbat targetr include the Mx-10 family
(McCarthy & Prince 1995) and theBNT-10 formalism of Patef1999), while those focusing on
[3 are DEP-IO constraints andENT-OI. The directional constraints in (37) similarly distinguish the
target of faithfulness, with characterizatiornodndp in terms of the precedence dimension.

To obtain therightward nasabgreement irkKikongo, wepositthe ranking: DENT-C _C;(nas)
>> IDENT-C.C, (nas).Since bENT-C, C; is always obeyed bthe consonantghat participate in
Kikongo nasal agreement, wecatethis constraint athe top of thehierarchy.The dominated
status of bDENT-C,C, will become apparent when vexamineforms in which aroral voicedstop
or approximant consonant precedes a nasal in a word.

First, wedetermine the ranking oDENT-Ol(nas) with respect toDENT-C, C,(nas) and the

14 Our omission of the prenasal correspondence constraints is simply an expositional convenience. Itdémgs not
the universality of these constraints or their fixed place in the nasal correspondence hierarchy.
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nasal correspondence hierarchy. In Kikongo, any voiced stop becomes nasal if preceded by a nasal
in the stem. Thispatternsignalsthat @RR-N .. B and DENT-C C;(nas)together outrankDENT-

Ol(nas), as shown in (38). The winning candidate in (38a) establishes correspondence between the
nasal and suffix consonant, atiey agredor nasality in theoutput:® In (38b), the stops do not
correspondjncurring afatal violation of @RR-N - B, and in (38c}he stops corresponbtut do

not agree in nasality, an outcome ruled outdsnIT-C, C(nas)+®

(38) IDENT-C, Cy(nas), ©RR-N - B >> IDENT-Ol(nas)
ftum-idi/ ID-C,Cq(nas)] @RRN.D | CORRN.B | ID-Ol(nas)

*

a.d tumgin,i
b. tumyid,i
c. tumid,i

*|

*|

In addition to voicedstops,approximant consonangarticipate inKikongo nasal agreement.
This pattern is captured by situatingeNT-Ol(nas) below ORR-N.L as well. Wetentatively
locate @RR-N - L and @WRR-N - B together in the nasal correspondehmgarchy.The outcome
is illustrated in(39). Candidateq39b) and(39c), which donot nasalize/l/ in the output, are
eliminated on the basis ofd®R-N .. L and DENT-CC(nas), respectively.

(39) CORR-N. L >> IDENT-Ol(nas)
Inik-ulu/ ID-C C(nas) ®RRN.D | CORRN.B | CORRN.L |ID-Ol(nas)

*

a.d n,kunu
b. nyikulu

*|

*|

c. nikulyu

Observe that theoiceless stop in (39) does rmdrticipate in nasagreement. Thi®utcome
follows from itslack of similarity to the nasal: the nasaid voiceless stopre not sufficiently
similar to be subject to@RR-C-. C constraints, and hence a relation is not enforced betilneen
Candidates in which these consonaats in correspondence are screened oufaliiifulness
constraints: [gin,in,u] incurs a gratuitousiolation of IDENT-Ol(nas), and likewise [ik,un.u]
with respect to DENT-CC(nas). Correspondentetween consonants the outputthus occurs
only whencompelled by similarity-driverconstraints, anthe neutrality of voicelessonsonants
(and vowels and voiced fricatives) follows straightforwardly.

The tableau in40) addressethe casewherethe direction of agreement apparent. Nasal

15 Whether we posit /I/ or /d/ as the suffix consonant in the idpesnot figure here. Either way, the consonant

will be realized ad[d] before[i] if oral. We attribute this outcome to the activity of a contextowmrkedness
constraint that we refer to descriptively as *li.

' Note that alternative candidates [timy,i] and [tumin,d,i], which transform the /d/ to prenasalized [ndf]ll be
non-optimal because iaddition toviolating DEP-IO for the inserted[n], they do notfare better thancandidates in
(38) on either the GRR-C ~ C constraints orDENT-C C.. The[d] remains in violation of one of these constraint
types, as in (38b—c).

" We regard it as unsurprising that under nasal agreement the affected consonant becomes a gi@p aasaé
cost of manner features that might be active in the segment. For instance, when [l] becomes a nasal siegsent it
not retainits approximantature (attributable to théeature [lateral]). In addition, therare noreports of nasal
continuants in languages where continuant approximants are affected byagrasatent irMSCs. The explanation
here is two-fold. First, the dispreference for nasalized continuants/approximants goeustientedPadgett1995b).
Constraints on such configurations will trigger tregdening ofapproximants to stopsndernasalization.Second,
the formation of nasal stops rather than nasalized segments better saiNie€IC requirements. These constraints
will promote the closest match in stricture and other properties between agreeing segments.
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agreement in this word produces nasalization only inlthe theright of the nasal and leaves the
oral quality of the /d/ to itdeft intact. The resulting output sequensbeys DENT-C C(nas),
which requires that corresponding consonants following a nasal be specified matsilyjolates
IDENT-CC, (nas), which requires a [nasalecification incorresponding consonants preceding a
nasal. It isthe interleaving of DENT-Ol(nas) between theséwvo constraintsthat achieves
unidirectional agreement. The ranking DENT-C, C.(nas) over DENT-Ol(nas) compels rightward
nasal agreement in the /l/, as evident in the comparis¢hOa) and(40f). The strict directionality

is seen inthe evaluation of(40a) versus (40b-c). First, in (40a) verqg, both candidates
establish correspondence betwedinthree voicedconsonants and both obeyeNT-C C,(nas).
However, the leftward nasabreement affecting thest voiced consonant i(40b) incurs datal
violation of IDENT-OI(nas). Even though thiscandidatefares better with respect to DENT-
CrC, (nas), thisconstraint is dominated by#£NT-Ol(nas), andchence the faithful mapping of the
leftward /d/ isfavored. Candidates (40a) and (c) incequal violations with respect t@HENT-
Ol(nas), but (40c) violates GRR-N - L while (40a) obeys it. Nasalization of thefirst voiced
consonant is thuagaindisharmonic. ORR-C- C constraints also serve to rule out candidates
(40d) and (40e).

(40) IDENT-C Cy(nas) >> DENT-Ol(nas) >> bENT-C.C, (nas)

/kudumuk-ila/ D-C,C; | CORR-| CORR-| CORR- | ID-OI | ID-C,C_
(nas) NoD | NoB | NoL | (nas) (nas)

al kudumukin,a * >

b. kugumeukina !

c. kugum,ukil,a I *

d. kudumukin,a *! * *

e. kugumukil,a HORENO)

f.  kudumeukil.a " *

The final point that weaddress in our analysis of Kikongotige neutrality of NCclusters in
nasal agreement. initial NCs, the nasal deriveffom a prefix, which stands outsidee stem
domain where nasagreement takeglace. Inthe case of medidlCs, we suggesthat these
segments’ lack of participation stems from their different structural role in comparison to singleton
stops.The relevant difference mdie in syllabification, wherebynedial NCclusters in Kikongo
are syllabifiedacross syllables in contrast to singletstops that arewholly contained within
onsets. In support of laeterosyllabic syllabification of medial N€equences irKikongo, Ao
(1991:195, fn. 2points outthat nasalsdevoice before a voicelessvird initially, e.g. pkosi]
‘lion’, but notword medially in normal ratspeech, e.g.z[nkosi] ‘lions’. He suggestdhat this
contextual differencarises because nasal devoicing occurs onlauosyllabic NCsequences,
and the nasal in medial NCsequence is syllabified witthe precedingyowel® Underthe coda-
onset structurethe place-linked heterosyllabgstatus of NC could prevent iigteraction with
singletonstops:® The preferencéor a relation to be established between segmémis have

18 It may be that nasals withlace features linked to fallowing onsetarethe only possiblecodas inKikongo.

Such a restriction is not cross-linguistically uncommon (cf., for exandpfmnesavhich admits onlyplace-linked

nasals and geminates in word-medial codas).

¥ In considering a two root structure for Yaka, Hyman points out that since NC does not trigger vowel shortening
in preceding vowels, it must be assumed that the nasal is non-moraic (1995:19<P@geivable alternative is to

posit medial NC in Yaka (and Kikongo) as a cluster with both segnsghébified into an onset. Their neutrality

could then be understood as a result ofdifference inthe structural role of thplace-linkedclusters versus simple
onsets. However, the syllable structure account of nasal devoicing in Kikongo would be lost under this scenario.
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matching structural roles has support from psycholinguistic research: segma¢itave the same
syllable positiorare more likely to participate speech errors (Shattuck-Hufnadel83, 1987).
The relevant constraint is given (@1), following McCarthy & Prince(1993, 1994)(see Gafos
1996[1999], 1998, Suzuki 1999 for applications).

(41) Sr-RoLE-CC
Corresponding consonants must have the same structural role.

From a wider theoretical perspective, we take the neutrality of NC in Kikonguidencethat
phonological structure can be key in determining similarity betwegments, and accordingly, it
influences their potential to interact atliastance.The scenario idaid out in (42). S-ROLE-CC
dominates ORR-C . C constraints so as to inhibit correspondence between scoit@onantshat
have different structuradoles. Thisranking is responsible fogliminating candidate$42c) and
(42d), where stops in the NC cluster—each with at least a portion of their content contained within
a syllable coda—are in correspondence with simple ostegts (amark is accruedor each
consonant paithat violates $-ROLE). Candidate(42d) alsoviolates a constraint ogeminate
nasals, which dmot appear in the inventory of the language (Larh@86)?° Candidates (42a)
and (42b) both establish correspondesitietly between the singletoonsetstops, obeying S-
RoLE. Candidate (42a) is optimal because it also obeys Iq€iaas).

(42) NC does not trigger or undergo nasal agreement
s ID-C,Cy | ST-ROLE- | CORR- | CORR- | ID-OI | ID-C.C,
fmeng —idif (nas) cC NoD | NoB | (nas)| (nas)

all o OO0 * *kKkk *
/A AV ARA

n}elj%/g/zinxi
Place

b. o OO0 *| * *kkkk
R AWA

m(eljy\giidxi
Place

C. o [o 6] *!* * *k%k *
A ARA

n}enx\gyinxi
Place
d. o OO0 x| Fekokok **
R AWA

men,n,inyi
\ /

Place

A summary of the constraint ranking determined for Kikongo is given in (43). We sethdtere
IDENT-OI(nas) islocatedbelow the constraints enforcing correspondence between nasaised
stops and nasals / approximant consonants. The simple demotoBENaf®I(nas) in Kikongo in
comparison to the Ngbaka ranking expands the set of segments participating agressaent to
include heterorganic stops and sonorant consonants.

2 A syllabic nasal prefixcan occur before atem-initial nasal in Kikongo talerive aheteromorphemic nasal
cluster (Laman 1936).
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(43) a. Kikongo: b-C C.(nas), $-ROLE-CC >> @DRR-N - N >> CORR-M . N, CORR-
N. D >> CORR-N - B, CORR-N .. L >> ID-Ol(nas) >> b-C.C, (nas)
b. Ngbaka: b-C, C.(nas), b-C.C,(nas), ®RR-N N >> CORR-M .. N, CORRN .. "D
>> |D-Ol(nas) >> ORRN . "B, CORRN . D

An additional point of contrast between Kikongo and Nbgaka is their inventory dkigbaka
includes a series of prenasdbpsthat arenot found inKikongo. Although the nasal-prenasal
correspondence constraints are omitted for simplicity in (43a), the implicatioasanguage with
Ngbaka’s inventory structure and Kikongo’s ranking m£NT-Ol(nas) should be clear. there
were a language that had nasal, prenasal and voicesta@paseriesand nasal agreement included
voiced oralstops,then prenasadtops would alsgarticipate in nasalgreement. IrKikongo, the
neutrality oftwo-root prenasals provideelvidencefor the active role of EROLE-CC in this
language. In (43a) we place this constraint at the top of the hier&amivgyver, wenote that since
CoRR-N- N and ®RRM - N refer to consonantthat already agree inasality,the agreement
pattern would not be altered if it were instead loc#igldw theseconstraintsSince Ngbaka lacks
two-root prenasals, we do not have evidence for the placememiRHLE-CC in its hierarchy.

Finally, the languages are distinguished by directionality of their agreemdfikdngo, nasal
agreement operates strictly to thight, as produced byhe asymmetrical ranking ofDENT-
C,Cx(nas) and BENT-C.C, (nas). Ngbaka does nogstrict agreement to a particuldirection,
which results fromocating both of these constraints tlre topstratum. In subsequent cases of
agreement that wexamine, we willshow the leftward/rightward splitor IDENT constraints only
wherethere is evidence of unidirectionalityowever,this presentational simplificatiodoes not
deny that in such cases it is the tdigectionalconstraints ranked together in an uplesel of the
hierarchy.

4.3 READING-BASED ALTERNATIVES. Previous accounts dbng-distance nasal agreement
assume deature spreadingpproach.General drawback$or admitting long-distance feature
spreading irthe theorywere raised ir82.1. Weconsider next some specifissues forfeature
spreading analyses of nasal agreement

In his study of Kikongo, Piggott (1996) makes the interesting proposal that long-distance nasal
agreement results from a suprasegmental spreading, where [nasal] spreads at the level of a syllable-
organizing node that he calls the harmony foot. The structure is illustrated in (44).

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

ki nu nu na

Under this approachhe oral quality ofvowels withinnasal harmonyeet is attributed to the
principle of Structure Preservation (Piggott 1996:155-6): since masadls do notoccur in any
underlying representations, they are prevented from occurriogtputs. However, outlypology
reveals that long-distance agreemawtoss languagepreferentially targetssounds that are
similar?* Attributing the neutrality offowels innasal agreement to StructuPesservation misses
this generalizationindeed,nasal agreement iNgbaka confirmghat the explanatiooffered by

2L Cf. Dolbey & Hansson (1999a,b), who hypothesize a historical impetus behind long distance nasal agreement in
Bantu.
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Structure Preservation does m@neralizeacross languages. Ngbaka Ipd®nemic nasaftowels,

but its vowels nevertheless pattern as neutral in nasal agre@rergimilarity-based explanation
that we advance here correctly predicts the preferfemosiced consonant targets iltDAC with

nasal stops awell as the neutrality of intervening non-participaagments. Se@/alker (2000b)

on some additionaissues forsuprasegmental spreading with respect to constraining possible
phonological structures.

An alternativespreading approach posttsat [nasal] spreads at a subsegmental level,at a
node contained within the root (Ao 1991, Odd€94, Hyman 1995).Analyses of this kindhave
traditionally obtained the neutrality of intervening segments via their lack of target node or structure
on the [nasalkier. However,the underspecification or other structumaértnessthat must be
assumed for neutral NC complexes is problematic. Conliderepresentation i(#5), where NC
is underspecified for [nasal] and its dominating node.

(45 menpgini /meng-idi/ -> [mengini] ‘we hated’
rertrtrtrertrt
I |
I
[nasal] ------- >

We must question why [nasal] and its dominating nedald be underspecified in NC but not in
singleton nasals and voiced stops. Hyman (1995) pointsorg generally thatumerous ad hoc
representationakolutions are capable ofproducing the neutrality of NC. However, these
representationfail to address why NC stands apart. By contrdss, correspondence approach
connects the neutrality to the similaréffect. The structural difference between place-linked NC
and monosegmental stops can prevent their interaction.

5. CASE STUDIESII: LARYNGEAL AGREEMENT
The featuregspread glottis] and [constricted glottiate grouped with [voice] to form the
family of Laryngealfeatures. Wehave identified severatases of laryngeagreement involving
thesefeatures. In this section, wexaminetwo languages imore detail. Chaha (Banksig®00)
hasagreement effects iroots pertaining to both [cg] anfloice]. Bolivian Aymara (MacEachern
1997[1999]) shows agreement for [cg] and [sg] in roots. Other cases of vagriegment include
Ngbaka and Kera, which are analyzed in Walker (1999, 2000a).

5.1 (HAHA. Banksira (2000) reportthat in Chaha, aSemitic Guragedialect of Ethiopia,
adjacent stops in a root may not differ in laryngeal specification. Stops will be either ejetiiaps
or voiced (46bJ? In general, the interacting stops are heterorgaititer coronal owelar. Due to
Semitic morphemsatructure constraintthat preventonsonants othe same place of articulation
from cooccurring in roots (Greenberg 1950, Buckley 1997), there are few instances of homorganic
stops showingthe agreemeneffect. We provide conjugations ithe 3ms imperfective and
imperative to illustrate that different vowels may appear between the consonants.

22 These are given in the imperative and imperfective forms, as there is a morphologically-conditioned process that

devoices penultimate obstruents in the perfective (normal citation form) if the following consonant is sonorant, [X]
or [t], giving thesurface appearance ofmaix of voicing: e.g. §idir] corresponds to perfectivgydtorom]. The
devoicing effect does not extend to tih&ial consonant, suggesting theither voice agreement isot triggered by
voiceless segments or the morphological devoicing requirement overrides agreement.
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(46) Imperfective  Imperative

a. ji-tok'ir t ik’ ir ‘hide!’
ji-rot’ik’ nit’ ik’ ‘snatch’
ji-K ot'ir K'it'ir kil
ji-rok’it’ nik’it’ *kick?’

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

The labialstops donot participate in theagreement, either asiggers or targets. Banksira
(2000) argueghat theonly phonemic bilabials in Chahare thesonorants /mj3/. The voiced
bilabial stop [b] occurs as aallophone of 8/ in word-initial position, following nasalsand in
certain morphologically-conditiongdrmer geminatiorsites. The voicelesdilabial stop [p] only
appears as a devoiced variant of this latter former geminate. Ejective [p’] does not occur except in a
few loanwords from AmharicThe restriction of the agreement effecictwonals and velars is a
result of the limited distribution of labial stops. We discuss this further below.

Banksira does not mention cases of voiceless stops adjacsthtetoejectives or voicestops,
but we have found no examples of such roots in Bank&0@0), Leslau(1979) orother sources;
adjacent plain voiceless stops [k] and [t] do cooégur:

47) a. kif ‘hash (meat)V’
b. tiks ‘set on fire!’
C. kotkit ‘hit with a stick repeatedly”

Fricatives are not targets of agreem@t@a). Asthe inventory of fricatives is [f s %], /s/ could
potentially be voiced to [z] by agreement. Fricatives and sonorants do not trigger agreement (48b):

(48) a. s$gd ‘worship! sdif3 ‘curse’
b. kizof ‘become inferior!’ tima ‘be thirsty!’

Banksirashowsthat Amhariccognates formany words have a combination of ejective and

voiced consonants, where Chaha heching laryngedieatures. Notehat theform [midad] is a
case involving homorganic stops.

(49) Ambharic Chaha

K'ida gida ‘draw liquid?’

mit’ ad mdad ‘griddle’

dik’ ok’ tik'ak’  ‘be crushed, grounded!
widok’ wit ok’ ‘fall’

rogar digor ‘hair/animal hair’

We havefound similar examples in relate@uragedialectswhich alsoshow alternate [voice] or
[cg] specification where Chaha has agreement, e.g. Endegi€énKtb] / Chaha [thk’ok’am] ‘be
ground finely’, Soddo pgget's] / Chaha [Pk ot'om] ‘kick’ or Soddo [kbdods] / Chaha

% Banksira (2000) argues that there is no underlying /k/, but /x/, which strengthens to [K] in certain circumstances,
such as preceding fricatives. Indeed, [x] does cooccur with [d] in two vesds] [abjure, betray’ or fadors] ‘thatch
a house’. But these same verbs are exceptional in that the second consonant does not devoice in the perfective form.
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[godadom] ‘tear, make a hole’ (Leslad979). In a few casesgreement may operaseross an
intervening consonangoddo [drrok’s] / Chaha [tbnok’am] ‘be dry’ or Soddo [donk’ooro] /
Chaha [tbnk’™ara] ‘deaf, stupid’. In other cases, agreement doetaketplaceacrossintervening
consonants: [mods] ‘yoke’ (cf. Muher [dmoadom]), [dofok’am] ‘scrub or pound laundry’ or
[diffak™ra] ‘pumpkin’ (cf. Endegen [tBak’ura]). There arealso a couple of examples illustrating
that agreement may besisted across eocalic root segment /fw/, e.g. [b-tf’odom] ‘chat’ <
/t’'wd/, or root /a/, derived from a former pharyngeal or laryngeal consonant, e grpatibble’
or [dak’am] ‘laugh! (see Banksir&2000, Chamoral997, Lowenstamm1996, Prunet1996a,b,
Rose 1997 on vocalic /a/ in Gurage languages). On the other hand, we alsgrdigichent irsuch
verbs, e.gJa-k'et'om] < /k'yt'/ ‘trade’ mostlikely derivedfrom Chara (Cushitic) [git'aa] ‘trade’
(Leslau 1979). Proximity can affect thestrength of segmeninteraction incases in which
interaction isgradient. For examplé&emiticroot structure constraints gatace of articulation are
not absolute, ancdre weaker betweeoonsonants separated by another consotieant those
adjacent (Greenberg1950, Buckley 1997, McCarthy 1994, Pierrehumbert1993, Frisch et
al.1997).

We havefound noexamples of cognates in which pdain voicelessconsonant [t] or [K]
determines agreement. THiss two possible explanations. Firstpice] may be a monovalent
feature, and therefore [-voice] cannot trigger agreement (Lombagdi). In Chahathe failure of
plain voicelessstops to producedevoicing outcomes could accordingly be attributed to
IDENT-IO(voi) >> IDENT-OI(voi) (cf. avoidance oflenasalization i84.2). Secondthere may be
constraints in the other languages preventing voiced-voiceless or plain-glottalstegp
combinations but allowing voiced-glottalizelthdeed, inthe Gurage languages, weave found
only a few examples of this former kind of mixture.

The restriction oficg] agreement tcstops isnot surprisinggiven thatall ejectives in the
language are stops. While [aglay characteriz&icatives, as iPAmharic[s’], this segment is not
present in Chaha. Nevertheled® restriction of [voice] agreement $topscannot be due to the
absence of voiced fricatives. Chatas a contradtetween /s/ andz/. Yet, as wadllustrated in
(48), [s] freely combines with voiced stops and [z] with voicetteps. Wdind the same pattern
of voice agreement being restricted to agtps inthe Chadiclanguage, KergWalker 2000a).
This is typical of LDAC in which participating segmentare thosethat bear ahigh degree of
similarity; in this case, the sub-class of stops among the larger class of obstruents.

5.1.1 ANALYSIS. As outlined in83.3, similarity is calculatedamong stops based on a
hierarchy of identicasegments (¥T), homorganic segments <¥D), and heteroganicstops
(KT, K<D), asrepeated from(18) in (50a) forvoicing differencesonly. With [cg] adding
another dimension, there are furthercorrespondences between homorganic voiceksps
(T<T"), heterorganic voiceless #T’), homorganic (B~T’) and heterorganic (B*K’), as
shown in (50Db).

(50) a. [voice]
CORR-T+>T >> CORR-T<>D >> CORR-K->T >> CORR-K-D

b. [cg]
CORRT T’ >> CORRT<T >> CORRKT’, CORR-D—T >> CORRD<K’

The [voice] agreement hierarchy is familfaom 83.3. The [cg] constraintsare interpreted as
follows. CORR-T<>T’ requires correspondence between homorganic voicslegss, including

ejective and plain voicelessOBR-K<«>T" holds over the superset of homorganic &eterorganic
voicelessstops. @RR-D<T’ expands toinclude homorganigairs that disagree in [voice] and
[cg], and finally @®RR-D<K’ refers to all stops, including thosethat disagree in laryngeal
features. It is not clear if there is greater similarity between [t'][&khdwhich differ for Place and
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[cg] than between [t'] andd], which differ for [voice] and [cg], so we have situated the

constraints pertaining to these pairs of sounds at the same level in the correspondence hierarchy.
IDENT-CC requires that for the relationRC;, if C; bears a particular laryngeal featufesn G

bears the sameDENT-CC constraints are defined with respect to [voice] (26¢ from §3.3) and

[cgl:

(51) IDENT-CC(cQ)
Let G be a consonant in the output and€ any correspondent of i@ the output. If Cis
[cg] then G is [cg].

As outlined in83.3, monovalent featuresntail theuse of both DENT-IO and DENT-OI for [cg]
and for [voice]. Since the Chalpattern is consistent wittonversion 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 sicgds in a root,and theidentity
constraints requiréhat they matctior the features [voice] andg]. Weillustrate the ranking for
the stemit'ok’] ‘falll’, for which we consider a possible inputvidok’/ with a mix of a voiced
stop andejective?* For reasons of space, \alow thecapital letters Tand K to stand for both
ejectives and plain voicelestops inthe following tableau. Because laryngesjreement includes
all stops,including heterorganipairs, the DENT-IO/OI constraintsare rankedoelow the CORR-
K<D constraint. Candidatg®2b) and (52c) lose out tcandidate(52a) becausdhere is no
correspondence relation established betweemwtbestops inthe root. Candidate(52d) loses to
candidatg52a) becausthe corresponding stops dwt matchfor [cg]. It is not enoughthat the
consonants match only for [voice]. Finalandidatg52e) showsthat the bENT-CC constraints
must outrank theDENT-10/OI constraints in order to compel agreement.

(52) ®RR-K<D >> IDENT-I0/OI(cg), IDENT-IO/OI(voice),

Iwidak’/ ID-CC | ID-CC | CORR-| CORR- | CORR- | CORR- | ID-IO/OI | ID-IO/OI
(cg) (voi) | T<T | T<D | KT | KD (voi) (cg)
a.0 wit' ok’ *(10) *(Ol)
wit’ oK'y, *1 * *(10) *(Ol)
C. wid, oK'y, *1
d. wit, ok’ *l *(10)
e. wid, ok’ | *(Y) *M

The tableau in52) illustrates an output witlejective agreement, reflecting the relationship
between cognatdmharic [widok’] and Chaha [vit'ok’]. However, it isalso possible talerive a
form with two voiced stops from a mixed ejective-voiced stquut. The choice of oneersus the
other would depend ordirectionality, which we ignore here itne synchronic grammar. The
important point is that agreement for laryngeal features is enforcedowa-C—C at the expense
of faithfulness.

We now consider the fate of the labial stops [b] and [p], which dpartitipate inagreement.
As statedabove,thesestopsare allophoniowith [(8] and occur in restricte@nvironments. To

2 Banksira (2000points out that theognate example®vealthat thelaryngeal specification of theghtmost

consonant determines the direction of agreement in Chaha. While this may have been the case diachronically, there is
no evidence in the synchronic language for directionality, as the agreement pattern is restricted Acaaraliagly,

in our discussion of Chaha, we do not posit an asymmetrical rankimtyéstional DENT-CC constraints, buhote

that dominance of the leftward constraimENT-C,C, (F)) could be invoked.
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understandhe distribution, some background dhe history of the language is irorder. The
penultimate position of the perfective form of Chaha verbs was once gefiiAateliscovered by
Banksira (2000), if the final root consonant was a sonorant orplain voicelessstop, the
penultimate (obstruent) geminate devoiced. If the final root conser@nt‘'specified’ obstruent,
that isone with a Laryngeal specificatiqfsg] for fricatives, [cg] forejectives and [voice] for
voiced obstruents), nodevoicing took place.Subsequently,geminates were reduced to
singletong? The modern-day language now hascing alternations within some paradigsisch

as [gptorom] (perfective)vs. [jogdir] (jussive) ‘put to sleep’The devoicing of the penultimate
consonant does not carry over to other voisggs inthe stem.Otherverbs show nalternation:
[sagadom]/[jasgid] ‘worship’. As for the labials, it is assumed that the sonofdintdsrealized as

a geminate stop [bb]. The geminate /bb/ was devoiced to [pp] and reduced to a singleton. Besides a
few loanwords,this is the only source of [p] inthe language. Closelyelated dialectgprovide
confirmation of thischange Compare theverb ‘break’ in threalialects: Ezha fgbborom], which
has preserved geminatioikndegen [spporom] which hasdevoiced geminates, and Chaha
[soparom]. The geminate [bb] was reduced to singleton [b] in those ferhusefinal consonant
was a specified obstruent, such as [t'] in the vedbdt’ om], and this is preserved in modern-day
Chaha. Disregarding a few loanwords, we have the following distribution of labial stops:

(53) [p]/ in penultimate root position of perfective and other verb forms if following root
segment is plain voiceless stop or sonorant;
[b]/ word-initially;
post-nasal;
in penultimate root position of perfective and other verb forms if following root
segment is obstruent other than [t (X))

Labial stopscannot beargetsof [cg] agreement since thegective[p’] is not found in Chaha
except in a few loanwords. A constraint prevenf{pi)is undominated, rankedbove the DENT-
CC constraintsThe voicelessstop [p] alsocannot be a target of voice agreement due to its
distribution. Since[p] only surfaces as a result ¢fie morphologically-conditioned devoicing
pattern outlined above, this means that it will never be followed by a vstiopd Furthermore, [p]
cannot be a target, since the devoicing pattern overrides surface agreement, as seen with examples
such as [gtorom]/[gidir]. Finally, the voiced stop [b] is natevoiced tdp] through agreement. It
is devoiced only undehe rubric of the morphological devoicimgattern. Thisindicates that the
constraint(s) responsible for the morphological devoicing outrank *p which outifzmkdent-CC
constraints. Furthermore, as mentioned previously we have no convawilgyce thavoiceless
stopscan actually triggeagreement. Turning now tive potentialfor [b] to act as arigger of
voicing agreement, we notkat[b] always alternates with{] or [p] within a verbal paradigm.
Examples are given in (54). In (54b), the /rfaalized as a nasal in thgssive, whichassimilates
for place of articulation to the following labial (a similar verb with no nattalnation isshown in
(54c) for comparison).

% Other verb formshad geminates, such as imperfective gfiadriliterals, imperfective of verbwith a /t-/
reflexive-passive prefix, and all forms of the lexical class ‘Type B’. See Banksira (2000) for details.

% Banksira (2000) posits synchronic underlying geminates wdnriehmeutralized tsingletons by alegemination
rule.

2 There is one verb with final [x]: [megom] ‘chew’ which Banksira assumes has a root /mgdwever,due to
its conjugation pattern, there are no [z]'s that show upltiernateforms, andone canonly base the conclusion on
related dialects, e.g. Ezhadmzoxom].
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(54) Perfective Jussive

a. [bltorom ja[B]dor ‘be first, precede’
b. gro[p]otom josom[b]it ‘sojourn’

c. giro[b]ot’om jogor[plit’ ‘let him turn over’
d. to[bJot’om Jot i B]t ‘seize’

The only site where [b] has the potential to trigger voice agreemarites it is inthe penultimate
position of the perfective as in (54d), producing a hypothetical form such ast[em]. Such an
alternation would render the paradigron-uniform,since the[b] is not found inthe jussive, and
only stops can trigger voice agreementallinother cases ofoice agreement, voicing is operative
throughoutthe whole paradigm. Wescertain that paradigm uniformifyrevents voicing from
being triggered by penultimate [b]. Although it is difficult to establish a definibase’ in Semitic
upon which other wordarebased, weadopt the jussive/imperatiferm here since it ishe least
opaque of all Chaha stem forms in terms of consonant and vowel mutatiofe(see 1993 for a
derivational analysis of Chaherbs based on this assumptiofhere is a paradigmatic relation
between the jussive base and the perfective mediated through output-output correspondence:

(55) IDENT-OO(cg)
Leta be a segment in,Qussive), ang be a correspondent afin S, (perfective). Ifa is
[cg] thenf is [cq].

This constraint (and another pertaining to [voiaaltranksthe constraints requiringdentity
between corresponding outpségments. We show subscrippsly for the first two stops.
Conversion othe labial to eithefp] or [p’] is banned by high-ranked markedness constraints,
which we collapse heréor the sake of spaceThe winning candidate is onavhich has no
correspondence relation between the two stops.

(56)
/t' sbat’am/ *p ID-OO | ID-CC | ID-CC | CORR- | CORR-| CORR-| CORR-
base: tift P’ (cg) | (cg) | (voi) | ToT | T<D | KeoT | KeD

a. 0t obot’'om &
b. t,obt’'om *M *(
C. dobyot'om *!
d. tyop’,ot'om

*|

The constraint(s) requiring morphological devoicingtieé penultimateeonsonant in some forms
outrank bENT-OO(voice), allowing for anismatchfor [voice] in just thosecases,but not as a

result of agreement. In conclusiaagreement operates among awaips, but the distribution of

labial stops in the verb stem prevents them from participating.

5.1.2. RoxIMITY. Chaha agreemeihias aproximity effect, suchthat consonantshat are
adjacent in the morphologicedot agredor [voice] or [cg], but thosethat arefurther aparishow
less tendency to agree. Proximity is an independent requir¢na¢mhay bemposed orelements
interacting locally or at a distance. Odd@®94)identifies three major parameters of proximity or
adjacency:root node adjacency, syllabkdjacency andinbounded adjacency. Suzuki (1998)
introduces a hierarchy that allows for other possibilisesh asseparation by only mora. Rose
(2000) argues fomnothertype, ‘consonant adjacency’, wherein consonangy interactonly
across arinterveningvowel, either in the same or separatgdlables.The proximity effectthat
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Chaha exhibits is primarily thigtter type, but some formsnay show agreement at a greater
distance.

Chaha is not alone in exhibiting a proximity effect on agreement. Other LDAC cases are subject
to a proximity condition where only a vowelay separate the agreeingnsonants. In Ndonga
(Viljoen 1973), nasal agreement affectssaffixal /Il when the target and trigger are adjacent
(open) syllableg57a)? If separated by more thanw@wel, nasal agreemerdoes notobtain
(57b).

(57) a. monine ‘had seen’ b. hulile ‘had undressed’
tumine  ‘had sent’ pepele  ‘had blown’
kunine  ‘had sown’ minikile  ‘was looking for’
limine ‘had ploughed’ jonagulile ‘had damaged’

The same proximity restriction applies to nasal agreement in Lamba (D88 Odden1994) and
Bemba (author’s fieldnotes).

Proximity is built into an OT analysis hyarameterizingconstraints fordifferent proximity
distances, following Suzuk{1998). Forexample a ORR-CC(Nasal) constraint would be
subcategorized for allowing an intervening mora as in Ndonga or fdistamce requiremento(),
as in Kikongo in 84 According to Suzuk{1998), constraints subscripted falifferent elements
are arrayed in a fixed proximity hierarchy, as shown in (58) for tRREC constraints’

(58) CoRR-CC(Nasalj >> Corr-CC(Nasabp

IDENT-1O constraints would be ranked between the two constraints in (88ptoreNdonga, but
below them to account for Kikongo. Hence the proximity restridiiat Chaha agreement exhibits
is not unusual andan be handled by specifying the correspondearestraints for consonant
adjacency.

It remains an open question whethecal non-iterative root-adjacemassimilations are to be
treated as assimilatioimirough spreading or whether thayght also be subject to an analysis
incorporating agreementhrough correspondence. BotAdden (1994) and Suzuki (1998)
recognize the root-adjacent parameter in determining proximity of interacting segments. The role of
similarity appears to bkey. While we donot rule out similarity as impacting the likelihood of
segments to assimilatea featurespreading, it does naippear to be systematically implicated in
the same way amgreementhrough correspondence demanidscal assimilation isften induced
by phonotactic factors and coarticulatidfor example, post-nasabicing is the result of a
coarticulation difficulty in terminating voicingpllowing a nasallHayes & Stivers 1995Pater
1999). This does napply in cases of long-distance interaction, and we find no cases of voicing
agreement triggered hyasals.One possible solution tenaintaining a dichotomy betwedocal
assimilation and LDAC would be t&iminate the root-adjacenption as a parameter of proximity
and to recognize all local interactionssgseadingWhile there ar@eported cases of dissimilation
subject to root-adjacency, many tobm couldalso be reanalyzed asarticulation or phonotactic
pressures, such agnstraints against gemination, jpoor sonority sequencing. Thvgould, of
course,lead usbeyondthe scope of this paper, so we dot attempt toexplore this possibility
further here.

5.1.3 $READING VS AGREEMENT. We compare theDAC analysis ofthe Chaha datavith
three possible spreading/linkage analyses:

% In Ndonga /I/ is the only coronal oral noncontinuant. [d] occurs in borrowings only.
2 Suzuki allows for many other possible intervening elements, which we ignore here.
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(59) a. Spreading/linkage at the morphological root level prior to affixation
b. Spreading at the surface skipping over vowels (gapped configuration)
c. Spreading through the vowel (local spreading)

Thefirst analysis in (59a) involves a serial derivation in which features spwoealliy or are
doubly linked at the level of the root prior to vowetsmbining with rootconsonants. This would
require thatMSCs beanalyzed as involving double linking of features (Me&@86, Yip 1989).
Vowels break apart linked structure at a later stage in the deriatignMcCarthy 1986). Once a
vowel intervenes betweethe root consonantsthere are thereforevo possibleoutcomes: (i) a
representation witlwo separatestopseach specifiedor its own [cg] or[voice] feature, ofii) a
gapped configuration if the vowel is underspecified for [voice] or [cg], as shown in (60).

(60) Gapped configuration
kKot

[ ] \. [ ]
[ca]

Once again, we have already addressed general problems with gapped configurations. But there are
also problems witlthe mechanism thawvould lead tosuch a structure, or to one in which the
consonantsare separated. Several authonave arguedthat the separation offowels and
consonants onto separate autosegmental tiers followed by Tier Conflation is problerSatigtic
on various fronts (Bat-El 1988, Gafos 1996[1999], 1998, Rose 1997). Furthermore, itlsanot
that vowelsthat areunspecified for ajiven feature actually succeed in splitting a linlsaicture
(see Rose 1994 fadiscussion). Finally,separating consonants fromowels is not always
sufficiently motivatedfor nominal forms that do not havetemplatic shapes,and we do find
agreement occurring in nouns as well as verbs.

As discussed in 82.1, a common thread emerging femantstudies ighat atheory in which
features link only between root-adjacent segments is more restrictive th#mataiows gapped
configurations (Padgett 1995a, Gafos 1996[1999], Walker 1998[200@hidsain & Padgett to
appear).These researchepmopose analysesong the lines 0of{59c). Under such a proposal, a
[cg] featurewould be spread from one consonantatwther in a continuouspan and the
intervening vowel would be phonetically affected by the [cg] feature:

/

(61) Local spreading
ko t

It is conceivable that glottalization e@bwels may not be indicated in transcription if it is not
contrastive. However, wexamined spectrograms of Chalawels betweentwo ejectives and
found no solid evidence of continuous glottalizatiBarthermore, n@vidence of glottalization is
found in forms withinterveningsonorants, such as dtiok’am] ‘be dry’. In conclusion,all of
these spreading analyses of long-distance larynggatementprove to be problematic.
Furthermore, support for an output-based correspondence analggieement comesom the
fact that we find similar laryngeal agreement pattecr®ss vowels imther languagethat do not
have Semitic nonconcatenativeorphology that would warrantthe separation ofowels and
consonants, as in Bolivian Aymara in the next section.
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Another argument in favor of voicing agreement through correspondence and against spreading
of [voice] in roots is the restriction tostops. Patterns oflocal voicing assimilationcross-
linguistically show two patterns: assimilation betweerl consonants includingonorants, or
voicing assimilation only betweeobstruents (Lombardl991, Fallon 1998). We know of no
cases in whiclocal voicing assimilation is restricted to theb-class of stops dine sub-class of
fricatives. In Chahalocal voicing assimilation between adjacesggments occurs between all
obstruents (Banksir&000). The passive-reflexive prefixt-/ in imperfective verb forms is
optionally voiced before voicedbstruents? but not beforesonorants. It isalso optionally
glottalized before ejectives.

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

Crucially, the voicing assimilatiorshows norestriction tostops only. In addition, if aowel

intervenes, no voicingssimilation is attested'he /t-/ prefix of theverbs in (62) has aextra

vowel, /b-/ when attached to a perfective stem. Yet it isreatizedwith a voiced segment in this

case: [p-gomosom] ‘he cutoff into chunks’ not *[c-gomosom]. As with [voice], local [cg]

assimilationdoes notoperateacross a vowel: tk’'anomom] ‘he insulted’ not*[t’ a-k’anomom].

These data suggest that LDAC and local spreading of [voice] ananeglifferentiated by thiact

that local spreading may affect the whole class of obstruents, whereas LDAC is restricted to stops.
In conclusion, a correspondence analysis of [voice] and [cg] agreement in Chaha is superior to

one involving spreading of these features. We now turn to another case of laryngeal agreement.

5.2 BOLIVIAN AYMARA . Bolivian Aymard! (Davidson 1977, De Lucca 1987, Hardnwdral,,
MacEachern 1996, 1997[1999]) has cooccurrence restrictions on both [cg] and [sg] in morphemes.
Unlike Chaha,Bolivian Aymaraimposes a homorganicity restriction on #@greementeffect.
Homorganic stops mustgreefor laryngeal features ashown inthe following combinations.

There are no voiced oratops inthe language. If heterorganic, stopgy combindreely, except
for ejectives, which must be identical to cooccur.

(63) Homorganic Heterorganic
tunti ‘arid, dry’ gotu ‘group, pile’
k'ask’a ‘acid to the taste’ *tank’'a
k"uskKu ‘common’ dut'u ‘hole, hollow’
*k'aka (rare) taga ‘flock, herd’
*k"aka (rare) "ampa ‘dense’
*k'ak"a talga ‘wide’

5.2.1 BasiC ANALYSIS. We begin by illustrating thg¢sg] agreementeffects. Stopsmust
agree for spread glottis if homorganic. There is no agreement enforced if tHestexmrganic. We
assumethe same basic hierarchy oORR-CC constraints for [sg] as weid for [cg] in our
analysis of Chaharhe faithfulness constraint®©ENT-OI(sg) and DENT-IO(sg) are ranked over

% There is obligatory total assimilatidrefore coronaktopsandaffricates: /-t-domad/ — [jiddomad] ‘he joins
(intr.)".

81 ‘Bolivian Aymara’ is the termMacEacherruses torefer to the dialect of Aymaraspoken primarily in Bolivia
and described in De Lucca (1987).

34



the correspondence constra@plicable toheterorganic, laryngeally non-identicstops, ©RR-
K"—T. This ranking effectively prevents alterinige [sg] feature specification of theecond
consonant, as shown in (64).

(64) IDENT-10(sg), DENT-OI(sg) >> KT

It'ampa/ |E()ég)C SORR. | QORR1D-10(sg) ID-Ol(sg) CORR
a. tamg.a x|

b.O t';ampa *
c. ftampal| *

d. tampa *1

If the input containedwo aspiratedstops, as irthe word [p'ut'u], then the constraint ranking
would engender no alteration, because tlaeeenohigh-ranking constraints compelling violations
of input-output faithfulness.

In (65), weillustrate an exampleith homorganicstopsand consider an input with only one
aspirated stop. The constraintK requires correspondence between any homorganistmps.
By ranking this constraint above onetbé input-outpufsg] faithfulness constraintggreement
for [sg] is enforced. In the tableau given hebeENT-IO(sQ) is located abovedENT-OI(sg), which
selects a winningcandidatewith double aspirationHowever, the reverse ranking is equally
possible andvill favor a candidatewith no aspiration. Botltandidates (65a) ar@5d) are well-
formed roots; giverthat the agreement effelgblds of roots andhereforeshows noalternations,
we cannot determine the exact ranking of thenIiT-I0/Ol constraints. Howevethe point of this
tableau is to illustrate thaingle aspiration candidates cannot emergevemerseven if they are
entirely faithful to theinput. In all future tableaux, we will arbitrarily rankDENT-10(sg) over
IDENT-OI(sg) (and likewise for their (cg) counterparts), but note that the reverse is also possible.

(65) CORR-K"—K >> either DENT-OI(sg) or DENT-IO(sg)

IK"usku/ |I?ég)C SORR., | CORR1D-10(sy) 1D-Ol(sy) - CORR
a.0 k" usK., u *

b.  Kusku *1 g
c. Kusku *|

d kusku *|

Homorganic ejectiveshow the samepattern, sahe crucialranking would be ORR-K' <K >>
either DENT-OIl(cg) or DENT-IO(cg). By positioningthe input-outputfaithfulness constraint
between the GRR-CC constraint that refers to homorgani¢«KK) andthe onethatencompasses
heterorganic (R—T), we model the restriction of laryngeal agreement to ampily between
homorganic stops.

5.2.2 DOUBLE GLOTTALIZATION . The difference between aspiratdpsand ejectives ishat
heterorganic ejectives may not coocclirank’a]. This follows from separate restrictions on the
distribution of ejective stops in Bolivian Aymara. First, only one ejective is allowed per morpheme
unlessthey are identicalSecond, thisingle ejectivemust be positioned as far tioe left edge as
possible. We draw on the analysis presented in MacEachern (1999), which pthpdsksving
constraints:
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(66) a. LEFTMOST(CG)
[cg] features shouldccur early in thenorphemeOneviolation isassessed fagvery
availablehost consonanintervening between the beginning of the morpheme and the
location of the [cg] feature.
b. *IDENTITY & *2CG
No cooccurrence of two identical segments and/or two ejectives.

In the LEFTMOST constraint, a ‘host’ consonantdgfined as onéhat may bear glottalization, in
other words, a stop. The second constraint is a conjunctive constraint that incurs viol&itbes if
of the two conditions are encountered (following Hewitt & Crowhurst 1996).

These constraintare inserted into the correspondence hierarchy established above between
CoRR-K’ <K and the DENT constraints. This positioning isrucial to capture the difference
between double glottalization of homorgastopsand singleglottalizationfor heterorganicstops.

We givetwo possible inputspne with a singleejectiveand another withwo ejectives. Ineach
case, the hierarchy produces the same oufjmgt.conjunctive constraint andEETMOST eliminate
candidates (67b) and (67c), respectively, and the other candidates are decided by faithfulness.

(67) LEFTMOST(cg), *IDENT&*2cg >>IDENT-10(cQ)

Itank'a/ ID-CC | CORR-| CORR-| LEFT | *ID& | ID-IO | ID-OI | CORR-
(cg) KoK KoK (cg)  *2cg | (cg) | (cg) KT

a.l tyanka * *

b tiank’,a *|

c fank)a *1 * *

d. tanka ** *

e. jank,a *! * *

f. tianka *l *

(68)

Itanka/ ID-CC | CORR-| CORR-| LEFT | *ID& | ID-IO | ID-OI | Corr-
(cg) KoK KoK (cg) | *2cg | (cg) (cg) | KT

a.l tyanka *

b tiank',a *| *

c fank'ya *| * * *

d. tanka *l *

e. fank.a *! * * *

f. tianka *l

In contrast to the heterorganistops, wedging the two new constraints below the
correspondence constraint pertaining to homorgstoips forces [cg] tappear on botktops, as
shown in (69). This time, candidate (69b) with a sirgitdtalization is eliminated by adRR-CC
constraint. The tableau in (70) illustrates the rankin@eRT-10(cg) >> DENT-OI(cg). Recallthat
the reverse is also possible, in which case candidate (70c) with no glottalization would be selected.
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(69)

Itant'a/ ID-CC | CORR-| CORR-| LEFT | *ID& | ID-IO | ID-Ol | CORR-
(cg) KoK KoK (cg) | *2cg | (cg) (cg) | KT

a.0 t'ant,a *

b. tianta *| * *

c tanta * >

d. tant,a *l * *

e fant\a *| * * *

f. t.anta *l *

(70) IDENT-IO(cg) >> DENT-Ol(cqg)

Itanta/ ID-CC | CORR-| CORR-| LEFT | *ID& | ID-IO | ID-Ol | CORR-
(cg) KoK KoK (cg) | *2cg | (cg) | (cg) KT

a.t t,ant,a * *

b. tianta *| *

c tanta * *|

d. tant,a *! * *

e. fant,a *l * * *

f tanta *1

Finally, let usconsider an input in whicthe [cg] feature is not associated withe leftmost
stop intheinput. Any output candidatéhat preserves thipattern with homorganistopswill be
eliminated by the high-rankingd®Rr-K’ <»K constraint. Inthe case of heterorganstops, such a
candidate is eliminatedue to LEFTMOST as in (71e) and it falls tthe generalfaithfulness

constraints to decide the winner.

71

(/teznk’a/ ID-CC | CORR-| CORR-| LEFT | *ID& | ID-IO | ID-Ol | CORR-
(cg) KoK KoKl (cg) | *2cg  (cg) | (cg) K oT

a. Otanka * *

b tyank’,a *| *

c thianka * *1 *

d. tank,a *l *

e fankia *| *

Not all [cg] specifications align with the left edge in Bolivian Aymara. Theravarels with an
initial sonorant orfricative consonantthat does notlicense [cg], captured with a constraint
*CONT/CG. In this case, the single ejective may appear elsewhérne inot. It is not deglottalized
due to bENT-IO(cg). The winning candidateincurs no violations of EFTMOST as the ejectives

the leftmost stop in the root.
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(72)

[sirk’u/ *CONT/| LEFT | *ID& | ID-IO | ID-OI
CG (cg) = *2cg (c9) (c9)

a. s'irk’u *1 =

b.O sirk'u

C. sirku *1

Our analysiscanalsoaccommodateoots in whichthere aretwo non-initial stops. Only the
leftmost one will beglottalized if they areéheterorganic. According to Davids¢h977), Aymara
rootsare of the structure CVCV(CVCVCCV or VC(C)V. The first consonant in a cluster is
either a sonorant or a fricativ€hus, there areonly rare cases in whidwo stopsoccur in a root
whereby neither is imitial position. MacEachern cites thierm [hat'eqa]‘'scratch’, although it is
not clear that this is monomorphemic. Nevetheless, we ptedithis form is possible given our
rankings, as shown in (73).

73

(/hz)glt’eq’a/ ID-CC| CORR- | CORR-| LEFT | *ID& | ID-IO | ID-Ol | CORR-
(cg) KoK KoK (cg) | *2cg | (cg) | (cg) | KT

a. hateq,a *|

b.0 hatyeqa * *

c. hateqya *1 * *

d. hateqa **| *

There are some additional complications in Aymara which we do not delvieergdEjectives
and aspirated stops obey ordering restrictions, gjehtives preceding aspiratstbps. The order
is reversed, however, tfie initial consonant igabial or uvular. MacEachern(1999) argueghat
this is due to markedness restrictions agalaisial and uvular ejectives, ranked over those
pertaining to other ejectives, which are more common cross-linguistically.

In conclusion, Bolivian Aymara resembles Chaha in imposing an MSC on roots sustogisat
must agredor laryngealfeatureseither [sg] or [cg]. It differsfrom Chaha inthat heterorganic
stops do not respect this condition. This is captured by ranking faithfulness constraints in different
positions with respect tthe GORR-K'<>T constraint in thehierarchy,illustrated in(74) for the
feature [cg], which is common to both languages.

(74) Chaha: ©ORR-K’ <K >> CORR-K’ <~T >> IDENT-IO(cg), IDENT-OI(cg)
Bolivian Aymara: @RR-K’<>K >> IDENT-10(cg), IDENT-OI(cg) >> MRRK’ T

The same arguments raiséat Chaha with respect to spreading or double-linking of the
features [cg] andsg] betweenstops alsoapply to Bolivian Aymara. This languageas no
proximity restriction, andagreement may applpcrossother segments,including fricatives
([K'ask’a] ‘acid tothe taste’) andsonoranty[t'ant’a] ‘bread’). There is no indication that these
segments are also glottalized. Under an LDAC analysis, intervening segresigisored, aghey
are dissimilar from oral stops and do not enter into correspondence relations.

6. DIAGNOSTICS OF AGREEMENT AND IMPLICATIONS FOR CORONAL HARMONY

We are now in a position to sum thge characteristics dfDAC in comparison to feature-linkage
phenomena. Our claim is that both LDAC and feature-linkage phenamwestgbut they behave in
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distinctways and should banalyzeddifferently. We establish several diagnosticsL&AC and
then consider the implications of our diagnostics for the analysis of coronal harmony.

6.1 DAGNOSTICS OFAGREEMENT. In comparing LDAC with feature linkage or spreading, we
will be assessing harmonies that have been analyzed using either local spreading over a continuous
span orong-distance spreading with a gapped configurafitve. majorpoints of divergence are
the blocking effects and the determination of participants in harmony.

Diagnosticl: Blocking by incompatible segments

In LDAC phenomena, intervening segmeate unaffected by the agreeifepture, but inlocal
spreading, segmeniscompatiblewith the spreading featurenay blockspreading. For example,
[nasal] agreement may operab@er obstruentsput in true nasal harmonyi.e. spreading)
obstruents frequently block spread of [nasal], as in ljo (Walker 1998[2000]). Another example of a
similar effect isemphasis harmony of some dialects of Arabutich may be halted by high
vowels and palatal consonants (Davis 1995).

Diagnostic2: Blocking by specified segments

In LDAC, intervening segmentthat are specifiedor the agreeing feature do nbtock. For
example, voiced segments in [voice] agreement do not block. Spreading, havaevbe, blocked

by segmentsghat bear thespreading featureOne example is thbehavior of retroflexstops in
Sanskrit retroflexharmony, whichblock retroflexion from being spread to nasal consonants to
their right. Gafos (1996[1999])reats Sanskrit retroflexion a$ocal spreadingthat affects all
segments in a span, including vowels.

Diagnostic3: Interacting segments

The segments that interact in LDAC phenomena is determined by similarity. For exdu@plass
of stops out othe largerclass of obstruentare singled outor [voice] agreement. We have also
identified cases of LDAC that operate among homorganic segmelytsLikewise, inthe case of
long-distance nasal agreement, the set of participarisited to nasals and segmentsat are
similar tothem, namely voicedstopsand approximantonsonantsThe interactingsegments in
spreading harmonieare often determined asbg-product of spreading. Imasal harmony or
emphasis harmony, the target of spreading is not specified, but the feature is alignite widbe
of some domainAlignment of the feature can compel participationalif segments within the
domain. Ornthe otherhand, ifspecific targets are singled outharmonies, one proposébGafos
1996[1999]) maintains that it is the contrastive nature of #Hegmentsthat determines their
participation as targets or triggers of harmony.

In sum, local spreading harmonies affect a string of segments and may exhibit blocking effects.
Participating segmentare determined by their location in tepreading domain or by contrast
within the system. LDAC phenomena show no blockopgrate at a distance and participants are
determined by similarity. These characteristiead to an interestinglilemma with respect to
coronal harmonies, which we investigate in the next section.

6.2 GORONAL HARMONY. Coronal harmony refers to patternsagfeementor features only
relevant tocoronals. Coronal harmony é@mpatiblewith the characteristics dfDAC along two
dimensions: there is no blocking and interactsgggmentsare highly similar(as discussed in
§83.1.1.4). Orthe otherhand, coronal harmony is alscompatiblewith the characteristics of
spreading if the spreading feature is tongue-tip constrietiea or orientation a&gued inGafos
(1996[1999]). As we note below, Sanskrit appears to present diwergent propertiethat set it
apart from the majority of cases.
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6.2.1 PREADING ANALYSES. Earlier analyses of coronal harmormparacterize iusing the
features [anterior] and/or [distributed] or [stridefoser 1982 Steriade1987, Shaw1991,
among others). Harmony is expressed esher spreading of these individual features (see
Chumash in (3)) or spreading of the Coronal node that dominates them. Shaw (1991) proposes the
latter representation for Tahltan coroharmony.Transparent interveningowels and consonants
lack aCoronalnode.Vowels areassumed to be specified with a Dorealde, and non-coronal
consonants are not specified on the Coronal tier. Coronal segments such #sajthah thelateral
affricates are unspecified for Coronal:

(75) y a s tf & tf [yaftl etf] ‘| splashed it’

Pl . o o
[ |

Cor . .
[+str] [-ant]

Problematicfor these analyses the radical underspecification of other antesounds, such as
stops and laterals (see Kaun 1993). In addition, we have already merthiern@dblem of gapped
configurations. Finally, as Gafos (1996) points outhd Coronahodecanspread, it isnot clear
why otherplacenodes such akabial cannotspread if interveningoundsare not specified for
Labial.

Gafos (1996[1999]) argudbat sibilantharmonies arebest analyzed involvinghe feature
[TTCA], a scalarfeature which specifiesthe shape ofthe tip-blade on the cross-sectional
dimension, deature only relevantor coronal fricatives and affricate$he sounds §  s] are
wide, mid and narrofTTCA] respectively. Another featuf@ TCO] contrastsapicaland laminal
articulations and isised tocharacterize retroflegkonsonants. It islaimed that thespreadfeature
affectsall segments ithe harmonicspan;yet the phonetic effect of [TTCA] or [TTCO] on other
segments igmperceptible or is so slight as to bareported by researchers (see also Flemming
1995b, NiChioséin & Padgett to appefar similar ideas).Manipulation of the tip-bladéas no
significant effect on the acoustic quality of intervenugyvels or non-coronal consonants, which
areproduced withthe tonguedorsum or withseparate articulators. Asr coronalstops, Gafos
hypothesizes that they may be pronounced as either apical or laminal in TTCO harmony, depending
on the harmony span in which they are found. In the case of [TTCA], the tongueraadsill be
shaped as flat or grooved behind the tongue tip closure of stops.

In comparing a spreading analysis tol&MAC analysis of coronaharmonies, wewill focus
on the diagnosis ofinteracting segments. In arLDAC analysis, interacting segments are
determined by similarityUnder the local spreading theory irGafos (1996[1999])segments
perceived as participating in the harmony t@sethat contrast forthe spreading featureDental
agreement in two Nilotic languages bears on this issue and points favorably towagiseament
analysis.

6.2.2 NLOTIC DENTAL AGREEMENT. As discussed in 83lveolar/(inter)dental contrasts are
prevalent in Western Nilotianguages, such &gayak (Andersen1999), Anywa or Anuak (Reh
1996), Paeri (Andersen 1988), DhoLuo (Tucker 1994) and Shilluk (Gilley 1992). In mibstsef
languages,agreement isonly found as an MSC holding oveahe cooccurrence of oral
alveolar/dental stops §l t d] in a root. In those languages that have a contrast between [n]]and [n
such as Shilluk anéaeri,the nasabktop alsgparticipates in the agreement. DhoLuo and Anywa
form an interesting pair in that both lack a phonenfidot in Anywa, [ surfaces in agreement.
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In Anywa (Reh 1996), there is no cooccurrence of dental and alveolar stops in a root. This also
pertains to thenasals,even though [his almost entirely derivable frorm/. Reh (1996:24) states
that ‘there is no single word in the language with a sirdplgal nasalvhich does not comprise a
dental stop as well’. Examples of stems are give(7 &) 3> Word-final voicedstopsare devoiced,
which is not indicated here:

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

The dental nasal arises through agreement, and italsagmerge as a nasal mutation alternant of
oral dental stops, e.gpdhbd/ ‘be smooth’ -> poonno] ‘become smooth'.

DhoLuo hasthe same inventory of dental and alveatops asAnywa: £ d t d n/. The root
structure constraints pertain tloe oralstops. Unlike in Anywa, nodental nasabrises through
agreement, and the nasal alveolar may cooccur with dental stops, as shown in (77).

(77) Dental Alveolar
teedo ‘to forge’ teecb ‘to cook’
doodo ‘to suckle’  dieedo ‘to balance’
cf. tuuno ‘breast’
tuoon ‘brave man’

A nasal may b@ronounced adentalwhenpart of a prenasalizestop, suggestinghat a dental
nasal is not an impossible sound in the language, but it is simply restricted to adadaiulation
environment.

Returning to ourmain point, the agreement patterns of Anywa and DhoLuo are
counterexamples to the position taken in Gafos (1996[1999]), nameth¢hebntrastive nature of
the inventory determineshich segments wilparticipate inharmony. Undethe LDAC analysis,
the patterngollow the similarityhierarchy. In Anywaall dental and alveolastops participate in
agreement. In DhoLuo, onlthe oral dental and alveolatops do. Faithfulness constraints
positioned in the appropriate place in the similarity hierarchy capture the difference between the two
languages. These examples of coronal harnameguccessfullyanalyzed asases of LDAC, and
we can conceive of a similanalysis applied tehe sibilant and retroflex examples outlined in
83.1.1.4. Nevertheless, cases of coronal harmony such as Sanskrit, whichbkiukmg effects
and participation of non-similar segmerfi®. anasal target and continuatiiggers), might be
better analyzed as locapreading undethe analysis advocated b§afos. However without
instrumental analysis of the intervenisggments, it is not possible definitively decide between
the two approaches.

7. FURTHERISSUES ANDCONCLUSION
As discussed i83.1, there ardwo groups offeaturesthat consistently do not display long-
distance agreement. The first group consists of the stricture features [sonorant], [consonantal], and
[continuant]. Although these features are recognized as having a classification function, they do not

32 There isoneword in which the nasatioesnot agreefor dentality: aan3] ‘person’, which Reh assumes was
historically a compound.
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appear to be active in the same sense as other features. In particular, thesedgdatusgger into
either local assimilations or long-distance agreement.

The second group of featurdisat fail to show agreement at a distance is the major C-Place
features Although localspreading of Place features is attested,kwew of no cases of long-
distance major place agreement betw&am consonants oventerveningvowels. The absence of
this type ofinteractionhasbeen a puzzle in recent phonologitaéory. Ni Chiosain &adgett
(1997) andPadgett(1995b)speculate that i§preading is local, spreading m&jor place features
across a vowel also entails spreading of stricture features, awt@dhcompatiblevith intervening
vowels. This is explicitly represented in the articulator gnowgalel of feature geometry advocated
in Padgett(1995b). Yet there is another compelling observation abthé nature ofplace
assimilations. Theyypically involve coda-onsetequences in whicthe coda assimilates to the
onset. This is expressed through markedness conditions on codas (St@82aded 1986[1988])
or as faithfulness to onsets (Beckman 1998, Lombardi 1999). Jun (1996) claims that casual speech
place assimilations involve gestural reduction (but not elimination) of thesemptaent, giving the
perception of assimilation.

To bring this back to long distance agreement, long-distance interactions icoolsenants
that are indifferent, unconnected prosodiositions.There is no coarticulation impetémr place
gestures to be reduced, and accordingly, it appbatgetention of placteatures ishigh. This is
supported by aecent kinematicstudy of speech errors by Poupliet al. (1999), which
investigated interaction of non-local stops of diffenglate ofarticulation. Theyfound thaterrors
involving place gestures innitial stops inthe phrase ‘cop top’actually involved the intrusive
production of a dorsal place in addition to the original corptalegesture But thesestopswere
actually perceived g&]. Our interpretation is that place featweorscan produce the perception
of one feature replacingnother, althougkhe segmentsre actuallyproduced as complestops.
We proposehat the additivgoroperty of speech errors witblace ismirrored in consonantal
agreement in the respect that place articulations caded but notemoved.Place agreement is
avoided,because complegtopsare generallydispreferred.Place featurestandapart from the
others, such aprasal] and the larynge&tatures,because place specifications involve separate
articulators.

Our goal inthis paper is to arguthat certaincases of long-distance ‘harmoniesiould be
analyzed as featural agreement medigitedugh an output-based corresponderadation rather
than as spreading anultiple linking of features.The correspondencanalysis enjoys several
advantages over spreading-basextounts. First, iaccounts forthe behavior of intervening
segmentseither specified or unspecifiebr the agreeingeature. In long-distance agreement,
intervening segmentthat do not participate in the agreement are transparentt.tdSecond,
agreement idased orsimilarity of the interactingsegments, which must sharecare stricture
value of [cont] ofson]. Output-based correspondence constraints tharcore ofour analysis,
with constraints arrayed according to a scale of descending similarityalltwgs us toaccount
straightforwardly forvariation between languages with respecttie typology of interacting
segments in agreement. Faithfulness constraangs positioned at different locations in the
hierarchy, delimiting the extent to which segments interact through agreement.

LDAC patternsfall into four main groups: nasal, laryngediguid and coronal. We provided
detailed analyses of the agreement patterfigusflanguages. Kikongo and Ngbaghowednasal
agreement at a distance and differed by the imposition of additional homorgasigiityements.
Similarly, Bolivian Aymaraand Chahahowedlaryngeal agreemerior voicing as well as one
other state of the glottis articulatiogain, they differed by whethexgreementvas restricted to
homorganicsegments. Finallycoronal ‘harmony’ proved ambiguous with respect to spreading
versus agreement. Wautlined how at least one case of dental harmony could dnalyzed
fruitfully using the agreement model.
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A model of output-basedgreemenhasalready beersuccessfullyapplied tovowel harmony
(Bakovit 2000, Kramer to appear), and further extensiaas be imaginedvith respect to
transparenvowels. Similarity alsoplays a role in distance dissimilation and future research may
iluminate how dissimilation differs from long-distance agreemeéde striking divergence is the
propensity forplace dissimilations and OCP effects on place, whaie notably absent from
agreement.
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