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0. Introduction

The study identifies the factors responsible for the loss of larynged contrasts and the reflexes of these
factors in individud grammars. The main result reported is that the dte of larynged neutrdization can be
uniformly identified by reference to phonetic implementation factors. Many of these factors are perceptud:
larynged categories are neutrdized in positions where the cues to the rdevant contrast would be diminished or
obtainable only at the cogt of additiond articulatory maneuvers. Conversaly, larynged contrasts are permitted
(or licensed) in podtions that are high on a scde of perceptibility. It is argued here that the main factor
involved in neutrdization and licenang is the didribution of cues to the relevant contrags. This hypothess,
referred to as Licensng by Cue, is compared here to the idea of Licensing by Prosody (Ito 1986, 1989,
Goldsmith 1990, Rubach 1990, Lombardi 1991, 1995) according to which the digtribution of features in
generd - and of larynged features in particular - is controlled by their prosodic postion. The generd idea
pursued here is that phonological grammars incorporate knowledge of the conditions under which feature
contrags are physicaly implemented!. The focus in this study is on the empiricd evidence supporting such a
view.

0.1 Licensing: by cue or by prosody
An example that clarifiesthe difference between Licensing by Cue and Licensang by Prosody isthat of
voicing neutraization in word-find and pre-obstruent position. Consider one such case:

Q) One voicing neutrdization pattern (Polish, Lithuanian, Savic, Sanskrit)

a. Obstruents are distinctively voiced or voiceless before vocoidsand consonantal sonorants.
b. Obstruents are neutraized (devoiced) word findly.

c. Obgruents are neutrdized before any obstruent: they surface assimilated in voicing to the
following obstruent.

In these languages, obstruents followed by vowels or consonanta sonorants are frequently located in
onset - eg.aba, abra, apa, apra -andthusitis tempting to characterize the postion of licenang in
(1.9) as theonsat and the positions of neutrdization (1.b-c) asthe coda. The grammatica statementsin (2) -
representatives of Licensing-by-Prosody thinking - reflect this postulated correlation between syllabicaly
defined positions and Stesof licensing or neutraiztion:

1See Ohala1983 and Westbury and Keating 1985 for explorations of the link betwen neutralization and articulatory difficulty.
Kingston (1985, 1990) has drawn our attention to the phonological consequences of perceptual factors in the analysis of
laryngeal features. The present study continues Kingston's line of work and focusses more narrowly on the grammatical
description of the link between phonetic implementation and contrast maintenance.



(20 a[Voaicg is unlicensad inthe coda, licensed in onset. (Goldsmith 1990, Rubach 1990)
b. [Voicg] is licensed inasegment by afollowing tautosyllabic sonorant. (Lombardi 1995)

The pattern (1) is open however to a different interpretation: at least one of the mgor cues to the
distinction between voiced and voiceless obstruents is the voice onset time (VOT) vaue observable on a
following segment (Lisker 1957 ; Lisker and Abramson 1964; Kesting 1984). Different VOT vaues -
indicating different [voice] categories in the preceding obstruent - can be observed on a following vowd  or
sonorant but not on obstruents. Therefore pre-obstruent  obstruents necessarily lack at least this one bit of
information about their larynged  category. In word-find postion the Stuation is comparable amplifying a bit,
we can identify the word find dte with the utterance find pogtion. Clearly here too a digtinctively voiced or
voiceless obstruent will necessarily lack its VOT cue. The suggestion pursued in this sudy isthat absence of a
mgor cue - or aticulatory difficulties in implementing it - represent the main factor responsible for this and
other types of neutrdization. Unlike the statementsin (2), thisline of andyss promisesto explain the grammar of
neutrdization, by showing how independently known facts about the perception and production of speech
interact with grammatica conditionsto yied sound patterns.

0.2. Phoneticsin phonology: the downward arrow and alter natives

In flow-chart synopses of grammatical organization, the phonologica component is frequently depicted
as linked by a downward pointing arrow to aleve of phonetic representation, the latter to be fed to a component
of phonetic implementation (e.g. Kenstowicz and Kisseberth 1978:7, fig. 1.1, Mohanan's 1995:27 recongtruction
of the view presented in the Sound Peattern of English). Although the specifics of such flow charts are sddom
made precise, the downward arrow from phonology to phonetics seems to mean this the phonologica
component congsts of various entities and conditions (the feature set, the OCP, sonority sequencing conditions,
the crossing line condition, etc.) whose interaction determines which contrasts a language will have and where.
The phonetic implementation component contains laws that map phonologica representations onto articulatory
ingtructions, and laws that compute the acoustic and perceptual consequences of articulatory gestures. The
downward arrow connecting phonology to phonetics means that the decision to have a contrast and haveitin a
specific pogtion is taken in phonology. It cannot be affected by "downstream factors’, i.e. by physicd conditions
under which the contrast will be implemented. Phonetic implementation has to live with prior decisons taken in
the phonology.

The view presented here is that phonologica patterns can be understood only in the context of a different
relaion between grammar and implementation. The diagramin (3) illustrates this: | assume that Soeakers possess
knowledge of the rlative ease with which different types of featurd contrasts can be implemented. For instance,
it seems reasonable to attributeto speakers awareness of the fact that ak/g contrast is more easly detectable in
intervocdic pogtion than in inter-obstruent postion.  Similarly, that the same k/g contrast can in fact be



conveyed in inter-obstruent position (e.g. asin askta vs. asgta ), but only a the cost of additiond articulatory
effort. Knowledge of this sort enters the grammar in the form of implementationd congtraints. The interaction of
these conditions with the rest of grammar determines whether the language maintains a given contrast in a given
position. A smilar conception is presented in studies by Flemming (1995), Jun (1995), Kirchner (1997) and
Slverman (1995). The important issue of projecting phoneticaly based condraints from observed daa is
discussed by Hayes (1996).

3 surface digtribution of contrasts
G G
implementational rest of phonology
constraints al of phonology
a

G {knowledge of relative perceptibility conditions
knowledge of auditory consegquences of gestural timing...}

0.3. An exampleof cue licensing: retroflexion

Some reason to explore the view in (3) can be provided by juxtaposing a phonetic fact and a
phonological observation. The phonetic fact can be inferred from a pair of sylized spectrograms (formant
trangtions into and out of the gpical stops of Gujarati: Dave 1977): observe that only the V-C trandtions
differentite t and E. The C-V trangtions are essentiadly identical in the two cases.

(4) Stylized spectrograms of Gujarati apica (retroflex and aveolar) stops (Dave 1977: 11)

The phonologicd fact is an implicationd law emerging from an extensve survey of gpicd sysems
(Steriade 1995; see dso Hamilton 1996) : if alanguage neutralizes the contrast between aveolars and retroflexes
then it does so firg in contexts where the helpful V-C trangitions are missing, i.e. in stops that are either word-



initid or post-consonanta.  Conversdy, if a language does dlow the t/E contradt, it dlows it in postvocdic
position. Frequently, this is the only podstion where such a contrast is permitted. We can attach a causd
interpretation to the connection between this phonological generaization and the representative spectrograms in
(4): in contexts where the retroflex-alveolar contrast is hard to perceive, it is categoricaly suppressed, because
it would be difficult to implement there.

Note that this case, unlike that of voicing neutrdization in (1), is unambiguous in regards to the role of
prosody in neutrdization: thereis clearly no connection between the syllabic or word-position of the gpical and its
ability to carry didtinctive retroflexion. Neutralized word initid or postconsonanta gpicals are onsets but then so
is the digtinctively retroflex intervocdic E in VE V' sequences. In this case then, there is a directly observable
connection between the didribution of cues to a contrast, the phonetic implementation fact, and the
phonological digtribution of the contrast. We shdl see that exactly the same connection can be uncovered in the
case of the larynged features.

In the case of retroflexion, the implementational condraint is the ban on inter-gpical contrast in contexts
lacking V-C trangtions. The implementationa congraint reflects directly knowledge of the conditions of physicd
implementation of the contrast: in fact the knowledge and the congtraint are not easily separable and may turn out
to be identicdl.

To the extent that implementationd facts are constant cross-linguisticdly, the typology of neutraization will
possess cartain invaiant properties, such as the implicationd law on gpicd neutrdization mentioned above.
Markedness theory is then, in part, the study of such congtant implementational factors. To the extent however
that the conditions of phonetic implementation differ from language to language - or from feeture to feature - the
facts of neutrdization will differ too, a least a the observationd levd. Thus the optimd contexts for the
perception of the t/E contrast are not necessarily the optimal contexts for the perception of the t/d  or ths
contrast. This difference in the perceptibility of contrasts across contexts can be tied to language-specific or
feature-specific differencesin implementation. To undersand markedness and phonologica typology one must
understand the implementationa conditions that shape individud systems of contrast.

0.4 Cues
We congder now the facts that stand behind statements of relative perceptibility. The example
conddered isthat of voicing.

One can classfy the three contexts mentioned in (1) according to the acoudtic corrdlatesto voicing
avalable in each one of them. At least some of these acoudtic properties have been shown to influence the
perception of voicing categories (Raphad 1981) and thus are cues to voicing; others are potentid cues. The



classfication in (5) below characterizes the distribution of cues that would obtan if distinctive voiced and
voiceless obstruents occurred in dl three contextsin (1). The point isto show that even if the voicing contrast
had been maintained word findly and before obgsruents - asit is for indancein certan lexica classesin English
(cf. mob vs. mop; mo[b]ster vs. qui[p]ster) - it would nonetheless be harder to religbly identify there. |
propose then a correlation between positions of poor perceptibility and gtes of neutrdization. | add to the
contexts mentioned earlier afew others, which reinforce this correlaion. Cues to voicing other than the VOT
and ther digtribution are discussed, among others, by Wang (1959), Summerfiedd and Haggard (1977), Wolf
(1978), Barry (1979), Repp (1979), Lisker (1986), Raphael (1981), Port and Daby (1982) , Westbury
and Keating (1986), Hillenbrand et d. (1992), Kingston and Diehl (1994, 1995).

(5) Hypothesized digtribution of cuesto the [voice] category of a stop depending on context : (digtinctively
voiced and voicdess C'sare assumed to occur in al contexts listed).

I. possible cues to voicing for C after V and before sonorant: e.g. abra, aba, apra, apa

closure voicing, closure duration; V1 duration; F1 vauesin V1; burst duration and amplitude; VOT
vadue Fgand F1 vaues a the onsat of voicing in V2.

ii. possible cues to voicing word initidly or after an obstruent and before a sonorant:
eg. bra, ba, pra, pa; and asbra, asha, aspra, aspa

closure voicing, closure duration (for post C obstruents only); burst duration and amplitude; VOT
vadue Fgand F1 vaues a the onsat of voicing in the following V.

lii. possible cuesto voicing for C after V_at end of theword: eg. ab, ap

closure voicing, closure duration; V duration; F1 vauesin V; burst duration and amplitude.

iv. possiblecues tovoicing for C after V and before obstruent: eg. absa, apsa

closure voicing, closure duration; V1 duration; F1q vauesin V1,

v. possible cues to voicing for C between obstruents: eg. asbta, aspta

closurevoicing, closure duration.

vi. possible cuesto voicing for C after an obstruent at the end of the word: ash, asp




closurevoicing, closure duration.

vii. possible cuesto voicing for C before obstruent word initidly: bsa, psa

closure voicing, closure duration.

The reader will observe that as we go down the ligt of contexts in (5), the set of typicdly available
cues to voicing progressively shrinks. The positions where the identification of voicing categories emerges as
the mogt difficult (5.iv - vii) are in fact pogtions where such contrasts have sedom been documented
(Greenberg 1978:253): in particular, the casesin (3.v-vii) are highly significant because they involve obstruent
clusters that are rather well attested, yet only one language - Khas (Henderson 1976, Nagarga 1985) - is
known to dlow ditinctively voiced obstruents in sequenceslike bsa. The typica absence of digtinctive voicing
in these positions has been the subject of separate stipulation in recent work (Cho 1990; Lombardi 1991,
1995). The dternative view presented here is that a single factor - relative poverty of cues -  induces
neutraization in al the contextslisted in (5.ii-vii): the difference between contextsis not of kind but of degree.

Consder now the somewha more informative context in (5.ii): V_Obstruent. In this pogtion the
voicing of an obstruent can in principle be identified more rdiably on the bass of the duration and Fp-F1
vaues of the preceding vowd: indeed asmdl number of languages do maintain a voicing contrast morpheme-
interndly in this pogtion. Among them are Maithili (Yadav 1984), Lamani (Tral 1979), Shilha (Applegate
1958) and various Arabic didects (Syrian: Cowell 1964, Eagtern Arabic: Rice and Sdid 1979, Moroccan:
Harrell 1962, Heath 1987, Iragi: Abeer Alwan p.c.) . Theselanguages do not preserve the voicing contrast in
the # Obstruent, Obstruent _ #, or in inter-obstruent contexts (corresponding to (3.iv-vi) but they do maintain it
when the obstruent is either Ieft or right adjacent to avowd.

An even more favorable environment for voicing identification is that of postvocalic, word find stops
(e.g. mob vs. mop): finad stops possess al cues to voicing that pre-obstruent stops do, plus a longer
preceding vowd and the higher probability of an audible burst, whose amplitude and duration may be an
additiona voicing cue (Rephad 1981). Any burgsthat pre-obstruent stops may have will possess significantly
less acoudtic sdience than word-final ones (Henderson and Repp 1982) and may therefore be counted as
unlikely cues to voicing. Redated to thisisthe fact that voicing neutrdization never occurs findly without dso

occurring in pre-obstruent position. In addition, the two contexts (before # and before an obstruent) differ as
follows the perception of voicing in asequence of intervocalic obstruents VO102V (O= obgruent) is likely

to be influenced by the strong cuesto voicing present in Op. It gppears that, dl ese equd, the cues present in
the burgt and C-V trangtions have primacy over those carried by the V-C trangtion (cf. Ohala 1990 for place,
Raphadl 1981 and Slis 1986 for voicing): therefore the categorization of O1 with regpect to voiceis likely to be
influenced by that of Op, the better cued obstruent in the clugter. In contrast, a word final obstruent can be



identified as voiced or voicdess without comparable interference. This too contributes to  explaining  why
neutrdization inthe _# context islesslikely than - and therefore implies - neutrdization in the O context.

If the facts reviewed so far bear on the incidence of voicing neutrdization, as clamed here, we
expect tha the voicing contrast will be maintained in some context as a direct function of the cues available
there: dl dseequd, the better the cue package, the greater the likelihood of contrast preservation. This type of
link between the rdldive likdihood of F neutrdization and the rdative perceptibility of Fin agiven context will
be documented here and extended to contexts and features not yet discussed; the evidence will aso show that
the Stes of neutrdization have no uniform characterization in terms of prosodic (esp. syllabic) organization.
For the moment, | provide initid evidence for corrdation clamed using the data in (6), which illustrates the range
of contextsin which voicing neutrdization is attested.



(6) Patternsof [voice] neutralization

(O = obgtruent, R = sonorant, incl. vowel)

fEWEr CUES K-mmmmmmmmmmo oo >

cues

# O,0 # R O R # R R R

e.g. bsavs. psa e.g.absavs. apsa |eg.abvs. ap e.g. bavs. pa e.g. abavs. apa
Totontepec Mixe no voice contrast | no voice contrast | novoice contrast | novoicecontrast | contrast
(Crawford 1964)
Lithuanian no voice contrast | no voicecontrast | novoice contrast | contrast contrast
(Senn 1966)
French no voice contrast | novoicecontrast | contrast contrast contrast
(Ddl 1995)
Shilha no voice contrast | contrast contrast contrast contrast
(Applegate 1958)
Khasi contrast (sequence contrast contrast contrast
(Nagargja 1985) missing)

As uaud, the sgnificant part aout a chat like (6) lies in the missng patterns. no language surveyed
maintains the voicing contragt in aless informative context, unless it dso does so in the more informative contexts
identified in (5). Thus, usng T asa symbol for avoice-neutrdized obstruent, no system known to me neutrdizes
word findly after avowe without o neutrdizing medidly intheV_obstruent context.

0.5. Cue weighting
| have described the difference between the contextsin (5) in terms of more vs. fewer cues to voicing.
But one may dso compare the cues themsdvesin terms of their qudity. For this comparison, we adopt Wolff's

(1978) digtinction between voicing cues clustered a the onset of voicing (onset cues ) and cues clustered at the
offsat of voicing (offset cues ). Thusin a V1-O-V2 sequence, the onsat cues involve the trangtion between the

obstruent and V2, while the offset cuesinvolve the trangtion between V1 and the obstruent. We will refer globaly

to onset and offser cues astransitional or contextual cues, Since they are scattered over the externa context in
which the consonant occurs. A third type of cue- voicing or lack of it during closure - will bereferred to as an
internal cue, Snce it resdes during the period of ord congriction of the consonant. Several studies of voicing
(Raphad 1981, Slis 1986; and data in Duez 1995) suggest (a) that the onset cues have primacy over offset
cues, in the sense that they may determine the categorization of the segment in the presence of conflicting
information and (b) onset cues may have primacy over the combination of offset and internd cues. Slis (1986)



shows that Dutch speakers listening to obstruent clugters differring in voice (e.g. [kd]) perceived more frequently
regressively assmilated (eg. [gd]) than progressvely assimilated or unassmilated clugters. In this ingtance of
perceptua assamilation, categorization of the cluster's voicing was more frequently determined by the onset cues
of [d], which were able to override the offset cues of [K] and [K's lack of closure voicing, the interna cue.
Comparably, Raphad's (1981) reaults for English show that when the obstruent contains conflicting cues to
voicing, the onset cues dominate the percept. These findings correlate clearly with the fact that the most common
environments of voicing neutrdization ( #and _O) share the absence of onset cues. The sgnificant fact is that,
in contexts where reliable onset cues like VOT exig, the absence of other voicing cues - such as V1 duration,
closure duration, or F1, FO vdueson V1 - ismogly irrdevant. Thus word initid prevocdic stops are seldom
voice-neutrdized: that's because the presence of onset cues may compensate for and outweigh the lack of the
offset cues. We will assume then that an analysis based on cue licensing will have to incorporate a cue weighting
mechanism.

We will dso observe that, dthough infrequent, voice neutrdization is attested in the # V context: this
relates to the fact that the offset cues (V1 duration, FO, F1 valuesin V1) are necessaily absent there. As
table (6) indicates, however, neutrdization in the # V context occurs only in the languages that neutrdize
everywhere ese, save possibly in the most informative V_V context.

0.6. Cueduration

A further point that will be developed hereisthat the rdlaive duration of the string over which transtiond
cues are manifested playsarolein neutrdization: we will compare the likelihood of neutrdization in  sequences
where the obstruent is adjacent to a rdatively long modd-voiced sonorant  with  sequences in which the
obstruent is adjacent to a very short moda-voiced sonorant: eg. [litra] vs. [litr]. The data suggests that cue
duration dso plays arole in identifying neutrdization contexts.

0.7. The descriptive system

Before proceeding we must consder briefly the grammaticd questions raised by the hypothesis of
Licensng by Cue. The amplest implementation of thisidea is to characterize in dandard segmentd terms the
contexts where contragtive voicing is more or less likdy to be identified. Such descriptions have been used in
(5). Based onthis list of contexts, a perceptibility scade for voicing may be postulated: thisis a series of
datements about the relative perceptibility of the voicing contrast depending on context. Thedgn R used in
(7) indicates that voicing in  one context is more perceptible than in the context listed to itsright. The scale is
partid, sSince not every concelvable context appearson it. We will expand the scale as the evidence is presented.

(7) Scaleof obstruent voicing perceptibility according to context

10



V [+son] RV # R V_[-son] R{[-son] _[-son], [-son] _ #, # [-son] }

A centrd andyticd moveinthis sudy isthe assumption that this and other perceptibility scales project
families of corresponding condraints. Corresponding to the scdein (7) we have afamily of *voice condraintsin
(8): there is a condraint of the form *[a voicel/X_Y corresponding to every context or set of contexts
occupying a distinct position on the perceptibility scle. The condraints are universaly ranked in  the order of
inverse perceptibility: the lower the context is on the perceptibility scae, the higher ranked the corresponding *[a
voice)/X_Y condrant:

(8) Condraints onthe didribution of voicing: ranking isuniversdly fixed by dignment to the
perceptibility scaein (5).

(i) *avoice/ [-son] __[-son], [-son] _#, ~ #_[-son]
(i) *avoice/ V_[-son]

(iii) *avoicel V_#

(iv) *avoice/ V_[+son]

The congraints in (8) represent the spesker's knowledge of the fact that voicing digtinctions are
harder to implement in certain contexts than in others. In this sense then, the scdein (7) and the condraint
family in (8) are two facets of the same thing: (7) is a satement of the perceptibility facts related to voicing,
whereas (8) isamodd of the speaker's knowledge of these facts. Both (7) and (8) have a large speculative
component, snce our underdanding of both actud perceptibility and of its mentd representation is
imperfect: but it is clear that a least scdes like (7) are empiricdly verifiable, independently of their use in
explaining neutraization patterns. In this sense, the approach to phonology pursued here is deductive (Lindblom
1990): the contents of the grammar are deduced from knowledge of the conditions in which speech is perceived
and produced, to the extent that such knowledge is attributable to naive speakers.

One antecedent of the ranking schemein (8) is Prince and Smolensky's (1993: 135) idea of aigning
condraint hierarchies to harmonic scaes. The notions of ranking, evauation and related concepts in the
formdization of condraint-based analyses are dso adopted from Prince and Smolensky's work (cf. adso
McCarthy and Prince 1993, 1995 for further developments). Congtraint rankings are indicated by the sgn >>
or, as in (8), by downward arrows () : the upper condraint is more highly ranked, meaning that it will
determine which dterndtive redization of the same input sring (which candidate ) is more highly vaued in a
given grammar. Lower ranked congraints determine the outcome of such comparisons only when the higher
congraintsare moot or violated equaly by some candidate pair.



It isfundamentd in understanding what follows to bear in mind that the perceptibility scae (7) projects
thehierarchy in (8). By this| mean that the condraints have no independent satus from the scde: if the scde
changes, the congraints change correspondingly. This follows from our view that the scde represents facts
about perceptibility, while the congtraints represent  knowledge of these facts. This conception can be verified:
we will observe that the perceptibility of larynged didinctions depends on inter-gesturd timing and the
magnitude of glottal gestures, factors which vary from language to language and from context to context. When
the ord-glott timing changes, the ranking of contexts on the perceptibility scae changes too: for ingance a
preaspirated stop is more perceptible in post-vocdic postion, regardiess of what follows, whereas a
postaspirated stop is more perceptible in pre-vocdic pogtion, regardiess of what precedes. Thus the relative
ranking of V_and _V contexts on a perceptibility scae depends on how glotta abduction is timed reldive to
ord closure in a gop. The result then is that the same larynged  feature (here aspiration) may be subject to
different congraint hierarchies in different languages, precisaly because its perceptibility conditions, and therefore
the grammatica congraints reflecting them, change when ord-glottal timing changes.

Toretun to  [voice] neutrdization, this phenomenon will be modelled as the interaction between
fathfulnessto input voice values - the Preserve [voice] condraint below - and afixed hierarchy of *voice
condraints digned to the voice perceptibility scae. Some reevant ranking options are shown below. The top
congraint appearsto be undominated in the three cases shown.

9 (i) voice licensd (i) voice licensed before (iii) voicelicensed after V
before sonorants sonorants and word finaly and before sonorants

*voice/ [-son] _ [-son], [-son] _#, # [-son]

d _ c
*voice V_ [-son] *voice V_ [-son] Preserve [voice]
*voicel V_# Preserve [voice] *voice/_V_ [-son]
Preserve [voice] *voice/ _V_# *voicel V_# -
*voice V_ [+sor] *voice V_ [+sor] *voice V_ [+son]

An andyss equivdent to (9.) will be judtified for Lithuanian and a number of other Indo-European
languages in section 1.1. The hierarchy in (9.ii) is gppropriate for Hungarian and Kolami, as seen in section 3.
Thecase of (9.ii) isthat of the Arabic didects mentioned earlier, where no voicing neutrdization obtainsin the
usua "coda' contexts. Observethat the fixed hierarchy in (8) precludesthe existence of grammars in which
voicing is neutrdized findly (V_#) but not before obstruents

12



(V_[-son]) and more generdly grammarsin which voicing is licensed in aless informative context than the ones
where it is neutralized. This and other implicationd predictions of the andyss appear to be borne out: for
indance, dl languages where voicing is neutrdized word finaly dso neutrdize it before obstruents, initidly before
obstruents and in inter-obstruent position.

The type of andyss sketched in (8) and (9) can obvioudy be generdized: for any given feature F,
the contexts where F might in principle occur can be arrayed on a perceptibility scde, in which contexts
containing more and/or clearer cuesto F will rank higher. Thetypology of neutrdization for F can then be
moddled by amply referring to the *F congraint family projected by F's perceptibility scde. Whether this is in
fact the right way to modd both the typology of postiond neutrdization and its description in  individud
languages isthe subject of alarger investigation, of which the present study is one part.

0.8. Excessivevariability

Do neutrdization patterns change with speed and style? They may well change in the sense that certain
digtinctions may be completely abandoned at faster speeds and in more casud registers. We could tell that this
IS s0 by observing that reevant gestures are not being performed at dl a certain speech rates/registers. Before
systematic work testing this has been carried out, it would be premature to exclude the possbility of rate-
dependent neutralizatior?.

But does a cue-based gpproach to neutrdization predict an unredigic amount of variability in the
redization of phonologica contrasts? For instance, what clearly does not happen is that when we dow down
consderably - a an unnaturaly dow rate or in unnauraly hyperarticulated speech - no new contrasts emerges.
No phonemic contrast between s and z will emerge in extradow and careful speech in English inter-obstruent
positions (e.g. ekstra vs. ekztra ) even though by dowing down we may provide two essentia conditions for
the detection of the gz contrast, namely duration and lack of overlap.

This observation reflects afact about language acquisition as well as a fact about the structure of adult
grammars. There are sandard speaking rates and styles and we learn the contrasts of our language at these rates

20n thefact that certain contrasts emerge only in careful speech and are either imperceptible or perhaps not even attempted in
hypo-articulated or fast speech, thereis quite abit of anecdotal evidence. For instance Shipley (1956: 236) notesthat in rapid
Maidu speech glottalized stops become so weakly glottalized that "the aspirated and glottalized series fall together to some
extent". He goes on to note that the merging is incomplete, but that "only a practiced Maidu ear can clearly distinguish a
glottalized from an unglottalized stop in an alegro utterance”. Newman (1944: p) complainsabout Y okutsthat most of the time
the difference between glottalized and unglottalized consonants is imperceptible and that it emerges only in slow, careful
speech. As already mentioned, these informal observations may reflect genuine rate-dependent neutralizations: but we cannot
tell in the absence of articulatory data.

3Paul Smolensky first raised thisworry with me (1993, p.c.).



and syles. We can obvioudy dow down beyond this standard, but since this is not the tempo a which we have
been exposed to language, no new contrasts will emerge. Thuswhat must be built into any theory of phonology is
the undergtlanding that the contrasts of the language will be learned based on a limited range of rates and speech

dyles.

The conjecture about adult grammars that emerges from this discusson is that the effect of
implementationd factors on the system of contrasts is computed relative to  fixed standards of speech rate
and degree of hyperarticulation and then extended to other rates and styles through the effect of paradigmatic
correspondence conditions (Burzio 1995, Flemming 1995, Kenstowicz 1995, Steriade 1995, 1996). | assume
that the fixed standard corresponds to dow and careful speech, but this assumption is not essentid for our
purposes. What is essentid isthe existence of some standard, correspondence to which has the effect of limiting
the degree of variaion in redizing a contrast.

An illugration of thisidea involves the Russan voicing distributions. The obgtruents of this language occur
as digtinctively voiced or voicdess when, in careful speech , they are followed by vowels or sonorant-vowel
sequences.  Absence of such a right-hand context in the careful pronunciation results in voice neutrdization:
goro[t], but gorod-a 'town'. In faster gpeech, vowes reduce and sometimes disappear completely, without
however affecting the distribution of voicing: thusloss or compression of the medid stresdessain sapag-a 'boot’
does not necessarily induce neutrdization of the voicdess qudity of [p]. | attribute this fact to the effect of
congtraints that require featura correspondence between the standard rate and style and all other rates and styles,
including ultra-fast or hyper-careful speecht.

0.9. Extensions
0.9.1 Direct reference to cues?

There are multiplereasonsto view andyses like (8)-(9) as only firgt goproximations. Revisons and
extensions to other larynged features are discussed in later sections. This Study begins by using the schemain
(9) asaprdiminay meansof demondgrating the empiricd interest of cue-based andyses. | sketch now what
will be lacking in such andyses 0 as to anticipate the direction of the revisons to come. Fire, the
characterization of thelink between perceptibility and neutrdization givenin (8)-(9) is very indirect: if it's lack

41t is important to note that conditions inducing correspondence to a standard rate or style are required independently of one's
views on the relation between phonology and phonetic implementation. The original observation establishing this is due to
Mohanan (1986), who notes that some processes are immune to pause insertion between their participant segments. divinity
undergoes Trisyllabic Shortening regardless of whether one inserts a hesitation pause betweendivine andity. This shortening
process, which can be viewed as foot optimization (Prince 1990), is immune to tempo- or pause-induced variation because, we
argue, it ismade invariable by reference to a standard pronunciation in which the [vini] substring isindeed afoot. Inthe realm
of fast speech processes comparable correspondence effects are observed in English (Manuel et al. 1992), Korean (Jun and
Beckman 1990) and French (Fougeron and Steriade 1997, Steriade 1996): the fast speech pronunciation of a word maintains
selected articulatory properties, by correspondence to the careful speech variant.
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of cues tha causes neutrdization, then one may wish to consder grammaticd andyses where the cues
themsalves play an overt role, for instance by being referred to directly in condraints such as *[voice]/ if cue
xismissing. The posshbility of direct reference to cues isdiscussed further in Part 1.

0.9.2. Intersegmental timing

Second, the presence of cuesto any feature F in some context depends frequently on the degree of
overlap between segments carrying F and their neighbors. For ingtance, English pre-obstruent stops typicaly
lack acoudticdly sdient bursts because the canonical  degree of overlgp between adjacent consonanta
gestures is quite extengve in this language (Browman and Goldstein 1992). This may explain the sgnificant
limitations on the compogtion of English obstruent clusters (Lamontagne 1993; Fierrehumbert 1994). In
languages without dgnificant interconsonantal overlgp, contrasts cued by burs qudity may be sofer
(Browman and Goldstein, 1992:176, and Lamontagne 1993). This conjecture can be verified by observing the
lack of larynged neutrdization in many Northwest American Indian languages, where adjacent consonants are
impressionisticaly described as non-overlapped (Hoard 1978, Urbanczyk 1995, 1996). For instance,
Lushootseed (Urbanczyk 1995, 1996), Twana (Drachman 1969) and Bella Coola (Nater 1984) maintain an
gection contragt in find, pre-obstruent and inter-obstruent position - in addition to dl the more favorable
contexts - presumably because dl stops are audibly rdeased in dl postions in these languages. Since an
audible release can  be guaranteed only under certain timing conditions, it appears that the characterization of
these Sdlish systems must refer explicitly to intersesgmentd timing paiterns  prevdent in the language. This then
is another reason to  view anayses like (9) as incomplete, since the connection of neutraization to gesturd
timing isnot being explicitly moddled.

0.9.3. Intrasegmental timing

A further aspect in need of revison rdaes to the a different timing issue the same pair of
intrasegmenta gestures, when differently timed, generate different cue packages. This can be observed by
consdering two ways of timing aspiration to astop's ora condriction. The peak of glottal abduction may lead
the onset of theoral closure, as thegestural scorein (10.8) indicates, or ese the abduction pesk may align
to the ord release, as shown in (10.b). Aspirationis cued, among other things, by itseffect on the voice onsat
or offset of a neighboring sonorant:  the diagrams in  (10) show that when the timing relations change, the
context carrying these trandtiond cues changesaswell.



(20 a Peak of larynged gesture timed to onset of ord condriction: eg. hy

context cuesfor a
laryngeal feature here

b. Peak of laryngeal gesturetimed to rlease of oral condriction: eg. th

context cuesfor a
laryngeal feature here

We will observein Part Il thet neutraization Stes for glottalization and aspiration are essentidly those
lacking contextual cues. pre-aspirated and pre-glottalized consonants neutraize, if a dl, in the absence of a
preceding vowd or sonorant, whereas post-aspirated consonants and gectives typicadly neutrdize in the
absence of a following vowd or sonorant. This generd observation supports the proposed connection
between cues and neutrdization. But, once again, in order to turn thisinto a prediction of the mode, we will
have to factor in some reference to timing relations.

0.9.4. Variabletiming

A last obsarvation related to timing is tha the languages surveyed exercise three options when faced
with aconflict between preferred timing patterns and unfavorable contexts. An underlying postaspirated stop -
the preferred timing pattern for aspiration in obstruents - may happen to occur word-findly, a context where
the critical VOT cue will normdly be unvalable. The conflict in such a case will be between enforcing the
generdly prevaling timing pettern - presarving thetiming in (10.b) - vs. generating some other trangtiond cue
to aspiration. The three options in this respect are: (a) to keep the timing pattern of (10.b) and rely on
impoverished cues to postaspiration (Maithili: Yadav 1984; Bengdi didects Kenstowicz 1993); (b) to modify
the timing to (10.a), and thus generate other contextud cues to aspiration (lcdlandic: Thrainsson 1978; other
caes discussed in Steriade 1993); and (C) to do neither but rather neutrdize the aspiration contrast word
findly (Greek, Sanskrit: below section 2.1). The existence of option (b) - contextudly variable timing -
supportsthe ideathat the grammar is responsve to the range of cues being generated in different positions and
with different timing options (see dso Silverman 1997).

With these provisos, | set out to establish the first step in the argument:. namely that syllable structure

doesnot begin to describe, let done explain, the patterns of larynged neutrdization. Thisisthe main object of
Part |.

16



Part 1. Againg syllable-based accounts of neutralization

| document now the fact that syllable pogtion provides neither a necessary nor an adequate
characterization of the dtesof larynged neutrdization. Thefocusis fird on showing that many classc patterns
of devoicing and de-aspiration operating in the contexts _ # and _ [-son] cannot be given a syllabic analysis.
Second, | show that even ambiguous ingances of neutrdization - which could be described as coda
devoicing/deaspiration - recelve a better trestment under the assumption that syllables are irrdevant here. Findly
we will verify that the perceptudly moreimpoverished contexts are dways the firg to induce neutrdization.

1.1. Lithuanian

Unlike better studied modern European languages, Lithuanian consonant clusters are heterosyllabic
regardless of composition (eg. auk.le), yet the context of neutrdization is identicad to that observed in
German or Russan: didtinctive voicing is preserved before sonorants, lost esawhere. My sources on Lithuanian
are Senn 1966, Augudtaitis 1964, the collective Lietuviu7 kalbos gramatika (vol.1: Fonetika ir morfologija)
Vilnius 1965, and Dambriunas, Klimas and Schmalstieg 1966. Lithuanian voiced d<ops are fully voiced,
voiceless stops are unaspirated (Senn 1966:67).

(11) a Lithuanian obstruent phonemeinventory

C<
J< g
S«

Z<

< —«~ T ©
N n o

Lossof distinctive voicing occurs before obstruents and word-finally>.

(12) Digtribution of voicing in Lithuanian obstruents
Acute, grave and circumflex accents indicate rimelength and pitch accents: a=HL onV:,a=H,& = LHonV..

b. Didinctive voicing preserved before sonorants

Voicdess Voiced
I aukle nuk niau)ti auglingas dregna
‘governness  klauen' fruitful’ feucht’
i. vikrus cyplys edrus z«virblis
‘geschickt’ 77 ‘glutton’ 'sparrow’

S Thisisdescribed by Senn and Augustaitis (1964) as neutralizing (Senn 1966:66 "stimmhaft wird stimmlos', where stimmlos is
the term describing the non-neutral voiceless series. The term for non-neutralizingly devoiced isentsonorisiert.)



iil. tes<muo) asmuo) z<iez<muo) baz<ny!c<a

‘Euter’ ‘Schneide (place name) ‘church’
Iv. dlpnas rytmety)s skobnis badmetys

‘weak' 'morming ‘table 'year of famine
V. akmud atminti augmud liu)dnas

'stone 'to remember’ ‘growth’ ‘sad’

¢. Voicng neutrdized word findly

dau)g [dak] kad [kat]

'much’ 'that'
d. Voicing neutrdized before obstruents
i. at-gal) [dg] meés-davau[zd] dirb-ti [pt] deg-ti [kt]
'‘back’ ‘work-inf' ‘burn-inf'
i. midas drau)gas [zd] dau)g pinigu) [kp]
‘dear friend' ‘much money'

Are there connections between syllable sructure and the voicing neutrdization? All  Lithuanian
grammars report that VCCV sequences are divided as VC.CV. A minor exception isthe Lietuviu7 kalbos
gramatika (LKG), which mentions varidion in the assgnment of ssop clugters: a-sta ~ asta. The
following quote from Senn is representative of the other sources "Wenn zwischen zwel Vokaen oder
Diphthongen zwei oder mehr Konsonanten sind [...] so wird nur der letzte zur folgenen Silbe gezogen; z.B.:
auk-le, barsty!-ti, ga-nyk-1a, gifik-las, z«irb-lis".

(13) Sylldbledivisons useof - asanindication of syllable boundary follows Lithuanian practice
a Reported in LKG (1965: 124-126); not glossed
at-ne-s<g, irk-las, ge-res-nis, raks<-tis, be-dug-ne, c<ak-no-ti, c<yp-lys, ark-lid-kas, ark-le-ng,

am)b-ry-ti, afit-ras, dump-les, dumb-las, gafig-rin-ti, kremb-lys, kremz-le.

b. Reported in Dambriunas, Klimas and Schmastieg (1966:18):

gafid-ras 'stork’, pir)s<-tas finger', res-pub-li-ka 'republic
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All obgtruent + liqud cugters are heterosyllabic, indicating that at least Some coda obstruents maintain
diginctive voicing (cf. dump-les, dumb-lasin (13.9)).

Subgtantialy the same concluson is reached by conddering phonotactic redtrictions on clusters.
Suppose that the divisons reported in (13) are interpreted as showing ambisyllabicity of C1 in cetan
VC1C2V sequences, rather than coda status for C;. One may then consder  categorica  phonotactic
redrictions on possbleinitid clusters asanindication of what isa plausble Lithuanian onset. Many obstruent +
liquid sequences are sysemdicdly disalowed initidly as seen below.

(14)  Initid cluster phonotactics (Augudaitis (1964))

Possble Impossble
- sl, sdl, z«l, pl, bl, kl, gl notl, dl
- sr, pr, br, tr, dr, kr, gr, spr, str
- sm, s<m, z<m, sn, s<n, z<n, kn, gn notm, tn, dn, dm, km, gm, pm, bm, pn, bn
- sv, s, z<v, kv, gv, tv, dv no pv, bveé

Although disdlowed initidly, dugters like tn, dn, dm, bn do surface in the V_V context without
neutrdization: skobnis, badmetis, liu)dnas, atnese. One may infer from the redtricted digtribution of clugters
like dm, that they occur only in contexts where they need not be tautosyllabic’. The fact tha voicing is
maintained in the coda d of badmetis shows then that there is no corrdation between the stes of
neutrdization and dther the reported syllddle divisons or the divisons we may infer from  cluster
phonotactics.

A further argument can be based on the syllable dignment effects reported by dl three Lithuanian
granmas  in prefixation and compounding the prefix and slem boundaries are said to coincide with syllable
boundaries (Senn 1966: 61, Dambriunas, Klimas and Schmastieg (1966:18) and the LKG (1965:125-126)).

(15)  ai-traukti (not *atit-raukti) 'drag towards; at-imjti (not *a-tim)ti) ‘to begin from’
aki-ples<a (not * akip-les<a) ‘freche Person', siks<no-spamis 'bat’ (not *siks<nos-parnis)

6The phonetic realization of Lithuanian v in different contexts is not documented in my sources. Asin some of the Slavic
languages, Lithuanianv issaid to pattern asasonorant, in that it allows voicing distinctions to be maintained. | do not
know whether - or how - thisbehavior is related to its phonetic realization.

“Inferring syllable composition from phonotactic restrictionsis not alwaysasound procedure. But if this sort of inferenceis
rejected then the basis for Licensing by Prosody vanishes al so.



There are no cydlicity effectsin devoicing: in compounds and prefixed words, the find  consonant of the
fird member maintains digtinctive voicing if followed by a sonorant in the second member, despite the
intervening syllable boundary. The examples below comefrom LKG 1965:126.

(16) voicing preserved: stab-mddy)ste 'idolatry, heathenism'  dl)k-medis 'slk-tree
voicing neutrdized: anulk-z<emis[gz<] 'GLOSS

Consider now aform like stab-meldy)ste. The discussion so far has established three digtinct reasons
to beieve that the digtinctively voiced b is an unambiguous coda: firs, dal comparable obstruent-sonorant
clusers are intuited to be heterosyllabic by native grammarians. Second, bm is an impossble word initid
cluster hence an implaugible intervocdic onset. Third, the assgnment of b in stab-meldy)steto the onset of the
second syllable conflicts with an otherwise unviolated syllable-to-morpheme dignment  condition.

The option of ambisyllabicity should be pursued now more carefully (cf. Merchant 1995; Caabrese
1996). Congider skobnis and assume that Smply preserving [voice] vauesin a properly licensed in the onsat
is a ufficient reason to  generate an ambisyllabic obstruent in such a string. We may represent ambisyllabicity
graphicaly as the improper bracketting [s15ko[s2b]s1niSls2. Let us assume a grammar where [voice] is
subject to prosodic licensng, in virtue of a condraint akin to Lombardi's, eg. *voice / unless followed by
[+son] in same syllable. We abbreviae this condraint as License [voice] . Suppose now that the
preservation of input voicing aswel as License[voice] outrank any competing condraints on syllable well-
formedness (eg. *Obstruent-Nasal Onset). The ranking (Preserve[voice], License [voice] >>
*Obstruent-Nasal Onset) will generate syllable divisons such as  sko.bnis  with onset b rather than
ambisyllabic b. This output conflicts directly with the reported syllable divisons and therefore invdidates the
anayss condgdered. Note further that no ranking of the congtraints discussed - and more generdly no ranking
of generdly judtifigble condraints - can generate an ambisyllabic result. The reason is that an ambisyllabic
candidate contains both a closed syllable (hence a* Coda violation) and a complex onset. Therefore a candidate
like [sko[b]nis] - with ambisyllabic [b] will dways be be inferior to [sko.][bnis], which sdtisfies a least
*Coda and violates no additiond congraint. This point is illustrated by a tableau that assumes the ranking
mentioned above. But the argument is independent of the ranking assumed: candidate [V[C]CV] will violate both
the congtraints violated by the V.CCV parse and the * Coda congtraint violated by VC.CV.

(17)  Noambisyllabicity in skobnis (the a symbol marks awrong winner)
License [voice] >> *Obst-Nasa Onst, *Coda
a [sko][bnig] * *
[sko[b]nig] * *|*
[skob][nig] I* *x
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Thus no generd solution to the anadyss of larynged neutrdization can be obtained by apped to
ambisyllabicity because the necessary ambisyllabic parses cannot be enforced.

Having excluded the dternatives, | present the anayss of voicing neutrdization in Lithuanian asan
instance of (9.i), a ranking repeated below:
(18) *voice/ V_[-son]

*voice/_V_#

Preserve [voice]

*voice V_ [+son]

The derivations of neutrdized gindau[k] and non-neutralized b in sko[b].nis are shown below. |

begin by assuming that the output of neutrdization is identicd to an underlying voicdess dop, a postion
reconsidered in the next sections.

(19) a. skobnisfrom /skobnis/

Preserve [voice] >> *[voice] /V_[+son]
Obn *
pn I*

b. dau[k] from /daug/

*[voicel/ V_#>> Preserve [voice]

o# I
Ok *

The Lithuanian data indicates that there is no judtification for characterizing the Ste of licensang or
neutrdization in terms of syllabic pogition. There are licensed onsets (smagus ‘cheerful’ vs. zamogus 'man’) and
neutraized onsets (spalva ‘color'[sp], lizdas 'nest'); licensed codas (aug.mud ‘growth’ ak.mud 'ston€’) and
neutralized codas (dau)[k] 'much’ ). Voicing in Lithuanian obstruents is neutralized in dl and only the postions
where the main contextua cues (VOT and other release-related cues) are missing.

1. 2. Therepresentation of neutralized voicing

We may now look into some of the issues left open by the andyss. Congder first the nature of
condraints like *[voice]l/V_#. The andyss presented above relies on the assumption that this congdraint bars
voiced obstruents but not voiceless onesfrom thefinal pogtion: for, if *[voicel/V_# isinterpreted as gpplying



to both [voice] values then neither candidate considered in (19.b) - [dauk] or [daug] - will stidfy the
higher ranked condraint. | redo therelevant tableau to show the unwanted consequence of this interpretation:
asabove, a maks awrong winner.

(20)  Attemptingto derive [dauk] from /daug/ with the hierarchy in (18) and an extended interpretation of
[voice] as[a voice]

*[avoicel/ V_# >> Preserve [avoice]
ag *
k * I*

However, the interpretation adopted earlier - which views the *voice condraints as banning only
voiced obstruents - was not satisfactory either. Firdt, it isinconastent with the basicidea that cues function as
licensers of the voicing contrast. Most cues to voicing - or any other feature - involve an implicit comparison
between two poles of some dimension. Thus, to evauate the Sgnificance of asop's burst amplitude for the
stop's voicing category one must know  both the range of vaues characterizing the burdts of voiced stops and
the range for voicdess ones. It is the comparison between the two that yields information about the
categorization of any given token. The same goesfor VOT vaues the same short lag VOT vaue of 20 ms
cues voicdessnessin French - by comparison to the even shorter VOT of the French voiced stops - but
voicing in English - by comparison to the longer VOT vaues of the English voiceess stops (Keeting 1984).
Neutrdization takes place word findly because the relevant comparison between VOT values cannot be
carried out in that context: it is therefore arbitrary to sdect just one of the poles of the voicing dimenson as
being either thefeatureitsdf or the feature vaue banned in some pogtion.

Of course, phonological grammars may turn out to be Structured in ways that are arbitrary or
unexpected from the standpoint of speech perception. In this instance, however, there is good reason to think
otherwise we know independently that the laryngedly neutraized obstruents involve different articulatory
postures from digtinctively voiceess ones (Hsu 1996). This then is a second reason to revise the analysis in
(18), which fails to diginguish digtinctive voicdess from neutrdized stops. Hsu demondrates, on the basis of
Tawanese data, that neutrdized obstruents are, in Keating's (1990) terms, targetless with respect to
voicing: they assumethelarynged posture of aneighboring sound®. Devoicing in the V_# context is passve, an
automatic consequence of equalization in trangglottal  pressure. In contrast,  didtinctive {p, t, K} achieve
voicdessness actively through glottal  abduction ( cf. Dixit 1987). The difference between targetful voicdess {p,

8Targetless (with respect to some gesture) means more than unspecified (with respect to the corresponding feature): non-
specification can be phonetically interpreted in various ways, including through the assignment of a fixed articulatory target.
This is the interpretation of the frequent statement "Laryngeally neutralized stops are phonologically unspecified and
phonetically voiceless' (Mascar6é 1987, Clements 1985, Lombardi 1995). In contrast a segment that istargetless for featureFis
both unspecified and lacking in aninvariant articulatory realization for the corresponding gesture.
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t, k} and neutrdized targetless{P, T, K} has multiple consequences in the phonology of Taiwanese and other
languages. in particular, the redization of neutralized stops is variable in context, precisdy because they lack
their own articulatory target, while distinctively voiceess ones are invariant in comparable positions. A case of
this sort is discussed in section 7.

The facts reviewed suggest the following interpretation of neutrdization: both distinctively voiced and
voiceless stops possess specific auditory  targets, to be implemented through specific articulatory routines. The
pogitions of potentid neutrdization arethose where the hearer islesslikely to correctly evauate the achievement
of these auditory targets. For such podtions the grammar may evaduate as optima  obstruent representations
which place no perceptua burden on the hearer and require no articulatory effort from the speeker: thereis no
auditory target to achieve in the neutrdized obstruent, no distinct auditory category to identify and therefore no
specific, invariant set of articulatory gestures to perform. Under thisinterpretation, the neutrdized obstruents are
diginct from both the voiced and the voiceess ones and the *[voice] condraints exclude equaly the digtinctive
voiceless and voiced series?. To show how this new interpretation of the *[voice] congtraints operates, |
revisethe earlier tableaux in (19) below: [voice] isinterpreted to mean[a voice] - both plusand minus- and
{P, T, K} represent laryngedly neutrdized stops whose phonologica representations lack both the invariant
auditory propeorties associated with [+voice] or [-voice] and the articulatory gestures used to implement these
auditory targets.

(21) a skobnisfrom /skobnig/

Preserve [voice] >> *[voice] /V_[+son|
Obn *
Pn I*
pn 1% *
b. dau[k] from /daug/
*[voice]l/ V_#>> Preserve [voice]
o# >
UK *
k !* *

One more comment on *[a voice] condraints. The *[a voiceg] condition can be interpreted in at least
three ways. The firgt possibility isthat *[avoice] is pendizes the articulatory effort expended in implementing
diginctive voicing vaues. cf. Kirchner (1996). If this lineis pursued, then our representations must be expanded

9The position taken by Hsu (1995) and here conflicts with the idea that voicing is universally a privative feature (Mester and Ito
1989, Lombardi 1991; but cf. Rubach 1996 for evidence to the contrary ): the representations of voice-neutralized stops must
differ, in at least some languages, from those of distinctively voiceless stops.



to diginguish explicitly the articulatory from perceptud corrdates of didinctive festures  the articulatory
interpretation of the *[a voiceg] condraints pendizes not the fact that the auditory correlates of voicing or
voiceessness are being generated but the fact that  specific articulatory gestures are required to do this. The
neutralized sops do not violate the congtraints because no specific gestures characterize them, insofar as voicing
Is concerned.

A second possibility is that *[ avoice] is used as a means to limit perceptud uncertainty: this accords
with the fact that the ranking in (8) reflects a scade of information content. Digtinctive voicing is least likely in
the least informative contexts so we may aso view these congraints as being lisener-oriented, in the sense of
Ohala 1981. What seems mogt likely, however, isthat both the articulatory effort and the perceptud poverty are
being referred to in these condraints, in the sense that what is pendized is an unfavorable ratio of effort
expended to cues generated. For the same amount of articulatory effort spent in generating some degree of
voicing across three contexts (_[+son], _#, _[-s0n]) the cues available to identify voicing are progressively
worse or fewer and therefore the ratios of effort to cues differ in waysthat mirror the perceptibility scaein (7).
Thisratio can beimproved by spending less effort and fdling short of the articulatory target or by categoricaly
giving up on the didtinction in the perceptudly difficult context. The latter is the standard case of neutrdization.
The interpretation of congraintslike *[avoice]/X_Y dong these lines seems both plausble and consstent with
the documented existence of gradient reduction of ora congtriction gestures in contexts of reduced perceptibility
(Byrd 1994, Jun 1995). In order to formdlize this type of solution, some specific quantification of effort as wdl
as of the information content of cues will be necessary: these points cannot be addressed here.  See Kirchner
(1997) for part of the necessary solution. | will continue to employ in Part | statements like *[avoice]/X_Y with
the understanding that the rationde for such conditions isthe fact that they prohibit progressively worse ratios of
cuesto effort.

1. 3. Word domain effectsin voicing neutralization

A different issue that has arisen from the discussion of the Lithuanian data concerns the word-bound
character of the voicing neutrdization. Word find obstruents are reportedly neutraized regardless of whether a
following word begins with an obstruent or asonorant: e.g. dau[k] akmens 'many stones from /daug/. This
phenomenon should not be tied to the digned syllabification  daug.ak.mens., where the origind /g/ isin the
coda, for we have seen that other codas do maintain digtinctive voicing in this language. My proposd isthat in
phraseslike dau[k] akmens were deding with a cyclic effect. In procedurd terms, /daug/ devoices on the
word cycle, prior to the condderation of any licenang context offerred by the following word.  The same
suggestion can be moddled non-derivationdly, with cydlic effects viewed as gemming from the action of
congraints that limit paradigmatic dternations (Burzio 1995, 1997, Flemming 1995, Kenstowicz 1995, Steriade
1995, 1996, 1997). By having aconstantly devoiced k in dauk and rdaed forms, Lithuanian smplifiesits
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phrasd paradigms and blocks the proliferation of adlomorphs. This point is developed in section 5, where the
phrasd redization of laryngedly neutralized stopsis being conddered.

2. Generalizing from Lithuanian

The next gep in the argument is to show that Lithuanian is fully representative of the typology of voicing
assmilation. | do thisfirst by showing that identicd paiterns of devoicing arefound in other languages. theam
here is to edablish that any observable connection between being a coda and being laryngedly neutralized
represents an accidenta  by-product of facts unrelated to syllable structure. Second, | show that the analysis
proposed for Lithuanian extends straightforwardly to arelated but distinct style of voicing neutraization: the case
where voicing diginctions are maintained word-findly but eiminated before obstruents. Syllable-based analyses
of this pattern are dso shown to be untenable.  Findly, the languages consdered in this section permit an
extenson of the andysisto other larynged contrasts cued by VOT.

To determine what counts as relevant evidence in comparing cue-based to syllable-based licensaing, the
reader should note that many languages - such as Korean (Kim-Renaud1974) - disdlow heterosyllabic
obstruent-sonorant sequences. However this effect is analyzed (cf. Vennemann 1988), its consequence is that
many languages will lack the very sequences whose behavior is differently predicted by the two andyses
conddered. The Licensng by Cue mode presented so far predicts that  strings like Vp.rV, VbrV may
maintain diginctive voicing, whereas Licensing by Prosody, in dl of itsversons, predictsthat the p/b digtinction
will be neutralized. If such sequences are ether lacking (as in Korean), or must be tautosyllabic (as in modern
Romance), then the datawill not distinguish the proposals we compare. For this reason, languages like Korean
will not be mentioned here.

2.1. Greek and Sanskrit

The digtribution of larynged features in the older Indo-European languages has been taken to reflect
syllable-based licensing conditions (Steriade 1982). Greek possesses the digtinction  between voiced, voiceless
and voiceess aspirated Sops but implements it only before sonorants. Sanskrit contrasts voiced, voiceess,
voiced aspirated (murmured) and voiceless aspirated stops.  here too  the larynged contrasts  surface only
before sonorants. Examples of contrast and neutrdization in both languages agppear beow. Stops are not
dlowed word-findly in Greek. | choose [-anterior] stops to exemplify the pattern because these segments
occur with relatively fewer digtributiona restrictions.



(22) a Greek larynged contrasts and neutrdization in velar sops

Voiceess Voiced Aspirated

a. Pre-sonorant: delk-nu:-mi Zzeug-nu:-mi akN-nu-mai
"l show' 'l yoke "l am troubled

b. Pre-vocdic: thorrak-os laryng-os trikN-o0s
‘thorax-GENsg" Tarynx-GENsy' 'hair-GENsg'

c. Pre-stop: deik-teos zelk-teos hek-teos (cf. ekh-o: 'l have))
'to be shown' 'to be yoked' 'to be had’

d. Pre-s: thorak-si larynk-si thrik-si
‘thorax-DATpI' larynx-DATpI' 'hair-DAT-pl'

(22) b. Sanskrit larynged contrasts and neutrdization in [-anterior] stops

Voicdess Voicdess Voiced Voiced
unaspirated aspirated unaspirated aspirated

a Pre-sonorant vac-mi cakhya-u  tig-ma dagh-nu:-yat
'l speak’ 'has seen’ ‘sharp-pointed’ 'reaching

b. Prevocdic u-vac-a khan-ati ni-ngj-a dagh-at
'has spoken'’ 'digs 'has washed' 'has reached’
Voicdess Voicdess Voiced Voiced
unaspirated aspirated unaspirated aspirated

c. Word-fina vak no examples  vark (cf. varj-a) dhak
'voice twiding 'has reached'
Voicdess Voicdess Voiced Voiced
unaspirated aspirated unaspirated aspirated

d. Pre-obstruent uk-ta no examples nk-ta dhak-tam
'spoken’ ‘washed" you 2 reached'

These patterns of neutrdization must be analyzed in the same terms as the Lithuanian facts. The
obsarvation establishing this will be that for both Sanskrit and Greek syllable divisons in obstruent-sonorant
clusers were variable, depending on the didect, the period, the literary style and the juncture separating the
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consonants. In contrast, and thisis fundamenta, there was no variaionin the pattern of larynged neutrdization:
in styles or didects where VC.CV divisons were the norm for al clusters, larynged neutrdization did not
take place before heterosyllabic sonorants. Therefore the syllabic assgnment of clugters and the licensing of
larynged features are independent of each other.

2.1.1. Sanskrit

According to Mishra (1972:200ff) - a compendium of the opinions on syllable divisons held by
Sanskrit grammarians - "the most generd rule isthat the first member of the consonant group [...] congsting of
ether two or more than two consonants, belongs to the preceding vowe. Thus the word "pitre’ will be divided
as pit+re and not pi+tre. " The only exceptions to this satement are: (a) the opinions of certain grammarians
tha RigVedic Sanskrit had the option of syllabifying stop-liquid sequences as onsets and (b) the view
expressed by commentators on the YgurVeda that stop-glide and stop-fricative sequences are tautosyllabic.
Even if taken at face vdue, these exception Statements leave us with possible heterosyllabic assignments for
al sequences of stop-consonantd sonorant in the RigVeda and obligatory VC.CV assgnments for dl stop-
consonantal sonorant sequences in the later language. This means that the aspirated voiced stop in dagh-nu:-
yat 'hasreached is asarule, a codasegment: what licenses its larynged features is something dse than
gyllabic pogtiont0. | dso note that, as in Lithuanian, most stop--nasal sequences present intervocdicaly are
impossbleinitidly, and thus implausible as onsets: they do however maintain disinctive voicing, asin agni- ‘firée,
stabO-na:- 'establish-present’.

Furthermore, the patterns of vowd lengthening in the intensve prefix suggest tha infact dl duders
were heterosyllabic during dl periods, an opinion shared by Mishra (1972) and supported by the metrica
evidence. Thus the vowd-find reduplicating prefixes of theintensve are short before any consonant cluster
and long before a dngle root-initid C (Whitney 1889:365). This rule, gtrictly obeyed in the earlier stages of
Sanskrit, indicates that the syllable divison was VC.CV indl cases Bdow | highlight the pre-sem rimes
contaning the vowe with variable length.

(23) Pregem vowd length intheintensve

() Long vowe (i) Short vowd
gai:-gam- gai-g.m-atam
Igol Igol
mar-i:-nr>j- kan-i-K.rand

10For a discussion of post-Vedic syllabification see Vaux 1992, who argues that a shift in boundaries took place in later
Sanskrit. Vaux's arguments also support the point made in the text: despite the extensive variation in cluster assignment across
stylesand periods, the patternsof laryngeal neutralization do not change. They are therefore independent of syllable position.



‘wipe ‘cry out'

bar-i:-bhy- bNar-i-bh-rati
'‘bear’ '‘bear’
tav-i:-tuat- dav-i-d.yut-
'be strong' 'shine

The requirement is clearly that pre-stem syllables be heavy in the intengvell. This condition is satisfied
in the (i) column by heterosyllabification: ga.nig.ma.tam, da.vid.yut, bharibh.rati and by lengthening in
the (i) column: ga.ni:.gam, bhari:.bhr-.

Note now that the coda sops g, d, bh in (23ii) do not lose thar larynged fesatures
heterosyllabification - asin bharib.rati - does not induce larynged neutrdization. Note further that this
agument isindependent of the method of syllabification in the rest of Sanskrit: even if dosed syllables were
avoided in other contexts, the last syllable of the intendve would 4ill have to be andyzed as heavy, and
therefore the syllabic divisons ga.nig.ma.tam, da.vid.yut, bharibh.rati would sill sufficeto etablish the
fect that larynged licensing isindependent of syllabic pogtion.

2.1.2. Greek

The facts of Greek syllabic divison have been discussed in Hermann (1924), Steriade (1982) and
most recently by Devine and Stephens (1994:32-42 and passim). Certain Attic poets syllabify condgtently the
tautomorphemic stop-sonorant clusters as onsets. But this cannot be the basis for a syllable-licensing account
of the larynged neutrdization facts shown ealier in (20). Firg, the larynged neutrdization pattern is pan-
Hélenic, spanning didects literary styles and periods, whereas the syllabic divisons are highly variable. Homer
tendsto assgn al word-internd intervocdic clusters to separate syllables, as shown by the weight of syllables
reflected in the meter. Since forms like dak.ru, ag.rion and akN.nu:mai contain coda velars larynged
licenang for this variety of Greek cannot be syllable based.

Further, the attested voiced stop-nasd clusters (limited to dn, dm in most didects) are scanned
heterasyllabicaly in dl literary syles (Koster 1952:34), without however losing ditinctive voicing on d. In Attic
both dm and dn are absent word-initialy, afact condgstent with the assumption that they cannot be onsets. The
voiced-stop-I clusters @l, bl) are varigbly heterosyllabic in didects like Attic, where other obstruent liquid

11 This condition is also evidenced by the alternative form of the intensive, whereno -i- intervenes between the reduplicated
syllableand the stem: can-krand- (alternativetokani-krand), ja:-gam (alternativeto gani:gam) etc.
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sequences form complex onsets (Steriade 1982): but this does not cause variable or even occasiond loss of
diginctive voicing.

Further arguments for a syllable-independent statement of larynged neutrdization emerge from a
condderation of dlomorphy in the thematic comparative and superlative forms of adjectives (Devine and
Stephens  1994:40, 104): the alomorphs are -oteros (comparative), -otatos (superlative) after a heavy
gyllable and -o:teros, -o:tatos dfter alight one Bdow | highlight the syllable immediatdy before the
compardtive auffix:

(24) Comparative dlomorphy in Greek

() After heavy sylldble (D) After light syllable
de:.l-oteros khal e.p-o:teros
‘Clearer’ 'more difficult’
sem.n-oteros ne.-o:teros
'more venerable 'younger'
pis.t-oteros so.ph-o:teros
'more fathful' ‘wiser'
mak.r-oteros phi J-o:teros
longer' 'dearer’

The argument here is exactly pardld to that based on the Sanskrit intensves. The dlomorphy facts
require syllabic divisons that place some of the non-neutralized obstruents in the coda (cf. mak.roteros vs.
ag.roteros) . Therefore what is condant for dl laryngedlly licensed obstruents isnot the syllabic postion
but rather the presence of a following sonorant. The condraint hierarchy  generating larynged neutrdization in
Greek and Sanskrit is thus identicd to that argued for in Lithuaniant2. The fact that these languages have

12gteriade (1982) has argued that the reduplication patterns - which treat root-initial stop-sonorant clusters on a par with
single consonants - establish the onset status of all such clusters. Thus lu:-0: reduplicates as le-lu:-ka, graph-o:
reduplicates as ge-graph-a, blapt-o: asbe-blaph-a but ktiz-o: reduplicates as e-ktisma and stell-o: as e-stal-ka. The
point isthat theclearly heterosyllabic kt and st clusters pattern differently from the arguably tautosyllabic gr, bl. Had gr
and bl been heterosyllabic in all contexts, the facts of reduplication would remain unexplained: we wouldn't be able to predict
the difference between ge-grapha and e-ktisma. This may well be true, but this argument does not establish that stop-
sonorant clusters are onsets in all contexts. Root-initially, the cluster assignment was probably subject to additional
constraints, which reflect the preference for alignment between root and syllable boundaries. Indeed, Devine and Stephens
(1994) provide considerable metrical evidence for the tendency to avoid misaligned syllabifications in Greek poetry and
prose, at all levels of theprosodic hierarchy. Clearly, the preferencefor aligned root and syllable edges was overridden by
thedispreferencefor marked kt, st, mn onsets: hence es.tal.ka rather than e.stal.ka. This then explains the differencein
the patterning of st-, kt-, mn-initials vs. bl, gr, etc. The alignment constraints were irrelevant in other positions. therefore
agr-oteros, pukn-oteros must have been syllabified, as argued above, ag.ro.te.ros, puk.no.teros in the same language



occasond differences in syllable assgnment only reinforces our argument for uncoupling neutrdization from the
gylldble.

2.1.3. Aspiration neutralized

Note that Greek and Sanskrit aspiration is neutrdized in the same contexts as voicing:  word-findly and
before obstruents. This isdueto the fact that the aspirated stops of both languages are post-aspirated: meaning
that the chief effect of aspiration isto prolong the voicing lag. Therefore VOT vadues must have played amgor
role in differentiating al larynged categories in Greek and Sanskrit and contexts where these values cannot be
observed and compared are likely neutrdization Stes. This explans why  the contexts of neutrdization for voicing
and aspiration are identica in the data observed so far. Had the aspirated stops been pre-aspirated, the context
where t: 6t contrasts are lost may well have been different from the context where t. d contrasts are
suspended, aswe seein Part 11.

The range of avalable cues to podaspiration has been sudied less than those sgndling voicing (cf.
however Schiefer 1992). It is nonetheless quite plausible that the cues - and therefore the contexts where these
cues can be observed - might differ. Schiefer (1992) does not mention either FO, F1 or durationd differences
that would rdiably separate p from p0, or b from b0. It seems likdy that al the cues to such contrasts are
contextud (VOT and burst) and occur exclusively the vicinity of the rdlease. Therefore, if this range of cuesis
characteridic of dl podaspiration contrasts, we may predict that the neutrdization of such digtinctions will
always occur in unreleased word-find and pre-obstruent stops. This prediction is confirmed by languages like
Khas (Henderson 1976), in which distinctive voicing is maintained initidly before dl consonants (cf. bt, pd, pt,
bth, bs, bn, b, pl, pn initid clusters) whereas didtinctive aspiration is maintained only before sonorants (thl,
kNm, thm, phn, but * thp, *phd, etc.) Khas dso presarves a margind voicing contrast findly, but not the
aspiration contrast. The point here is that voicing and post-aspiration, dthough frequently pardld in licensng
behaviors, are nonethdess different in their overdl typology. They are different because their cue didtribution is
not exactly the same: voicing contrasts can be and are maintained in the absence of the onset cues, whereas
postaspiration contrasts cannot be maintained - because they cannot be perceived - under the same
crcumgtances.  This drengthens the argument for cues as contrast licensers, since the cues are specific to the
feature and timing relaion involved.

2.2. Voicing neutralization in Russian and Polish
The evidence againg  a syllable-based andysis of larynged licenang in Russan has been gathered by
Filch (1967:1564) and Darden (1991). This pattern of voiced/voiceess neutrdization is infact identical to that

where gegrapha was syllabified - frequently or invariably - asge.gra.pha. The argument against syllable-based licensing
of laryngeal features formulated earlier stands.
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of Greek, Sanskrit and Lithuanian, modulo independent differences in phonotactics and larynged inventories.
The facts of Russan have been analyzed by Jakobson (1962 (=1956):503), Hale (1959), Hayes (1984),
Kiparsky (1985), Mascard (1987) and Lombardi (1991). The core of the paradigm is the fact that the
voiced/voicdess digtinction in obstruents is neutralized in word-find postion and before other obstruents. 1t is
not neutralized before vowels or  sonorants belonging to the same word or the same  prefix-stem unit (cf.
Jakobson 1962 for details). The neutrdized obstruents surface as voiceless unless  followed by voiced
obstruents, in which casethey are voiced.

Sincethis paradigm is otherwise identica to those observed in earlier sections, | will concentrate below
only on the Russian evidence for larynged licenang of coda obstruents. Pilch (1967:1564) reports that non -
neutralized voiced obstruents may occur as codas if followed within the same word or close-knit phrase by
neutral e ements with respect to voicing, i.e. by sonorants.

(25) a Licensed voiced obstruentsin medial Russian codas:

z miorz.I 'frozen'
skorb.nij full of grief’
‘d.no ‘one-neut.’

b. Licensed voiced obstruentsin fina Russian codas.
tligr 'tiger' (contrast mokr ‘damp’)
Ziznl ‘life (contrast pesnl ‘song’)

Darden (1991) makes some complementary observations. First, he notes that not dl laryngedly
neutralized obstruents occupy the coda position: [g] demlie (from/k Zemlie/ to-earth) doesnot begin with
acoda Nor canthe non-neutralized obstruents seenin (25.b) beonsets: nis not syllabic in ether ziml or
p&eni and therefore the preceding fricative cannot be an onset. These observations render untenable a smple
onset licensing andlyss of Russan voicing dong the lines proposed by Rubach (1990) for German. Rilch's data
(25.9) dso argue againg Lombardi's (1991, 1995) verson of larynged licenang, under which a tautosyllabic
sonorant must follow any didinctive larynged vdue: d in “d.no isnot tautosyllabic with n. Further, according to
Darden, Russian displays the same stem-to-syllable dignment effects noted earlier for Lithuanian: eg. p'd-jexat]
to exit' has heterosyllabic d.j with non-neutrdized d. ( cf. contrasting “t-j exatl 'to enter'). Darden's evidence for
thisis based on the observation that regressive paatdity assmilation dways obtains within the same syllable, but
failsto cross certain prefix-stem boundaries, such asthe onein p'd-jexat. Paaality assmilation applies only when
the affix is monoconsonanta: eg. s-jes-tj [sljesit] 'to eat with'. | infer from this that prefix-slem boundaries
dign to syllable boundaries in Russan, unless the resulting syllable are grosdy ill-formed (*[s.jas.tj]. An
andysisin terms of congraint ranking can be proposed, where the condraints of gem-to-syllable dignment are



outranked only by avoidance of the worst syllable types (syllabic obstruents). The upshot is, in any case, that
digned candidates are optima in forms like p'd-jexatl and that this results in  syllable divisons that block
tautosyllabic paatdity assimilaion (*p'diexatl.) Most relevant here is that the syllabic division enforced by
dignment isirrdevant to larynged licenang: voicing inthe codad islinearly licensad by the cues inherent in the
following heterosyllabic jV  sequence.

The paradigm of Polish voicing has been sudied by Bethin (1984), Rubach and Booij (1990),
Gussmann (1992), Lombardi (1991) and Rubach (1996). Rubach and Booij provide important evidence for
gem-to-syllable dignment, evenin cases where the resulting syllaole structure is quite unusud: for ingance the
digned syllabification of o-mdlec' 'fant' [o.mdlec'] is an acceptable structure in Polisht3 dong with [om.dlec].
Lesser violations of syllabic wdl-formedness result in - an even greater likdihood of digned boundaries the
subjects of Rubach and Booaij's investigation were unanymous in  preferring bez.alkoholowy ‘dcohol free to
misaligned (but syllabically improved) be.zalkoholowy. Thusunderlying z is viewed as a coda in this form, but
preserves diginctive voicing!4 . Given this data, it is unnecessary to discuss the possble sem-internd
gyllabifications of the notorioudy complex clusters attested in Polish: whether Piotrkais syllabified as Pio.trka
(cf. Gussmann 1992, Lombardi 1991, 1995) or otherwise, we know, based on Rubach and Booij's dignment
effects, that syllabic divisons do not condition larynged licenang in Polish ether’>. This point is in agreement
with the mgor conclusion reached by Rubach (1996).

Both Russan and Polish display complex patterns of voice licenang and assmilation when the obstruent
is followed by a non-prevocdic sonorant, as in Russan bobr ‘'beaver' . These cases have to be consdered
because they bear on the ideathat a sonorant carriesthe VOT cue of a preceding obstruent and in that sense,
licensesits voicing vaue. At first aght, one might expect that a sonorant following the obstruent will dways insure
the intact redization of the obstruent's voicing vaue. Since this is not dways the case in these languages,
additiond andyssiscdled for. The paradigm for the two languages is assembled in (26): abbreviations used are
O = obstruent and R = sonorant. The sources of this data are Jakobson (1956), Hayes (1984) Kiparsky
(1985) and, for Polish, Rubach and Booij (1990), Gussmann (1992) and Rubach (1996).

13| am grateful to AlicjaGoreckafor verifying the judgments reported by Rubach and Booij.

14Thefinal z of bez in bez alkoholowy is not voiced by assimilation to the following voiced vowel: athough voicing
assimilation initiated by sonorantsisattested in Krakow Polish, the dialect described by Rubach and Booij (1990) and Rubach
(1996) is that spoken in Warsaw, where only obstruents induce assimilation. Therefore the zin bez.alkoholowy is a coda that
maintains its underlying voicing value. The same point is made by Gussmann (1992:33, fn. 4) aproposof bez nadziei ‘'without
hope', another case where the distinctive voicing is maintained in a coda obstruent.

15Gussmann's suggestion that voicing is licensed in syllabified obstruents but not in stray ones is also inconsistent with the
alignment data adduced by Rubach and Booij.
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(26) Russian Polish

OR# optional devoicing, obligatory neutralization
not neutralizing when the sonorant is non-syllabic
(bobr, bobr9, bopr9 'beaver') (spa[sm], spa[sm9] /gpazm/ 'spasm’)
O1R#O2(R)V no assimilation obligatory assimilation to Op
my[sli Z]e 'thought, though' wigdr z]achodni ‘westerly wind'
lifdr v]ody 'liter of water
01#R0O2 (R)V obligatory assimilation to O2 no assimilation
o[d mzd]y ‘from the bribe wido[k mg]:y 'sght of mis’

i[smots]enska] ‘from Mcensk'

01 RO2 (R)V obligatory assimilation to Op obligatory assimilation to O2
[g mzd]y ‘with the bribe kon[trof]ors ‘contrefort’
[drglnadc’ 'shudder’
[stroflonic’ 'squander’

Reformatskij (1971, cited in Hayes 1984) notes that the trangparent sonorants of Russian must be non-
gyllabic: sylladbic m® in a sequence like [zm™ts] will block voicing assmilation. For Polish, most recent sources
mention non-syllabic sonorants in the postions listed in (27) but A.Gorecka (p.c.) points out that her variety of
Polish is characterized by facts very reminiscent of Reformatskij's generdizations  word find sonorants in forms
like spasm are syllabic and block devoicing: spal zm'] contragting in voice with pa[ sm'] 'stripes-Gen pl'. The
gyllabic sonorants of Gorecka's didect dso block assmilation: litr wody 'a liter of water' is redized as [litr
vodE], with syllabic r and unassmilated t, in contrast with the standard pronunciation [lidr vodg], with non-
gyllabic r and assmilated d. Rubach (1974) dso mentions the option spa[zm] and the possbility of syllabic
sonorants, dthough his subjects differ on this point. The phonetic redization of the Russan sonorantsin (26) has
been only partidly documented, by Hayes (1984), who showsthat they are variably voicdessin formslike rta
and bobr. An impressonigtic report to the same effect is made by Gussmann, Rubach and Booij about Polish
forms such as Pio[ tr9], spa[sm9] and [strofjonic’ . Gussmann (1992:33) however reports that  the initia
sonorant of Polish rt e4c' 'mercury’ isfully voiced.

Before proposng an andyds of voicing in ORO sequences, let us note the mgor descriptive
generdizations shared by Russan and Polish. Fird, didinctive voicing is maintained - regardiess of syllable
divisons- in OV and ORV 4rings, in both languages. Voicing is neutrdized in ORO and OO drings in both
languages. Syllabic sonorants - when dlowed in ether language - act exactly like vowels in  blocking
neutrdization and assmilation of a preceding obstruent. The differences between Russan and Polish involve then



only the status of OR# and #RO rings. find non-syllabic R dlows voicing to be maintained in Russian OR#, but
not in Polish; and initid non-syllabic R blocks assmilation in Polish but not Russan O#RO drings.  The key
observation for our andysiswill be that the OV, ORV and OR™ strings (where R is a syllabic sonorant) dlow
optima manifestation of the onset cues to voicing, exp. VOT:  in these cases, the sonorant string  following the
obgtruent islonger than in the case of ORO clugters, with non-syllabic R. In complementary fashion, we note that
in ORO drings - with non-syllabic, word-internd R - the string potentidly manifesting onset cuesis shortest and

doubly overlapped. Therefore, if the duration of the cuesto voicing plays a role in the perceptibility of the
digtinction, then we expect that O1's voicing in O1RO2 will be least perceptible. This corresponds to the fact

that in O1RO2 drings both languages neutrdize voicing in O1.  The corelation between overal duration of the
sonorant string and  neutrdization is outlined below:

(27) Obstruent followed by longest Obstruent followed by shortest
sonorant gring sonorant gring
OV, ORV, OR, OR' O OR# ORO
Voicing contrast Variation Voicing contrast
preserved neutralized

Further support for this correaion between the duration of the sonorant and its larynged-licensing
abilities comesfrom Klamath (Blevins 1993, Barker 1964: 23, 26-27) wherean O1RO2 sequence contains

what Barker perceives to be a syllabic sonorant preceded by a laryngedly licensed Op: contrast  maki’Ga
‘camps at’ with ntSik'"Ga 'drips down" and wdogl'gi ‘comes to beat someone (Barker 1964:23). This syllabic
sonorant is however ignored for the purpose of metrical counting. As Price (1980) shows, duration is one of the
correlates of syllabicity: sonorants perceived as syllabic differ from their non-syllabic counterparts primarily in
being longer. Thuswe may infer that the Klamath inter-obstruent sonorants are perceived by Barker as syllabic
on acount of their duration aone. The fact that these longer sonorants help preserve the didtinctive laryngeal
qudities of the preceding obstruent - unlike their non-syllabic Polish  counterparts - should be attributed to the
effect of duration on the perceptibility of VOT didtinctions.

In word find OR# sequences, where R is overlgpped on only one side, Polish and Russan diverge:
Russan countsthisfind R asadill vaid licenang context - since devoicing in forms like bobr is gradient and
non-neutradizing - whereas Polish does not: find OR# is neutrdized in Polish, when the sonorant is non-syllabic.
This difference in the treetment of find OR# sequences with non-syllabic R may relate to  differences in the
degree of tempord reduction of the final sonorant but it more likely reflects a different categorization of otherwise



identicd phonetic data. Assuming the latter, | expand the perceptibility scde proposed in (7) to distinguish
three classes of contexts in which a sonorant follows an obstruent: (a) a context in which the obstruent is followed
by along sonorous stretch (either V, RV or syllabic R); (b) the context in which the obstruent is followed by a
word-find, non-syllabic R; and (c) the context where the obstruent is followed by the shortest R, non-syllabic
and doubly overlapped (ORO). The digtinction between contexts (b) and (c) stems from the lesser extent of
overlgpin (b) and the likeihood of find lengthening, which may result in alonger R word findly. In both respects
then, the R# context emergesas more favorable for the perception of voicing that the RO context.

(28) Scdeof perceptibility in obstruent voicing according to context (revised)
Notation: [long son] = long sonorous stretch (V, RV, or syllabic R)

[son] = shorter sonorous stretch (R#)
[short son] = shortest sonorous stretch ( RO)

V [long son]RV_[son,] RV _[shortson] R V_# RV_[-son] R
{[-son] __[-son], [-son] _## [-son] }

Corresponding to this expanded scale, we have an expanded set of *[a voice] congraints .
(29) Revised *[a voice] condrants corresponding to (28)
(i) *avoicel V_#
(iv) *avoice V_ [short son]
(v) *avoicd V_ [son]
(v) *avoice V_[long son]
Both the scde in (28) and the corresponding congtraints should be read by interpreting [short son], and
[long son] to refer to the durational category of the overdl string of sonorants that follows the obstruent. It does

not matter whether an obstruent is followed by one or more sonorants provided that the overal sequence is such
asto dlow ardiableidentification of VOT didinctions.

Given these additions, we may describe the variation between licensed Russian bobr and neutrdized
Polish bopr asasmpleranking effect: find r in /bobr/ for both languages corresponds to the sonorous string
of intermediate duration ([son]) identified earlier.



(30) Polish Russian

*avoice V_# *avoice/ V_#
*avoicel V_ [short son| *avoicel V_ [short son|
*avoice V_ [son] Preserve [voice]
Preserve voice *avoicel V_ [son]
*avoiEe/V_[Iong son| *avoiEe/V_[Iong son|

Since Polish, but not Russan, neutrdize Op in O1R# sequences, it follows that Polish, but not
Russan will assmilae O1 in O1R#02, as seen in (26). Following earlier work (esp. Kiparsky 1985;
Mascar6 1987; Cho 1990), | assume tha the target of assimilation is identified as the neutrdized segment:
therefore a non-neutralized obstruent (Russan binbobr, for ingance) will not be atarget. Thisis then sufficient
to derive the Polish-Russian differences on this point.

The last case to consder is the behavior of Polish and Russan O1#R0O2 sequences.  Here again my

remarks are speculative, in the absence of a systematic phonetic investigation. We should observe at the outset
that inany context O1#R - regardless of what follows R - Oy is neutrdized in both languages, unless it
belongsto aprefix or prodlitic. an example of neutraization in this context is a Russan phrase such as gorod
Moskva [ gor't m'skva] 'the city of Moscow' , with devoiced /d/.  Thisis acyclic effect, asin Lithuanian: both
Polish and Russan prefer to generdize to dl contexts the devoiced qudlity that is judtified phrase-findly. The
only question is how the neutrdized O1 will be redized: fully voicdess, as expected phrase-findly, or partidly
assmilated to some other consonant. | claim that the occurrence of assmilation in this case depends on three
conflicting factors: the preference for paradigm uniformity or morphemic invariance, whose effect would be to
generdize phrase find dlomorphslike [gort] to al contexts (Steriade 1996); the avoidance of increasingly faster
articulatory adjustments, which militates againgt abutting voiceless-voiced sequences, and the need to preserve
lexical contrasts. The last factor requires that, in an obstruent whose glottal  date is distinctive, it must be
initiated early <o that the obstruent will be fully voiced or fully voiceess throughout its duration: therefore in
#RO2 (with voicdess Op) R is partidly or fully devoiced (as shown by Hayes 1984 for rta). Smilaly, in
01#02 sequences, the neutralized Op  will reflect the trandtion to the glottd  state of Op and thus will be
categorized as belonging to the same larynged classas Op. Thisis the bass of voicing assmilation in such
cases. However, in grings like O1#RO2, the glottd state of Op need not be initiated during Op: a dow
enough trangtion between glottal States is possble even if O1 presarves its phrase-find voicdess qudity.
Whether the trandtion between O1 and O2 is dow enough depends on how long R may be: if we take serioudy
Gussmann's (1992) report that R informslike Polish r t e4c' 'mercury’ is fully voiced and compare it with the
partid devoicing found in Russan rta 'mouth-Gen. sg', then this suggests adurationd difference between the
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two languages which correlates as predicted with the facts of assmilation. The shorter R of Russan in O1#R02
drings isan insufficient buffer between opposing glottal states and thus induces assimilation, wheress the longer
R of Polish permits O1 to maintainthe devoiced qudity that characterizes the phrase-finad alomorph. The fact
that Reformatskij (1971) explicitly rules out assmilation in Russan O1#R0O2 when R is syllabic further

supports this line of andyss  as suggested earlier, the syllabic R is the longest R and thus will necessarily dlow
01 to preserve its paradigmatically dictated voice ess statel®.

Summarizing then, | have suggested that two different phenomena are reflected in  the paradigm in
(26). Oneis the ability of a shortened and overlapped, non-syllabic R to offer useable trangtional cuesto a
preceding O: Polish and Russan agree in categorizing the shortest ingtlance of R (in ORO contexts) as an
insufficient licenser. They differ in the categorization of find R: Russan, but not Polish, counts this R as a possible
licenser of didtinctive voicing. Thisis reflected in the ranking differences seen in (30). The other phenomenon is

aso rdaed to the duration of R but involves not its licenang ability but rather its function as a buffer between
the opposite glottal states of neutralized O1 and digtinctive Op.  When R istoo short, O1 will assmilate, asif it

was adjacent to O2; when R is auffidently long, O1 will maintain a voicdess qudity.

To implement this andyss it was necessary to expand the perceptibility scae and the related set of
*a voice condraints. These additions do not represent unwanted epicycles. the scae of perceptibility involves a
ranking of contexts according to the quality of the information they offer for the identification of voice categories.
We have started out with asmal set of contexts (in (5) and (7)) but any redistic consderation of alarger set
of contexts will result in refinements of the sort just introduced. What is constant  throughout such revisonsiis the
ideathat the likelihood of neutrdization is determined by the qudity of information provided by the context.

16 The analysis presented here agrees with Rubach's (1996) important proposal that the distribution of Polish voicing is
independent of the syllable. However the two analyses diverge on the mechanisms of assimilation in ORO, OR#O and O#RO
strings. Rubach suggests that medial R in ORO and final Rin OR are unsyllabified and, for this reason, lack a voicing value:
therefore the voicing values of the surrounding obstruents in ORO, OR#O strings are in fact adjacent and this triggers
assimilation. | do not pursue thisline of analysis. nothing establishesthat the non-syllabic sonorants of OR# or ORO strings
are in fact unsyllabified (as against non-syllabic) and there is little reason to believe that unsyllabified segments will be
ignored by redundancy rules, assuming that the latter exist at all (cf. Steriade 1995).



2.3. German gyllabification and devoicing

The case of German devoicing is discussed because severd  syllable-based andyses have been offerred
for this phenomenon (Vennemann 1982, Rubach 1990, Hall 1992): | will suggest that they are not supported by
the evidence. A second reason to look a German is tha neutrdization here is dearly incomplete, with
durationd differences continuing to maintain a lexica contrast between {p, t, k} and {b, d, g} in sem-find
pogtion: thisisrelevant in the present context because the property being neutrdized is the VOT, which loses
its cues in the _# context. The property being maintained is the durationa aspect of voicing, which continues to
offer detectable differences in the # podtion. Therefore, the German data drengthens the corrdation
proposed here between cue digtribution and licenang Stes. Finaly, German devoicing is cydlic not only at the
phrasd levd, as in the languages discussed <0 far, but dso a the sem levd: devoicing affects sgem find
obgtruents before dl  productive consonant-initia suffixes. The incomplete character of German neutrdization
and its cyclic aspects are discussed elsawhere (section 5; Steriade 1996). This section will consider only the
relationship between syllable divisons and neutraization Stes.

2.3.1. The facts

The facts of German have been assembled most recently by Rubach (1990) and Hall (1992). As Rubach
points out (1990:83), there is no directly observable corrdation between syllable postions and licensing Stes,
since voiced codas are found in forms like ebnen 'to even out' [eib.n"n] or Ordnung 'order’ [Ord.nuN].
Rubach himsdlf draws arather different concluson from this fact, but the bare fact is sgnificant when compared
to the identical gtuation observed in  Lithuanian, Greek, Sanskrit, Polish and Russan. We have seen that the
gylldble is irrdevant to voice licenang in these languages. it would therefore be surprisng if the very amilar
German facts cdled for adifferent andyss. Inlinear terms, the paradigm of German devoicing is - modulo the
cyclic effects - identicd to that of the languages discussed earlier: the stops are partidly neutralized word-findly
and before obstruents. We will see that  there is no reason to assume that  German differs fundamentdly from
languages andlyzed so far inits characterization of [voice] licenang contexts.

The contexts of potentid devoicing we have to consder for German are shown bedow. There are
severd cases of particular interest. First, we must consder OR clugters that cannot occur initidly or occur
only margindly there (stop-nasd, aveolar-l; class (b) beow): these are relevant because they are a priori
implausible onsets and have been reported as heterosyllabic by at least some of my sources. A second relevant
classare O#R sequences (wWhere#isasem or prefix boundary; class (c) below); theseilludrate the cyclic
effectsin devoicing. Findly, wewill consder the OR#V sequences, where R adternates between syllabic and
non-syllabic (eg. neblig ‘foggy' [ne:blic], Nebel ‘fog [ne:bl'] ; class(d) below). Thetablein (32) providesa
synoptic view of devoicing and licenang in various contexts. Since judgments on syllabification in most classes
are debated, the issue of syllabic divison is separatdly discussed below.
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(31) Contextsof [voice] licenang in German

(datafrom Bithell 1952, Duden 1962, 1966, Cassdll 1978, Vennemann 1982, Rubach 1990, Hall 1992):

Underlying voiced Underlying voicdess

a ORV (ORdlowedin#):
distinctive voicing maintained;
optional devoicing reported by some.

b. ORV(OR disdlowed/ margind in# )
distinctive voicing maintained;
optional devoicing reported by some.

Eklat ‘dtercation’
Diplom 'diploma

I[gl]u ‘igloo’ ~[KI]
Bi[bl]iothek library’ ~ [pl]

Magm]a~ [km] Akme
Ald]er 'eagleé ~ [tl] Atlas 'dlas, sin
Mg[dl]ing ~ [tl] Rutli (place names)
S[gnjd 'sgnd’ ~[kn| Akne'acne

Ladnjer ~[tn] Eitner (proper names)

Teu[bn]er ~[pn] (proper name)

c. OR#V
distinctive voicing maintained;

optional devoicing reported by some nglbl]-ich ‘foggy' ~[pl]

Han[dl]-ung ‘action’ ~ [tl]
Re[dl]-er ‘bicyclist' ~ [tl] Schiittl-er 'shaker'
Kuppl-ung ‘coupling'
Schul[dn]-er ‘debtor' ~[tn]
Re[dn]-er 'speaker’ ~ [tn]
refgn]-en ‘rain’ ~ [kn]
glbn]-en ‘flatten' ~ [pn]
wi[dm]-en 'dedicate ~ [tm]

Trockn-er 'dryer’

Atm-ung ‘breathing'

(32) Contexts of [voice] neutrdization in German

d. O#RV
voicing neutralized

e O##
voicing neutralized

f.0102
voicing neutralized

Bil[t]-ns 'picture

bil[t]-lich ‘pictorid, graphic ré-lich ‘advisable
Erlau[p]-nis 'permisson’

Lan[t] ‘country’ bunt]'colorful’
galp] ‘gave knalp] ‘tight

gehap]t "had (ppl)
gesaK]t 'said (ppl)’
sak]te 'said (3sg.)’

geden[K]t ‘thought (ppl)'
gepal K]t ‘packed up'(ppl.)



Devoicing in fina and pre-obstruent postion is predicted by dl accounts considered here, and therefore
offers no diagnogtic vaue. Neutrdization in the O#RV context isacyclic effect:; this point is eaborated in
section 5. It istherefore occurrence of devoicing in other VORV contexts that we must concentrate on.

Devoicing is reported in the Duden Grammatik (1966. 57) to goply optiondly in the colloquid
language (Umgangssorache)  in - dl  contexts  for forms like sigmatisch, Ebne, Handler, regnet,
pronunciations like [zi:kmatiS], [e:pne], [hEntI'r], [rEknt] are said to coexist with sandard [ zi:gmatis],
[e:bne], [hEndIr], [re:gnt]. Devoicng is crucdly not limited to certan duges it goplies generdly,
incdluding in Smplex onsets, asindicated by data from the same Duden passage: colloquid Greis s transcribed
as devoiced [ gorais], Barchen as[boer¢'n] leide as[lald9]. Therefore thisvariety of colloquid devoicing
doesnot distinguish theories of voicing neutrdization, being essentidly context-freel’. In the Hochsprache, on
the other hand, devoicing takes place only in the contexts (d), (€) and (f) above: before obstruents, end of word
and a the end of cyclic domains!®.

2.3.2. Corrédations between neutralization and the syllable

We may now condder the evidencefor corrdating the contextsof devoicingin the Hochsprache with
the location of syllable boundaries. On this point, there gppear to exist two traditions. Oneis implicit in the
gyllahifications given by Cassdl's dictionary and by Rubach (1990). According to Cassdl's transcriptions, at
least the medid stop-nasdl, stop-j clusters are heterosyllabic: Magnet, Sgnal, Magnesia, Adjunkt, Dogma
are transcribed as [ mag'nEt], [zlg'nal], [mag'nezia], [ad'jUNkt], [dOgma] (the latter with laxing in closed
gylladle indicaing Dog.ma) whereas unmarked OR clusters are transcribed as tautosyllabic:  Diplom
[di.'plo:m]. Rubach (1990:83) reports subject responses to the question of syllabifying OR#V sequences
that coincide with Cassdl's. Handlung [hand.lUN], Ordnung [Ord.nUN]. ebnen [e:b.n'n] Although Rubach
does not condder monomorphemic gtrings like Dogma, the syllabifications he reports suggest, like Casl's,
that speskers divide the OR clugters in the same way as English and (most) Romance speskers. unmarked OR
is tautosyllabic, marked OR (stop-nasd, dvedla-l) is heterosyllabic. On this view of German syllable

17 Duden's report of optional devoicing in the colloquial language appears in abbreviated form in Hall (1992), where devoicing
is said to occur optionally, in fast speech, in OR sequences (I[glJu ~ I[klJu, Du[bl]in ~Du[pl]in). Hall , who advocates a
syllable-based theory of voicing neutralization, analyzes this devoicing as the effect of an optional boundary shift (l.glu ->
lg.lu-> Ik.lu). Note however that fast speech devoicing occurs in cases where no boundary shift is possible: e.g. Barchen
realized as devoiced [pErg™n].

18 We must distinguish neutralization - i.e. wholesale loss of voicing contrast - from the devoicing of individual tokens of
voiced obstruents: thus Admiral is reported as containing devoiced [t] by the Duden Aussprache Worterbuch (1962) but
appears with voiced [d] in Cassell's German Dictionary. This is an individual lexical matter, since the t/d contrast is clearly
maintained before m according to both dictionaries: Bodmen ‘floor', Bodmerei ‘bottomry' are transcribed with voiced [d] in
both of these sources, as well as Bithell (1952), Jessen (1996). Similarly, Abner is sometimes reported as devoiced [apner] but
the b/p contrast is maintained before nasals through lexical items such as Ebner, Grabner (Jessen 1996). The incidence of
devoicinginindividual lexical itemsand its causes has not been studied.
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dructure, voice neutrdization is unrelated to the coda position, Snce voicing is licensed in many codas, exactly
asin the languages consdered earlier.

A different, more influentid view of German syllabification goes back a least to the Duden Grammdtik,
where the dam is explicitly made that voiced obstruents cannot stand a end of the syllable, "haben keine
Silbengrenze unmittelbar nach sich” (1966:49). This view inspires the Duden to dictate syllabifications such as
Ma.gma, Redner, Hedschra [he.dzra], Pilsner [pll.znr], fa.sre [fa.zr'] and, presumably, Bo.dmen,
Adler. We can identify this tradition as the mgor source for Vennemann's (1972, 1982) and Hall's (1992)
theories of voice neutrdization in German. It should be noted however that the Duden isnot endorsing agenerd
policy of maximizing onset dlusters, since for tm, tl, km clugers, the assgnment reported is heterosyllabic. we
aretold to divide Hyp.nose not Hy.pnose (1966:410), At.mo.sphéa.re (1965:561) not A.tmo.sphéa.re, Ath.let,
At.lan.tik ([ at'lEt] , [at'lantik] both in 1962:136), not A.tlan.tik, Ak.me ([ak'me:], 1962:106) not A.kme,
Drechsler (1965: 559) not Drech.dler, Tech.netium [tOEc.'netsium] (1962:729) not Te.chnetiumio,
Bithdl (1952:375) reports that some speskers follow some but not al aspects of the Duden system: Adler
‘eagle’ isindeed syllabified A.dler by these speakers but Redner 'spesker' is syllabified Red.ner. The
difference, according to Bithdl, involves awareness of a connection to Rede 'speech”:  the syllable boundary in
Red.ner isfdt to coincide with the mgor morphologica divison. Bithdl's data then dso suggests that syllable
boundaries are orthogond to devoicing since the speskers that intuit Red.ner nonethelessfail to devoice the [d].

Thetruly puzzling question that has emerged from this discussion isthe basis for the intuition codified by
the Duden that syllable boundaries should aways precede the voiced stop: why Ma.gma vs. Ak.me, why
Bo.dmen vs. At.mos.pha.re, Pil.[zn]er vs. Te[ ¢.n] etium . Given what we know about the typology of onset
clugtersin other languages (Levin 1985, Clements 1990, Ito 1986, Steriade 1982) one would expect the exact
oppodite assignments. Thus dm, dn are heterosyllabic in Attic Greek while tm, tn are possibly tautosyllabic.
In lcdlandic no voiced stop can form a complex onsat with a following liquid: Vg.rV but V.krvV.  Why is
German different?

| suggest that the intuitions of syllabification reported in the Duden reflect the use of  phonetic vowe
length as the unique cue to syllable divisons: voweds are generdly shorter in closed syllables and this isa
readily usesble indication as to how clusters are divided (Maddieson 1985). Since vowels are dso
sgnificantly longer before voiced obstruents, the extra length of the vowel in sequences like Ma[:gm] a,

19The unmarked OR clusters are reported as tautosyllabic at least in: Di.plom, Zy.klus, Sa.krament (1965:560), athough for
native words the division sanctioned by the Duden is such that only the last consonant in a cluster opens the second
syllable: zweifenst.rig, (1965:559). The heterosyllabic division of pn, km, tm, tl is not borrowed from the Greek sources of
these words and must be counted as reflecting an aspect of German grammar: the Greek tradition on how to divide these
clusters varieswith dialect and period, as pointed out earlier.



Bo[:dm]en may be misandyzed as cueing syllable boundaries rather than smply voicing. It islikey that for
many speskers - incuding Bithdl's, Cassdll's and Rubach's - vowe length is just one of severa conflicting
indications of syllable assgnment and may be overidden. Morphemic compostion appears to  be the
overiding factor in  Bithell's reported divisons such as Red.ner. For Cassell's and Rubach's speakers,
condderations of onsat markedness, as wdl as morphemic divisons agppear to have a higher priority in
deciding how to dividethe clusters. On the other hand, for the Duden speekers, it gppearstha vowd lengthis
ather the only or the decisve cue to syllabification: if the vowd is tense in V:CCV, then the following cluster
cannot dose its syllable. Thus, by assuming that different speskers give different weight to various diagnostics of
gyllabification, we can undergtand the nature of the variation reported in the literature without rgecting any of the
judgments. The very fact that the syllable divisons are murky and variable across individuds, whereas voicing
neutrdization in the Hochsprache is remarkably invariant, supports theideathat no interesting connections exist
between the two20,

To flesh thisout, we suggest that the variahility in syllable assgnment should be modelled by the use of
variably ranked congtraints on syllable structure, such as *[tense V] in closed syllable, *obstruent-nasal onset,
Align (root, R, syllable, R) (cf. McCarthy and Prince 1993)21. The category [tense V] abbreviates the durationa
category to which vowes in pre-voiced contexts belong. An undominated condition requires tense vowes of
this category to occur before voiced obstruents. The difference between the Duden divison (eg. Re.dner,
Ma.gma), the Bithdl divison (Red.ner, Ma.gma) and the Cassdl-Rubach divison (Red.ner, Mag.ma)
emergesin this case as a Smple matter of ranking:

20 This point was verified for the present study when three speakers of German with identical devoicing patterns were asked
to pronounce and then syllabify the critical sequences VORV (Dogma, ebnen, Adler, Redner). All three speakers had voiced
obstruents in their pronunciation of these words but all three reported uncertainty and variation with respect to the location of
the syllable boundaries: two speakers (of Alemannic and Bavarian respectively) reported syllabification judgmentsidentical to
the Duden's except that ebnen and Redner were felt to be more likely heterosyllabic ['e:b.n"n], [re:d.n"r], as reported in
Rubach's study. A third speaker (of the Hesse dialect) reported heterosyllabic assignmentsfor all clusters. All three speakers
agreed that the marked OR clusters with a voiceless first member (e.g. pn in Hypnose, tm in atmospherisch ) are
heterosyllabic, asindicated in the Duden.

21| yse the Align constraint here as shorthand for a set of intraparadigmatic correspondence conditions whose indirect effect is
to generate the perception of aligned syllable and morpheme boundaries.
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(33) Vaiadle clugter divisonsin German asthe effect of varidble ranking of cuesto syllable sructure :
a TheDuden divison (R[e:].dner, M[a:] .gma):
*[tense V] in closed syllable >> * obstruent-nasd onset, Align (roct, R, syllable, R)

b. TheBithdl divison (R[e:]d.ner, M[a:].gma):
Align (root, R, syllable, R) >> *[tense V] in closed syllable >> * obstruent-nasal onset

C. The Cas|-Rubach divison (R[e:]d.ner, M[a:]g.ma):
*obstruent-nasal onsat >> *[tense V] in closed syllable

| should emphasize, in closng this part of the discusson, that not even Duden's syllabification can be
taken to support the ideaof [voice] being licensed by the onset: what we have seenistha the Duden assigns
the boundaries on the bass of the surface voicing of the obsruent. Therefore it is the voicing - or its
consequences for the tense quality of the vowe - that induces the perception of syllable boundaries, rather than
the syllable postion dictating voicing possibilities. Only a circular theory of Licensng by Prosody may teke
comfort in the Duden date?2. Since the surface digtribution of voicing in German is @ther independent of the
gyllable (for Bithdl's, Cassdl's and Rubach's speskers) or actualy dictates syllabification (for the Duden), we
must characterize in syllable-independent terms where the voicing contrast is possible and where it's not. The
same condraints that were judtified for Lithuanian, Russan, Greek and Sanskrit are operative here: these are
the cue-based congtraints in (8).

3. A second voicing neutralization pattern: before obstruentsonly

The voicing contrast is frequently preserved word-findlly, but not before obsruents. The andlyss of this
pattern will be based on three obsarvations dl of which justify the globa statement that distinctive voicing isless
perceptible and harder to implement before obstruents than in final, post-vocdic position. Thefirst observation
isthat word-find obstruents have an advantage in the identification of the offsst trangtiond correlates of voicing
relative to word medid obstruents, since they are preceded by longer vowels: durationd differences between find
vowels, as wdll as F1 and FO differences are probably easier to evduate. Second, word final stops are more
likely to be audibly released than stops in word interna stop-obstruent clusters. the quadity of the burst itself may
cue voicing or voicelessness (Lisker 1986; though see Hillenbrand et dii 1992). Third, the perception of voicing
inword-medid obstruent clusters (e.g. agta, akda) may be determined by the larynged category of the second,

22 The circularity isapparent in some characterizations of German syllable divisions: "The syllabification [...] isbased on the
non-application of Devoicing to the medial obstruent.” (Hall 1992:89). Similarly, when discussing forms like Ordnung, whose
voicing fluctuates ( [OrdnuN] ~[OrtnuN] ) Hall attributes the fluctuation to differencesin syllabification and states (1992:92-93):
"Phonetic evidence for the two possible syllabifications [Ord.nung and Or.dnung] isthat [...] voiced obstruents can surface as
either voiced or voiceless." In other words, the devoicing is caused by the syllable structure, and the phonetic evidence for
the syllable structure is the devoicing itself.



prevocalic obstruent, as documented by Sis (1986): agta may be perceived as akta and akda asagda. We can
speculate that this is because the second obstruent benefits from the more informative release and VOT cues,
wheress the first lacks then®3. In contrast, the perception of voicing in a word-final stop preceded by a vowel
(e.g. ag) will not be affected by the voicing of any other segment. In addition to this perceptua advantage of
word final obstruents, there is an articulatory one: in aword-interna obstruent cluster whose members disagree in
voicing (eg. agta, akda) afadt trangtion is required between opposite sates of the glottis (Hsu 1996). Thisis
not the case when the obstruent stands done at the end of the word. All these points judtify the ranking of the
two contexts V_# and V_[-son] on the perceptibility scaein (7). As anticipated earlier, thereareno cases in
which voicing is licensed before obstruents but not word-findly:  this unattested pattern of devoicing is one that
our ranking schema cannot in fact generate. Thereare numerous neutralization patterns of the sort anticipated in
(9.ii), where voicing is neutrdized before obstruents but not word-findly after vowds. They are discussed in this
section.

Although this second voicing neutrdization type has been documented (Mascaré 1987, Cho 1990,
Lombardi 1991, 1995) the cases discussed inthe recent literature involve only languages in which the dte of
neutrdization could be roughly identified with the medid coda This is the case with most  contemporary
Romance languages. French, for indance, has regular voicing neutrdization before obstruents (eg. absent
[apsa)]; Del 1995) but maintains the contrast word findly (laide [IEd] ‘ugly-fem' vs Lette [IEt] ‘Latvian'
laisse [IEs] 'let' vs. lése [IEz] 'injures). Thus, nonfind codas are mostly neutrdized in French and only
phonotacticaly margind forms like dogme [dog.m’] 'dogma show that the licensed voiced stops can aso be
media codas.

The languages consdered in this section neutrdize voicing in the same contexts as French but are
markedly different in syllable structure: | present here Hungarian and Kolami data that support a purdly linear,
gyllable-independent andysis of thistype of voicing neutrdization. Both languages lack complex onsets, both
initidly and medidly. Both languages preserve voicing before heterosyllabic sonorants as well as word-findly.

The Hungarian data (from Vago 1974, Njeki 1988) below shows neutrdization before obstruents as
well ash, a voicdess sonorant. Thisis exactly what we might expect if the dbsence of digtinctive VOT vaues is
ardevant factor in defining the context of voicing neutrdization: anon-moda sonorant like h or or n9 or
wo will delay the onsat of modd voicing and thus act like an obstruent in removing the VOT cue.  No
neutralization is observed before consonantal sonorants despite the fact that all CC clusters are heterosyllabic:

(34) Hungarian: a Neutrdization before obstruents

23Thisreasoning is modeled on Ohala's (1990) results involving the primacy of release place cues over V-C transitions.



abcug [aptSug] resign!’
habcsok [hapco:k] ' meringue
lekzi [lagzi] ‘wedding

b. Neutrdization before h:

hivhat [hi:fhet] 'hemay cdl'
aabbhagy [dap:haj] ‘diminishes

c. No neutrdization word-findly:

rab [rOb] 'prisoner’
kaap [kolOp] 'hat'

d. No neutralization before heterosyllabic R:

vedmeg [ved.meg] buy it !"
hal ottnak [hdot.nak]  ‘death-eative
amegy [at.me]] 'to cross

tovabmegy [tovab.me)]  'to goforward

The Kolami pattern is identica (Emmeneau 1955):

(35) Kolami a Neutrdization before obstruents:
vaNk-tan'l poured  vaNg-dun 'l was pouring'

b. No neutralization word findly :
novvod '90"  kudug 'thigh', ga:z 'bangle, sayeb 'sahib'

c. No neutrdization before (heterasyllabic) sonorant:

voiced voiceless

saye:b.na'of the sahib’ te ep.ne'of cloth

bag.li.ak ‘white heron’ peE.lak 'sharp edge
gb.le'man of exogamous divison' kop.li 'mouth’

sayeb.rd 'European woman' tok.re'shdl'



saz.re 'good' tisre 'third

pand.ri ‘bathhouse’ kebut.ri 'pidgeon’

ad.ne 'of her' put.niak 'brother's son'
paE.lak.net ‘of headman'

Voicing neutrdization can be moddled in both of these languages as anticipated in  (9.ii) above the
criticd ranking is shown below.

(36) *a voice/ _[-son]

Preserve a voice
*a voicel _#
*a voice/ _ [+son|

For Hungarian, the andyds in (36) is incomplete, as the role of h isignored. | defer the discussion of
moda and non-modal sonorants as larynged licensing contextsto Part I1.

In clogng this section, we should consder two dternatives to the andysis proposed here. One is the
possihbility of accounting for the behavior of find obstruents by manipulating the boundaries of the prosodic
word, in line with suggestions by Inkelas (1987): if the word-find consonant fdls outside the boundaries of the
prosodic word, then one might think that the context # does not characterize its podtion. The diagram in
(37) illugtrates this mode of analyss (cf. dso Lombardi 1991, 1995).

(37) Find C extrgprosodicity: morpho-syntactic word
[ 1]V
CVCVCV Ci

\\| /1
prosodic word

Cs in (37)is not at the right edge of the prosodic word and therefore no congtraint mentioning that
ste will be applicableto G.  This then gppears to provide an dternative account for the difference in voice
licensing between Russian-German and Hungarian-Kolami: Cf may be said to be effectively find in Russan but
not in Kolami, if the representation in (37) applies to the latter. However, this suggestion is unworkable for

precticdly al languages of the Kolami dasss most of these impose minimdity conditions on the Sze of the
prosodic word, conditionsthat can be met only if Cf is counted in. Hungarian and Kolami lack CqgV content
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words, a fact normdly interpreted as  a symptom of undominated minima Sze requirements. If G is
excluded from the prosodic word in itemslike [rOb] - to describeits voicing - then we cannot explain the
absence of equaly sized words like *[r0]. Further, if the option to ignore G is introduced, then one
predicts patterns of neutraization in which find obstruent clusters (i.e. VO102#) require O1 to be neutralized
but not necessarily Op:  this means hypotheticd contrasts like makt vs. makd. Such cases are unattested
(Greenberg 1968; cf. Cho 1990 for discussion). Finally, G is not sysematicaly extraprosodic in ether

Hungarian or Kolami: it triggers epenthess in both languages when the word ends in an impermissible cluster.
This damages even more the progpect of describing the voicing facts by declaring Cf selectively extraprosodic.

The second dternative is that pursued by Cho (1990), who distinguishes syllable-based from cluster-
based larynged neutrdizations (cf. dso Rubach 1996). For Cho, German exemplifies the syllable-based pattern:
but we have seen in section 2 that the facts do not support this option. Hungarian can be andyzed, in Cho's
terms, as cluster devoicing. What remains unexplained, under this theory, is why the segmenta environments of
voice neutrdization are S0 remarkably smilar in  languages with cluster-based and syllable-based neutrdization:
German-Russ an-Polish-Greek-Sanskrit-Lithuanian and Hungarian-Kolami-French differ only, asfar asvoicing is
concerned, in the status of word-find obgtruents. It is unjudtified to invoke fundamentally different neutralization
mechanisms for these two paiterns. Our andys's accounts for thisminima difference in terms of aminima ranking
change, (9.) vs. (9.i).

Thustheonly viable anayss seems the one proposed here: voicing in French, Hungarian and Kolami is
licensed word finaly, not before obstruents, because the V_# position is superior to the V_O context in the
range of cuesit offers for the detection of contrastive voicing. Equaly important is the fact that this analyssisthe
only one that explains the data by reference to independently observable facts. the different cue-to-effort ratios
required for implementing contrasts in different contexts. In contrast, dternative andlyses dther fall to provide the
principles of agenera typology of voicing neutralizetion or else rely on representationa properties like (37), the
only evidence for which isthe very datathey are meant to derive.

4. Further patternsof voicing neutralization

The cases congdered so0 far indicate that many apparent instances of coda devoicing should be
reenadyzed as fina or pre-obstruent neutrdization. One argument againgt syllable-based statements in such
cases was that codas can possess distinctive voicing, when they are followed by a sonorant, asin Polish
bez.alkoholowy, Sanskrit tig.ma. or Hungarian ved.meg.

This observation raises however some further questions. First, are there cases of voicing neutralization
before al consonants, regardless of obstruency: are there languages where inputs like tig.ma are redized as
tiK.ma with a laryngedly neutrdized stop in pre-sonorant position? Can such patterns be analyzed without



reference to the gyllable? Should they be so andyzed? Second, do we dso find instances of voicing
neutrdization in the onset? We predict that such cases may occur if certain onset pogtions present diminished
cues to voicing reldive to the contexts where voicing is maintained.

This section takes up  these questions with aview to expand our inventory of voice neutrdization cases
beyond thetwo postions( _#, [-son]) studied sofar.

4.1. Neutralization in the absence of following vowel

Voicing is reportedly neutrdized in a number of languages in find and dl pre-consonanta postions.
Wantoat (Davis 1969), a New Guinea language, contrasts two stop series - {p, t, k} vs. {b, d, g} -
prevocdicdly but dlows only one undifferentiated class in other contexts. The consonant clusters contain a
most two members, the first of which is aways transcribed as voicdess, regardiess of what follows. jak.Na
'leaves, u.jap.ma 'my younger Sbling, pa.kap.zon 'you dl bring them', put.da 'let us two bresk them'. The
clusgerspn and tn are dso atested with voice-neutrdized obstruents. A amilar pattern is attested in West
Tarangan (Nivens 1992), alanguage of Indonesia the voiced-voicdess contrast in stops islost word findly and
before dl consonants. thus intermediate ke-b-laba 'plank’ isredized as [kep.la.ba] (p. 220) while mata-
b-sebar 'eyedischarge surfacesas|[ma.tap.se.bar]. Asin Wantoat, fina stops are neutrdized to voicdess:
pit ‘night’, guk 'suck’, tOp 'short. Didects of Quechua are also reported to possess this sort of neutraization.

In these languages, it gppearsthat voicing isindeed limited to onsets. a heterosyllabic sonorant does not
help maintain the contrast, Snce sequences like bl, bn are impossble.  Before concluding that onset-licenang
remans a necessy ingredient in the andlyss of larynged neutrdization, we mugt note that larynged contrasts
are sometimes neutrdized before consonanta sonorants even in languages where the reevant clugters form
complex onsats. While Tarangan and Wantoat smply lack these, languages like Pacoh (Mon-Khmer: Watson
1964) and Sre (Mon-Khmer: Manley 1972) have complex onsets of the form stop-liquid but limit larynged
contrasts to the immediately  pre-vocalic postion, as seen below. All consonants, including the voiced stops,
occur as Smple onsetsin Pacoh but only the plain voicel ess stops occur finally and pre-consonantally.
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(38) a Pacoh consonants. p t tS k /
S

b d dz g

m n N

w | r y

b. Pacoh clusers:

) onsets. pO tO kO

pr tr tSr kr

pl ki

(i) C1.Co(C3): {l,r,mn, ,N} + {any onset)

It is also possble to view Pacoh as possessng unit aspirated stops, rather than stop-h clusters. Either
way, the conclusion that obstruent laryngeal contrasts are allowed only in prevocalic position is dearly
warranted: only this explains the systematic absence of onset clusterslike br, bl, pOr, pOl.  Wha is dgnificant
here istha larynged neutrdization occurs both in codas (only plain voicdess stops are dlowed word findly)
and in complex onsets (when aliquid follows the stop). Coda devoicing can be invoked, but is neither sufficient
nor necessary to characterize the didribution of voicing and aspiration. The Sre facts discussed by Manley
(1972) are comparable: athree-way larynged contrast among the stops (plain, voiced-implosive, aspirated) is
alowed only prevocdicaly. Complex onsets include laryngedlly neutrdized stops in C1 position.  All other pre-
consonantd or fina stops are dso neutralized. Mikir (Grissner 1978) is said to contrast voiceless unaspirated,
voiced and voicdess aspirated stops before vowes, but only plain and aspirated stops before liquids. The
partidly neutraized Mikir stop-liquid sequences are tautosyllabic24.

The Tarangan and Wantoat factsnow appear in avery different new light: what looked &t first like coda
devoicing in these languages turns out to be an ingance of a more generd phenomenon of  larynged
neutraization caused by the absence of a following vowd. We conclude that this process isjud as unrdated to
gyllable positions as the devoicing facts studied in earlier sections.

What remains unclear are the factors differentiating the pre-vocdic postion - where didinctive voicing
and pogt-aspiration are dways permitted - from the preliquid, pre-nasal postion, where some languages

24 The survey of laryngeal neutralization on which this study is based includes languages where voicing but not aspiration
contrasts are neutralized pre-consonantally - including before tautosyllabic sonorants - as well as languages where aspiration
is neutralized in the same positions but not voicing. | do not understand the basis for this variation and would conjecture that
it may involve differences in transcriptional practices rather than actual production. Chepang (a Tibeto-Burman language;
Caughley 1970) contrasts before vowels voiceless, voiced, aspirated and voiced aspirated stops, but limits the contrast to
voiced-voiceless before liquids and neutralizes to a unique voiceless series in al other contexts. As in Mikir, the stop-liquid
clusters of Chepang form complex onsets, indicating that this partial collapse of laryngeal categories may target the onset.



neutrdize voicing/aspiration. One possbly reevant observation is made by Docherty (1992: 44ff) who notes
sgnificant increasesin VOT between agiven stop class before non-syllabic sonorants (OR) as compared to
the same class in pre-vocdic pogtion (OV). While in English this increase in VOT caused by the following
sonorant is non-neutradizing, it is concelvable that in other systems this phenomenon renders the VOT vaues
harder to interpret as voicing cues in the OR context, precisely because the voicing lag is different in the OV and
OR drings. This is pure speculation. What is important is that, whatever the source of the difficulty in
maintaining avoicing/aspiration contrast in OR sequences, it has nothing to do with syllables.

We may ask then: what would count as genuine evidence for  syllable find devoicing? The smple
answer is. any system that dlows us to compare voicing maintenance in onsst OR sequences with voicing
neutraization in heterosyllabic O.R25. Thus the hypotheticd language in (39) - ingpired by but criticaly digtinct
from French - diginguishes voiced obstruents in the OR sequences functioning as onsets, but  neutrdizes
voicing in every other obstruent-C sequence, including in heterosyllabic OR.  The reader will find the
comparison between fictitious and red French quite indructive since the facts of the red language are
unintelligible under prosodicaly based andyses of voice neutraizetior?®:

39 a Fictitious language Smilar to French: b. Red French:
voicing neutrdized in al codas voicing neutrdized before O
onset obstruents  abri vs. apri abri vs apri
'shelter' 'learned’
avr- VS afr’ avrm VS a.fr
'haven' 'terrors
ekl VS egl” sjE.klI” VS E.gl”
‘century’ ‘eagle
coda obstruents doK.m” dog.m” vs. ak.me

25Cases like German Liebling (with heterosyllabic b.l and a laryngeally neutralized stop [li:pliN]) require a cyclic analysis,
rather than coda devoicing: thispoint isdiscussed in section 5.

26 Catalan is cited by Cho (1990:150) as possessing a pattern of voice neutralization similar to the fictitious language in (39).
Cho analyzes Catalan on the assumption that thisis a syllable-based neutralization. However, the data cited is very limited and
involves segmentabl e prefixeslike sub (supmari 'submarine’) whose devoicing can also be attributed to a cyclic effect. Another
language cited by Cho as possessing syllable-final devoicing - Dutch - turns out to pattern like Lithuanian: obstruents are
neutralized word-finally and before obstruents, but not before heterosyllabic sonorants, in forms like Ariadne (vs. Etna ) or
Abner (vs. hypnose). This observation is due to Harkema (1997).
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‘dogma 'peak’

maT.len mad.[En vs. Sat.IEn
(name) castle-lady

aK.sa ak.sa)
‘accent’

We may conclude this section by reterating the essentid point: coda neutrdization is inaufficiernt,
unnecessary  and inadequate as a genera account of the voicing typology. It is an insufficient account for
languages like Pacoh, where onset stops are dso neutrdized preconsonantaly; it is unnecessary for languages
like Wantoat, whose devoicing patterns can be characterized in linear terms identical to those needed for Pacoh:
al obstruents neutrdize unless prevocdic. Findly, coda devoicing is dragticdly inadequate for dl other
languages studied so far, since the codas in O.R sequences do not neutrdize in any of them. This class of cases
is by far the most abundantly documented.

4.2. Onset devoicing

The exigence of onsat neutrdization in Pacoh requires usto turn now to one of the key predictions of
the modd presented here.  We have focussed so far on two classes of contexts where the voicing contrast
necessarily lacks VOT and other release cues. these are the fina and pre-consonanta  postion. In both  of
these contexts a stop ismost likely to be syllabified asa coda. But certain unambiguous onset positions can aso
be identified in which the perception of voicing is made difficult by the dosence of - or difficulty inimplementing -
other voicing cues. We predict for such cases aswell agreater likelihood of neutrdization relative to the contexts
inwhich dl voicing cues are equdly available:  the fact that these are onset positionsis immaterial.

Thus utterance initid as well as post-obstruent onsetswill lack al cues normdly residing in the preceding
vowel or sonorant (V1 duration, Fo, F1 vauesa the onsat of closure) and may lack the closure duration cue.
Therefore the # V context is less likely, ceteris paribus, to maintain voicing contragts than the V_V context.
Since the utterance-initid properties of words are frequently extended to the utterance-medid redizations, we
have here the potentia source of word-initid voicing neutraization. Moreover, voca cord vibration during the
obstruent's closure will be more difficult to insure in utterance-initid (and, by paradigmétic extension, word-
initid) position, because of insufficient subglottal pressure (Flege 1982, Flege and Brown 1982, Westbury and
Keating 1985). This is a second reason why we might expect word-initid stops to be targetted for voicing
neutrdization. After avoicdess obstruent, voicing during closure will dso be difficult to implement:  in acluster
such asasda, if s istruly voiceess, vocd cord vibration can be obtained for d only through precisdy timed
articulatory maneuvers that cresate a sudden transglottal pressure drop.  As Westbury and Keating (1985:162)
point out, "expenditures of the latter sort are articulatorily costly.” If such efforts are not undertaken, then all



post-voiceless stopswill lack voicing during closure. The investigations of Flege (1982), Docherty (1992) for
English and Jessen (1995) for German indicate that in languages where the voicing contrast is maintained in initid
and post-obstruent stops, it is maintained mostly without the benefit of the closure voicing cue.

With thisin mind, let us condder thefate of the voicing contrast in the word-initid and post-obstruent
context. We limit the discusson to two contexts where voicing is in principle identifiaole on the bass of VOT
distinctions and other release-bound cues. # (R)V and O (R)V. Consder now the comparison between the
# (R)V contextandthe V_(R)V context. We have seen that the # (R)V context benefits from fewer cues
to voicing relative to the V_(R)V context; and aso that the closure voicing cue, which is potentidly avalladle in
both contexts, is articulatorily harder to obtainin # (R)V thanin V_(R)V. Therefore a cue-based modd of
neutrdization predicts the existence of sysgems where digtinctive voicing is maintained intervocdicdly but lost
initidly. The conflicting preference for deploying feature contrasts word-initially (Bosch 1992; Casdi 19953, b;
Hsu 1995; MacEachern 1995; McCarthy and Prince 1995; Steriade 1993, 1995) softens somewhat the
drength of this prediction and explans why initid neutrdization is condderably less frequent than one might
otherwise expect. But the prediction stands.

That initid voice neutrdization does exit has dready been pointed out by Kesating et d. (1983) and
Westbury and Kesating (1985). Here aretwo cases not included in their survey. Lac Smon (Kaye 1979, 1981,
Iverson 1983), an Algonquian language, has an intervocdic voice contrast among obstruents, and voice-
neutrdized obsruents initidly. The initid neutrdization affects loan words [panan] is Lac Smon for
banana?’. In addition, Lac Simon neutrdizes voicing word findly and in dl obstruent cugers  atested
obstruent sequences are sk, sp, St, Sk, Sp. The other case is found in Totontepec Mixe (Crawford 1963), a
Mixtecan language of Oaxaca. The Totontepec obstruents contrast for [voice] intervocaicdly but not initidly.
The dearest reflex of this limitation involves the fricatives R and O contrast in wéloy ‘embroidered’ vs. ndioya
'shirt’ but only R occurs initidly, findly, aswell as before or after obstruents.  Ru:Rpa 'mudcian, talguR 'he
aready cut it', mnékRup 'youre going' . The same holds for al other obstruents, with the only difference that
voiced stops are lenited intervocdicaly, hence VtV contrastswith VDV rather than VaV.

Note that this pattern of neutrdization isaso impossibleto characterize in syllabic terms. what neutralizes
in  Lac Smon or Totontepec are dl the codas plus a subset of the onsets. The initid  neutrdization can be
graightforwardly anadyzed by observing the difference between V_V and # V contexts on the perceptibility
scde, with # Vinferior to V_V. Thisismirrorred by the ranking of condraints. *a voice/ # V >> *a voice/
V_V. What diginguishes Lac Smon and Totontepec from the languages studied so far isthefact that Preserve

27The neutralized initial stops of Lac Simon are realized as voiced when preceded by avowel across certain boundaries. We
discuss thiseffect in section 5.
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voice ranksin thislanguage below *avoice/ # V but above *a voice/ V_V. Both contexts mentioned are
relatively favorable to the identification of voicing, but this class of languages gpparently maintains voicing only
under the mos favorable circumgances, namedy only when dl internd and trangtiond cues are eedly
implemented.

A different ingance of onset neutrdization is progressve devoicing, a process dtested in  Basgue
(Hualde 1991, Artiagoitia 1993): after a voiceess sound, al obstruents surface as voiceess. The directiondity of
the process can be determined by observing the [+voice] vaue of the second obstruent after vowels or after r,
contexts where digtinctive voicing is maintained in Basque. Progressive devoicing gpplies both word-interndly
and across the boundaries of certain function words, but does not normally affect the initid of content words.
The voicing contragt in Basque islimited to the contexts# V, V_V and R_V: no voicing distinctions occur findly
or in obstruent clusters. Progressive devoicing isillustrated below:

(40) a -garren (ordind morpheme)  (Artiagoitia 1993: 267)
amar-garren ‘tenth’
Ibogt-garren/ [bogkarren] “fifth'
b. da "is'
laguna da "it'safriend”
esta [esta] "isnot"

The same progressive devoicing process results in incomplete and/or  variable neutrdization in Dutch (Slis
1986) and for certain German speakers (Jessen 1995).  The German voiced stops following a voiceess sound
(asin the[kd] of Ma[kd]eburg) are redized without closure voicing but maintain a shorter VOT sufficient to
diginguish them from the underlyingly voicdess sops.  The German data confirm that the primary cause of
post-voiceess neutrdization is the difficulty in implementing closure voicing, possibly combined with the absence
of offset cues such as V1 duraion. What happensin Basgue is then Smply the categorica verson of the same

process.

The analydis of the Basgue pattern appearsin (41). The congraints in the left column are projected by an
expanded verson of the voice perceptibility scae in (7), one which includes the difference between implementing
voicing inthe optima V_V context vs. the # V or [-voice]_V contexts. The difference betweenV_V and # V
or [-voicg] _V involves the possihility of generating and sustaining the closure voicing cue. This difference
accounts for the ranking between (41.v) and (41.vi). The right hand columnin (41) containstwo Preserve voice
congdraints. The second, ranked at the top, is the more specific condition requiring preservation of voicing in
word- initia pogtion: Preservevoicein # . The tendency to preserve all attributes of the word's left edge is
wdl| attested: thisisformdized here astheranking Preserve voicein #_>> Preserve voice ( cf. Casali 1995,



Beckman 1995, MacEachern 1995, McCarthy and Princel995). | assume here that the Basgue function words
subject to progressive devoicing are part of the prosodic domain defined by the preceding content word (Salkirk
1995): therefore /dal in /es-ddl is in effect word-medid and the congtraint Preserve voice in #_ does not
protect /d/'svoicing in this context.

(41) Voice Perceptibility Conditions Faithfulness Conditions

(i) *avoice/ [-son] _ [-son], [-son] __ #,

# [-son|

(iii) *avoice/ V_[-son]

(iv) *avoice V_# ¢
_ c
_ ¢ Presarve#avoice]
_ d _
_ d _
(v) *avoice/#_V,[-voicegl __V d _
f— C f—
f— C f—
_ c Preserve [avoice]
_ d
d

(i) *avoicd V_ V

The hierarchy in (41) will derive the following aspects of the Basgue voice contrast: (a) neutrdization
before obstruents and word-findly is induced by the ranking *avoice/ V_ [-son] >> *avoice V_# >>
Preserve [voice]; (b) preservation of voicing inthe# V context isdueto theranking Preserve #{avoicg] >>
*avoice/#_V,[-voicgl __V; (d) neutrdization of voicing in post-voiceess contexts derives from *avoice /
# V,[-voice] __V >> Presarve[avoice]. | podulate asingle condraint *avoice/ #_ V, [-voice] 'V -
whose source is the difficulty of implementing closure voicing in these contexts - and derive the difference
between word-initid and post-voiceess pogtions by letting this condraint interact with the principles of
fathfulness (Preserve [a voice]) and pogtiond fathfulness (Preserve #avoice]). | have not offerred here any
evidence for the ranking between the congtraints (iii) and (v); the facts of Basque could have been generated
under dterndive rankings. What may judtify this agpect of the hierarchy is the observation that initid and post-
voiceess neutrdization is known to hgppen only in languages like Totontepec or Lac Smon, where find and
pre-obstruent  stops are aso neutrdized. And smilarly, post-voiceess neutrdization happens in Basque, where
find and pre-obstruent stops are neutrdized as well. A more generd way to formulate the conjecture that
underlies the ranking of *avoice condraints in (41) is tha voicing is less perceptible in contexts lacking onset
cues (burst-plus-trangitions) than it isin contexts lacking closure voicing and the offset cues.



5. Cydlicity, uniformity and related effectsin voice neutralization

Mogt voice neutrdization processes are word-bound: the obstruent is neutraized by reference to word
boundary domains, regardless of potentid cues to voicing that might lie outsde of its word domain. The typicd
case, that of Lithuanian phrases like dauk akmens has been mentioned earlier: the underlying /g/ of /daug/ is
word-find and neutralized here despite the fact that avowe follows that would have permitted recovery of the
voicing correlates?8.  The converse case occurs as well: Lac Simon obstruents are neutrdized word-initidly as
well, even when preceded by vowe s within the phrase.

The suggested andysis for these facts will gpped to the notions of morpheme invariance or  paradigm
uniformity that have recently resurfaced in an OT context (cf. Kiparsky 1970, 1968; and Benua 1995, Flemming
1995, Kenstowicz 1995, Steriade 1995, 1996). | suggest that in the languages where obstruents neutralize at
word edges, regardiess of the larger syntactic context, ther redization is determined by the interplay between
phonetic implementationa factors and condraints  promoting morpheme invariance or minimization of
dlomorphy. More specificaly, the suggestion isthat the voice-neutrdized word edge takes on invariably the
form that would be phonetically natural in the citation form. Congder again the case of Lithuanian dauk.
In the citation form of this word, the underlyingly voiced /g/ occurs utterance findly, where onset cues to
voicing cannot be detected. We assumeit is neutraized utterance findly for thisreason, in virtue of the ranking in
(9.1), as shown earlier. All utterance final  consonants show a generd tendency to devoice, due to the loss of
subglottal pressure (Westbury and Keeting 1985). The neutralized utterance-find stops - which lack avoicing
specification - will therefore be subject to passve devoicing and percelved as voicdess. Condraints promoting
paradigm uniformity are then responsible for generdizing the properties of the citation form to utterance-medid
positions. In the case of /daug/, the devoiced [Kk] is extended to those alomorphs of /daug/ that stand in a
productive paradigmatic reation to the citation form. For our purposes, smplifying somewhat, well assume that
this type of paradigmatic extension takes place only between word-forms. Therefore citation form properties will
not be extended to allomorphs created through affixation (e.g. daug-a) , but they will be extended to utterance-
medid, word-fina instances of /daug/. This accounts for phrases such as dau[k] akmens. The specifics of this
proposd arejudtified esewhere (Steriade 1996). One relevant congraint is (42).

(42) Paradigm Uniformity (right edge) - abbreviated PU edge
Assumethat the dring S represents the last demisyllable in the citation (utterance-fina) form of morpheme
K, and that the dtring S' represents the correspondent of S in a word-find, utterance media pogtion;
thenS and S' must beidenticd in feature compaosition.

28t should be noted that voicing distinctions can be licensed by the larger phrasal context. In Czech, for instance,
distinctively voiced stops occur before a sonorant, even across word boundaries, as in /naro:d roste' 'the nation grows', which
may berealized as [naro:d roste] (Kucera (1961:59).



To obtain invariably neutralized word-find stops, asin dauk akmens, regardless of utterance position,
wemus let PU edge outrank Preserve [voice] inthe condrant hierarchy of (7.i). The effect of thisranking is
illugtrated below. We evduate smultaneoudy the citation form of /daug/ and the redization of /daug/ phrase
interndly in forms like /daug akmens/. Each mini-paradigm is a digtinct candidate. We will correspondingly
change our assumptions about the meaning of the context  #: henceforth, we assume that _# meansfind in the
utterance, rather than followed by the end of the word. End-of-utterance properties may become invariant end-
of-word properties through the effect of uniformity conditions like (42).

(43) PU edge, *a voicelV_# >> Preserve [voice]

PU edge, *a voicelV #>> Preserve [voice]

daug I*

daug akmens

dauk *
O dauk akmens *

dauk I* *

daug akmens

We must consder now the difference between Lithuanian, where neutralized stops are invariably redlized
as voicdess, and languages like Sanskrit in which the word-final stops are neutrdized, but their redization
varies with the syntactic context. | discuss this case below, because it continues our argument  that references to
the syllable are unnecessary in larynged neutrdization, and because it sheds some light on an assumption made
earlier that laryngedly neutralized consonants differ from distinctively voiceless unaspirated sops.

Congder aSanskrit root like /dOagd/ 'reach to' redlized as[dOak] in pre-pausa context. Thisword
possesses a voice-neutrdized find stop in al phrasa contexts where it occurs. Thisfact is to be accounted for in
the terms suggested above: the citation redization of the stop is extended to dl other syntactic contexts.
However, unlike Lithuanian k in daukK, the neutralized Sanskrit K  is contextudly varigble: dl word-find stops,
regardiess of derivational origin, are redlized as voiced before voiced segments, and as voiceless before voicd ess
ones. As the data below indicates, this contextua voicing process affects only the neutrdized stops, not the
digtinctively voiceess ones.

(44) Layngedly neutrd stopsin sandhi (deta from Allen 1955)
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Underlying Phrasefind Before sonorant Before obstruent

a ftriREubh/ triREu[p] triktu[b] NU:nam triREu[p]-tu

b. [awac/ arwalK] ava[g] radhah

C. /gamat/ gamd[t] gamad] wajebhih

d. IRaB/ Ra[E] Ra[ ] aRi:tayah

e Itat/ tat] ta[d] adti

f. Word-internal, non-neutralized stops Word-fina neutraized stops
no voicing assmilation voicing assmilaion
stabhnoti, apnuvanti triktu[b] NU:nam

Let usfird undersand the varigbility in the redization of neutrdized sops. The puzzle hereisthis we
cam that the word-find stop is neutrdized utterancefindly in aform like triREu[p], and that the neutrdized
dop is generdized through PU edge to other postions within the utterance. But PU Edge requires featura
identity between utterance find [p] and its utterance-medid correspondents. therefore PU Edge should inhibit
voidngin triBtu[b] nu:nam, contrary to fact. A generd condraint inducing voice assmilation and outranking PU
Edge cannot be invoked here because, asthe datain (43.f) shows, only neutrdized stops assmilate.

The solution will invoke the digtinction between auditory and articulatory features (Flemming 1995). |
suggest that paradigmatic conditions like (42) may require uniformity either with respect to auditory properties
or with respect to aticulatory properties. In languages like Lithuanian, the PU Edge condition requires
auditory identity between the devoiced utterance-find stops and their utterance-media corespondents. This
means tha al word-fina stops must sound voicdess, even though this result will have to be obtained through
different articulatory means in different pogtions of the utterance. In languages like Sanskrit, | suggest that the
paradigmatic uniformity effect involves articulatory posture rather than auditory results:  dl word-fina stops,
regardless of utterance position, must possess articulatory representations that lack a glotta target. In the gesturd
terms of Browman and Goldstein (1992) word-final stops must be identica to utterance find stops in possessing
an aticulatory scoreswhose glotta tier isempty of dl action. The result will be, as suggested by Hsu (1995) for
Tawanese, that word-find stops will be redized with laryngea dtates interpolated from neighboring segments.
When surrounded by voiced segments, the neutraized stops will be redized with an adducted glottis  the pre-
sonorant voicing shownin (44) isdueto this interpolation effect.

The same proposa may account for the voice dternations observed by Kaye and Iverson in Lac Simon,
the Algonquian language in which word-initid obgruent are voice-neutrdized. The word-initid sops ae
normaly redized as voicdess, but they voice when prefixed with a vowd. This is the mirror image of the



Sanskrit dternations in (44): the two languages share the fact that only positionaly neutrdized stops are subject
to contextud voicing.

The last remark on the cydicity effects in voicing neutrdization involves the German paradigm mentioned
section 2.3. The German datum in need of explandion is the difference between vowd initid and consonantd
sonorant-initid suffixes. The latter induce find devoicing, the former do not. Compare the formsin (45):

(45) word-find before +V before -r, -| or -n suffixes
Bil[{] bild-en Bil[t]-nis, hil[t]-lich
gdp] geb-en, Ergeb-ung Ergdp]-nis

We assumethat the voicdessstopsin Bil[t]nis and Erbe[p]nis ae PU effects. the stops will have
voiceess redizations when utterance find and voicdessness is generdized to other dlomorphs.  But then it
appears that we should aso expect *bil[t] en, * ge[ p] en, by the same argument. A possible solution will take the
following form. Paradigmatic uniformity is more stringently enforced between dlomorphstha are dready very
amilar to each other, in phonologica or morphosyntactic properties. This point is illustrated abundantly in the
literature on andogicd extenson (cf. Hock 1986 for review). Conversdy, dlomorphs that are necessarily
different in one respect, accentudly or segmentdly, are under less pressure to be drictly identicd in their other
phonologica properties (Steriade 1997). Note now that the stem final stopsin (45) are syllable-find in word-
find and pre-consonantd postion ( ga[p], Ergelp].nis) but syllddleinitid before V-initid suffixes
(Er.ge.[b]ung). It is then possble that the paradigm uniformity condition responsble for the distribution of
voicing in German sem-find stops, requires featurd identity only between stops that occupy the same postion
in the syllable: thiswill require then that the codalabid stops be featurdly identicd, but will dlow onsets (asin
Er.ge.bung) and codas (asin ga[p]) to differ in voicing.

Note that this analyss invokes the syllable only to require that corresponding segments with identical
gyllabic pogtions dso be featurdly identicdl. Syllable assgnment is not invoked as the explanatory factor in the
digtribution of voicing.

6. Summary to this point and trangtionto Part Il

The discusson 0 far has edtablished severd  points. Fird, voicing neutrdization is not driven by
gyllabification in any context. We have not encountered a single genuine indtance of devoicing that can be said to
be caused by the coda assgnment of the obstruent. We have observed languages with different syllable
Sructures but identicd linear contexts for voicing neutrdization (Lithuanian vs. Sanskrit; French vs. Kolami).
We have dso observed that fluctuations in the syllabic assgnment of OR cdugers (V.ORV ~ VO.RV) are not
accompanied by fluctuations in the gpplication of voice neutrdization. Digtinctive voicing is frequently maintained
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in codas (e.g. Lithuanian skob.nis) or lost in onsets (e.g. Lac Simon pana:n), thus disconfirming in multiple ways
the predictions of Licensng by Prosody. Further, we have observed an implicationd relation between contexts
of neutrdization (eg. if devoicedin _#then devoiced in __ [-son] but not vice versa) which relates clearly to cue
digtribution rather than prosodic assgnment.

These findings are dl condgtent with the hypothesis of Licenang by Cue. As noted earlier, however,
there are saveral ways in which contrast perceptibility, the factor identified here as the key to neutrdization, may
be reflected in the grammar. So far, we have provided only descriptions based on statements like *[a voice]/
# [-son], which identify indirectly, in sandard festurd vocabulary, a context prone to neutrdization. Thereis no
mention of the missing cuesin the description # _[-son]. The dternative yet to be explored is that the grammaticd
datements refer directly to the qudity of the information provided by the context: for instance, a conceivable
subgtitute for *[a voice]/ #_[-son] is *[a voice]/ in contexts where voicing lacks transtional cues .
This is a plausble interpretation in the context of our clam that *[a voice] conditions are projected from
perceptibility scdes: if the latter are truly  observations about relative perceptibility, then it is more likely that they
refer directly to cues, rather than indirectly, through mention of the features that facilitate their perception. We
condder in Pat |l the advantages of this second type of description, as we extend the sudy of larynged
neutralization to contrast types not considered yet.

One argument developed in Part 11 will be based on the observation that the contexts of neutrdization
depend on the digtribution of trangtiond cues in the surrounding context, which in turn depends on the timing of
larynged gedtures rdative to ord condrictions (cf. Kingston 1985). The timing facts differ from language to
language: aspirated stops are podtaspirated in Sanskrit but pre-aspirated in Tarascan. Timing differences
engender dradtic differences in cue didtribution, which in turn entail differences in neutrdization contexts indeed
Tarascan and Sanskrit neutrdize ther aspiration contrast in very different contexts. We will suggest thet direct
reference to the qudity of cues can provide unified descriptions for languages that differ in larynged timing,
descriptionsthat alow a better recognition of the ways in which grammars do and do not differ from each other.
Thus, we will suggest that Tarascan and Sanskrit differ from each other in the choice of larynged timing patterns,
but not in the range of condraints rlevant to the description of neutrdization: those congraints may be the
same, but their interaction with timing conditions yields different surface results.

A different argument for cue-based descriptions will have to do with the adequacy of features like
[sonorant] for the description of larynged neutrdization contexts. A dtatement like *[a voice]/ _ [-son] is
useful to the extent that [-sonorant] encapsulates the correct class of neutrdizing segments. However, we have
seen that the segments inducing voice neutrdization to ther left incdude [h], a sonorant under most
assumptions (Chomsky and Hdle 1968:305), as well as drings in which the potentid duration of modd
voicing following the obstruent is too brief to serve as a usedble indication of VOT category. The last point has



been established in the andys's of Russan and Polish voicing: word medid O1RO2 sequences - with shorter R
- neutradize O1 whereas word find OR# - with longer, less overlgoped R -  maintains digtinctive voicing in
Russan. Smilaly, non-syllabic R inthe O1RO2 context falsto license voicing in O whereas syllabic R does:
the difference between the class of sonorant strings dlowing distinctive voicing to ther left and those which do
not is a function of the durétion of the string on which trangtiond cues like VOT are manifested. The global
conclusion then is that we cannot adequately characterize the context that licenses voicing in - languages like
Hungarian or Polish as _[+sonorant], since ashort, overlapped or inherently voiceless sonorant will not bea
licenser. The invariant licensng factor is the ability of the context to express trangtiona onset cues such as
VOT, FO and F1 vaues. Thisargument isextended in Part 11.
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Part I1: Cue-based descriptions of laryngeal neutralization

1. Outlineof Part 11

The discusson of larynged licendang focusses now more narrowly on the nature of grammatica
datements that modd neutrdization. This second pat of the sudy examines to what extent phonetic
implementationd factors must be directly referred to in grammatica descriptions of neutraization. The argument
made here is that larynged licenang patterns result from the interactions of grammaticd conditions, some of
which refer directly to phonetic implementation. These factors involve: intergesturd timing, gesturd magnitude,
and contrast perceptibility, i.e. the nature and relative duration of cues avalable in a given context for the
identification of a specific contrast. It is arguable that these implementationd factors must not only play an
indirect, evolutionary role in shaping grammars but must dso be reflected in the formulation of synchronic
grammatica Satements.

One centrd point to be established is the connection between the contexts of larynged neutraization,
the timing of ord-to-glotta gestures, and the distribution in the surrounding context of trangtiond cues to the
larynged features. This correlation is formulated below. The reader is reminded of the digtinction used in Part |
between internal cues to a larynged feature (cues resding during the period of ord condriction of the
corresponding segment) and transitional or contextual cues (cues perceptible outside the period of ord
condriction).

(1) Congder assgment x defined by an ora congtriction feature G and containing a larynged feature F.

a When F leads G:
(i) Effect of timing on contextua cue digtribution:
If the onset of F in x precedes the onset of G, and the offset of F does not follow the offset
of G, then trangtiond cuesto F may occur only or primarily in the context preceding x.

[------- F-eeemmnnee ] or [--------- e ]

(i) Effect of cue digtribution on neutraization:
The context preceding x will determine primarily whether Fis neutrdized.



b. WhenF lagsbehind G:
(i) Effect of timing on contextud cue digtribution:
If the onset of F in x follows the onset of G, and the offset of F does not precede the offset
of G, then trangtiond cuesto F may occur only or primarily in the context following x.

N ] or N ]

(i) Effect of cue digribution on neutraization:
Then the context following x will determine primarily whether Fis neutrdized.

The diagramsin (2)-(3) - from Part | - illugtrate these hypotheses. Asisimplicit in (1), the features we
refer to are articulatory features and they are given representations inspired by the gesturd scores of Browman
and Goldgein (1992 and references there). The diagram in (2) illudrates (1.8). The larynged feature
represented there is aspiration, whose gestura counterpart is glottal abduction: in (2), the onset of abduction
precedes the onset of the ora congtriction and the abduction offset does not follow that of the stop's ord gesture.
If aglotta abduction feature timed in this way generates any trandtiond cues, then such cues will necessarily be
found in the context that precedes the segment. This follows from the timing relation postulated. Note that (1.8)
does not predict that a pre-aspirated stop will aways possess transtiond cues in the preceding context:
whether such cues are present or not depends on what segment precedes and on the timing relations between
that segment and the abduction gesture depicted in (2). However, if any trangtiona cues do exis, then they will
have to be located in the preceding context. The testable hypothesis in (1.8) isthat the surviva of the contrast
between [0t] in (2) and unaspirated [t] will depend on the context carrying the trangtiond cues, which in this
case is the preceding context. Note that in the absence of trandtiond cues, preaspirated [0t] and unaspirated
[t] are essentidly indigtinguishable.

(2) Peak of larynged gesture timed to onset of ord condriction: eg. ht
transitional cuesfora

abduction here

The diagram in (3) illustrates (1.b). In the case of the tO depicted in (3), the onset of glottal abduction
follows the onset of the ora congriction and its offset does not precede that of the stop's ord gesture. Aspiration
timed in this way may generate trandtiona cues only in the context that follows the segment. Once again,
whether tO  will in fact possess trangitiond cues in some context will depend on additiond factors, such as the
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nature of the following sesgment and its timing relativeto tO . The hypothess formulated in (1.b) is that the
contrast between a segment like tO in (3) and an unaspirated t will be preserved or neutraized depending on
the nature of the following context, the context that carries trangtiona cues to aspiration.

(3) Peskof larynged gesturetimed to release of ord condriction: eg. th

context cuesfor a
laryngeal feature here

A verdgon of (1.b), as the link between ora-glotta timing and cue distribution, has been noted by
Kingston (1985: 246), in the context of histheory of articulatory binding (cf. dso Kingston 1990). The statements
in (1) will be documented here by comparing post-aspirated with pre-aspirated stops (e.g. tO vs. 6t) and post-
glottalized with pre-glottalized consonants (eg. t' vs. /n ). Post-aspirated and post-glottalized consonants (tO, t')
are typicaly neutralized depending on what follows, pre-aspirated and pre-glottaized consonants Ot, /n )
neutralize depending on the preceding context. The connection between timing, cue digtribution, and directiond
asymmetries in neutraization has dso been observed for other features, such as retroflexion and paatdity
(Steriade 1993, 1995), and isthus likely to reflect a genera property of contrast maintenance.

Basad on the generdizations in (1), we will recongder in this part the format of contextud congraints
provisondly used in Part |, such as *[aspiration]/ __[-sonorant] or *[aspiration]/[-sonorant] _ in favor of
satements such as*[aspiration]/ in contexts lacking transitional cues. The argument for direct reference to
cues will be basad on the ability of various congraints to generdize across differences in ord-glottd timing: tO
fares best when followed by a sonorant and 6t fares best when preceded by a sonorant. We can describe both
Stuations in a unified way by saying tha distinctive aspiration, however timed, must possess trangtiond cues.
Language-specific timing conditions will determine independently where trangtiond cues are found. The idea then
isthat by opting for cue-based statements like *[aspiration]/ in contexts lacking transitional cues we locate
more precisaly the source of crosslinguigtic differences. languages that neutrdize the aspiration contrast T/OT
after obgtruents differ from those that neutrdize the T/TO contrast before obstruent  primarily in thar timing
patterns. Differences in neutrdization Stes between the two types of languages should follow from the timing
difference, under the gppropriate theory of neutrdization. Timing and neutraization differences should not be
Separatdy sipulated.

A relaed point involves the grammaticd interaction between the congraints that  characterize ord-glottal
timing and perceptibility congraints such as *[aspiration]/ in contexts lacking cue X. We will observe two



types of interactions. (a) the ord-glotta timing varies with context, such that changes in timing are induced by
the demands for trangtiond cues, and (b) the ord-glotta timing is invariant across contexts and leads to
neutrdization in the poditions where trangtiona cues are absent or diminished. The need to characterize both type
(@ and type (b) systems will dso be seen to support direct reference to perceptibility factors in the statement of
grammaticd conditionsleading to neutrdization.

The languages condgdered in this pat - sdected primaily for their rdevance to the cuetiming
connection in (1) - adso bear on adifferent issue in the grammar of neutrdization: data involving neutraization
differences between longer and shorter sonorants, or between sonorants and obstruents, will suggest that the
overdl| duration of the string on which cues are expressed dso playsarolein neutrdization. It will be suggested
that perceptibility scaes rank contexts also according to the relative duration of the cues they offer for a given
contrast. The grammaticd reflex of such scaes will be congraint families such as *F/ in contexts with shorter
cues>> *F/in contextswith longer cues, wherelonger and shorter will refer to the relaive duration of the
entire string over which the perceptud correlates of F are manifested.

2. Aspiration contrasts

It was anticipated that the cues for any contrast depend on the timing relations between the feature
and the context, both inter- and intrasegmentd. If the contrast is Sgndled primarily by trangtiond cues and
these reside in the preceding context, then that sde of the context will determine whether the contrast is licensed
or neutraized. Smilarly, if the contextud cues are manifested in the vicinity of the consonantd release, then the
following context will determine the likelihood of neutrdization.

Post-aspiration contrasts (T/TO) were briefly consdered in section 2.1.3, where we noted that the
context following the To has the most potentid to induce neutrdization: Greek, Sanskrit and Khas neutrdize
aspiration digtinctions in the absence of a following sonorant, i.e. a the ends of words and before obstruents. To
these languages, we may add Wiyot (Teeter 1964 and Gender 1986), Takdma (Sapir 1922), Quechua
(MacEachern 1995), Korean (Kim-Renaud 1974) and Chiricahua Apache (Hoijer 1944) as further examples of
the loss of digtinctive post -aspiration in find and pre-obstruent postion. To reiterate a point made in Part |,
contrasts based on post-aspiration are not conditioned by the syllabic context: clusters such as Greek tOm and
Sanskrit bOn  can or must be heterosyllabic, without any syllabic effect on the surviva of aspiration. This cannot
be shown for dl languages that digplay the T/TO contrast, Snce some lack the heterosyllabic obstruent.sonorant (
TO.R) sequences, while others may block dl TOR cludters, regardless of syllable boundaries. But al the post-
aspiration data is at leest conggtent with a non-syllabic interpretation  such as (1.b), while some of it - the
Greek, Sanskrit and Khad facts- unambiguoudy requires an analysisin those terms.



We now et out to establish the generdization in (1.8) by consdering laynged neutrdization in systems
with preaspiration (T/OT), where it is the voice offset time (VoOffT) cue tha represents the primary factor
digtinguishing contextsin terms of contrast perceptibility.

3.1. Tarascan

This section documents the relevance of the VoffT cue in the andyss of the Tarascan tensellax
contras. Two different didects of Tarascan, a language isolate of Michoacdn, have been described:
Tzintzuntzan, by Foster (1969) and Cochuco, by Friedrich (1971ab and 1975). My andysis deds with the
more complex pattern found in Tzintzuntzan. A list of consonantal phonemes agppears below, based on data
from Foster and Friedrich:

(4) Consonant phonemes of Tarascan (Tzintzuntzan ):
tense pAE tA£ cE£ £ kA

lax p t C c<
S S< X
m n
w r « y h

Fogter refers to the tense seriesasaspirated but writesp /& t A& kA ingtead of the more
common pO, tO, kO. Friedrichwrites pA& t A& kA cdls the category tense and describesit asfollows
(1975: 24):

"Tense opsare produced with tension and occluson of the larynged ord and lingud muscles and are
acompanied by aspiration when ininitid  (post-pausd) position.”. Based on their digtribution in Tzintzuntzan, as
well as on Friedrich's comments, | will conclude that the tense stops are redlized with glottal abduction and
tense ord musculature, to prevent voicing: they are therefore both tense and aspirated, though not
sysemdicdly post-aspirated. Inwhat follows | use Friedrich's term tense, to emphasize the fact that the
Tarascan contrast does not involve the standard distinction between long and short VOT  vaues.

Fogter distinguishes the aspirated or tensed series from the plain lax one based on three  tests?9. The
tense plosves are redized with:

) (@ initid (pogt-pausd) aspiration and fortisarticulation: pAa = [pAza]

29" After word juncture and voiced vowels as after pause PAE actualizes as [PA}. After medial vowels, aspirated phonemes
occur as preaspirated allophones. After word juncture, except in unnaturally slow speech, and zero final vowel allophones,
word-initial consonant allophony is dependent on the preceding consonant. " (p. 15)



(b) postvocdic pre-aspiration: apda = [ahpd
(¢) postnasd voicdessness. ampAa = [ampd

In contradt, the plain series isredized with:

(6) (@ lack of initid aspiration: pa = [pd
(b) lack of postvocdlic pre-aspiration: apa = [apd

(0 pogtnasd voicing: ampa = [amba)

The difference between tense and lax sopsin undergoing postnasa voicing is observed below:

(7) Lax stops: ta«elrl 'snake s<aln da«e!ric<A 'many snakes
(8) Tensestops: kAe'rl ‘big s<aln ke!rl 'very big
tAire!nl 'to edt' s<aln tire!nl 'to eat much’

Word-internaly one finds the same contrast between postnasal voiced and voiceess stops:

(9) Postnasd voicing No postnasal voicing
(lax stops) (tense stops)
ambé 'something' kécentA 'go down (you sg.)!'
inj<alnl 'to enter' kAvinc<anl 'to wish to deep'

Further judtification for Foster's andysisis that h occurs only after a vowd and before a voiceess
gop: it is unattested initidly, intervocdicaly, before voiced C's or word-findly. This accords with the idea
that surface h in Tarascan is Smply the preaspiration part of an alophone of the tense stops (Foster p. 13).
Examples of postvocdic tenseand lax stops follow. Note that the preaspiration on corona stopsis sometimes
redized as frication and recorded as [s] (10.c). Preaspiration on non-coronas is sometimes recorded as
lengthening of the preceding vowd (10.b). All these redizations are discussed by Fogter as free variants of the
OT dlophones of tense stops. It should aso be noted that underlying s occurs before stops in Foster's dialect,
and isinvaiably redized there asa fricative: xosku [xo!skU] 'star', *[x0!OkU]. Thus the source of h in
Tzintzuntzn isnot s. The defective didribution of h establishes that the tense dtops are redized with

preaspiration when preceded by avowd in the same word, exactly as Foster claims.

(10) Tensedops. pre-aspiration Lax stops. no preaspiration

a atgpAeni [ataopenl] ‘to kill' cAawpiti [cAawapitl] ' thin'
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b. CEKAEINI [cEOkUNI] ~ [cE:kdnl] pAkani [pAtkunl] 'to harvest'
'to drop from one's hand' pakarani [pakéranl] 'to remain'

C. kacculc<Aani [kaccu!Oceanl] ~ kwaréac<eni [kwaralc<enl] to fal'
[kac<u!sc<ani | 'cut off one's braid'

pAatAani [pAactanl] ~ [pAestanl] kAaméta [kAamaA] finishit
'to touch the metate

To summarize then: tense or aspirated Sops are redized in Tzintzuntzan with postvocalic preaspiration
([ahpa] ) , with postnasal voicdessness ([ampa] ) and with phraseinitid alophones characterized asfortis and
aspirated ([pA&] ). They contrast in dl three contexts with lax stops.

The tense contrast is neutralized initidly before aconsonant and after oral consonants .
(12) Neutraization of the tense/lax seriesinord clusers

Initid clugers. lax stop + tense stop, fricative + tense stop:

tpABkwa 'canoe in deep water'
ktAa ‘'house
s<kAnlri legf’

(120 Medid clustersof two orad consonants. oral C + tense stop

lax stop + tense sop tense stop + tense stop fricative + tense sop
xapt' i 'he had been there it k' u 'dill thus as«p' eni 'to be good'
porétk' u ‘just ahole X0K' u 'dar'

Foster observes that al postconsonantal  stops - other than those occuring after nasals - are
aspirated or tense (p. 30-33). Thereader will note that the tensellax contrast is not neutrdized before a
consonant, when avowel precedes the cluster: cf. porotk' u Vvs. it' k' u above. Also to be noted is the fact
that in initid stop dugters both members will be neutrdized: the fira gop isinitid pre-consonanta, while the
second follows an obstruent. Foster transcribes the neutralized stops aslax in initid, pre-C position, and as tense
in pogt-obgtruent contexts: thus in kt' a ‘house both stops are neutrdized but different symbols  are

employed to record them. The rationae for this transcription policy probably has to do with differences in burst
amplitude in O102V sequences, Op is likely to have a louder burst - because of the greater build-up of ora

pressure - and for this reason Op's burst may sound more smilar to that of a tense stop. Neutrdized O in



the#t 0102V sequences is unlikely to share any auditory property with the distinctive tense stops and therefore

Is categorized as closer to the lax class and transcribed accordingly.  The important point however is that
neither O1 nor O2 contrast laryngedly in initid clusters. Further, there is no reason to assume that their larynged

postures differ.

Alternations in tenseness semming from postconsonanta  reutrdization can be found in the body of the
grammar: the data below is given in Foger's phonemic transcription. We observe both underlying tense and
underlying lax stops, both written astense, i.e. neutraized, in post-obstruent position.

(13 Underlying lax stops Postconsonantal tense neutraization

-ka - awakani 'l will eat' Xkal-s<- KAani 'l came
verba active (p112, 162)

-kware- 'self’ (p.124) ni-cE-kwa«<é-ni 'togo done wantoc-kAwa«e-t'i 'they conversed with e.o'
(14 Underlying tense slop Postconsonantal tense neutraization
-K' a- 'side' (p.134) K" wani-k' a-ni 'to throw it wikis<-kAgeni 'left, [eft Sde (p.134)

on the other side

Tenseness dternations occur dso when aword-initid stop follows a word-find obstruent, aways
the consequence of the loss of word-find stresdess vowels. This caseis illustrated below: the underlyingly tense
sop is transcribed as tense after avowd, and as neutrdized when the vowel islogt. In this case, however, the
neutraized category is transcribed without the tenseness diacritic, perhaps because Foster could not find a more
consstent way to signd  the loss of didtinctive tenseness.

(359 mA  &cacawdpiti ‘athinman' (p.17)
[ma ac<A cAawdpitl] ~ [maac« cawapitl]

yasE p'dara 'now touch it!" (p19)
[yésE pABarA] ~ [yar paarA]

Although Foster does not mention this explicitly, no consonants occur word-findly, except through the
optiona loss of the stresdess devoiced vowels observed above.

The tablein (16) summarizes the contexts rlevant to the redization of the tenseness contrast. The ##
notation indicates the phrase-initid podtion; # stands for the word boundary. Under every context, | indicate
what auditory properties would in principle cue a tensellax contrast in that postion, if such a contrast had been
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implemented there. Then directly underneath | indicate whether the tensellax contrast isin fact implemented or
neutraized in the rlevant pogtion.

(16) Contexts of tenseness licensing and neutraization in Tarascan

(i) (ii) (iii) (iv) (v)
context: #H V #H#_ Obstr V(#)_ N(#)_ Obstr (#)__
possiblecues. VOT ~ ----- Voice offset time Voiceoffsettime ------

burst amplitude (burst amplituidle e
but burst isunlikely)

contrast: preserved neutralized preserved preserved neutralized

The licensing contexts shown in (16) are directly related to the statement of postiond alophony given
by Foger: tense and lax stops differ as preaspirated/unaspirated after a vowel (cf. (16.iii); they differ as
voicelessivoiced after a nasd (16.iv), and they differ as post-aspirated/unaspirated phrase-initidly (6.)). Since
no further phonetic differences between the two series are lised by Fogter, we may safely assume that no
other sdlient cues support the contrast in any position. For the phrase-medid dtes, this means that in contexts
where pre-aspiration or post-nasa voicing cannot be observed, the contrast lacksitsmain cues. This explains
the lack of digtinctive tensenessin (#)# C (16.ii) and C(#)_ contexts (16.v). As table (16) indicates then,
there is a direct corrdation between the postions of neutrdization and the pogtions from which dl reiable
contextual cues are absent.

The one context that requires further comment is the post-pausal, prevocdic one (## V), where tense
stops are redlized as fortis and post-aspirated. We need to explain why the stops are reportedly redized as
preaspirated in al contexts but this one: the glotta abduction clearly leads the onset of ord closure in word
media contexts - otherwise we wouldn't get pre-aspiration - but must gpparently reverse its timing utterance-
initidly, where post-aspiration is perceived. | suggest that, appearances to the contrary, the timing may well be
condant in dl cases what islikdly to vary with contextsis the magnitude of the glotta opening gesture, whichis
known to increase sgnificantly following mgor boundaries (Fierrhumbert and Takin 1992). A larger glottd
opening movement will correspondingly delay the onset of voicing in the following vowd, because it may teke
longer for the glattis to reach the position where modal  voicing can resume (Kim 1970). In the absence of any
evidencefor an early onsat of glottal adduction (in ## V contexts) this increasein VOT vdues will giveriseto
the percept of podt-aspiration even if the ord-glotta timing is identica to that found in other contexts.
(Alternatively, as M.Beckman points out (p.c.), some early generation of Tarascan speakers may have heard



utterance-initid postaspiration, for the reasons given above, and learned to produce it by changing the ord-
glotta timing in this context. )

Since the timing between ord and glotta gestures determines the cue didribution, which in turn
determines the context of neutrdization, we mugt assume tha the timing is invariant and the condraints
generating it outrank preservation of the tensellax contrast. This point can be examined once the rdevant
conditions areformulated. A preliminary characterization appears below:

(17) a Condraints on ora-glottd timing (abbreviated Timing)
The pesk of glotta abduction in tense sops must lead or coincide with the onset of ord
closure:

(18) *[tense]/ in pogitions lacking contextual cues (abbreviated: Context cues (tense))

Stops cannot be tense (invariably pre-aspirated) or lax (invariably unaspirated) in positions
where contextua cuesto thiscontrast are necessarily absent.

A position lacking contextud cuesisonein which the difference between tense and lax stops cannot be
determined on the bagis of their VOT or VoffT values. Thisthen leaves open the possihility that tense and lax
stops might differ in other respects (closure duration or burst amplitude): if they do, it is clear that such differences
are not counted as sufficient to support the contrast in Tarascan.

If (17) is undominated in Tarascan, then the contextual cues referred to in (18) will necessarily represent
the voice offsat time vaue in a sonorant-obstruent string. | do not incorporate this fact into (18), since it
represents the necessary effect of the Timing congraint. The function of (18) issmply to date that a particular
contrast - here tenseflax - is cancdled when lacking trandtiond cues. Where those cues may be found is
determined by Timing.

We may now consider the interaction between Timing, the perceptibility condition Context Cues and

the conflicting faithfulness condraint Preserve tense/lax condraint . The ranking is indicated below and is
illugtrated in (20):
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(29 Timing Context cues (tense)
c d
Preserve tense/lax

Theranking Timing >> Preserve tense/lax indicatestha the timing mandated by (17) will not be
manipulated to improve the perceptibility of tensenessin contexts lacking the voice offset cue. To seethis,
condder the evduation of the following three timing possihbilities for underlying /k' / of k' a 'dde inthe
dring wikis<k' ani wherek'  surfaces neutralized for tenseness. One option (20.9) isto maintain atense pre-
agpirated gtop in this context, whosetiming isidentical to that indicated in (17): | record this option below as
hk. The other possibility (20.b) is to adjust thetiming, shifting the aspiration to the relesse, so asto generate
cuesthat are audible in this context: this option resultsin a post-aspirated stop, written below as k6. Had this
option been selected, the tense contrast would have been preserved, though in modified form, in the O__ context.
Thethird option (20.c) isto neutraize the contrat, thusfailing to produce any sgnificant glotta abduction in
this context: the result of the neutralizing option isrecorded below asK, asymbol that avoids the ambiguities of
Foster'sk' notation.

(20)  Neutrdization of tensenessin post-obstiruent position

Timing Context cues (tense)  >> Preserve tense/lax
a wikis<Okani I*
b. wikis<kOani I*
Cc. [ wikis<Kani *

Given the ranking in (19), the properly timed hk  candidate (@ loses in (20) because the string
generated lacks contextual cues to aspiration: after an obstruent, no voice-offset time differences can be
observed. The better cued candidate kO  (b) loses because Tarascan does not dlow the ord-glottal timing to
vary with context. The only solution then, given the ranking and the context, is neutrdized K. As indicated
ealier, theburs qudity of thisK insK will make it amilar to atense sop: thisiswhy Foster writes sk’ .
The same hierarchy modeds neutrdization inthe # C context (utterance medid), where tense and lax stops are
indigtinguishable in the absence of a preceding nasal or vowe. Findly, the V_C and N_C contexts possess
contextud cuesin the form of didtinct voice-offsat time values. The preservation of an underlying tense stop in
theV_C context can be verified below:

(21)  Noneutrdization in pog-vocdic pogtion: inputt’ (=6t) in it' k' u (= [i6tKu])

Timing Context cues (tense) >> Preserve tense/lax
a [iotKu




b. iTKu E
C. itOKu I* (1)*

A didinct set of condraints may be used to modd  differences in the magnitude of the glotta  opening
gestures in tense and lax stops. We have reasoned above that Foster may perceive post -aspirated tense stops
in utteranceinitid  contexts because such stops contain sufficiently large abduction gesturesto generate a voicing
lag after the op'srelease. On thisinterpretation, the timing congtraint in (17) is congtant across contexts and the
difference between utterance-initid and utterance-medid positions must be attributed to a sysematic differencein
the size of the abduction gestures. | do not pursue this point, sSnce the Tarascan evidence presented by Foster
does not establish unambiguoudy whether utterance-initia stops differ from utterance-medid ones in abduction
dze in timing or in both ways a once.

3.2. Extensions

The connection between preaspiration as the main perceptua corrdlate to a larynged contrast and
neutrdization inthe# _and O_ contextsis not uniqueto Tarascan. Virtudly identica patterns are encountered in
Cree (Ellis 1983), Lule Sami (Engstrand 1987), Tohono O'odham (Saxton 1963, Fitzgerad 1996 ). Although
transcribed with different symbols, dl three languages contrast two types of voiceess sops - voicdess and pre-
aspirated - in post-sonorant position. Another correlate of the contrast may be closure duration, at least in Sami.
The phonetic investigations of Engstrand (1987, for Sami) and Fitzgerdd (1996, for O'odham) indicate that
VOT differences do not distinguish the two stop series. Rather, in dl three languages the lexicd contrast is
ggndled primarily through differences in VOffT.

The O'odham tense and lax  stops, transcribed asp, t, k and b, d, g, contrast after avowel or nasa
- thebest carriersof the voice offset timecue- aswdl asword initidly, but then only if the preceding word or
cliticendsinavowd (Fitzgerdd 1996). Asin Tarascan, the contrast is attested before an obstruent (provided
thereisapreceding vowel) but not after one al post-obstruent stops are neutralized and recorded as tense.

(22) Didgribution of Tohono O'odham (Papago) tenseness : data from Saxton 1963:31-33
[Saxton's notation: tense and neutralized stops transcribed as voiceless; lax stops as voiced.]

tense lax
after avowd: ka!psidE skuubsigE
‘causing to pop' 'to be dusty’
after anad: walanko tSalango
‘bank' ‘monkey’
after an obstruent: contrast neutraized, stop transcribed as tense
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malaskE hE!taspE miliRtE
‘will appear’, 'fiveé, 'makeatable

The Sami dataissmilar: according to Engsirand, the word-initid stops are neutralized in dl but asmall
group of "young loanwords' (1987:104). Neutrdized stops in Sami are written with the symbols used for the lax
sries b, d, g. Ininterna position, the contrast is attested after sonorants: e.g. balkav ['pa:loka:w] 'sdary' vs.
balges|['pa:lke:s] 'path’. The sonorant preceding the preaspirated stop is partly devoiced and fricated - [10] -
anceitisoverlapped by the stop'sglotta aduction. Theinformation available for Cree isless complete, but the
following observations suggest that the pattern isidentica to that of the other languages discussed here: a contrast
based exclusvely on pre-aspiration exists between stops, as described by Ellis (1983: 18). This contrast is
attested after vowes, in word media and find  positions (swa: pihk ‘at the store' vs. nipa:wak ‘'they deep)).
The contragt is systematicaly absent initially and after obstruents (Kevin Russll, p.c.).

The andysis needed for these languages should be virtudly identical to that offerred for Tarascan. A
related pattern of preaspirate distribution is attested in the Toreva diaect of Hopi (Whorf 1945), where the OT/T
contragt is found only intervocalically, after stressed vowels. The preaspirates are in contrast with h-C clusters
(Whorf 1945: 160) and therefore must be viewed, in this language aswell, as mono-segmenta units. Stress shifts
induce loss of preaspirdtion, as in: tal-wiOpi (approx. ' a lightning flash' , Whorf 1945:182) vs. tal-wipi-ki
(approx. 'a lightning-like design’). The same dternation between digtinctive preaspirate and neutrdized plain stop
Is attested, according to Whorf, in al instances where an underlying preaspirate is placed in any context other than
V'V (V'= dressd V). Theinformation provided by Whorf is insufficient to clarify why presspirates require,
in addition to the preceding vowe, o afollowing one. | would speculate that, dthough the primary trangtiond
cues to the contrast reside in the V_C trangition, there may also exist minor release cues, and these are better
perceived when the consonants precede a vowel. The fact that the preceding vowd must carry stress may be
related to its increased duration: alonger vowd will reflect preaspiration without becoming completely aspirated
itself (cf. Gordon 1996).

At least one language possessesa T/OT contradt in initid pogtion, in additionto theV_V contexts. thisis
Huautla Mazateco, an Otomanguean language of Oaxaca (Pike and Pike 1947; cf. Steriade 1994 for the
phonemicization assumed here). Huautla does not dlow pre-consonantal stops and therefore it cannot be
determined whether the contrast would be alowed pre-consonantaly. All Huautlawords end in avowd, thus the
digribution of the preaspirates is not in fact clearly distinct from that of Tarascan: both languages dlow the
contragt in utterance initid postion, and Huautla lacks the clusters necessary  for determining any contextua
restrictions on preaspirates.



3.3. Significance of the preaspiration data

| outline below the attested variation regarding contexts that permit the OT/T contrast. The contexts
listled in (23) range from pogtions where no trangtiona cues to aspiration would be expected (# O) to
contexts where aspiration is in principle perceptible in both the preceding and the following context (R_R). The
abbrevigionsare O = an obgtruent, R = asonorant, including avowel, R' = astressed sonorant, including a
vowd; # = utteranceinitid.

(23) Patterns of neutraization of the OT/T contrast
(O = obstruent, R = sonorant, incl. vowed, R' = stressed sonorant; # = utterance initid)
O :#0 # R R O R R R R
e.g. akOtavs. akta | e.g. Otavs. ta e.g. adtpavs. atpa | eg. aGtavs. ata | e.g. &0ta vs. &a
TorevaHopi no contrast no contrast no contrast no contrast contrast
Sami, Cree, no contrast no contrast contrast contrast contrast
O'odham
Tarascan no contrast (contrast but contrast contrast contrast
perceived as
TOIT)
HuautlaMazatec | (no relevant contrast (no relevant contrast contrast
clusters) clusters)

The fact that no language maintains an aspiration contrast in the # O pogtion and that al languages
with digtinctive aspiration manifest it in the R_R context comes as no surprise. More interesting is the difference
betweenthe O R and R_O contexts dl languages we know of neutrdize preaspiration in the O _R context
(which eppearsas O_in (23)) while amagority maintains the contrast in the R_O context. Therefore the context
preceding the preaspirate is more sgnificant for the maintenance of the contrast than the context following it, as
anticipated in (1.8). This point is also supported by the observation that preaspiration is severdly limited in word-
and utterance-initiadl  pogtion (# R):  we know of only one language - Huautla - where utterance-initia
preaspirates are reported, and in this case we lack detailed descriptions of the redlization of OT in context. Every
other language abolishes the contrast utterance- and word-initidly (as in Sami and Cree), or ese utterance-
initidly but not word-initidly after vowels (O'odham) or ese redizes the utterance initid aspiraes as
postaspirates and maintains word-initial preaspirates after vowels (Tarascan). Two of  the languages sampled
possess word-final stops (Cree and Sami) and the distribution of preaspirates in the R_# context is as predicted:
they are be dlowed in the R_# context, since they are dso dlowed in the equivdent R_O context.
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The data summarized in (23) largdy subgtantiates the statement made earlier in (1.8): the aisence of a
sonorant or vowel before the stop is the angle most common factor determining neutrdization of the OT/T
contrast. For podstaspirates, we have dready noted that principa factor leading to neutrdization is quite
different: it isthe absence of asonorant after the stop. The difference between pre- and post-aspirates follows
from theidea that neutralization proceeds from the least perceptible positions, where it ismost likely, to the more
favorable ones, where it isleast likely. The segmentd definition of neutrdization contexts differs for the T/OT and
T/TO contrasts, precisely because timing affects cue distribution.

Let us condder now the dgnificance of these obsarvations for the ways in which we formulate
grammatical descriptions of larynged neutrdization. Observe the difference between the formulation of Context
Cues (18) and earlier condraints used in Part I. We will compare here Context Cues with conditions like
* aspiration/ R_# which adopt the format of earlier Satements (eg.*[a voice]/ R_#). Both * aspiration/
R _# and Context Cues have the effect of banning distinctive aspiration in certain positions. Since they do so
in very different ways, we will consder now the basis for a choice between them.

Context Cues classfies contexts on the bads of the range of cues they offer for the detection of
feature contrasts. The conditior* aspiration/ R_#  clasdfies contexts in terms of the proximity of various
segment types. in this case, a sonorant to the left and no segment to the right.  The effect of these context
elements on the perceptibility of the contrast is not explicitly mentioned in the congtraint. We had assumed in Part
| that the link between perceptibility and neutrdization resdes in the relation between the perceptibility scae -
the list of contexts where a given contrast is more or less perceptible - and the congtraints this scale projects.
Since the formulaion of earlier perceptibility scdes dso faled to mention cue didributions directly, the
perceptibility effects on neutrdization werein fact left largdy implicit.

What the preaspiration data has reveded is that that perceptibility scales are specific to a particular
timing pattern: when the timing changes, the perceptibility facts change aswell. To perceive postaspiration, the
context # R ismore favorable than the context R_O. For the preaspirated stops, therelation between contexts
isreversed: correspondingly, thereisfrequent neutrdizationin# R but notin R_O. Thereforeif the contexts on
the perceptibility scae are described segmentdly then we must have as many scales as there are timing
patterns. At the very least, we must have a scale such as (24) for the plain/postaspirate contrast, and we must
have ascae such as (25) for the plain/preaspirate contrast.



(24) Partid perceptibility scae for the contrast between plain voiceess and post-aspirated stops

_[+son] R Al other contexts
(25) Partid perceptibility scale for the contrast between plain voiceless and pre-aspirated stops

[+son] R dl other contexts

But thisis unlikely to suffice. we had noted earlier that differences in inter-segmentd  timing may aso
determine how perceptible a given contrast is in some context. This was conjectured by Browman and Goldstein
(1992) and Lamontagne (1993) for place festures, and there is good reason to believe that this conjecture holds
for laryngeal features as wdl. It was noted earlier that glottaization contrasts are permited in pre-obstruent
pogtion in languages where adjacent consonants largely fal to overlgp (cf. Urbanczyk 1995); whereas
glottalization contragts are generdly banned pre-consonantaly in  languages like Korean, where sgnificant
interconsonanta overlap is the norm (Kim-Renaud 1974; Jun 1995). Similarly, postaspirated stops may be
distinguishable from plain voiceless ones when followed by an obstruent  which does not overlap them to the
extent of masking their release:  therefore the degree of permissible overlap between adjacent consonants may
well determine the likelihood of neutrdization for certain features. The types of condraints envisaged o far do
not dlow usto characterize any relation between inter-segmenta timing and neutraization.

Finaly, gesturd magnitude factors may aso add to the complexity of the picture. We were led to this
conjecture when noting that  the tense stops of Tarascan may be identified as didtinctively tense utterance initialy
because of the typicaly grester magnitude of the glottal opening movement in that pogtion. If thisis the right
interpretation, then we will have to have as many perceptibility scales as there are distinct combinations of
timing (inter- and intrasegmental) and gestural magnitude options. Since each perceptibility scale projects
its own condraints, we see now that there is a very serious danger of congraint inflation associated with the
Srategy pursued thusfar. It istherefore wise to consder the dternatives.

The dternative is that of formulating cue-based condraints such as Context Cues. A condrant like
Context Cues issdisfied as long as ether the preceding or the following context permit a differentiation of stop
classes for the relevant contrast:  therefore Context Cues is equaly applicable to pre- and post-aspirates. For
ingtance, this condition is equally satisfied by apre-vocdic TO and by a post-vocdic OT since in both cases the
context (a neighboring vowel) manifests the distinction between aspirated and non-aspirated stops. And  the
condrant is equdly violated by an utterance initid OT as by an utterance find didinctive TO. The wider
goplicability of acondraint like Context Cues stems from the fact that it invokes directly and without notationa
intermediaries the factor that identifies a context as superior to another context in redlizing afeature: thisfactor is
cue avallability.
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Having observed this, | turn now to the discusson of glottaic consonants, whose patterns of licenang
and neutrdization lend further support to the cue-based approach.

4. Neutralization and timing for gection and creak

The phenomena reviewed in this section dlow us to extend the results obtained to glottalic consonants
and, in some cases, compare the consequences of two digtinct timing patterns for  one gesture in the same
language. The main point here too is to document the fact that larynged neutrdization is determined by
implementationa conditions such as gesturd timing and by perceptibility factors.

Glottdization is a feature used in many American Indian languages to generate distinctions among both
sonorants and obstruents.  The timing of the glottal  closure relaive to the edges of the ord condtriction is
frequently different for thetwo classes, as noted by Sapir 1938 and Kingston 1985. When such a differencein
ord-glottd timing exigts, thelarynged condrictionistimed to the onset of the ord closure in sonorants, and to
its release in obgtruents.  The timing difference is probably motivated by auditory congderations (Kingston
1985, Goldstein 1990, Silverman 1995) athough the specifics of this are ill unclear.  The two timing patterns
are diagrammed bel ows0:

(26) Preferred timing for ord and glottal condtriction in glottalized sonorants: square bracketsindicate onset
and offset of gesture.

contextual internal

cues cues
Glottd gestures: ...adduction.][...T....cf)nstriction ............. ]
Ord gediures . vowe.......... ][...consonantal sonorant ....]

30The diagrams in (70-71) do not attempt to account for the substantial language specific variation involving the extent of
delay between oral and glottal releases (cf. Flemming, Ladefoged and Thomason 1993).



(27) Preferred timing for ord and glottal condriction in glottalized stops

contextual
cues
Glottal gestures: ... congtriction... ][ ...adduction..
Ord gediures: [...obstruent ...relesse.. ][ ........ vowd .............. ]

The timing difference seen in (26-27) is atested, among others in Montana Sdish (Flemming,
Ladefoged, Thomason 1994; Ladefoged and Maddieson 1996), Shuswap (Kuipers 1974 and below ), Klamath
(Barker 1964, Blevins 1993 and below), Venturefio, Barbarefio, and Inesefio Chumash (Whistler 1984), Pit
River (Achumawi; Whistler 1984), Yokuts (Newman 1944, and beow), Heiltsuk (Rath 1981), Kashaya
(Buckley 1993) and the languages discussed by Sapir (1938; Nootka, Haida, Tamshian, Kwakiutl) although
Sapir's details are not dways clear. In dl of these languages preglottalized sonorants cooccur with gectives, i.e.
postglottalized obstruents.  Aoki (1970) presents instrumental  evidence for pre-glottalized sonorants in Nez
Perce, without however comparing the sonorants with the glottalized obstruents.

The hypothesis of Licenang by Cue predicts that these timing preferences may result in distinct licensang
posshilities apreglottaized segment (say [n0], timed asin (26) ) will depend for optimd identification of its
larynged category on the left-hand context: apreceding vowe or sonorant will provide this [ no] with iently
encoded and lengthy contextua cues. A following vowd will be less helpful. In contrast, optima identification of
an gective (eg. [t] timed asin (27)) will depend on the nature of the right-hand context, i.e. on the presence of
afollowing vowd or sonorant. Thisisnot to say that apreceding vowd is indigpensible for the occurrence of
[no] nor that afollowing vowd isindispengblefor [t]: but the contexts of optimal perceptibility will clearly be
different for the two segment types, and thiswill affect the typology of neutralization in each case. Thisisindeed
what we observe:  glottalized sonorants neutrdize typicaly in the absence of a preceding vowe wheress
obstruents neutrdize in the absence of a following one. The argument presented here will be pardld to that
based on pre-aspiration, but the data consdered next will so dlow a language-internd comparison of the
consequences of different timing.

Independently of the timing difference between sonorants and obsruents, it is aso clear that
glottalization has different perceptud correlates in the two classes. Mogt glottalized obstruents are what Sapir
(1922, 1938) cdls'fortes, and involve "decided stress of articulation|...] followed by explosion and momentary
hiatus' (1922:33). On the other hand, the most prominent auditory property of the glottalized sonorants appears
to be the creaky voicing heard during the sonorant itself and on neighboring vowels. There is, necessarily, no
exploson and no hiatus in the vicinity of a glottalized sonorant. There are corresponding articulatory differences
between gectives and glottalized sonorants: the upward movement of the larynx, which increases air pressure
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behind the point of ora congriction, occurs only in gectives (Ladefoged and Maddieson 1996). Smilarities
between glottaized sonorants and obstruents can be ascribed to the fact that both types are redized with glottal
condriction. To the extent then that [t] and [n0] form a naturd class, this can be dtributed to their shared
articulatory feature [condricted glottis] (Hale and Stevens 1971). To the extent that they pattern differently,
this may stem (&) from the differencein auditory properties, or (b) from the fact that the articulatory property of
upward larynx movement is used only in obstruents or (¢) from the difference in the timing of glottal congtriction.
The use of both articulatory and auditory features in phonologica andysisis defended by Hemming (1995). |
assume that (at least) two auditory features must be used in the andysis of glottalization: for obstruents, 1 will
refer to [gective rdease] as the compodte of characterigtic burst and long VOT which jointly identify the
gective (cf.dso MacEachern 1997). For glottaized sonorants, | will refer to [creaky voicing]. The proposed
featurd andyss of glottalic consonants is summarized below:

(28) Some propertiesof glottalic consonants

Articulatory features Auditory festures Timing
sonorants [congtricted glottig] [cresky voicing] (26)
obstruents [congtricted glottig] [gective reease] (27)
[larynx up] (possibly aso [cresky voicing))

4.1. Yokuts

Yokuts digtinguishes plan and glottalized consonants (Newman  1944;  Archangdi (1984:284),
Archangeli and Pulleyblank (1994:346-350 )) but limits the glottaized sonorants to  postvocdic podtion. The
glottalized obstruents occur in al contexts where single consonants are permitted. To anticipate, the Y okuts data
dlows us to document the statement in (1.8 with respect to cresky voicing. The difference in neutrdization
patterns between stops and sonorants is not however directly attributable to timing differences in this case.

The glottalized stops and sonorants of Y okuts are timed dong the lines of (26)-(27). The glottalized stops
are described by Newman in terms that indicate they are post-glottaized, probably gectives. "In all didects the
glottdized stops and dffricatives are articulated with a light degree of glottd ploson. Glottalized stops are
pronounced with a sSmultaneous release of the glottis and stop closure” (Newman 1944:14;). The glottalized
series (p, t1, t, k' tls', tS') contrasts with a post-aspirated set (written p, t1,t, k, tls, tS) and a series
characterized by zero or negative VOT (b, di, d, di1z, dz, 9 cdled intermediate. The description of
glottaized stops as possessng Smultaneous glottal and ord  releases suggedts that  the cues differentiating them
from the other two series reside in absence of closure voicing, VOT vaues, burst amplitude and the creaky
("rasping”) qudity of following vowes (Newman 1944:19). Since Newman's data displays the multiple



contrast in (29.b), we must assume that the glottalized obstruents can be identified - at least in dow gpeech -
on the basis of ther release done:  the contrast between Vp/V and Vp'V suggests that  the rdease qudity is
aufficient to identify gectives. There is no indication that glottaization in obstruents has any effect & dl on the
preceding vowed; thisand the description of geminate glottalized obstruents as posessing long closure and
smultaneous ord-glotta releases (k'-k' = [kk] 1944:18) supports the timing shown in (27).

(29) Glottdization in Y okuts obstruents

a initid: c'uum 'destroy’
find: p'axaat' ‘mourn’; bok' ‘find'
postconsonanta: slaalk' ‘wake up'
preconsonantal: tol'ok'dollos< ‘will cause to perforate it repeatedly’

b. contrasts between glottalized obstruents and clusterswith / :

VCV V/ CV VC/ V VI CV VC/V

yuk'ulhan' yO/ke sudu/k'o: bOk'/0O:

'be buried' 'cause to arrive' 'cause to remove' 'one who has found'
lap'- lap'/a/

‘whip' ‘one who has whipped'

The glottalized sonorants (written by Newmanasw, y', I, m', n', N') have arange of timing possibilities,
al of which can be seen as variants of (26): for the glottalized laterals and nasals, Newman (1944 16) reports
two medid redizations ([I/1] or [/1], [m/m] or [/m]) that seem to differ only in the extent to which the glotta
caich - the pesk of the glottal gesture - precedes or follows the onset of ora closure. No variant is reported in
which the glotta catch follows or is smultaneous with the ord relesse. This is then the first repect in which
glottalized obstruents and sonorants differ in their timing. Secondly, Newman observes (p.18-19) that the glottal
stop produces a rasping qudity on adjacent vowels and that "[the] consonants v, w', I, m', n', N' give the same
rasping effect [as plain [/]) especially to those that precede " . This indicates that the incomplete glottal
closure respongble for the rasping or cresky qudity the sonorant begins and is most sdliently noted during the
preceding vowe. Since some rasping effect is occasondly observed on a following vowd, this means thet the
offset of the glottal gesture is not dtrictly aigned to the end of the oral gesture, again afact consstent with (23).

The following timing congraints formalize the observations made so far on the oral-glottal timing of
laryngedlized sonorants and obstruentsin Y okuts:
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(30) Ord-glottd timing congraints for Y okuts glottalized sonorants (abbreviated SonTiming)
a Theonst of glottal condtriction must precede the onset of ord closure.
b. The pesk of glottal condtriction - the glottal catch - must precede the ord release.

(31 Ord-glottd timing congraints for Y okuts glottalized obstruents (abbreviated Obst Timing)
a The onset of glottal congtriction must follow the onset of ord closure.
b. The rdease of the glottal condriction must coincide with the ord release.

These two timing patterns result in two distinct perceptibility scales:

(32) Perceptibility scde for glottaized sonorants timed according to (26):
[+son] __ R # ., [-son]__

(33)  Perceptibility scdefor glottaized obstruents timed according to (27):
__[+son] R _#,_ [-son]

These scales predict that potentid neutrdization pogitions will be different for glottaized sonorants and
obstruents: sonorants will be mogt likely to neutrdize in the absence of a preceding vowel or sonorant, whereas
obgtruents will be mogt likely to neutrdize in the absence of a following vowd or sonorant. This prediction is
partidly verified in Y okuts, where glottaized sonorants are disalowed after consonants and word-initidly, that is
in dl contexts where they would be lacking context cues. Yokuts offers only partiad confirmation for our
conjecture because it dlows the gective sopsin al contexts, including in those of sub-optima perceptibility.

The andyss will proceed as follows. we assume that the features of glottaized sonorants and obstruents
are partly digtinct, and invoke distinct congraint families for the two types of glottaic consonants. Thus, a class
of *creak condrants corresponding to the scdein (32) limits the digtribution of digtinctively creaky sonorants,
a fathfulness condition Preserve [creak] pendizes loss of underlying glottdization in sonorants. For the
obstruents, we assume a class of *gjection congrants corresponding to the scde in (33), and a fathfulness
condition Preserve [gection]. Sincethe exact detalls of the articulatory implementation of the Y okuts glottaic
consonants are unknown and immaterid here, we will amply assume that any representation that satisfies
Preserve [creak] non-vacuoudy will contain a sonorant that possesses the features [creak] and [constricted
glottis]; and every representation that satifies Preserve [gection] will contan a stop with the properties
[gective releasd], [creak], [condricted glottis] and [larynx up]. Neutraized consonants - ether sonorants or
obstruents - will lack each and every one of these features. Preliminary congtraints and rankings appear below.



In the figure below, we post adidinct *creak or *gection condraint for every context mentioned in the
perceptibility scales.

(34)

Glottdization congdraints corresponding to the scaesin (32)-(33).
Ranking is specific to Y okuts. Timing congraints (27), (28) undominated.

*creak congraints fathfulness conditions *gection condraints
Preserve [g ection]
C

*creak/ {[-son], # *gjection/ _{[-son], #

_ Preserve [creak] _
*creak/ V_ d *gection/ _V

The undominated ranking of Preserve [gection] insures that adl underlying gectives will be preserved

assuch. Incontrast, Preserve[creak] outranksonly thebottom *creak condition (*creak/ V_) and this
insuresthat only postvocdic glottaized sonorants will surface.

We now condder the empiricd reflexes of glotta neutrdization. The chief consequence of

neutraization isthe digributiona limitation noted by Newman (1944: 15): "[they] can never gopear initidly in a
word or in a syllable that follows a closed syllable,” i.e. after a consonant.  Neutraization is o responsible for
the dternations below:

(39

Alternations between plain and glottaized (creaky) sonorants (Newman 1944:19,165)
a. c<Oy'nim'ni 'aChoynimni' (tribad name) vs. c<Oy'en'man’i 'Choynimnis (pl.)
b. xaya:-haliy' 'onewho is placed VS. xamit-hay'l-a ' scythe-objective

Theloss of avowd (35.8) or grammatically conditioned metathesis (35.b) cause an underlying glottalized

sonorant to gppear in postconsonantal position, where its larynged  features are consequently lost: [...Vn'im'...] -
> [..Vam..]and [..VIiy..] -> [..Vy'I..] -> [..Vyl..] . Theeffect of theranking in (34) is observed below:
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(36) Credk neutrdizetionin [..en'ima..] -> [...en'm'a..] -> [...en'ma...]

*cresk / [+son, -syllabic]  >> Preserve creak
en'm'a I*
en'ma *

The third reflex of cresk neutrdization is the fact that it determines the outcome of morphologicaly
governed processes of glotta association. These have been discussed by  Archangeli (1984) and Archangdi and
Pulleyblank (1994) in different terms. The contemporaneous gerundia -(/)n'ay and consequent agentive suffix -
(Nar contribute each a feature of glottdization which associatesto postvocalic sonorantsin - preceding stems. If
the root does not contain a postvocdic sonorant the suffixal glottal feature remains unredized or isredized asa
glotta stop.

(37) CGlottd asociaionin the contemporaneous gerundid -(/)in'ay (Archangeli 1984:308)
() post-V Cis obstruent or aspirated: no glotta association
dub-/un'ay ‘while leading by thehand’  (root dub)
lihm-in‘ay ‘while running (root lihm)

(i) postvocdic Cis sonorant: glottal festure associates

c'ow'-in'ay ‘while grasping' (root c'oow)
hiw't-in'ay ‘while walking (root hiwiit)
tan'-in'ay ‘while going (root taan)

(38) Glottal association in the consequent agentive - (/)a/ (Newman 1944:15)

(i) no post-V sonorant: no glottal association

wisl-/a/ 'draighten’ (root wis1)
/ugn-/al 'drink’ (root /ugn)
picw-a/ ‘catch’ (root picw-)

(ii) postvocdic Cissonorant: glottal feature associates
t'oy'x-o/ 'give medicine (root t'oyx)
/am'l-a/‘hdlp, get ad’ (root /aml)

The phonology of suffixes associated with floating glottals confirms two aspects of the andysis proposed
in (38): the floating feature in this case must be defined specificaly as [creak] and must be kept digtinct from
gection. Otherwise we would fail to understand why roots like picw- (38.i1) do not become glottally infected by
gection: *picwa/. This detall confirms then the idea that the glottal features for obstruents and sonorants are



distinct, as assumed here. Second, the absence of glottal infection in post-C sonorants (*picwa/ ) is yet another
reflex of the ranking proposed in (34)31.

One last aspect of the andyss needsto be daified. In adring like yawl- follow' both wand | arein
comparably good positionsto receive a creak specification, snce both follow a V(Glide) sequence. Yet only w
- the directly postvocaic segment - is recorded by Newman as subject to glottal association: yaw'l-a:hin. The
same question arises with underlying glottaized sonorants, which are never alowed to surface when following a
V-Glide sequence: there are no formslike *yawl- in Yokuts. Thisquestionisinspired by the fact that contextua
creaky or raspy voicing, which represents an indispensible cue to creak in Yokuts, can be audibly extended
across an intervening glide and into the preceding vowd: if Aawlaahin/ had been the intended form, the cresk
could have been manifested as [yaaOwol0laahin]. Note however that when the creaky voiced portion of the
sring reaches the vowd, it necessarily affectsthe w inits entirety: thus even if cresk "originates' on I, the most
strongly affected segment will necessarily be the directly postvocdic w, sincew will surface as completely rather
than partidly glottaized. Had Y okuts maintained a contrast between formslike yaw! and yawl, the perception of
this contrast would have depended on a amdl timing difference: offset of glottdization during w in - yaw! vs.
offset during | inyawl' . It gppears that the perceptualy more robust contrast smply requires the hearer to
locate creak during the vowd, without a need to determineitsoffset a al. It isthistype of contrast that Y okuts
selects.

We observe now that this analysis can be trandated into one that eschews reference to specific contexts
suchas {[-son|, # _ infavor of reference to the range of cues avallable in different podtions. Here too,
reference to Context Cues will be sufficient to characterize the context of neutrdization, snce glottaized
sonorants timed as in (27) will possess extensive context cues only in postvocdic podtion. The core of a cue-
based andyss of Yokuts glottd featuresisgivenin (39):

(39) a Context cues (creak):
*[creak] inpogtions where context cuesto [creak] are absert.

b. Context cues (gection):
*[gection], *[larynx up] in positions where context cues to [gective release] are absent.

31|n this case however the specifics of the analysis will depend on the constraints that model "floating" features. Clearly,
however, the fragment of the hierarchy in (31) that isdecisivefor the tableau in (33) will play acomparablerole.



¢. Ranking: ObgTiming Preserve (gection)
c d
Context cues (gection)

SonTiming Context cues (creak)

c d
Preserve (cresk)

We summarize now the points contributed by the Y okuts andyss. We have observed here too the
irrdlevance of syllable structure for larynged neutrdization: nether neutrdizing nor licensng dStes can be
identified in syllabic terms, Snce there are licensed onsets (di.n'a/ ), licensed codas (jam'.la/ ) as well as neutrdized
onsets (/ug.na/, wisla/ ). (Neutralized codas fail to occur only because Y okuts lacks CC coda sequences. ) The
idea that implementationa factors - timing and perceptibility - determine the grammar of neutrdization is aso
illugtrated by Yokuts: the timing condraint SonTiming (30) is undominated in this language. Had timing been
dterable, it would have been possbleto generate post- glottaized sonorants which wouldn't be subject to any
of the *cresk condraints. This is illustrated below, where | consder the possibility of preserving the floating
creak feature in lihm-intay by producing a postglottalized sonorant I.

(40) SonTiming Context cues (creek) >>  Preserve creak
*

lihm-

'lihm-
creak timed to onset
of I'soral constriction

I'ihm-
creak timed to offset of
I'soral constriction

Heretoo neutralization emerges as the product of implementationa conditions: timing and perceptibility.

4.2. Shuswap

Kuipers (1974) describes Shuswap glottdization interms very Smilar to Newman's Y okuts: the non-
gyllabic glottalized sonorants occur only postvocaicaly, whereas the obstruents are positionaly unredtricted. The
commentson glottal timing provided by Kuipers are less clear than Newman's, but they do indicate atiming
difference between gectives and glottalized sonorants smilar to that of Yokuts. Thus the correlation between
timing and neutralization seems to hold for this language as well. The differences between 'Y okuts and Shuswap
are equaly reveding. Unlike Y okuts, the Shuswap sonorants can be syllabic.  When syllabic, they can be
digtinctively glottalized regardiess of context, presumably because they are consderably longer than their non-




gyllabic counterparts: for instance xpin“tes 'he puts rocks in the sweathouse' (Kuipers 1974:25) displays a
gyllabic, postconsonantd, digtinctively glottdized [n™']. Non-syllabic sonorants, in contrast, pattern exactly like
the 'Y okuts sonorants.

A further durationd effect is that cresk is attracted in Shuswap to the dressed syllabler  a suffix
containing creak or / "yiddsits glottdization to the find sonorant of a stressed root.” (Kuipers 1974:30). Thus
theauffix -ke/ 'implement’ isredized asxilc-ke/ 'scythé, after aroot lacking an eligible sonorant, but as xwul!l'-
ke ‘fire-drill' (xwull- 'rub fire) after astressed postvocalic sonorant. In xwu!l'-ke the suffixd / has moved to
the immediately post-accentua pogition. | attribute this to the fact that the stressed vowd is longer, louder and
thus better able to carry the contextua cues for creak. Thus the interpretation suggested here is that  stress
atracts creak because the acoudtic attributes of the stressed syllable improve the perceptibility of this feature.
Formdly this will mean an addition to the cresk perceptibility scde (V' R V_) and a corresponding
expanson of the *Creak family of congtraints
(*Creak/ V][-stress] >> *Creak/ V[+stress] ).

To confirm thisinterpretation of the link between stressand cresk licenang, let us consder  a tring with
two postvocalic sonorants flanking the stressed vowe : V1R1V2' R2 . Here we predict that only R will be

ableto atract glottaization. The reasoning isasfollows. likeRo, R7pinV1R1V2' R2 is both postvocaic and
belongsto a stressed syllable. However, Rip isinferior to Rp asapotentia carrier of glottdization: the cues for
creak in Ry will be carried by the shorter, less loud, unaccented V1. In contrast, the cues for R will be carried
by the longer and louder accented V2. Kuipers provides severa forms that confirm this connection between

dress and the licensing of creek. Thus x-cwiwely-tn® 'graveyard’ (1974: 267), conssts of  cwiwey ‘corpse’ and
the auffix -/t (e)n 'place’ (1974: 62). In the root -cwiwely, there are two postvocalic sonorants in the stressed
gyllable, w andy, but the glottal feature contributed by -/t (€)n landsonthey precisdy because what matters
is not amply being in the stressed syllable but rather the pecific effect of stress as an enhancer of glottdization
Cues.

4.3. Kashaya

In describing the redization of Y okuts glottaized sonorants, Newman (1944:19) mentions the fact that
the glottaization is stronger when the sonorant occurs in coda postion, i.e. sronger on w than on the n' of
hiw'ti.n'ay. It gppears that in Yokuts the contextud effects of cresk ona preceding vowd are stronger under
tautosyllabicity. Kashaya, a Pomo language, turns this into a categoricd limitation on contrast: aspirated and
glottdized sonorants occur there only in the coda, that is when tautosyllabic with the vowe that carries the
contextua cuesto ther larynged category. | discuss the Kashaya facts here, drawing on Buckley's (1992)
andyss, because they illugrate the conditions under which larynged neutrdization may goply to onsats A
further point of interest of the Kashaya data is the redization of larynged fedtures in cdusters. The typica
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phenomenon esewhere is that larynged neutrdization affects most clusters whose members possess ditinct
larynged gestures eg. bt -> pt (asin Russan), mp -> mb (Japanese), bht -> bdh (Sanskrit). Kashaya is
remarkable in that many clugers of laryngedly distinct consonants are preserved as such:  thus mt10 is
preserved without neutraization of either member, while asequence likel-Oc isneutrdized with 19c. The cue-
basad theory of licensing will shed light on the difference between assmilating and non-assmilating sequences.

Kashaya (SW Pomo) contrasts aspirated, voiceless and gective obstruents, and aspirated, plain and
creaky sonorants.  The latter occur only in coda (Buckley 1992:39).

(41) _aspirated sonorants glottalized sonorants
cam9ci/ 'shrink’ pOa/am'so 'type of greens
way9 ‘Just walked out' kelkel' 'peer repeatedly’
lan9c'a 'SX’ may'ma 'separate, apart’

Word-find glottalized sonorants become plain when resyllabified as onset to afollowing vowe (cf.
(42.9); Buckley,1992:49). A smilar phenomenon affects morpheme-find glottaized and aspirated sonorants.
when resyllabified as onsets they lose aspiration and creak (cf. (42.b); Buckley 1992:78). Glottaized nasds
gyllabified word-interndly into onset postion lose not only glottdization but dso nasdlity:

(42) a Effectsof phrasal resyllabification:

m'->m do.lom' 'wildcat' do.lo.me.mu ‘it'sawildcat’
n> n man' 'her' ma.ne.mu 'it's her'

b. Effects of word internd resyllabification:

19 -> | nOa-/c'ol9-ic’-/ -> da/c'oli/ 'pick one's nose
n'>d can'-i -> ca.du 'look’

(cf. can'pGi -> can'.pOi" 'if he sees)

The same condraint againg glottalized sonorants in the onset is demondtrated by the differentia  effect of
/-initia  suffixes on stops and sonorants. Word-final sequences of stop-/  yield gectives (43.a); word-fina
sequences of sonorant-/ yield cresky sonorants (43.b). Before a vowd, however, the derived sequence
sonorant-/ is reduced to a plain sonorant (43.c), while the stop-/ sequence continues to yied an gective
(43.d). Thisis attributed by Buckley to the fact that the prevocdic sonorant-/ cluster would have to  be
gyllabified as an onset, and cresk is impossble in the Kashaya onsets, gectives, on the other hand, are
permitted both as codas and as onsets.



(43) a. gahmatl-/ -> gah.matl' ‘angry-Assartive’ (‘he's angry’)

b. c<isckan-/ -> cis<.kan' 'pretty-Assertive (‘it's pretty’)
cahaw-/ -> ca.haw' boil-assertive (it's aboil’)
C. c<is<kan-/-emu -> c<is.<ka.ne.mu 'that's pretty’

balay-/-emu -> ba.la.ye.mu 'that's afrog'
d. watlac-/-emu -> wa.tla.c'e.mu 'that's afrog

The andyss of the glottd merger phenomenon  in (43) must refer to minima distance congraints on
contrast (Flemming 1995): the contrast between 1 and t', n/ and n' is diminated because not sufficiently
diginct. We will not however andyze explicitly this agpect of the Kashaya system, since the details are tangentid
to undergtanding the licenaing of creek and aspiration. A further point left out of the andyss is the difference
between glottal stop and the redization of cregk in sonorants. creek, dthough digtinct from a glottd stop, is
aufficiently amilar to it that a creaky n' may count as apatidly fathful redization of the underlying n-/ sequence.
To implement thisideawe will haveto digtinguish severd acoustic consequences of glottal  condriction, at leest
one of which will be the feature shared by cresky segmentsand /. Here, to smplify matters, we will assume that
n-/ and n* differ only in the timing of their component features, with the glottd gesture overlappingn in n'. Andly,
the difference between the word-internd and phrasd trestment of onset ' and m' (42.89) vs. (42.b)) will also
beleft unandyzed: the only important point is that both |ose glottdization.

The fact that aspiration and glottdization in sonorants are neutrdized in onset postion indicates that the
preceding vowd, which carries  the contextud cues to these features, must be not only be present but dso
tautosyllabic with its licensee, the sonorant.  This type of condition may be viewed as referring to prosodic
locality as a condition on the distribution of cues. The relevant congtraints gppears in (44). The timing condition
is the one motivated earlier for Yokuts (SonTiming): the new dement in the andyss is the itdicized
heterosyllabicity clausein (44.b).

(44) a Context cues (cresk):
*creak/ in pogition where context cues to creak are absent.
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b. Context cues (creak; heterosyllabic)
*creak/ in pogition where the context cues to creak are absent from the syllable to which the creaky
segment belongs.

¢. Ranking

Context cues (creak)

Context cues (creak; heterosyllabic)
c
Preserve [creak]

| illusrate the andyss firg with the example of do.lom' ‘wildcat' and do.lo.me.mu.

(45) m'e -> me (do.lo.m-emu => do.lo.me.mu)

*Context cues (cregk; heterosyllabic) >> Preserve [creak]
dolom'emu I*

dolomemu

(46) do.lom'

Preserve [creak]

do.lom'

do.lom *1

The same typesof conditions and rankings characterize the implementation of aspiration in Kashaya
sonorants. The case of aspirated obstruentsiis discussed below.

Kashaya has glottaized and aspirated obstruents, which may cluster with the glottalized and aspirated
sonorants under certain conditions. Although the entire paradigm istoo complex to be analyzed here, two points
will beillusrated. Firs, the gectives and post-aspirated obstiruents neutraize under very different circumstances
from the creeky and aspirated sonorants; and second, laryngeal neutrdization in clusters is determined entirely
by the pogtion of thetrangtiona cues of each cluster member.

I illustrate first the existence of sonorant-obstruent clusters whose members possess digtinct and non-
neutralized laryngedl values (data from Buckley 1992:39 and passim).




(47) a modal sonorant + aspirated stop: kOomkOolo 'river edl'
b. creaky sonorant + aspirated Stop:  s<nam't10e  'top’
C. aspirated sonorant + aspirated stop:  yem9tOe 'gill net', hay9cOa 'dry brush'

d. moda sonorant + gective: na:nc'a 'Sxteen

e. aspirated sonorant + gective: lan9c'a 'SX', hay9t'a "redbud'

f. creaky sonorant + gective: gOam's'udu 'strawberries, way'c'in ‘repeatedly’
g. aspirated sonorant + plain obstruent: s<u/bun9ciw ‘twitch once

h. creaky sonorant + plain obstruent:  hay'ko ‘wigglers, pOa/am'so 'type of greens

The reason why larynged features are preserved intact in clusters of thistypeisthat the cuesto these
features appear at oppodte ends of each sequence, and hence do not interfere with each other. Aspiration and
creak on the sonorant are present onits closure and probably on the preceding vowe as well32, while aspiration
and gection in the obstruent are manifested at release. The following diagram  of the dugter m't10 in
sdnam't10e illudtrates these points. segment labels are added in for eeser identification. Mgor cues to the
larynged category of the consonants are indicated with bold characters.

(48) Hypothesized sequence of acoudtic events in am't10e

modd voice creaky voice dlence burgt aspiration modd voice
--------------- e B B B

a a) a)0 mO t h e9 e
a a
context cues context cues
for creak for aspiration

The order of the consonants can interfere with the manifestation of cuesto laryngea categories. In such
cases neutrdization occurs. This takes place in two circumstances. when a pre-aspirated or pre-glottalized
stop33 follows a sonorant (e.g. yot -> yot)  and when an aspirated stop precedes another consonant (e.g. tOq -
> 1q). (Ejective stops are preserved in al circumstances, while aspirated stops are neutralized word-findly as
well. ) The essentid point of these observationsisto note that Kashaya consonanta clusters permit only
combinations of digtinct larynged categories whose cues are manifested at opposite ends of the sequence. In

32Buckley (1992) reports that creaky nasals are heard with modal voicing followed by creaky voicing optionally followed by a
glottal stop. | takethisto mean the following: the vowel preceding the nasal is both creaky and heavily nasalized, but the
onset of nasalization on the vowel leads the onset of creak. This interpretation is reflected in the diagram in (89). No
information is provided about the phonetic realization of creaky oral sonorants.

33The pre-aspirated and pre-glottalized stops are referred to by Buckley (1992) as laryngea increments.
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clugerslike yot, bothy and Ot need the preceding vowe to manifest the context cues for their larynged
category: where such competition takes place, one consonant necessarily loses.

Inthe case of clugters like y Ot -> yot the shift in the timing of aspiration can be attributed to the fact
preaspiration is necessarily redized on the sonorant's closure: and this leads to  the neutrdization of the contrast
between modal and aspirated sonorants in that podtion, since the contextualy aspirated sonorant is partly
indigtinct from an underlyingly aspirated sonorant. Smilarly, a sop's pre-glottaization is necessaily redized on
the sonorant that precedes it and this leads to neutrdization for the same reason. Thereisaclass of aspirated or
creaky sonorants which have comparable effects on preceding sonorants. these are cdled laryngeally
incremented sonorants by Buckley. These differ from the normal aspirated and cresky sonorants only in the
fact that they dlow ther glottal festuresto be redized outsde of their own syllables:  thus h-incremented On is
redized intervocdicdly as ahna. Like other aspirated and creaky sonorants, these laryngedly incremented ones
lose thelr glottd feature in the absence of a preceding vowd: Ola -> Ia, *19a. When incremented sonorants follow
amodad sonorant, the latter is neutraized in the same way as when it precedes pre-aspirated and pre-glottalized
stops. the sonorant becomes aspirated or creaky, as the case may be: n-Om -> n9m, y-n -> yon. This type of
daa, incidentdly, supports the idea that the timing condraint resulting in preglottdized sonorants is a
phonologica  phenomenon, since it is regpongble for the neutrdization between modd and non-modd
sonorants in caseslike y-n -> yon.

(49) a moda sonorant + pre-aspirated stop: yowal Ocolli ‘when he shot the former ..."
[yowal9co/li ]
b. modal sonorant + incremented aspirated sonorant: clis<kan m9i ‘redly pretty’
[cis<kan9mi]

c. moda sonorant + pregottaized stop: balay /tow suck blood' [balayOt'ow]

The diagram in (50) dlarifies the difference between sequences like 1-0c (49.8), which yidd through
neutrdization 19c, and sequenceslike m«© ,mo-to (47.a, b) which are preserved intact.

(50) a Hypothesized sequence of acoustic eventsin al Oco

modal voice  aspiration slence burs moda voice

___________________ |__|________________
a | 19 c o



b. Hypothesized sequence of acoudtic eventsin al9co

modal voice  aspiration slence burs¢ moda voice

a a9 19 c o

As can be seen in (50), the difference between intact, non-neutralized 1-Oc and neutrdized 19¢ s the
extent of aspiration onl and on the preceding vowd, essentidly a smdl difference in the duration of the
aspirated vs. modal portion of the string. What'simportant hereis that in clusterslike I-Oc both moda voiced
| and pre-aspirated Oc compete for the same string on whichto expresstheir larynged categories. therefore
one of consonants must  be neutrdized, to reliably implement the laryngedl  festure of the other.  In contradt, in
cases like mkO, motO, mot, both laryngeal  categories present in the cluster can be redized without damage to
ether, sincetheir cueslie a opposite ends of the sequence.

Consider now the other case of larynged neutrdization in Kashaya This involves neutralization between
plain voicdess and post-aspirated stops in "codd', i.e. before another consonant or word-finaly. Buckley
identifies the neutralized stop category occurring in coda as aspirated and therefore writes al non-gective coda
stops as aspirated: | have doubts about this identification®4, so | will use the capitd letters to indicate a
laryngedlly neutrdized stop. Some examples of thistype of neutrdization gppear below (from Buckley 1992: 61,
89 ff); underlyingly aspirated stops do not appear pre-consonantaly in Buckley's data, but  his statements
indicatethat clusters such astOk, or tOm would beredized with neutrdization as Tk, Tm.

(51) a noahyuti -> dahyuti  'breskit! (sg.)
nOahyut-me/ -> dahyuTme 'bregk it! (forma.)
ce-mac-a -> cemaC 'isopen in from here
s<ubilic'-tO -> s<ubili/T 'didn't blaze up'

The important point to note here is that for postaspirated stops it's the right-hand context that
determines neutralization because the primary cue is the VOT vaue, expressible on a following sonorant. In
Kashaya, the sonorant bearing the VOT cue to post-aspiration must be tautosyllabic with the stop:  this explains

34Thereason to doubt the identification of coda stops with the aspirated category isthatin clusterslike cOaTqati ‘going to
gotrapping' (written cOatOgati by Buckley 1992:86) the coda T cannot have a VOT value that's even remotely similar to
that of an aspirated tO in onset position, e.g. moma:tOela 'l didn't comein' (Buckley 1992:168). The same goes for word final
stops, e.g. ca/T 'didn't look' (written ca/tO by Buckley 1992:92). Clearly, the impression of aspiration is given by the voiceless
release of the coda stop, but this is insufficient to determine its laryngeal category. Since there are no non-neutralized
aspirated stopsin coda, we have no empirical basisfor deciding whether T= t0 or T=t.
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why inadringsuchastm (51.a) t is laryngedly neutrdized. The absence of a right-hand sonorant dso
explans the neutrdization of wordfind tO in (51.C) scubili/T.

5. Cueduration and sonorancy: Klamath

The syllable sructure and larynged neutrdization of Klamath have been anadyzed by Clements and
Keyser (1983), and subsequently by Kingston (1985) and Levin (Bleving) (1985, 1993). Klamath has
glottalized, aspirated and plain sonorants, glottalized, voicdess and "voiced" obstruents. Thevoice contrast
in obstruents involves differences between short and long VOT, rather than genuine closure voicing (Barker
1964). | therefore follow Blevins (1993) in viewing both the sonorant and the obstruent contrasts as involving
glottalized-aspirated-unaspirated setsrather than glottalized-voiceess-voiced sets. Obstruents have dl laryngedl
vaues neutralized before other obstruents, before glottalized or aspirated sonorants®>, and word-findly. The
transcription followed hereis Blevinss (1993):

(52) Klamath larynged contrasts and neutrdization in obsruents
contrasts before plain sonorant

@) mphet-i:qf ‘floats up
rrphet'-wa floatsin water'
(i) phec<h neka ‘puts afoot into a hole
phec<hwa ‘puts a foot into water'
(iii) INep-1Nep'-a 'becomes flat'

(53) Neutrdization before obstruent

0) mphat-planc<'a ‘floats downstream'
(i) phecck'wa 'puts a foot across

(54) Neutrdization before aspirated sonorant
(ii) phecc-INa ‘puts afoot inside
(iii) INep-INep'-a ‘becomes flat

(55) Neutrdization before glottalized sonorant

(D) phece-I'a 'gets afoot as awooden leg
(iii) Ihep-INep-1'i flat

35The more complex pattern of laryngeal neutralization in sonorants will not be dealt with here: see Blevins (1993).



(56) Word-find neutrdization

@) n'eph 'hand  (n'epfieva puts on glove)
(i) reekh inlitlle bits. (rocek-ani ‘'small’)
(i) nkakh turtle sp.’ (nkak-am 'turtle's)

The question considered now is the characterization of the context where neutraization occurs. Since
the obstruent-plain sonorant clusters that preserve larynged vaues ook like plausible muta-cum-liquida onsets,
itis temptingto say that only onsets may license the occurence of ditinctive laryngea  features (cf. Kingston
1985). A prefina gective such as k' in /nccek/ contains an unlicensed laryngeal node and must therefore
loseit; the other contexts of neutraization will be explained dong smilar lines. A dight variant on this andys's
would invoke Lombardi's (1995) Larynged condraint which requires laryngeal nodes to be followed by a
tautosyllabic sonorant. Such an andyss would have to be coupled with the assumption that glottalized or
aspirated sonorants are not true sonorants - perhaps in the sense that actual modd voicing (as agangt
potentidl  modd voicing, as assumed in SPE) is a defining characteristic of sonorants - and therefore cannot
count as licensers. However, as Blevins (1995) shows, the only andyss consgtent with our understanding
of Klamath syllable structure is that the laryngedly specified obstruent must be followed by some sonorant,
not necessarily in the same syllable: dl VCCV duders are heterosyllabic. Blevins - following inthis earlier
proposals by Clements and Keyser (1983) - shows that the the distribution of schwa, the reduction of vowels
and the location of stressdl require VC.CV divisons, even when the interlude is an obstruent-sonorant cluster.
This means that gection and aspiration are licensed in (52) regardless of syllabic boundaries:  examples like
phecwa (i.e [ phecwa]) display both intra- and inter-syllabic licensing.

As suggested earlier, plain sonorants in the right-hand context are necessary for the perception of
larynged features to the extent that the VOT and the burst qudity are among the main cuesto the contrast.
This is clearly the case for Klamath obstruents: the plain stops differ from the aspirated sops in VOT
vaues, the gectives differ from the other two seriesin possessng aglotta release that clearly follows the ord
release (Barker 164:22, 24). Like the aspirated stops, the gectives must aso be assumed to carry longer VOT
than the plain sops. In addition, the gectives will differ from the aspirated sops in showing no formant
gructure following the moment of ora release Thus &t least one agpect of the difference between Klamath
p,pO and p s the voicing lag and the presence of formant structure after oral release. Both of these cues
require aright-hand modal sonorant context in order to manifest themsalves,

Let us consder now why the glottalized and aspirated sonorants fail to license larynged  didtinctionsin

the preceding consonant. My clam isthat they induce larynged neutrdization not because they lack true
sonorancy, but rather because they must  implement their own digtinctive larynged  feaiures. This point
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becomes clearer when we note that aspirated and laryngedized sonorants have their larynged gestures timed
towards the onset of the ord condtriction: Barker (1964.25-29) observes that the aspirated nasas glides and
liquids are pre-aspirated and that the glottalized ones are synchronoudy glottdized, with complete glotta closure
occurring early during the sonorant. Assuming that the timing condraints responsble for phasng ord and
larynged gestures are undominated in Klamath, it becomes clear that the initid portion of the laryngedized
sonorant isnot avallable to express the cuesto a preceding laryngeal gesture. Thismeans that if a Klamath
pesker indsts on producing an aspirated stop before alaryngedized sonorant, the cuesto aspiration will have
to resdein the duraion of the stop's closure and in the burst qudity: but the cues are so limited now that there's
little incentive to produce the glottdl gesture a dl. These condderations are reflected in the hierarchy in (57).
[VOT] abbreviates below the two categories [long VOT] and [short VOT]. Ejectives and aspirated stops
belong to the first class, plain stops belong to the latter. The congraint *[VOT]/X_Y indicates that no VOT
digtinctions should be maintained in the X_Y context. Additiond auditory properties - abbreviated here as
[gection] - differentiate gectives from aspirated stops. The relevant family of congraints is *gection/X_Y.
Since the cues to gection and aspiration in sops reside dmost exclusvely in the burst and a following modd
sonorant, the perceptibility scde for  gection and aspiration will involve the following ranking of contexts.
__[moda sonorant] R # R [obstruent], [non-moda sonorant]. The congtraint rankings observed
below mirror thisscalein reverse.

(57) *VvOT/ __[-son] *gection/ __ [-son]
[non-moda  sonorant] [non-moda sonorant]
*\OT/ _# ~ *dection/ __ #
_ c d _
B Preserve VOT Preserve gection _
_ d c _
*VOT/ __ [moda sonorant] *gection/ _ [modal sonorant]

The neutrdizing effect of non-moda sonorants on neighboring stops isnot limited to Klamath: Silverman
(1995) observes smilar patterns for Jalapa Mazateco and Gujarati. In fact, none of the languages surveyed by
Siverman, Lombardi (1991) or mysdf has obstruents and non-modal sonorants which pattern differently in the
neutraizing effect they have on preceding obstruents: if both types exist in a given language they will have identica
effects on preceding obstruents. The broader significance of this phenomenon was noted earlier in the discussion
of Hungarian pre-h devoicing (Part ): we cannot refer to  the eement that licenses larynged contrasts in
obstruents as a sonorant, since non-moda  sonorants fail to license.  Rather, the most generd characterization
of the licenang dement is a gring on which larynged cues - VOT, FO and F1 vadues - are optimdly
manifested. | consder next additional Klamath data that supports this point.



We compare now the patterns of larynged neutrdization sonorants with the obstruent data just
examined. The generdizations to be discussed are due to Blevins (1993). As we will see, the digtribution of
voiceless and glottdic sonorants is sgnificantly less restricted than that of corresponding obstruents. Thisis due
to thefact that sonorants possess interna aswell as contextua cues to ther larynged categories. the sonorant's
voicdess or glottalized quality can be ascertained during the period of ord closure. In contrast, the slent phase
of a gop cannot distinguish among the gective, aspirated and plain series. For this reason, the plosves
larynged features must possess contextud cues, whereas the same features in sonorants need not. This
difference in potentid perceptibility trandates into different neutrdization patterns.

There are three classes of sonorants in Klamath: the modd, the aspirated and the glottaized. Syllabic
sonorants - limited to contexts where they represent loca sonority pesks - are modal. The aspirated non-
gyllabic sonorants are dmogt entirdly  free in distribution. The only possible ggp may involve the scarcity of find
y9, n9, m9, 19, likely dueto agenerd process of find devoicing.

(58) Agpirated sonorantsin Klamath:

a wordfind: c<iw9 (sound of hot rock plunged in water)
b. word initid: n9aykst'a ‘onone side
C. before obstruent:  sk'a:w9tki 'be cold' Je<k'aw9/
/am9k'a 'maybe
d. after obstruent: [9ap'akl9as ‘shoulder
€. before non-moda sonorant: kuw9y'asqs ‘'venered disease Tkuw9/
f. before/s: hay9/ay9a ‘tracksin front of'

The glottalized sonorants are limited in two respects only: they cannot occur before stops and non-
moda sonorants. They can occur - unlike the gectives - at the end of theword and before non-stop
obstruents.

(59) Glottdized sonorants in Klamath

a word find tal’ ‘toward';
sway' 'red deer'
b. wordinitid n'‘ephe’/a ‘puts on aglove
C. before obstruent /ul's  ‘dove"
sqOel/am'c< [m's] 'big Old Marten'
d. after plan obstruent qOagn'ul's ‘armor shirt'

e. dter non-moda sonorant  kuw9y'asgs 'veneredl disease
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| turn now to the digtribution of cues in non-moda sonorants. Barker (p. 25, 27, 28) reports hearing
"conggent glottal gtricture and voicing throughout” the glottdized nasds, lateras and glides. The pesk of glotta
condriction is reached a the onset of the consonantal closure - hence narrow transcriptions such as/m, y, /1 -
but the creakiness perssts audibly throughout the sonorant: this, | clam, is the reason for the wider
digribution of Klamath glottaized sonorants rdative to gectives. The articulatory features of the two series
ae cdealy rdaed, but ther identifidbility differs.  Agpirated sonorants are smilarly reported as voiceess
throughout (Barker p. 25, 27, 28); thetiming of the glotta abduction pesk varies with context, but it normaly
yields pre-aspirated phones. The lack of digtributiona redtrictions on aspirated sonorants is dso due to the
presence of interna cuesto aspiration, which are entirely lacking in the the aspirated stops.

Two points must be settled now: one is formdizing the difference noted between the internd cues in
sonorants and their absence in stops; the other is accounting for the digtribution of glottalized sonorants. The
latter seemsto stem from avoidance of the following sequences of glottd  States:

(60) Banned glotta sequencesin Klamath

a gottis *[ condricted ][ abducted |

eg. / tO
n' t
w' yO

b. goattis *[ congtricted] [congtricted]

e.g.

< o ot~
R -]

Note that | assume that plain voicdess sops involve some glottal abduction, with the difference
between aspirated and plain voicdess dtributable to ether timing or magnitude differences in the abduction
gesture: thus the absence of n't sequences in Klamath is due to the same congraint as the absence of n'tO.
The nature of the congraint responsible for (60.8) remains unclear, but it seems unlikely that it can be related to
perceptibility factors, since the glottalized character of a sonorant is equally identifidble before s (where it is
atested) asbeforet (whereitisnot). The processin (60.b) isafamiliar dissmilation phenomenon.

We canturn now to the more reveding issue of formaizing obstruent/sonorant differencesin the licenang
of glottal features. One possbility is that thisis afunction of the duration of cues longer cues are, dl dse



equal, better cues’s. Since the cuesto aspiration and glottdization are present during the period of closure in
sonorants, as well as in the surrounding context, the sonorants offer longer cues than the obstruents, whose
glotta cues are exclusvely contextud. Therefore by smply stating that F is more perceptible in a context where
it's cues are longer we in effect distinguish the sonorants from the obstruentsin a case like Klamath . The generd
form of thisadditionto the perceptibility scdesmust thenbe:  F/ longer cues R F/ shorter cues. It then follows
tha *F shorter cues >> *F/ longer cues. Without pursuing this in greater detall, | will assume then that an
expangon of the congtraint system aong these lines can account for the obstruent/sonorant differences’.

| have consdered in this section differences in the neutralization patterns of sonorants and obstruents that
aise not from timing but from cue duration: the length of the string over which the larynged qudity of the
consonant is overtly manifested38. Cue duration has adso been the factor invoked in the anadyss of Savic
voicing neutrdization of Part I: in that case the longer sonorant string (RV, syllabic R or word find R#) was
seen to  function as a more likely licenser of voicing in a preceding obstruent.  The sonorant itsdf was non-
digtinctive for voicing. The cases discussed in this section fal into a different class Snce the sonorant carries cues
to its own, marked larynged category. However for this class of cases aswell, cue duration is critical: thisis
what explains the Klamath contrast between aspirated and plain stops is severdy limited while that between
aspirated and moda sonorantsis completely unrestricted.

36See also Flemming's (1995) and Kaun's (1995) related proposals on the effect of cue duration in triggering coarticulation and
harmony.

37 A relevant implicational law (Maddieson 1985) isthat the existence of distinctive glottalization in sonorants implies, in any
given language, the existence of glottalization in obstruents. This may stem from the relative salience of laryngeal featuresin
the two segment classes: most laryngeal features are timed to release in stops and the release cues are more salient in stops
than in sonorants, because they are linked to the abrupt transition from silence to burst (Goldstein 1990, Stevens 1994). This
seemsto be the dominant factor in choosing what segments to combine with which laryngeal features. However, cue duration -
which favors sonorants over obstruents as carriers of aspiration and glottalization - matterstoo: it matters precisely in the cases
where the segments are placed in contexts with impoverished cues, where duration may make a difference. This explains why
glottalic sonorants may survive non-neutralized in contexts where glottalic obstruents do not.

38 | ombardi (1991) assumes that both the obstruents and the sonorants are subject to the same laryngeal licensing condition:
the need for a following tautosyllabic sonorant. Thus she predicts that the neutralization contexts will be identical for the
sonorants and obstruents, in cases where both sound classes neutralize. We have seen that this isnot so for either Kashaya
or Klamath. Are there languagesin which laryngeally marked sonorants and obstruents neutralize in the same contexts despite
differences intiming and cue distribution? Lombardi's data suggests that such languages exist, but a second look indicates
otherwise. Theinstances she cites of "syllable final" neutralization in sonorants involve either word final or word non-initial
sonorants (as in Gbeya, Sui, Kammu, Lushai) or else the loss of a preconsonantal glottal stop (asin Klamath and Maidu). The
cases where the word rather than the syllable position isimplicated suggest an analysis in which the word initial position isthe
selective licenser of laryngeal features, for reasons related to lexical access facilitation rather than perceptibility (MacEachern
1997). The case of glottal stop in Klamath and Maidu appears in a very different light when we note that this sound is
disallowed not only pre-consonantally but also post-consonantally in these languages: it appearsthat / occurs precisely where
an onset isrequired, initially and between vowels. There is no need to invoke syllable-conditioned laryngeal neutralization in
such caess either.
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6. SUmmary

We summarize now the main points made here. We have presented arguments establishing that syllable
position does not condition larynged neutrdization. It would in fact be surprisng if it did: thereisno a priori
reason why being in the onset is better for any feature than being in the coda or indeed somewhere outside of the
gyllable. More generdly, it remains to be seen whether the syllable as a condtituent is a dl a rdevant factor in
controlling phonotactic possibilities (cf. Lamontagne 1993, Steriade 1995).

We have dso noted that licenang contexts for laryngeal contrasts cannot be characterized segmentdly:
*voice/ __[-son], # is not an appropriate subgtitute for a statement such as  *voice/ in contexts lacking
VOT cues. We have seen that [-sonorant] does not cover the gppropriate class of sounds, since non-modal
sonorants function exactly like obstruents in neutrdizing the larynged didtinctions in preceding sops. In contexts
where the sonorant string istoo brief (asin the ORO gtrings of Russian and Polish) the VOT-dependent laryngedl
contrasts are not maintained:  this too indicates that mere mention of obstruents and boundaries does not
characterize the correct class of contexts. If we are to produce a generd, cross-linguigtically valid description of
the contexts that typically induce neutralization, then direct reference to cues and cue duration is necessary.

This study has sketched a generd  characterization of licensng and neutrdization contexts by reference
to scades of perceptibility. The composition of the scaesis determined by severd factors. The reative number of
cues plays aclear rolesince contexts with more cuesto F count as more perceptible and hence as less likdly to
induce F's neutrdization. The relative duration of cuesis adifferent factor, Snce the context with longer cuesto F
counts as more perceptible. It is dso possble that the relative sdience of cues plays arole: cueslocated in the
vicinity of a mgor spectrd discontinuity may be more sdient than those located esewhere (Ohda 1990,
Goldstein 1990, Stevens 1994). It was noted that  perceptibility scalesfor F can be given only relativeto some
timing pattern of F relative to other features in the context, and only relative to sze of Fs gestures. Therefore
condraints derived from perceptibility scaes interact with  condraints specifying gesturd magnitude and
intergesturd timing.  This chain of reasoning has led us to concdude that the condraints inducing phonologica
neutrdization are deduced from knowledge of phonetic implementation and activedly interact with  other
implementationd condraintsin yieding a characterization of contrast ditributions.

More generdly, we have observed here that the space of phonologicd posshilities is determined by
anticipated facts about the physica redization of contrasts gesturd timing, and gestura magnitude and contrast

perceptibility.
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