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1. Introduction

This pagpe provides evidence tha scales of perceptud distance between soundsplay
acentra rolein both markedness and faithfulness condraints. Perceptud distance
govensthe markedness of contrasts: contrasts between soundsare more marked the
smaller the distance between the sounds(Flemming 2002,2004) Correspondence
between inputand outputformsis evaluated in terms of perceptud distance: greater
distances between corresponding soundsincur greater violationsof faithfulness (Steriade
20014ab). Usingthenotation! (&, b) for the perceptud distance between soundsa and b,
if I (&, b) <! (c, d) then acontrast between a and b is more marked than a contrast
between ¢ and d. On the other hand a changefrom a to b between inputand outputincurs
alesser violation of faithfulness condraints than achangefromcto d.

These two classes of condraints providethe basis for an account of some puzling
genadizationsaboutwhere vowel epenthesis does and does not apply. Themain
problem addressed here is tha vowel epenthesis should, in prindple, beableto serveasa
very gened repar for dispreferred cononant clugers since inserting avowel into a
cluger necessarily eliminaesthat cluger, butin fact vowel epenthesis does notgenerally
serve this fundion. For example, there is evidence tha certain heterorganic cononant
clugers are marked because they are often eliminated throughplace assimilation. This
patern has been andyzed in terms of a markedness condraint, AGREE(place), requiring
adjacent cononants to agree in place features. Violating clugers such as[-ng-], [-mt-]
can bebroughtinto linewith this condraint via assimilation of thefirst cononant to the
second,[-ng-] " [-Ng-], [-mt-] " [-nt], butin prindple the AGREE condraint could also
be satisfied by epenthesizing a vowel beween the heerorganic cononants ([-ng-] " [-
n«g-]).

The same reasoning applies to any markedness condraint tha pendizes a class of
C,C, clugers: it should be possible to satisfy the markedness congraint by altering oneof
the cononants, or by epenthesizing avowel beween the cononants, eiminaing the
cluger. So onthis basis we should expect to find tha markedness congraints on
cononant clugers give rise to paralle typologies of processesinvolving featural changes
such as assmilation, and vowel epenthesis. Tha is, the same clugers tha are singled out
by place assimilation processes should also betargeted by vowel epenthesis. For
example, nasals are paticularly proneto assmilation in the sense tha they can undego
place assimilation in contexts where cononants of othe mannes, e.g. ora stops do not
undego assmilation. If vowel epenthesisis an aternaive to place assmilationas a
repar for heterorganic clugers, then vowel epenthesis should also specifically target
nasal-C clugers, butthisis notthe case: vowel epenthesis never specifically targets nasal-
C clugers (cf. Hayes & Steriade 2004 20).

Thetypology of voicing assimilation in obdruents also lacks a parallel patern of
vowel epenthesis: it iscommon for obgruentsto assimilate in voicing to afollowing



obdgruent, eiminaing mixed-voicing obdruent clusters, e.q. [-tg-] " [-dg-], butthese
clugers are never specifically targeted by vowel epenthesis (Myers 2002, Steriade 2001).

These restrictionson vowel epenthesis can be accounted for in terms of a framework
according to which both markedness and faithfulness congraints refer to the same scales
of perceptud distance. Theoutiineof theandysisis asfollows: The marked clugers
unde discussion here are marked because they enter into contrasts that are insufficiently
distina Btha is, they violate high-ranked distinctiveness condraints. For example, a
heterorganic cluger like[-ng-] is marked because it isrelatively indistinct from [-Ng-] (cf.
Jun 2004) Therelevant distinctiveness condraint can, in prindple, be satisfied by
assmilation(-ng-" -Ng-), neutralizing the problematic contrast, or by epenthesis (-ng-

-n«g-), which woud alow more cues to the place of thenasal to berealized, yielding
asufficiently distina contrast. Thefact that neutralization is always preferred over
epenthesisin these cases is explained in terms of the preference imposed by
correspondence condraints to minimize the perceptud differences between inputand
output We will arguetha assmilationis preferred over epenthesis because it isa smaller
perceptud change i.e.! (ng, Ng) <! (ng, n«g).

Consderation of the distance scales for place contrasts and contrasts between C,C,
and C,VC, sequences suppots the plaugbility if this clam. The place difference, ! (ng,
ND), isrelatively small bthisisthebasisfor the markedness of the [ng] cluger. On the
other hand, we will see evidencetha ! (ng, n«g) isat thehighend of thescale of C,C, -
C,VC, distances. ! (C,C,, C,VC,) issmallest where sonoiity rises from C, to C,, and
greatest where sonoiity fallsfrom C, to C, (Fleischhacker 2005, Steriade 2006) Sonolity
fallsin nasal-stop clugerslike[-ng-], so ! (ng, n«Q) issubgantial.

Thislineof andysis can be generalized to accountfor the preference for
neutralization over epenthesis as arepair for awider rangeof marked C,C, cluders,
induding mixed voicing obdruent clugers, such as[-tg-]. Processes tha neutralize
contrastsin C, postion of C,C, clugersare driven by distinctiveness condraints Btha is,
the C,C, cluders are marked because the contrast between C; and some other connant
Ccisinafficiently distinct in the context preceding C,, so ! (C,C,, C.C,) falls bdow the
threshold specified by adistinctiveness condraint. Theempirical observationistha we
do notfind vowel epenthesis applying as an alternative to neutralizationin the same
contexts, i.e. theunfaithful mapping C,C," C.C, isaways preferred over C,C," C,VC,
althoughboth candidae outputs would satisfy thedistinctiveness condraint. Thisis
explained in terms of the hypothesis tha faithfulness condraints prefer a minimal
perceptud distance between inputand output neutralizationis preferred over epenthesis
because! (C,C,, C.C) <! (C,C,, C,VC,).

I (C,C,, C.C,) isnecessarily relatively small since thisisthe source of the
markedness problem, so neutralizingthe contrast (C,C," C.C,) isawaysamodest
violation of faithfulness. For mgjor place and voice contrasts, where! (C,C,, C.C,) is
smdl, ! (C,C,, C,VC,) isliableto belarge Thisisbecause place and voice contrastsin C,;
postion are least distinct where C, is an obdruent (Jun 2004,Steriade 1997) so the
cluger cannotcontain any significant sonoiity rise. Consequently epenthesisisa
significant violation of faithfulness.

In each of the case studies andyzed here, mgjor place assimilation and obgruent
voicing assmilation, more direct evidence tha ! (C,C,, C.C)) <! (C,C,,C,VC)) is



provided by a study of hdf rhymesin limericks. Half rhymesin podry are rhymes like
man-hamwhere there are mismatches between therhyming segments (in this case [n]-
[m]). Thefrequency of agiven type of segmental mismatch in podic rhymes has been
foundto bea goodindex of the perceptud distance between the corresponding segments
P mismatches between more similar segments are more frequent (Zwicky 1976, Steriade
2003,Kawahara 20073. So frequency of hdf rhymes can be used to compare therelative
perceptud similarity of diverse phondic differences such as place andV-# contrasts. We
will see tha nasal place and obgruent voicing mismatches are much more frequent than
C,C,-C,VC, mismatches.

Thelack of parallelism between thetypologies of assimilation and epenthesisis
demondrated in more detail in the next section. Analyses of theindividud paternsare
developal in sections3-4. Section 5 presents evidence for thedifferences in perceptud
distance presuppo®d by these andyses from a variety of sources induding asurvey of
hdf rhymesin English limericks. Then in section 6 we examine a prediction tha the
andyses developal here make aboutthekindsof cononant clugerstha should be
subject to vowel epenthesis. Specifically, we expect vowel epenthesisto break up
cononant clugerswhee! (C,C,, C,VC,) issmall, because then the contrast between
presence and absence of avowe is marked dueto being perceptudly indistinct, and
epenthesis of avowel isasmall violation of faithfulness. As outlined above ! (C,C,,
C,VC)) issmallest where therisein sonoiity from C, to C, islargest, so we expect to find
epenthesis processes tha only targe rising sonoiity clugers. We will see tha this patern
is attested in languages like Winnebago. Section 7 discusses the broader typology of
epenthesis into cononant clugers, and section 8 condudes by discussing broader
implicationsof theproposed andyses.

2. Apparent mismatches between assmilation and epenthesis

Thebasic puzle addressed here is the observationtha vowel epenthesisis not
employed to break up clugerstha are identified as marked according to thetypology of
assimilation processes. Vowel epenthesis does break up cononant clugers, butonly a
limited variety of propaties of cononant clugers affect the occurrence of vowel
epenthesis.

A widdy attested patern of epenthesis dependsonly on cluger length: epenthesis
appliesto all medial clugers of three or more cononants (-CCC-" - CVCC- or -CCVC-
) andtoinitial and find clugers of two connants, regardless of the naure of the
connantsinvolved (e.g. Yawelmani Y okuts, Newman 1944,and Lengkel, Lynch 1978.
There are aso epenthesis processes tha break up clugers with particular sonority
profiles. epenthesis can berestricted to apply only adjacent to sonorants (cf. Hall 2003,
and may befurther restricted to apply only preceding a sonorant in arising-sonority
cluger. Thefirst patern is exemplified by some Sdishan languages where schwais
epenthesized before al sonorantsthat are not preceded by vowels, e.g. /mn/" [m«n] but
/mt/" [mt] (Flemming, Ladefoged & Thomason 2008). The second patern is exemplified
by Winndbago (Mine 1979, where epenthesis breaks up obdruent-sonomant clugers, e.g.
Ipr/" [pa], butleaves obdruent-obdruent clugersintact, e.q. /ps" [pg. This pape
provides an accountof some surprising ggps in thistypology of epenthesis into consonant
clugers. many segmental propeties tha do contribute to the markedness of consonant



clugers do not condition epenthesis. The system of markedness and faithfulness
condraintsthat provides the basisfor this accountaso derives epenthesisinto rising
sonoiity clugers, asin Winnebago (section 6.1). The other paternsof epenthesis are
discussed briefly in section 7.

Theevidence tha vowel epenthesis does not serve to break up marked clugers
comes from the observation tha implicationd universals govening paternsof place
assmilation are not paralleled by implicationd universals congerning vowel epenthesisin
clugers. Inintervocalic connant clugers, - VC,C,V-, C, may assimilate in magjor place
of articulationto thefollowing cononant, C,. Surveys by Mohanan (1993)and Jun
(1995)establish an implicationd universal conaerning place assimilation: if stopsin C,
are targets of assimilation then so are nasals, butnot vice versa. So there are langueges
like Malayalam in which nasals assmilate in place to afollowing stop (18 butoral stops
do notundego place assmilation (1b) (Mohanan & Mohanan 1984) andthere are
languayes like Korean in which bath stopsand nasals assimilate in place to afollowing
stop (2) (Jun1995) butthere are no languayes in which stopsundego place assmilation
where nasals do not

(1) Malayadam
a. Nasalsundego assimilation:
\pe=kuai peNuae @irl (female child)O cf. pe=« Gemaed
\miin-tSanita  miinZan&lt  Gish marketO cf. miin QishO

b. Stopsdo notundego assimilation:
utlkeiam @rogressO
saptlam @ightO

(2) Korean Bstopsand nasals undego assimilation:

\mit-ko\ [mikko] Gdieve andO
\ip-ko\ [ikko] Qvear andO
\cinan-pam [cinampar]  @est nightO
\nam-ké\ [nanké] Ghe South PoleO

Thisimplicationd universal suggests that heterorganic clugers of a nasal followed
by a cononant violate some condraint tha is notviolated by heterorganic stop-cononant
clugers. For illugrative purposes we will entertain an andysis according to which place
assmilationis motivated by AGREE(place) condraints, which require tha adjacent
cononants mug agree in major place features. To accountfor theimplicationd universal
concerning targets of assimilation, we would have to post mannea-specific versionsof
this condraint, AGREE(place)-NC, applying to nasal-con®nant clugers, and
AGREE(place)-TC which applies to stop-connant clugers. In addition we have to
assume tha AGREe(place)-NC universally ranksabove AGREE(place)-TC, capturing the
genagadlization tha nasals are more subject to place assimilation than oral stops

However the AGREE(place) condraints could also be satisfied by vowel epenthesis.
Tha is, if avowe isinserted into a heterorganic cluger then the cononants are nolonge
adjacent and thussatisfy AGREE(place). So given thefixed ranking AGREE(place)-NC >>
AGREE(place)-TC we should find atypdogy of epenthesis environments that parallelsthe



typology of place assmilation. Tha is epenthesisinto stop-consonant clugers should
imply epenthesis into nasal-cononant clugers, butnot vice versa. For example, the
rankingin (3) derives a patern in which vowel epenthesis breaks up heterorganic nasal-
stop clugers but not heterorganic stop-stop cluders, e.g./anpd " [an«pa] but/atpa "
[atpd. This patern is unatested (cf. Hayes & Steriade 200420)".

(3) AGREE(place)-NC, IDENT(place) >> DepV >> AGREE(place)-TC

A similar issue arises with respect to obgruent voicing assmilation. In intervocalic
obgruent clugers, it iscommon for thefirst obdruent to assmilate in voicing to the
second, asin German, Russian, Lithuanian, Hungaian etc (e.g. Lombardi 1999 Steriade
1997) This process eliminates mixed voicing clugersin favor of clugers with uniform
voicing, which implies that mixed voicing clugers are more marked. Again thisis often
formalized in terms of a condraint, AGREE(Voice), requiring adjacent obgruents to have
the same specification for [voice] (e.g. Lombardi 1999). This congraint could be satisfied
by epenthesizing avowel to break up mixed voicing clugers, e.g. /ab-kal" [ab<«a] but
lap-kal " [apkd), butthis paternis not attested (Myers 2002, Steriade 2001).

So vowel epenthesisis notemployed as arepar for clugerstha areidentified as
marked based on thetypology of place and voicing assimilation processes although
vowel epenthesis could in princdple eliminae themarked cluders.

Asoutlined above we will propo% tha distinctiveness congdraints accountfor the
markedness of heterorganic and mixed-voicing obgruent clugers: both place and voicing
contrasts are relatively indistinct in the pre-obdruent context (Steriade 1997, Jun 2004)
In prindple therelevant distindiveness condraints could be satisfied by neutralizing the
offending contrasts throughassimilation, or by a epenthesizing a vowe into thecluger,
which would allow more distinct realization of the contrasts. Thefact tha assmilationis
theonly attested repar isexplained in terms of the preference for perceptudly minimal
modificationimposed by the correspondance condraints: in these contexts, neutralizing
an indistinct contrast isa smaller perceptud change than epenthesizing avowel into the
cluger, so neutralizationis aways preferred as the more faithful repair.

Thislineof andysisis developed with respect to voicing assimilationin the next
section, and place assimilation in section 4.

3. Voicing assimilation

Theandysis of voicing assimilation largdy follows Steriade (1997, 20013, butis
formulated in rather different terms (see Flemming 20024 1f. for arelated formulation).
Themarkedness of mixed-voicing obdruent clugers, such as[agpd, is a consequeance of
the perceptud indistinctness of voicing contrasts in pre-obgruent postionbi.e. ! (agpa
akpa) issmall compared to! (gaka). Thepreference to repar these indistina contrasts
throughneutralization (agpa” akpa) rather than epenthesis (agpa” ag«pa) is attributed

! Wilson (2001) proposes avariant of OT in which thiskind of prediction can be avoided by making
markedness constraints GargetedQwhich in effect restricts the range of repairs that is considered for
violations of a given markedness constraint. See McCarthy (2003) for a critique of this approach.



to therelative magnitudes of the perceptud distancesinvolved: ! (agpa akpa) <! (agpa
ag«a), so neutralization isthemore faithful repar.

Thisandysis dependson two perceptud distance scales, oneconcerning the distance
between voiced and voiceless obdruents in variouscontexts, and theother concerning the
distance beween C,C, and C,VC, sequences.

3.1 Distinctiveness of obstruent voicing contrags

Obgruent voicing contrasts are cued by differences on a variety of perceptud
dimensons(e.g. Wright 2004, butthecruaa dimenson for present purposes relates to
Voice Onset Time (VOT), theduration of theinterval between cononant release and
ont of voicing. Voiced stopshave short VOT while voiceless stopshave longe VOT.
Thisisasaient cueto voicing contrasts, butit is not available in al contexts, and where
it isunavailable, voicing contrasts are less distinct and thusproneto neutralization
(Steriade 1997)

In paticular VOT cues can only berealized propely where avoiced sonorant
follows the obgruent, so they are unavailable in pre-obgruent contexts. If novoiced
soundfollows then thereis simply no voice onst, but clear VOT cues also cannotbe
realized if thefollowing soundis avoiced obdruent. Theintengty of voicing during an
obgruentislow (Stevens1998471,479) so onst of voicing during an obdruent is not
perceptudly salient, and therelease of thefirst obdruentisliableto beobsuredif itis
released into thefollowing obgruent, so nether of thelandmarks tha usudly make VOT
such asdient cuearerealized clearly in this context. Furthermore, it is notsimply thelag
between stop release and onset of voicingthat cues voicelessness, it is aso thefrication
and aspiration noise that fillsthat interval (Repp 1979), and these cues cannotberealized
during an obgruent since aspiration requires an open vocal tract. In theabsence of VOT,
other cues remain available, such as presence of voicing during the closure of voiced
obgruents, butthisisarelatively weak cue dueto thelow intengty of voicing during
obgruents.

Consquently voicing contrasts in pre-obgruent contexts violate highe-ranked
distinctiveness condraints than voicing contrasts in pre-sonotant contexts, and thuscan
besingled outfor neutralization. To formalize thisandysi's, we post two perceptud
dimengonsrelevant to obdruent voicing: VOT and Voice, where VOT refersto thelag
between connant release and voice onst and Voice refers to strength of periodicity
during the connant condriction. Pre-sonorant voiced stopshave short VOT ([VOT 0])
while voiceless stopshave longer VOT ([VOT 1]). Voice takes avalue of 0 in voiceless
stopsand 1 in voiced stops

Note tha the minimum valueof VOT is 0, so we do notfollow Lisker & Abramson
(1964)in treating closure voicing as negative VOT. In the present context it isimportant
to distinguish differencesin closure voicing from differences in postive VOT since the
later are much more salient. In any case closure voicing cannotaways betreated as
negaive VOT, sinceit isnot unusud for voicing to die out before stop release (cf.
Keating, Linker & Huffman 1983.

2The VOT of voiceless stops can vary, most notably between aspirated and unaspirated stops, so further
levels of VOT need to be differentiated in afull account of laryngeal contrasts, but all that matters for
present purposes is adistinction between longer and shorter VOT.



Following Flemming (2002 2004, the preference for perceptudly distinct contrasts
isimplemented in terms of aranked set of congraints requiring a specified minimum
perceptud distance between contrasting sounds(4). Distances are specified along
perceptud dimengonssuch asformant frequencies, VOT, etc. For example, the
condraint MINDIST = F2:2 in (4) requires tha contrasting soundsdiffer by at least 2 units
on the secondformant frequency (F2) dimenson.

(4) MINDIST = F2:1 >> MINDIST = F2:2 >>... >> MINDIST = F2:4

Thecrudal distinctiveness congraints for theandysis of voicing assimilationis
MINDIST = VOT:1, which requires tha contrasting con®nants differ in VOT.
Neutralization of voicing before obdruentsis derived if MINDIST=VOT:1 outranksthe
faithfulness condraint IDENT(voice), asilludrated in (6-7).

To evalude thedistinctiveness of contrasts, it isnecessary to evaluae sets of
minimally distinct inpus togeher (Flemming 2002 2004 1t™& Mester 2007, Lubowicz
2003,N’ Chiostin & Padget 2008. In this case, the tableaux (6) and (7) showthe
evaluation of obgruent voicing contrasts in the context preceding an obgruent. The
candidaes in each tableau involve faithful maintenance of theinputcontrast (a),
neutralization throughdevoicing of thefirst obgruent (b), and neutralization through
voicing of thefirst obgruent (c).

A contrast between voiced and voicel ess obgruents preceding an obdruent, asin
[apka- abkd (6, candidate a), violates the distinctiveness condraint MINDIST=VOT:1
since pre-obgruent cononants do not differ in VOT. This violation can be eliminated by
neutralizing the contrast at the cog of changing the closure voicing of oneof thestops
violating IDENT(voice). Since IDENT(Voice) is lower-ranked, neutralization is preferred
(candidates b, c).

Neutralization results in assmilation to thefollowing obdruent because thisis the
least effort realization of the neutralized cononant. Following Flemming (20024 1f.) this
isformalized in terms of two effort condraints (5). Thefirst isageneral condraint
agang voiced obgruents, *[ +voice, -son], reflecting the difficulty of sugaining voca
fold vibration during an obdruent, dueto rising oral pressure (Ohda 1983,Westbury &
Keating 1986) The secondis amore specific condraint, *TD, which is violated where a
voiced obgruent follows a voiceless sound. This context is singled out because it is
paticularly difficult to initiate voicing during an obsruent, as oppo®d to maintaining
vocal fold vibrationinto an obgruent, because alarger pressure drop across theglottisis
required to initiate voicing than isrequired to sudain voicing (Westbury & Keating 1985,
Titze et a 1995) Accordingly *T D universally outranks*[ +voice, -son].

(5) a. *[ +voice, -son] - novoiced obgruents.
b. *T D: *[ -voice][+voice, -son] Bavoiced obgruent mug notfollow avoiceless
sound.

Given these two effort condraints, the preferred realization of aneutralized stopis
voiced before a voiced obgruent to satisfy *T D (7) and voiceless before a voiceless
obdgruent to satisfy *[ +voice, -son], given tha *TD isirrelevant (6). *[+voice, -son] also
accountsfor thefact tha obdruents are realized as voiceless when voicing is neutralized
in find postion.



(6) | apka, abka MINDIST IDENT *TD *[ +voice,
=VOT:1 (voice) -son|
a apka, abka *| *
b.| ! apka *
c abka * *|
(7) | apga abga MINDIST IDENT *TD *[ +voice,
=VOT:1 (voice) -son|
a apga abga ~k! * k%%
b. apgal * *| *
C. ! abga * *%

3.2 Why epenthesisis not an alter native to voicing neutralization

Thisandysis does not yet solve the problem of why epenthesisis never used to
eliminate the marked mixed-voicing clugers. The problematic voicing contrastsin (6)
and (7) could in prindple bebroughtinto conformity with the distinctiveness condraint,
MINDIST = VOT:1, by epenthesizing vowels into the cluders, e.g. /abka " [ab«a],
since thevowel would allow for therealization of VOT cues. Thisrepar is not attested -
theonly attested repar is assmilation, neutralizing theinsufficiently distina contrast. We
adopthere Steriade(3 (20013 accountof this generalization in terms of the P-map
hypothesis: Assimilationisthe preferred repar because the perceptud difference between
voiced and voiceless obdruentsis small in the context preceding another obgruent,
whereas vowel epenthesis between obdruentsis perceptudly salient, as shown
schematicaly in (8). Asaresult, assmilation best satisfies the correspondence
condraints.

Thisandysis requires an accountof perceptud distance between C,C, and C,VC,
sequences. Thisis developed in the next section, then we turn to evidence for the specific
clam aboutrelative distance schematized in (8).

(8) ! (abka apka) <! (abka, abka)

3.2.1Vowd-! smilarity

Perceptud distance between C,C, and C,VC, sequences has been investigated
extengvely by Fleischhacker (2001,2005) She provides evidence for theranking of
cononant cluger types shown in (9), where acluger C,C, at theleft of thescaleis more
similar to asequeance conssting of the same cononants separated by avowel, C,VC,.

(9) TL>SL >SN >ST
(L =liquid, N = nasal, S= sbilant, T = stop).

The evidence tha mog directly conarnsvowel epenthesis comes from a study of
the acceptability of vowel epenthesisasarepar for illicit onst clugersin loanword



adaptation. Shefoundtha the susceptibility of initial clugersto epenthesis follows the
hierarchy shown in (9), where epenthesis is more acceptable in clugers that are further to
theleft. But Fleischhacker shows tha vowel epenthesisinto C,C, clugersisjug oneof
severa phenomenatha place a C,C, cluger in correspondence with a C,V sequence,
induding patial copying of onsetsin reduplication, alliteration and puns In each case
correspondance between C,C,V and C,V is more acceptable with clugerstha are further
to theleft in (9), providing subgantial additiond suppot for thevalidity of thehierarchy.
Zuraw (2007 foundtha the same hierarchy govansthe acceptability of infixinga/VC/
morpheme into cononant clugersin Tagdog.

Fleischhacker andyzes this hierarchy in terms of perceptud similarity between the
correspording C,C, and C,V sequences, i.e. astop preceding aliquid, TL, ismore similar
to astop precedingavowe, TV, than asibilant preceding a stop, ST, isto asibilant
preceding avowel. An experimental study of similarity ratingsof C,C,V- C,VC,V found
theordering TL, SL > SN > ST, which is consstent with thescale in (9) althoughit fails
to distinguish thefirst two cluger types (Fleischhacker 2005116).

Building on Fleischhacker@ findings Steriade (2006) proposs tha the perceptud
similarity between a connant cluger C,C, and the same cluger broken up by a vowel
C,VC,, dependson themagnitudeof the sonoiity rise in the cluger. According to
Steriade® andysis, this is because vowel epenthesisintroduces a sonoiity rise following
C,, butthisisasmaller changeif there isasimilar sonoiity rise following C, in C,C,. In
other words, the magnitudeof thedifference in sonority rise following C, is akey factor
in the perceptud similarity of C,C, and C,VC,. For example, epenthesisinto a[kl]
cluger, kI " kil, replaces alarge sonoiity rise (kl) by adightly larger rise (ki), and this
congitutes arelatively small change On the othe hand epenthesisinto an [st] cluder, st

Sit, isasubgantial changebecause it replaces a sonority fall (st) with alarge sonoiity
rise (8).

Building onthese indghts, we propos a measure of the perceptud distance ! (C,C,,
C,VC,) based onthedifference in sonoiity rise following C, in thetwo sequences. This
distance measure then provides the basis for sets of distinctiveness and faithfulness
condraints. Themeasure is based on a sonotity scale with six levels (10). We assume,
following Parker (2008, tha thenotion of sonoiity tha isrelevant here correspondsto
the perceived loudness of a sound,so it is fundamentally a perceptud quantity rather than
amore abdract propaty of speech sounds(cf. Clements 19902871 .).

(10) Sonoity scale

Vowel
Glide
Liquid
Nasal
Fricative
Stop

PNWkAOO

The sonoiity rise of acononant is thedifference in sonority between tha cononant
and thefollowing segment, so for example the cluder [pr] has a sonoiity rise of 3 because
sonoiity risesfrom 1 in thestopto 4 in theliquid. MINDIST and IDENT congraints
evauae thedifference in sonoity rise between C,C, and C,V. Differenceis measured in



terms of theratio of the corresponding sonotity rises bi.e. the sonoiity risein C,C,
divided by thesonoiity risein C,V. A ratio is employed rather than a ssmple difference
because subtracting the sonoiity risein C,C, fromthe sonoiity risein C,V smply gives
the sonoiity of C,, so such a measure would not be sengtive to the magnitudeof the
sonoiity risein C,C,, contrary to theobserved generalization. It isnotunusud for
perceptud distances to approximate ratios of the quantities being compared Bthisis
essentially the generaization made by Weber@ law in psychophyscs (e.g. Geschader
1997 2ff.).

To obtain adistance measure where larger differencesin sonoiity rise correspondto
larger numbes, theratio is subtracted from 1. Perfect correspondence yieldsaratio of 1,
since the sonoiity risein undhanged, so after subtraction from 1, perfect correspondence
yieldsa Sonoiity Rise distance of 0 and differencesin sonoiity riseyield postive
distances. For example, theinitia cluger of [pra] hasarisein sonoiity of 3 (= 4-1),
while the CV sequence that results from epenthesizing avowel into tha cluger, [p«ra],
has a sonoiity rise of 5 (= 6-1), so theratio of the sonoiity risesis 3/5=0.6, resultingin a
distance of 1-0.6 = 0.4. Thetable in (11) shows sonoiity rise distances between a
selection of C,C, and C,V sequences.

(11) C.C, Rise | C\V Rise| Distance
pr 3 p« 5 04
ps 1 p«<s 5 0.8
pt 0 p«t 5 1
np -2 N« 3 1.7

The correspondence condraints tha refer to Sonoiity Rise distance are of theform
IDENT(SONRISE)<n, requiring tha thedifference in Sonoiity Rise between correspondng
inputand output cononantsis less than n.

3.2.2 Afixed ranking of correspondence constraints

Thehypohesized universal, ! (abka apka) <! (abka, ab«ka), trandatesinto afixed
ranking of the correspondeance condraints tha pendize these changes (12), since larger
perceptud changes violate highe-ranked faithfulness congraints. Thecrudal value of
sonoiity rise distance is 0.8 since epenthesis into an obgruent-obgruent cluger involves a
distance of at least 0.8 between inputand output (11).

(12) IDENT(SONRISE)<0.8 >> IDENT(VOICe)

Given this fixed ranking, voicing assimilation is always preferred over epenthesis
into an obdruent cluger where thetwo are aternaive means of satisfying a markedness
condraint (13).

(13) apga abga IDENT(Son | MINDIST IDENT *TD *[ +voice,
Rise)<0.8 | =VOT:1 (voice) -son|
a apaa, abga : *| * *kk
b. ap«wa, abga *| Sk
c.| ! abga * 53
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Thefixed ranking (12) is plaugble given tha the difference between presence and
absence of avowe isrelatively large between obdruents since an obgruent cluger
involves at best avery small sonoiity rise (from stop to fricative). On the other hand, the
small perceptud distance between voiced and voiceless obdruents preceding an obgruent
isthe source of the markedness violation incurred by mixed voicing clugersin thefirst
place. More direct evidence for this ranking would ideally come from studies of the
relative confusability of thetwo types of contrasts, butit israre for perceptud studiesto
compare such disparate contrasts. However suppoting evidence can begleaned froma
variety of phenomenatha diagnos perceptud similarity.

For the compaison between epenthesis and a changein pre-obgruent voicing,
Steriade (20013 cites thework of Magen (1998)who assessed the perceptud salience of
pronungation errors in English producd by naive speakers of Spanish. Magen asked
native English-speaking listeners to evaluae how close recorded sentences were to native
English, atask tha presumably invadves judging the perceptud distance of the utterance
from the subjectsQpronundation norms. The stimuli involved utterances induding a
variety of errors characteristic of Spanish speakers of English, and versionsof those
utterances edited to eliminate or reduce the error, so the perceptud magnitudeof the
modificationscan be assessed by comparing theratingsof corresponding edited and
undlited stimuli. Three errors are relevant here: (i) schwa epenthesisin word-initia
postion (e.g. [speak) andin find clugers(e.g. clo[z«d] for clo[zd]), which was
corrected by ddeting the schwa, (ii) devoicing of [z] (e.g. rea[sjonsfor rea[z]ong, which
was mitigated by shortening the fricative and lengthening the preceding vowel, and (iii)
subdgitution of voiceless unaspirated stopsfor aspirated stops(e.g. [p]ut for [pi]ut), which
was corrected by addition of aspiration noise.

Epenthesisinto find clugersis comparable to epenthesisinto medial obgruent
clugers, thechangeat issue here, since thefind consonant was an obgruent in all of
Magen(@ stimuli. This was amongthe mog saient errors, together with initial epenthesis,
whereas editing of thevoicing-related errors did not have any significant effect on
evauaions While thevoicing-related modificationsdid notinvove comparisons
between fully voiced and voiceless cononants, they are till relevant to our concerns
because we are interested in pre-obdruent voicing contrasts which are only distinguished
by a subst of thefull cuesto voicing, as discussed above In particular, the[s]-[z] stimuli
manipulated preceding vowel duration, which isasignificant cueto voicing in pos-
vocalic obgruents (Raphaal 1972) So Magen@ results suppott the hypohesis tha the
perceptud difference between presence and absence of avowel is greater than a
difference in voicing.

Another source of evidence concerning therelative perceptud magnitudeof phoneic
differences comes fromthe study of haf-rhymesin songsand podry (Zwicky 1976
Steriade 2003, Kawahara 20073. Thisis avauable source because it makesit posibleto
compare diverse differences on an equd footing. Section 5 presents a study of haf
rhymesin Endlish limericks tha provides suppot for thefixed rankingsposted to
accountfor restrictionson epenthesis, induding (12), above
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3.3 Digtinctiveness constraints or AGREE(Voice)?

We propo tha both markedness and faithfulness congraints refer to the same
scales of perceptud distance, butit should be noted that it is thefaithfulness condraints
tha are essential to deriving theresult tha epenthesis does not serve as an alternaive to
voicing neutralization. That is, theassumption tha epenthesisis a greater violation of
faithfulness than a changein pog-vocalic obgruent voicing is sufficient to accountfor
the absence of epenthesis targeting mixed-voicing clugers even if we do not assume that
assmilationis motivated by distinctiveness congraints. For example, an andysis based
on AGREE(voice) would derive the nonoccurrence of epenthesis into mixed-voicing
obgruent cludersif epenthesisis universally a greater violation of faithfulnessthan a
changein voicing. However theandysisin terms of distinctiveness condraints still has
advantages over an AGREE-based andysis when we consde a broader rangeof facts
aboutneutralization of obdruent voicing contrasts, and aboutpostiond neutralizationin
genegal.

Steriade (1997)shows tha obgruent voicing assmilationis pat of abroader
implicationd hierarchy relating postionsin which obdruent voicing is neutralized. For
example, neutralization of voicing contrastsin find postionimplies neutralization before
obgruents, butnotvice versa (Lombadi 1991, Steriade 1997, Wetzels & Mascar—2001)
so there are languages like Russian in which voicing contrasts are neutralized findly
(14b)and before obgruents (149, and there are languayes like Hungarian in which
voicingis neutralized before obdruents (158 butthe contrast is maintained word-findly
(15b) (Petrovaet al 2006 Siptir & TSrkenczy 200), butthere are no languayesin which
voicingis neutralized findly withoutalso being neutralized before obdruents. Steriade
provides evidence tha these implicationd universals are related to the distinctiveness of
voicing contrasts in therelevant contexts: voicing contrasts are neutralized first where
they would beless perceptudly distinct. So neutralization in word-find postionimplies
neutralization preceding obdruents because obdruent voicing contrasts are more distinct
in find postion, mainly because cues fromthequdity of therelease burst are availablein
tha context.

An andysis of voicing neutralization in terms of distinctiveness constraints
conditutes a reformulation of Steriade® (1997 analysis: less distinct contrasts violate
highe ranked distinctiveness condraints, derivingthe generalization tha neutraizationin
better cued contexts implies neutralization in contexts where the contrast would beless
diginct®. An andysis of voicing assimilation in terms of a congraint like AGREE(Voice)
failsto capture thisimplicationd universal because AGREE(voice) cannotmotivate find
devoicing, so theimplicationd universal would have to be accounted for in terms of a
fixed ranking of AGREE(voice) abovean appaently unrelated condraint againg voiced
obgruentsin word-find postion.

(14) Russianvoicing neutralization
nom sg.  gen.sg. o
a. lefd]-ok left-K]a QceO

3 Steriade (1997) formulates her analysis in terms of afixed ranking of context-specific *[$voice]
constraints, banning obstruent voicing contrasts from the specified context. These are essentially
distinctiveness constraints since their ranking is determined by the distinctiveness of voicing contrasts in
the specified context, but ban the occurrence of [voice] specifications rather than banning contrasts per se.
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pro[s(-itO pro[zGbla GequestO

b. vra[k] vralgl-a  @nemyO
bra[t] bra[t]-a ®GrotherO

(15) Hungaian voicing neutralization 3
a hag2 GoueO  haktol GromthehoueO
kKEt @adenO KkEd-bE OnthehousO

b. rOb (:Drispnero
kobp Bad

Andyzing voicing assimilation in terms of distinctiveness congdraints also accounts
for thegenealization tha obgruents assmilate in voicing to following obdruents, but
not to following sonorants’. Obsruent voicing contrasts are perceptudly distinct before
sonorants since VOT cues can beredlized in tha context, so this environment is not
singled outfor neutralization. AGREE-based andyses generally stipulate this propaty in
theformulation of the AGREE(voice) condraint, specifying tha it appliesonly to
sequences of obdruents (e.g. Beckman 199826, Lombardi 1999)

4. Major place assimilation

This section addresses the generalization tha major place assimilation can target
nasals, leaving stopsundfected, butthere isno paale patern of vowe epenthesis
where epenthesis breaks up only nasal-obgruent clugers, leaving stop-obdruent clugers
intact. Theandysisisvery similar in structure to theandysis of obgruent voicing
assmilation in the preceding section: we will argue tha assimilationis preferred over
epenthesisin this case because changing place of articulationin these contextsisa
smaller perceptud modification than epenthesizing avowel, andisthusalesser violation
of faithfulness. Different nasal places of articulation are relatively similar in pre-
cononantal postion, so achangein place is amodest violation of faithfulness, but nasal-
obgruent clugers are falling sonoiity clugers, so insertingavowel into theclugder isa
subdantia perceptud change Thefact tha nasal place contrasts are marked in the
context preceding an obdruent and thefact tha place neutraization isthe preferred repar
for thismarked configuration are linked by the hypothesis tha markedness and
faithfulness condraints both refer to the same measures of perceptud distance between
sounds

Asdiscussed by Jun (1995,2004) major place cortrasts (Iabial vs. corond vs.
dorsal) are more distinct preceding vowels than preceding con®onants (Redford & Diehl
1999,Wright2001). In both pre-vocalic and pog-vocalic contexts place of articulationis
cued by formant trangtions butrelease trangtionscarry more perceptud weightthan

4 More precisely, obstruents can assimilate to the voicing of sonorants, but this assimilation is never
neutralizing. So intervocalic voicing of non-contrastive voiceless stops is attested (e.g. in TYmpisa
Shoshone, Dayley 1989), asis voicing of word-final obstruents before voiced sonorants in some languages
where obstruent voicing is independently neutralized in word-final position, e.g. Cracow Polish (Rubach
1996) and Slovak (Rubach 1993). These patterns are of interest, but are orthogonal to our primary concern
here which is the environments in which obstruent voicing contrasts are neutralized.
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trangtionsinto the cononant closure (Fujimuraet a 1978) In addition, prevocalic stop
contrasts are distinguished by burst qudity whereas overlap between connants can
result in the burst of a precononantal stop being obscured, so stop place contrasts benfit
from additiond cuesin pre-vocalic contexts. For nasals it has been shown tha a short
interval aroundtherelease of anasal carries significant cues to place (Kurowski &
Blumstein 1993) whereas theinterval aroundthe closure does not carry comparable cues
(Repp & Svastikula 1988)

An additiond factor tha plaudbly affects the distinctiveness of pre-consonantal
place contrasts is articulatory overlap with thefollowing cononant. Tha is, the
movements towards the second cononant of a cluger may begin before thefirst
connant condrictionisformed, so the second connant can affect theformant
trangtionsinto thefirst (Byrd 1992 Surprenant & Goldgein 1998) These effects are
assmilatory in naure: theresulting formant trangtionsare shifted towardsthose
characteristic of the second cononant (Dilley & Pitt 2007,Gow 2003), so ovelap can
result in less distina contrasts between heterorganic and homorganic clugers.

Accordingly, pre-cononantal place contrasts violate highe ranking distinctiveness
congraints than pre-vocalic place contrasts, and so are more proneto neutralization. If
pre-connantal place contrasts are neutralized, this results in regressive place
assimilation because thisistheleast effort realization of the neutralized cononant Bthat
is, ahomorganic cluger like [mp] involves a single closure gesture, whereas a
heterorganic cluger like [np] involves two (Jun 2004:72).

We are interested here in the Maayalam patern where nasals assimilate in place to
following stopswhile oral stopsdo notundego assmilation. Jun (2004 argues tha
nasals are more proneto assmilation than oral stopsbecause nasa place contrasts are
less distinct than oral place contrasts in pre-cononantal contexts, tha is! (anba amba) <
I (adba abbg. Thisisattributed to theddeteriouseffects of anticipaory nasaization on
thedistinctiveness of formant trangtions effects that have been demondrated for vowel
formants by Wright (1986. Unlike an oral stop closure, the nasal murmur can provide
cues to place, butthese cues are easily masked in normal spesking conditions(Mal Zcot
1956,John®n 2003160)and so do not compensate for theredudionin thedistinctness
of theformant trangtions

In formalizing this andysis, we will formulate constraints on place contrasts in terms
of thetypes of dimendgonsalongwhich the contrasts differ rather than specific valueson
individud dimensons The precise naure of thedifferences between places of
articulation dependson vowel context (e.g. Kewley-Port 1982 Repp & Lin 1989) so a
full treatment of place contrasts requires arelatively complex set of MINDIST condraints,
specifying distances based on combined formant trangtionsand rel ease propeties
(Flemming 2002. For theandysis of the Malayalam pdtern, thecruda distinctionis
tha adifference in nasalized closure trandtionsisless distinct than adifferencein ora
cloauretrangtions A differencein release trangtionsisin turn more distinct than a
difference based on cloaure trangtions Accordingly we have therankingsof
distinctiveness and corresponcence congraints shown in (16) and (17).

(16) MINDIST ={nasal closure trandtiong >>
MINDIST = {oral clouretrangtiong >>
MINDIST = {release trangtiong
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(17)

nasal place contrast violates MINDIST = {nas clostrangtiong (candidae ). It is

IDENT{r elease trangtiong >>
IDENT{ Oral closure trangtiong >>

IDENT{nasal clowuretrandgtiong >>

Nasal place assmilationisthen derived by therankingin (18). A precononantal

preferable to neutralize the contrast since the changein nasal place only violates
IDENT{nas clostrandtiong, which islower ranked. Thecondraint *GESTURE favors
neutralization to thehomorganic cluger (candidae c) because this cluger involvesonly a
single condriction gesture.

(18) anbg amba | MinpisT= IDENT ! MINDIST = IDENT : MINDIST = | *GESTURE
{nasclos | {oraclos | {oraclos | {nasclos | {rel trans}
trans} trans} trans} trans}
a | anbag amba *| * e
b. anba * **|
c.|! amba * *

Stop place contrasts are not neutralized in the precononantal context (19) because
changing stop place (candidates b, ¢) would violate IDENT{ oral clostrandtiong which
outrankstheonly distinctiveness congraint that isviolated by the contrast, MINDIST =
{release trangtiong (candidae a). (Note tha violation of IDENT{ora clostrangtiong
implies violation of IDENT{nas clostrangtiong, since these descriptionsare intended to
index postionson a scale of perceptud distance, and a changein oral closure trangtions
isagreater perceptud modificationthan a comparable changein nasalized closure

trangtions.
(19) adbg abba MINDIST = IDENT : MINDIST = IDENT ! MINDIST = | *GESTURE
; {nasclos | {oralclos : {oraclos | {nasclos : {rel trans}
trans} trans} : trans} trans} :
a | ! adba abbal * bl
b. adba *| * *x
¢ abba *| * *

Vowel epenthesisinto nasal-obgruent clugers would aso satisfy MiNDIST={ oral
clostrandtiong sinceit would allow for therealization of release formant trangtions
which are more distinct than closure trandtions but as discussed above epenthesis never
specifically targets nasal-obgruent clugers. This optionis ruled out because vowel
epenthesis into a nasal-obdruent cluser would bea subgantial violation of faithfulness,
while achangein nasal place in this context congitutes a relative modest violation.
Nasal-obdruent clugers have afaling sonoiity profile, i.e. anegative sonolity rise, so
epenthesis of avowel involves alargechangein sonority rise fromanegdiveto alarge
postive value Thedistance beween Bms- and Bns- is 1.33 ([ms] has a sonoiity rise of -
1 (i.e sonoiity falls), [m«] has a sonoiity rise of 3, so the sonoiity rise distance between
themis 1-(-1/3) = 1.33). On othe hand, a changein the place of articulation of a pre-
obgruent nasal isacomparatively small peceptud changebindeed thisisthe source of
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the markedness problem that drives place assimilationin thefirst place. So the contexts
where place contrasts are less distinct involve clugerswhere V- contrasts are
perceptudly distinct. Accordingly we hypothesizetha ! (anbg amba) <! (anbg an<a).
Thistrandates into thefixed ranking of correspondence condraintsin (20).

(20) IDENT(SonRise) < 1.3 >> IDENT{nasal clostrandtiong

Given thisranking, assimilation is always preferred over epenthesis (21). We will
see bdow tha this rankingis suppoted by evidence from a study of hdf rhymes.

(21)| anbg amba IDENT(SON | MINDIST = IDENT | MINDIST = IDENT
Rise)<1.3 | {nasclos | {oral clos | {ora clos | {nasclos
trans trang : trang trans
a anba amba § g x|
b.| ana, am«ba *1 Z :
c.| ! amba | | *

4.1 Disgtinctiveness constraints or AGREE(place)?

Aswith theandysis of voicing assmilation, much of thework of explaining the
absence of epenthesis in heterorganic nasal-obdruent clugersis doneby thefixed
ranking of Correspondence congraints rather than the distinciveness condraints, so
agan we can ask wha evidence there is tha place assimilation is motivated by
distinctiveness condraints rather than a condraint agang heterorganic connant
clugers, AGREE(place).

Aswith obgruent voicing contrasts, thereis an implicationd hierarchy relating
contexts of major place neutralization tha follows from an andysis based on
distinctiveness condraints but does not follow from an anaysis based on AGREE(place).
Neutralization of place contrasts in word-find postionimplies neutralizationin pre-
obdruent contexts, butnat vice versa (deLacy 20@:365). So there are languages like
Diola Fogny (Sapir 1952 and Latin (Devine& Stephens1977)where nasals mug be
homorganic to afollowing connant, butnasal place contrasts are permitted in word-
find posgtion, and there are languayelike Spanish (Harris 1983)and Japanese (Vance
1987)where nasals mug be honorganic to following obgruents, and nasal place
contrasts are also neutralized in find postion, to either [N (Japanese, Spanish dialects) or
[n] (other Spanish didects), butthere are no langueges which neutralize nasal place
contrasts in word-find postion while maintaining them in pre-obdruent contexts.

Thisimplicationd universa follows from an andysis where neutralization in both
contexts is motivated by distinctiveness condraints. Place contrasts are more distinct in
find postionthan in pre-obgruent contexts because they are not subject to the effects of
gestural overlap with afollowing cononant, and release cues may be available, so pre-
obgruent place contrasts violate highe-ranked distinctiveness condraints than find place
contrasts. As aresult pre-obdruent nasal place contrasts will aways be neutralized if
find place contrasts are neutralized. On the other hand, an andysis based on
AGREE(place) cannotaccountfor theimplicationd universal withoutfurther stipulations
because AGREE(place) cannotmotivate find place neutralization since it only applies to
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clugers. So find place neutralization would have to be motivated by other condraints,
perhgps place markedness condraints such as *D ORsAL, *L ABIAL, which meanstha the
implication between find and pre-obgruent neutralization would have to be derived by
stipulating that AGREE(place) ranks abovethe place markedness congraints’.

5. A survey of half-rhymesin limericks

Thefact that epenthesisisnotused as arepar for clugerstha are eliminaed by
assimilation processes is andyzed here in terms of a par of fixed rankingsof
correspondance condraints (22) that are the consequence of universal differencesin
perceptud distance between and among CC and CV C sequences, schematized in (23).

(22) a IDENT(SONRISE) < 0.8 >> IDENT(VOIcCe)
b. IDENT(SonRise) < 1.3 >> IDENT{nasal clostrandtiong

(23) a ! (abka apka) <! (abka ab«ka)
b.! (anba amba) <! (anbg arxba)

Thereis goodevidence tha voicing contrasts are relatively indistinct preceding
obgruents compared to ther distinctiveness in pre-sonorant contexts, i.e. ! (abka, apka) <
I (ba pa), and, as aresult, voicing contrasts are commonly neutralized preceding
obgruents. On the other hand, we have seen tha C,C, - C,VC, contrasts are more distinct
where C,C, has aflat or falling sonority profile than when it has arising sonoiity profile,
e.g.! (abla abda) <! (abka ab«ka), andwe will seein section 6 tha contrasts like
[abla]-[abda] are subject to neutralization.

® de Lacy (2002:363ff.) tries to derive the implication by effectively allowing place markedness constraints
to be satisfied by assimilation, so a place markedness constraint that is ranked high enough to force final
neutralization will also force neutralization in medial clusters. However, this approach does not actually
derive the required generalization since it allows for an unattested pattern where place of articulation
contrasts are neutralized to coronal in final position, but some place contrasts are still permitted in medial
codas.

In de Lacy@® system, neutralization to coronal in final position is derived by theranking in (i), where
*{KP} isaconstraint against [labial] and [dorsal] consonants (de Lacy actually uses IDENT{ KPT} rather
than IDENT(place), and *{ KPT}{ KPT} rather than AGREE(place) for reasons that do not concern us here).

(i) onset-IDENT(place) >> *{KP} >> IDENT(place), AGREE(place)

The same ranking bans heterorganic labials and velars from medial codas, e.g. *[mt],*[No] etc, but
labial and velar codas are permitted when they are homorganic with the following onset, e.g [mp, N¢],
because they can share their place specification with the onset, and are then protected by higher-ranked
onset-IDENT(place). So this ranking maps a cluster like /No/ onto [mp] or [np]. Assimilation ([mp]) is
favored by AGREE(place) even if that constraint is low-ranked since both outcomes are equally unfaithful.

However this ranking does not derive neutralization of all place contrasts in medial codas because
heterorganic coronals are permitted to surface since they do not violate *{ KP}. That is the contrasts [np] vs.
[mp] and [nk] vs. [NK] are permitted by thisranking. So it derives an unattested pattern where there are no
place contrasts in final position but place contrasts are preserved in pre-obstruent contexts. The
generalization that de Lacy® system derivesis that neutralization in final position implies neutralization of
some place contrasts in medial codas, but this is not sufficient: Neutralization of all place contrastsin final
position implies neutralization of al place contrasts in pre-obstruent contexts.
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Soitisclear tha! (abka apka) isonthelow end of the scale of distinctiveness of
voicing contrasts, and! (abka ab«ka) is onthehigh end of the scale of distinctiveness of
C,C, - C,VC, contrasts, so thehypothesized universal in (239 is plaugble. Butidedly we
would like some meansto directly compare the distinciveness of these two kindsof
contrasts. As mentioned above perceptud studies generally do notcompare such diverse
contrasts, althoughwe saw tha there is some evidence suppoting ! (abka apka) <
I (abka, ab«ka) from astudy of the perceptud salience of signd modificationsthat
indudevowel ddetion and changeto voicing cues (Magen 1998) Here we turn to the
study of hdf-rhymesin podry and songas a genera source of evidence conaerning
perceptud similarity tha is applicable to awidevariety of contrasts. In this sectionswe
will seetha evidence of this kind drawn from previousstudies, togeher with a new
survey of haf rhymesin English limericks, suppots therankingsin (22).

Perfect rhymes involve a match between the sound sequences from the stressed
vowels to theendsof therhyming words In hdf rhymes (a.k.aimperfect rhymes, semi
rhymes) there is some mismatch between the rhyming sequences, e.g. room-moon. It is
clear tha pods and lyricists who employ hdf rhymes do not abandontherequirement of
identity between rhyming sequences, rather they relax it to arequirement of similarity
since themismatches typically involve correspondences between similar sounds and
rhymes tha involve greater similarity are more common. Moreover, therelevant notion
of similarity appears to bethe same as the confusability-related notiontha we are
concerned with here (Zwicky 1976 Steriade 2003 Kawahara 20073. Accordingly the
frequency of agiven mismatching correspondence in hdf rhymes can be used as an index
of the perceptud similarity of the corresponding sounds(Steriade 2003)

Previousstudies of hdf rhymesin English, Japanese and Romanian have foundthat
voicing and place mismatches are common (e.g. died-light, roommoon), while V-
correspondances are not reported at all (Zwicky 1976, Steriade 2003, Kawahaa
2007131f) indicating tha presence versusabsence of avowel isamuch larger
perceptud difference than a difference in place or obdruent voicing’. Thiscondusonis
suppoted here by astudy of hdf rhymesin English limericks. In Limericks V-
mismatches are sometimes observed in hdf rhymes so we can be certain that these
rhymes are not excluded indgpendently of the similarity requirement for a satisfactory
rhyme (e.g. by metrical requirements), butV-  mismatches are rare compared to voicing
and place mismatches.

5.1 The half rhyme corpus

The corpusfor thestudy was collected fromthe 1739 limericks compiled in Legman
(1969) and congsts of 154hdf rhymesinvolving consonant mismatches or differences
in syllable count No attempt was madeto identify hdf rhymes based on vowel
mismatches because similarity between vowelsisnot at issue here, and because dialectal
variation in vowel systems often makes it difficult to determine whether arhyme actudly

& Zwicky (1976) mentions the existence of apocopated rhymes where one of the rhyming words has an
additional final unstressed syllable not present in the other, e.g. end-offended. However, this pattern of
rhyming seems to involve a departure from the canonical definition of rhyme domain rather than imperfect
matching between the segments in the rhyming domains. See Kawahara (2007:117) for asimilar
phenomenon in Japanese hip-hop rhymes.
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involves a mismatch. If arhyme would be pefect given some established pronungation
of thewordsinvolved, it was not counied as a hdf rhyme. For example, appaent
correspondance between presence and absence of [h] in an undressed syllable, e.g. drove
her-over, were not counted as hdf rhymes since [h] can beddeted in this context. The
exclusontha is mog relevant to the contrasts of concern here concerns appaent
mismatches in which thevelar nasal [N of the suffix Eing correspondsto an aveolar [n].
These were not counted as hdf rhymes since many dialects allow the suffix to be
pronoun&d [-In].

To agive an ovaview of therangeof hdf rhymes, counts are given for broad
categories of mismatchesin (24). Manne differences indudenasality mismatches, e.g.
Corbie-bore me, as well as mismatchesin condriction degree, e.g. doubly-lovely. In
addition mismatches such as[b-v] and[T-t] are counted as mismatching only in manne
athoughthere is some difference in place, aslongas the articulator matches.
Corresponding segments are counted as having the same place of articulation aslongas
they share the same articulator. 14 rhymes contain more than onemismatch. In these
cases, the mismatches are counied separately (cf. Zwicky 1976680). For example,
mistress-kissed his containsaC-  mismatch (-str- vs. Bxst-) and a voicing mismatch (-s
vs. E¢) andthese are both induded in thecountsin (24), so thesum of thefrequendes of
themismatch typesis greater than the numbe of rhymes. Therhyme scheme of a
limerick is AABBA, so the 1%, 2™ and 5" lines rhyme with each other. Mismatches
amongthese three rhymes are only counied onae. For example, if therhyming wordsare
clean-cream-queen, thisis counted as a single place mismatch, it is nottreated as two
hdf rhymes clean-creamand creamqueen.

(24)
Type Frequency | Description Examples
voice 48 mismatching segments differ only in jazz-gas,
voicing pleasure-pressure
place 40 mismatching segments differ only in fine-time,
place species-feces
manneg 14 mismatching segments differ only in doubly-lovely,
manneg Corbie-bore me
C- 42 presence vs. absence of a cononant gown-found,
clothes-woes
syllable 16 rhymes differ in number of syllables kidney-didnChe,
count Pitlochry-mockery
other 11 e.g. mismatching segments differ on Spizbergen-virgin,
multiple dimensons whether-better

Fromthetablein (24), it is appaent that themos common mismatches are voice,
place and C-~ mismatches, which are also common mismatchesin Zwicky@ (1976)
study of hdf rhymesin rock lyrics. The frequenaes of three types of mismatch, voice,
place and syllable count, bear onthe generalizationsaboutperceptud distance tha we are
interested in, ! (abka apka <! (abka, ab«ka) and! (anbg amba) <! (anba anba), so we
will examinethese typesin more deail.
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5.1.1 Voice mismatches vs. T, T,-T,VT, mismatches

Mixed-voicing obdruent clugers do notgenerally occur within wordsin English, but
we can obtain a measure of the distinctiveness of voicing contrasts tha lack VOT cues
from examinaion of voicing mismatches in word-find, pog-vocalic contexts, e.g. relate
it-bdated. Asdiscussed above(3.1), word-find voicing contrasts are generally more
distinct than pre-obgruent voicing contrasts, i.e. ! (ab, ap) >! (abka apka), so if ! (abka
ab«ka) isinturn greater than ! (ab, ap), we can beconfident that it is also greater than
I (abka apka). Consquently, we will compare thefrequency of word-find voicing
mismatchesto the frequency of C,C, - C,VC, mismatches where C,C, is an obdruent-
obgruent cluger.

Of the 48 voicing mismatches, 29 involve word-find consonants (e.g. jazz-gas,
while theremaining 19 involve cononants preceding vowels or sonorant consonants (e.g.
pleasure-pressure). Thisasymmetry is expected, given the evidence tha voicing
contrasts are more distinct preceding sonorants.

There areten C,C, - C,VC, mismatches. Theremaining syllable countmismatches
involve fourV.V-V correspondeances, e.g. liable-bible, and two other cases, where VC(C)
correspondsto  tremendouspendulousand Herman-permanent (the latter could be an
apompaed rhyme (Zwicky 1976676)). 9 of the 10 cases of C,C, - C,VC,
correspondance involve rising sonotity clugers (25). Jus oneinvolves afaling sonoity
cluger, Axminster-sinister’.

(25) Pitlochry-mockery (in two limericks)
Minneapolis-hapless
Limerick-slim Rick
cologrum-foger @m
Legman-egginO@m
finally-divinely
diddle her-Hitler
kidney-didnChe

So there are no examples of C,C, - C,VC, mismaticheswhere C, and C, are
obgruents, and only onewhere sonoiity is notrising in theconnant cluger. On the
other hand there are 29 voicing mismatches amongfind obgruents. These count,
suppot the claim tha vowel epenthesisinto an obstruent cluder is agreater perceptud
modification than achangein voicingin pre-obgruent context, ! (abka, apka) <! (abka
ab«ka). In fact pre-sonorant voicing mismatches are a'so more frequent than C,C, -
C,VC, mismatches, suggesting that voicing contrasts are in general less distinct than V-
contrasts. Theresults are also congstent with theclaim that aV- differenceisless
distinct in rising sonority contexts than in falling sonoiity contexts, as discussed above
althoughthe small nunbersinvalved (9 vs. 1) make this comparisonlessreliable.

" Thisrhyme is peculiar in another respect: theinitial syllable of Axminsteris unmatched in sinister, so

[ ksml] appears to be in correspondence with the [I] of sinister, assuming that stressis initial in both
words. This suggests that some other stress pattern is intended. There may be a secondary stress on Bmin-,
of ¢xm“nster, in which case the rhyme domain may run from this secondary stress: Axm(inster)-s(inister).
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5.1.2 Nasal place mismatches vs. NT-NVT mismatches

To evaluae thehypohesistha ! (anbg amba) <! (anbg an«a) we need to compae
thefrequency of place mismatches amongpog-vocalic nasals to thefrequency of C,C, -
C,VC, mismatches jus described. We cannotcourt place mismatches amongnasals
preceding obdruents, since English does not alow heerorganic nasal-obdruent clugers
in mog contexts, butas with voicing contrasts, word-find nasal place contrasts should be
more distindt, i.e. ! (an,am) >! (anbg amba). Soif ! (an, am) <! (anbag anda), we can
condudeby trangtivity that ! (anba amba) <! (anbg arxba).

Of the 40 place mismatches, 30 involve stopsand/or nasals. Theremainde invave
fricatives (8) or glides (2). Amongthe stop and nasal place mismatches, 23 are in word-
find postion or precede an obdruent, e.g. fine-time, gumption-function, while only 7
precede vowels or approximants, e.g. covers-mothers, Nixon-benediction. This difference
is expected given that place contrasts are more distinct in the pre-vocalic context. Of the
pog-vocalic place mismatches, 22 involve nasals (e.g. darm-man), or nasal-stop clugers
(e.g. trunk-cunt), and 1 involves oral stops(hog-god). We grouptogehe nasals and
nasal-stop clugers because both suffer from the effects of nasalization on thar formant
trangtions althoughnasal-stop clugers might be expected to bendfit fromcuesin the
release of the stop. The highe frequency of nasal place mismatches suppots Jun®
argument that nasal place contrasts are less distinct than stop place contrasts in this
context. Recall also tha the countof nasal mismatchesis conservative because it
excludes many appaent [N-[n] mismatches involving the suffix Bing. Zwicky (1976)
founda similar asymmetry between nasal place and stop place mismatches.

So pog-vocalic nasal place mismatches are much more frequent than C,C, - C,VC,
mismatches where C,C, has afaling sonoiity profile, suppoting the hypothesistha the
latter contrasts are more distindt, i.e. ! (anbg amba) <! (anba an«ba).

6. Neutralization of V- contrags

Theandyses developed so far have employed a set of correspondence condraints,
IDENT(SonRise)<n, that refer to the perceptud distance between C,C, and C,VC,
sequences. Given the hypothesis tha markedness and faithfulness condraints refer to the
same scales of perceptud distance, we also expect there to be markedness condraints on
thedistinctiveness of C,C, and C,VC, contrasts based on sonoiity rise distance. In this
section we examinefurther predictionsthat follow from posting these sets of condraints.

Markedness and faithfulness condraints based on Sonoiity Rise distance predict tha,
ontheonehand, contrasts between C,C, and C,VC, should bemore marked where they
arelessdigtind, i.e. wherethe sonoiity risein C,C, islarger, and tha epenthesis should
also be more acceptable in these contexts. Both of these congderationslead to the
prediction that there should be epenthesis processes tha only target rising sonoiity
clugers. This predictionis confirmed: there are paternsof vowe epenthesisthat target
obgruent-sonorant clugers butleave obgruent-obgruent clugersintact (/pral " [para],
pD/" [pD]), e.g. Winnebago.

A further prediction of the system of condraints propo®d here istha thesame scale
of C,C, andC,VC, smilarity should govern both vowel epenthesis and vowel ddetion
processes. |.e. both vowel ddetionand vowel epenthesis place C,C, and C,VC,
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sequences in correspondence, only thedirection of the mapping differs: C,C," C,VC, or
C,\VC,)" C,C,. Accordingly, the same scale of perceptud distance should regulate both
types of process, so vowel ddetion should incur asmaller violation of faithfulnessin the
same contexts as vowel epenthesis. Patterns of schwa ddetion in English and Dutch show
tha these processes do follow the same similarity scale as vowel epenthesisinto
connant clugers.

6.1 TR epenthesis

Epenthesis processes that target rising sonoiity clusters ((OR epenthesisQ) have been
doaumented by Steriade (1990)and Hall (2003) Themosg striking example is Dorsey3
Law in Winneébago (Mine 1979 1993) In this process, a copy of thefollowing vowel is
inserted into all obgruent-sonorant sequences, word-initially and word-medially (26),
while obgruent-obdruent clugers are allowed to surface (27) (Miner 1993113,117).

(26) /prad parals @latO .
/knak/ ka)na)!k (@ut something not having lengthO
/hakwe/  hakewe! GixO _

/hipred  hiperels GnowO
Isnif s)n)! @oldO
/Sruxruk/  Suruxuluk  QoueanO

(27) ps)pa@t Gukwardd
ratya)l) @o drinkO _
xdZas)!ne QesterdayO
ksalab GtiffoO
kdZele  Q@evengeO
skala QvhiteO
xga)agdk @nergeticO
pDopB!E BineO

A similar patern of optiond epenthesisis observed in Late Latin, athoughrestricted
to obgruent+liquid clugers (Steriade 1990) e.g. Aleksandri-Aleksandiri, scriptum
sciriptum

These paternsinitially appear somewha surprising since obgruent-sonorant clugers
are generally regarded as relatively unmarked cluders. It has been argued that rising
sonoiity clugers represent a marked syllable contact when divided by a syllable bounday
(Venneman, 1988;Davis, 1998;Goukova, 2002, butthis cannotaccountfor TR
epenthesissince it appliesto initial clugers aswell as medial clugers. However, the
impression tha rising sonoiity clugers arerelatively unmarked comes from thefact that
mog connantal contrasts, such as place and voice contrasts, are relatively well cued in
these clugers (better than in obgtruent-obgruent clugers), butV-  contrasts are less
distinct, and therefore more marked, inthese clugers, i.e.! (TR, TVR) <! (TT, TVT).

TR epenthesis can beandyzed in terms of a set of MINDIST constraints tha refer to
Sonoiity Rise distance, asin (28).

(28) MINDIST = SonRise:0.7 >> MINDIST = SonRise;0.8 >> MINDIST = SonRise:0.9E
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Thetablein (29) shows the sonoiity rises for a variety of Winnebago cononant
clugers (left column) and minimally distinct C,V C, sequences (center column), togeher
with the Sonaity Rise distance (rightmod column). It can be seen that Winnebago
requires a minimum difference in sonoiity rise of 0.8 for an adequée contrast between
C,C,and C,V. Any smaller differences are neutralized by epenthesizing a vowel to break
up the cononant cluger. We will now see how this threshold is established by the
ranking of MINDIST condraints with respect to Correspondence congraints.

(29) C,C, Rise CV Rise Distance
pra 3 para 5 04
epenthesis sra 2 sara 4 05
sni 1 sni 4 0.75
no psi 1 pisi 5 0.8
epenthesis ktS 0 ket 5 1

A contrast like [pra]-[para] violates MINDIST=SonRise:0.8. This condraint violation
can beavoided by neutralizing the contrast, for example by vowel epenthesis, [pra] "
[pard]. But this deviation fromtheinputform [pra] incurs violationsof thefaithfulness
condraints, IDENT(SONRISE)<n, which require tha the difference in Sonority Rise
between corresponding inputand output cononants should beless than n.

Thetableaux in (31)}(33)illudrate howthe ranking of IDENT and MINDIST
condraintsin (30) derives neutralization of V- contrasts in the context between an
obgruent and a sonorant (31, 32) but not between obgruents (33). Thetableaux show the
evaluaionof C,C,V and C,VC,V contrasts. The candidaes in each tableau involve
faithful maintenance of theinputcontrast (a), neutralization by mapping bath inputs onto
aC,C,V outputby vowe ddetion (b), and neutralization by mapping bath inputs onto a
C,VC,V output by vowe epenthesis (c). Thetableausin (31) and (32) only illudrate the
derivationof V- neutraization Btha is candidates (b) and (c) are tied with respect to
the condraints shown because the violationsof IDENT(SonRise) are the same for
epenthesis and ddetion. The choice between epenthesis and dd etionis andyzed bd ow.

(30) MINDIST = SonRse:0.8 >> IDENT(SonR se)<0.7 >> MINDIST = SonRise:0.9

It can be seen that thecritical rankingsin (30) establish the minimum Sonority Rise
distance of 0.8 foraV-  contrast by comparing contrasts tha lie on each side of this
threshold: [sni] vs. [sini], with adistance of 0.75 (32), and [pg] vs. [pis], with adistance
of 0.8 (33). A [sni]-[sini] contrast violates MINDIST = SonRise:0.8 (candidae a) and the
highest ranked correspondence condraint tha is violated by neutralizationis
IDENT(SonRise)<0.7, which is lower-ranked, so neutralization of theV-  contrastis
preferred (32, candidates b, ¢). On the othe hand, a difference of 0.8, asin [pd]-[pid],
only violates lower-ranked MINDIST = SonRse:0.9 (33, candidae a) and cannotbe
neutralized withoutviolating highe ranked IDENT(SonR se)<0.8 (and
IDENT(SonRise)<0.7) (candidaes b, ¢), so thecontrast is permitted. Thesonoiity rise
distance of 0.75 between [sni] and[sini] isthelargest tha is possible in an obgruent-
sonomnt cluger (29) andtheV-  contrast is neutralized dueto insufficient
distinctiveness in this context, so the same appliesto all other obdruent-sonorant clugers,
asillugrated for [pra] vs. [pad] in (31).
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(31) pra, paa IDENT(Son | MINDIST= | IDENT(Son| MINDIST =
Rise)<0.8 | SonRse:0.8 | Rise)<0.7 | SonRs=:0.9

a pra, paa * *

b. (') pra

C. ! paa

(32) sni, sini IDENT(Son | MINDIST= | IDENT(Son| MINDIST =
Rise)<0.8 | SonRse0.8 | Risg)<0.7 | SonRse0.9

a sni, sini *| *

b. (1) sni *

C. ! sni *

(33]) pg, pis IDENT(Son | MINDIST = | IDENT(Son| MINDIST =
Rise)<0.8 | SonRse0.8 | Rise)<0.7 | SonRse:0.9

a ! pg, pisi *

b. ps *| *

C. pis *|

Thepreference for epenthesis over ddetion as the outcome of neutralization derives
from other condraints. Onefactor tha favors epenthesisis tha thisimproves the
distinctiveness of C, place contrasts by allowing for therealization of formant trangtions
into thevowel. In formalizing this andysis, we will formulate congraints on place
contrasts in terms of thetypes of dimendonsaongwhich the contrasts differ rather than
specific values onindividud dimensons asin section4. Theony essential clam hereis
tha the addition of release formant trangtionsresults in more distinct contrasts, so we
will employ thesimplified condraints, MINDIST={ burst}, requiring tha contrasting
soundsdiffer in burst propaties, MINDIST={ burst & rel. trangtiong, requiring tha
contrasting soundsdiffer in both burst and release formant trangtions ranked asin (34).
This ranking enforces preferences for intervocalic stopsover pog-vocalic stops [ipere] >
[ipre], and for prevocalic stopsover precononantal stopsin word-initial postion, [pad
> [pra], thusfavoring epenthesis into both initial and medial clugers. The MINDIST
congraints relevant to fricative place contrasts are similar but with (oise spectrumGin
place of GurstO

(34) MinpisT={burst} >>

MINDIST={ burst & rel. trandtiong

Thetableau in (35) illudrates how these condraints select epenthesis over vowel
ddetionin theobgruent_sonormnt context. We have to consder both placeand V-
contrasts here, resulting in atotal of fourinputs. Inputs and outputs are subscripted to
clarify theinputoutput mappingsin each candidate set. As seen in (31), condraintson
Sonoiity Rise differences maketheV-  contrast in parslike [pra-para) and [kra-kara]
unacceptable, so thetableau in (35) only shows the evaluation of two aternaive
strategies for neutralizing this contrast: ddetion (candidate a) and epenthesis (candidate

24



b). Epenthesisis preferred because it results in amore distinct contrast between [p] and
[K], i.e. it satisfies MINDIST={ burst & rel. trandtiong.

Note tha adifference in burst doneis sufficient for contrast in thislanguayesince
IDENT(burst) ranksabove MINDIST={ burst & rel. trandtiong Di.e. a contrast based on
burst propeaties aloneis preferred over place neutralization because the latter would incur
aviolation of IDENT(burst). Thisis necessary to alow for place contrasts in initial
obdruent cluders, e.g. [ps] vs. [ks], which are attested in Winnébago.

(35) pray, paa,, MINDIST = IDENT MINDIST =
kra,, kara, {burst} (burst) {burst &
rel.trans
a pray,, krag, *!
b. I paa,, karay,

Combining thetwo parts of theandysis raises theissue of comparison of perceptud
distances onvery difference dimengons Tha is, if wetry to evaluae the combinaion of
placeandV-  contrastsin (35) with respect to the combined congraints from the
tableausin (31) and (35), it seems tha place contrasts like [pra-kra] or [para-kara] violate
all the MINDIST condraints on Sonoiity Rise differences since these pars do not differ
aongthisdimendon. Similarly theV-  contrasts, [pra-para and [kra-kara] appear to
violate MINDIST={ burst & rel. trandtiong. Thisisnotthe correct result: acontrast is
acceptableif it is sufficiently distinct along some dimenson(s), it doesn®have to be
distinct alongall dimengons

So MINDIST constraints should idedlly refer to differences on a general measure of
perceptud distance tha can be satisfied by any acoudic differences tha exceed the
required perceptud distance (cf. Flemming 200230ff.). In other words MINDIST =
SonRise:0.8 should bereplaced by a condraint of theform MINDIST = d which is satisfied
by adifference in Sonoiity Rise of 0.8, butis also satisfied by equivalent differencesin
burst spectrum and/or formant trandtions A contrast like [pra-kra] might actudly satisfy
this reformulated MINDIST condraint. Given our limited undestanding of perceptud
distances among speech signds, we cannotbeat all certain wha therelevant
equivalences are between place cues and sonoiity rise distances, buta variety of
assumptionsyield thedesired result here. (36) illugrates onepossibility, specifyingthe
aternative place and sonoiity rise distances as digundsin each MINDIST condraint.
Violation marks are labded to indicate which contrast incurs each violation.
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(36)

pra,, paa,, IDENT MINDIST = IDENT MINDIST =
kra,, kara, (SonRsL)<0.8 { SonRse:0.8 or| (SonRs)<0.7| SonRise0.9
{burst} or {burst &
rel.trang
Pra;, paa,, * *“(pr-pa)
kras, kara, *( kr-kar)! *(kr-kar)
(pr'pa) *( pr-kr)
b. pra, ,, krag, *(pr-kr)!
c |! paa ,,
karag,

A find issuein theandysis of Winnebago concerns the qudity of the epenthetic
vowel: why does it have the same qudity as thevowel followingthe sonorant? Given the
hypothesistha InputOutput Correspondence condraints favor perceptudly minimal
modification of theinpu, these condraints should favor the epenthetic vowel qudity V
tha makes the output C,VC, mog similar to theinput C,VC,. Asarguel by Steriade
(200139, this should generally favor ashort vowel that is assimilated to its context, a
qudity that isusudly transcribed as schwa[«]. It is concelvable that the transcription of
the epenthetic vowel as a copy of thefollowing vowel is simply an approximation
representing a schwa vowel tha is affected by coarticulation with thefollowing vowel,
butthis accountis probematic where C, isaglide because in these cases, we would
expect avowel qudity close to tha of theglideto constitute the perceptudly minimal
vowel insertion, i.e. we would expect [u] before [w] and[i] before[j] rather than a copy
of thefollowing vowel. Thuswe tentatively hypohesize tha the qudity of the epenthetic
vowel istheresult of aform of vowel hamony (cf. Kawahara 2007b) perhgps motivated
by AGREE(F) condraints, requiring identity between conecutive vowels (Bakovic!2000)
However themain concern here isthedistribution of epenthetic vowels rather than thar
qudity, so we will notdevelop this aspect of theandysis further.

6.1.1 Could TR epenthesis be motivated by distinctiveness condraints on place contrags?

Theandysisin (36) raisesthe posibility tha epenthesisis motivated by condraints
onthedistinctiveness of cononant place contrasts rather than condraints onthe
distinctiveness of V- contrasts. Tha is, we have seen tha the condraint
MinDIsT={burst & rel. trandtiong favors epenthesisin all C,C,cononant clugersto
allow for therealization of burst and release trandtion cuesto place in C,. Intheandysis
above it isassumed tha MINDIST={burst & rel. trangtiong isalow-ranked congraint
tha smply breaks thetie between epenthesis and ddetion as the meansto neutralize
inaufficiently distinct V- contrasts, but if this MINDIST condraint were ranked between
IDENT(SonRise)<0.8 and IDENT(SonRse)<0.7 it would be able to force epenthesisinto
CC clugers aslongastheresulting changein SonRise is lessthan 0.8 Di.e. in obdruent-
sonorant clugers, but notin obgruent-obgruent clugers.

Thislineof andysis still dependson the perceptudly-based IDENT(SonRise)<n
condraintsto derive TR epenthesis, but calls into question the need for distinctiveness
condraints based on the same scale, MINDIST=SonRise:d. However, there are reasonsto
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favor theandysis according to which epenthesisis motivated by MINDIST=SonRise:0.8,
based ontherangeof variationin paternsof TR epenthesis obsrved so far. Varyingthe
relative ranking of MINDIST=SonRise:d condraints and IDENT(SonRse)<n condraints
derives variation in thethreshold of Sonaity Rise distance bdow which C,C, - C,VC,
contrasts mug be neutralized. As we have seen, the ranking in (30) derives a threshold
distance of 0.8, so epenthesis appliesto all obdruent-sonorant clugers. Therankingin
(37) establishes a threshold of 0.6, which yields epenthesis into obgruent-liquid clugers
only, asin Late Latin.

(37) MINDIST = SonRse:0.6 >> IDENT(SonR se)<0.5 >> MINDIST = SonRise:0.7

Based onthe small sample of attested TR epenthesis processes, languayes do differ
in how low they set the distance threshold bd ow which epenthesis applies (Steriade
1990,Hall 2003. On theother hand, any plausble development of the andysis according
to which TR epenthesis is motivated by the preference for more distinct place contrasts
will predict amuch richer typology of paternsof epenthesis, induding paternstha are
not attested. Thisis because thedistinctiveness of mgjor place contrastsin C, postion of
aC,C, cluger vary significantly depending onthemanne of the cononantsinvolved.
For example! (pr, kr) is plaugbly greater than! (pn, kn) because some cues to the place
contrast can berealized onaliquid like[r], eg. in its formant structure (Flemming &
Jones 2006) butnat onafollowing nasal. Accordingly the need for vowel epenthesisto
enhance place distinctivenessis greater in stop+asal clugersthan in stopHiquid clugers
bi.e. a[pn] vs. [kn] contrast violates highea-ranked MINDIST condraints than [pr] vs. [kr].
Thisleadsto the prediction tha epenthesis could target stop-nasal clugers only Bstop-
liquid clugers are nottargeted because they are aready sufficiently distinct (i.e. the
increase in distinctiveness is not worth theviolation of faithfulness). This patern is not
attested, suggesting tha congraints like MINDIST = {burst & rel. transt never rank high
enoughto force epenthesis onthar own.

6.2V- dmilarity in vowel deletion

Theframework developel here also predicts that the same scale of C,C, and C,VC,
similarity should govern both vowel epenthesis and vowel ddetion processes. |.e. bath
vowel ddetion and vowel epenthesis place C,C, and C,VC, sequencesin correspondence,
only thedirection of the mapping differs: C,C," C,VC, or C,VC,” C,C,. Accordingly,
the same scale of perceptud distance should regulate both types of process, so vowel
ddetion should incur asmaller violation of faithfulness in the same contexts as vowel
epenthesis. Patternsof schwa ddetionin English and Dutch show tha these processes do
obey the same smilarity scale as vowel epenthesisinto cononant clugers.

Dutch schwa ddetionis an optiond process tha deletes schwa between an obdruent
and aliquid (389 (Booij 1995128f.) Di.e. wherethe connant cluger tha results from
ddetion has alarge sonoiity rise. Deletion is not possible with smaller sonoiity rises
(38b) or with level or falling sonoiity (380°. So ddetionis possible where theresulting
C,C, cluger is sufficiently similar to the C,VC, input, specifically the maximum

8 Booij (1995) does not cite any examples of thistype, but his rule implies that deletion is unacceptable in
thewords in (38c). Pronunciations are from CELEX (Baayen, Piepenbrock & Gulikers 1995).
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acceptable sonority rise distance between them is 0.5 (39). The unacceptability of
ddetionin cases like [rAM« «n] (38b) might be attributed to phonotctic condraints since
[-ml-] does not generally occur morpheme-interndly, except in loans (Kremlin, umaut),
butthethis line of andysiswill notaccountfor the other cases where schwa cannotbe
ddeted because the clugters that would result are well-formed, e.g. -kn- [aknd Gcned)-
In- [KEIn«] QvaiterQ-ns- [InsEk] Gnsect®-rn- [stornls] @isorderd

(38) a. supd«  ~supl« GmoothO
Ja«n ~Jr«n (o sacrificeO

blb««n  ~ blbrn Go trembled

b. tekenen ~*teknen (o drawd
rAnd«n  ~*rAmlan Qo rattleO

c. VPkn@h ~*vPh« GodsD
vOn&n  ~*vOnsn QerdictsO
X«@WOordn«~ *x«zworn«  QurorO

(39) C.GC, Rise | C\V Rise | Distance
pl« 3 pd« 5 04
ddetion OK fr « 2 fcr« 4 05
no ddetion kn« 2 k «n« 5 06
ml« 1 m«l « 3 0.67

Schwa ddetion only applies where thefollowing vowel is also undressed, so
deetionis not possible in bdoven* blov«n Go promiseQ(Booij 1995130, van
Oogendomp 2000202), so it servesto eliminate a stress lapse. Accordingly we andyze
schwa ddetion as being motivated by *L ApPsE, forbidding adjacent undressed syllables,
and limited by IDENT(SonRise)<n congraints. As shown in (40), *L APSE is variably
ranked with respect to IDENT(SonRse)<0.4, so ddetionis possible in stop_liquid
contexts. Deletionis never acceptable where it resultsin a changein Sonority Rise of 0.6
or greater, asin thenasal_liquid context exemplified in (41), because
IDENT(SonRise)<0.6 ranksabove* LAPSE.

(40)| supd« IDENT * LAPSE IDENT
(SonRise) (SonRise)
<0.6 <04
a ! Su!pi« *
b. ! sulpk *
(41)| rAMd«n IDENT *LAPSE IDENT
(SonRise) (SonRise)
<0.6 <04
a ! rAlmd«n *
b. rAlrhn * *

28



Optiond schwa ddetion in English follows a similar patern. Hoope (1978)
describes a dialect in which abasic condraint on schwa ddetionistha it can only apply
where theresulting cluger has rising sonority and a sonorant in second postion (42).
Schwavowels can bereduced to the point of appaent ddetionin awider rangeof
contextsin casud speech, buttherising sonoiity contexts were those where full ddetion
was judgel to be acceptable even in less casud speech.

(42) a Ev«i ~EVi®  G@ueryO _
tMEM<i - ~'MEnii  @nemoryQ
hésand ~péasnd  @ersondO
fl mdi ~fi mi  @amily®

b. 'plketIN ~*'plktIN  QicketingO
k«pl sti ~*k«pl sti @apacityO

Themetrical context for ddetionis similar to Dutch aswell: schwa only ddetes
before another undressed syllable, e.g. [MEm®alz]/*[ 'tmEnRalz], and schwais only
deeted in word-initial pre-stress syllables (e.g. /bdoU " [bloy Gdowd in Qery rapid
and casud stylesQ(Hoope 1978198) This restriction on pre-stress deetion is confirmed
by Patterson, LoCasto & Connine@ (2003 corpusstudy of schwa ddetion: they founda
much lower frequency of pre-stress schwa ddetion compared to pog-stress ddetion. So
the process can aso be motivated by *LAPSE, differing only in that this condraint can
rank abovelDENT(SonRise)<0.75, permitting ddetion in awide rangeof environments
than in Dutch.

(43) C.GC, Rise C\V Rise Distance
pl 3 p« 5 04
fr 2 fur 4 05
ddetion OK kn 2 k«n 5 0.6
ml 1 m«l 3 0.67
sn 1 s 4 0.75
no ddetion ps 1 p«s 5 0.8
sk -1 s«k 4 1.25

Previousandyses have accounted for the sonoiity conditionson schwa ddetion by
posting arequirement that the cluder tha results from ddetion mug be a syllable onset
(Booij 1995,Hoope 1978. Theideaisto derive therequirement tha the cluger resulting
from schwa ddetion mug have rising sonoiity from the requirement that onst clugers
mug have rising sonoiity. This approach is problematic because theresulting clugers are
not necessarily acceptable onsts in these paticular languages, e.g. Dutch does not alow
word-initial [tl], but[t]] clugters can bederived by schwa ddetion: [kitd«n]/[Kitl«n] Go
tickleO1n English, [ml] is notan acceptable onget, but results from schwa ddetionin
@amily((42). In addition, ddetion can be blocked even where theresult would bean
acceptable onset: English alows s-stop onsets, but schwa ddetion does not apply
between [s] and a stop (42b) So both authors have to propo% tha condraints on possible
ongets are modified specifically for the output of schwa deetion (Booij 1995129,
Hoope 1978193) Theandysis proposd here avoidsthis problem because it makes no
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reference to syllabification, thesonoiity-related condraints on ddetion are derived purely
from universals of C,C, - C,VC, similarity.

7. Thetypology of epenthesisinto consonant clusters

We have seen tha vowel epenthesis does not serve as an aternative to assmilation
in reparing marked heterorganic clugers or mixed-voicing clugers. These
gengdizationsraise the question of what kindsof clugers are targeted by vowel
epenthesis. In the previoussection we have seen tha epenthesis can single out obgruent-
sonorant clugers, leaving obgruent-obgruent clugersintact. This patern arises because
thedifference beeween V and  issmaller in the obgruent-sonorant context. In this
section we review additiond paternsof vowel epenthesisinto cononant clugersin order
to situae the occurring and non-occurring paternsof epenthesis discussed abovein
relation to the broader typology of epenthesis. Thegods are to show that other paterns of
epenthesisinto connant clugers can be andyzed in terms of additiond condraints that
are consstent with system of congraints propo%d so far, and to show how the unédtested
paternsof epenthesis differ from these additiond epenthesis processes.

In onewiddy attested patern, epenthesis appliesto all connant cludersthat
exceed a certain length, regardless of the propeties of the cononants that make up the
cluger. This patern is exemplified by Yawelmani Y okuts (Newman 1944 ,Kisseberth
1970)where epenthesis breaks up media cluders of any three cononants (444 andfind
clugers of two connants (44b), ensuring tha every cononant is adjacent to avowel.
Similar paternsare oberved in Cairene Arabic (Brosslow 1976) and Lenakel (Lynch
1978)

(44)  Yawelmani Yokuts (Newman 1944) ) B
a /palt-mi/" palitmi  @avingfoughD cf. pa/t-al  OGnightfightO
flihm-mi/"  lihimmi  ®aving runO cf. lihmal  GnightrunO
Mfilk-mi/ " filikmi  Gavingsungd  cf. /ilk-al  Gnightsingd

b. /palt/ " palit Qightingd
Mlihmy/ ™ lihim Gunningd
Ililkl " filik Qingingd

This patern is quite different from TR epenthesissince it isinsengtive to the
sonolity contour of con®nant clugers. It also cannot be motivated by condraints onthe
distinctiveness of connant contrasts since neutralization is generally more faithful than
epenthesisas arepar for inaufficiently distinct consonant contrasts, so it is clear that
additiond congraints are required to accountfor this patern.

Following C™Z (2000158), we propo< tha therelevant condraint is C% V, which
requires every cononant to be adjacent to avowel. This condraint motivates epenthesis
into medial BC,C,C,- andfind BC,C, clugers, sincein each case C, isnotadjacent to a
vowel. Thecongraint C% V can beundestood as expressing a preference tha the
presence of each cononant should be marked by the acoudic discontinuities tha are
generated at thetrangtion from avowel to aconnant or vice versa (cf. Stevens
1998245f.). If this condraint is sufficiently highly ranked with respect to faithfulness
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condraints, then epenthesis appliesin al cononant clugers of sufficient size regardless
of ther sonority profile.

If C% YV ranksin the hierarchy of IDENT(SonRse) condraints, we expect to find
paternswhere the application of epenthesisisinfluenced by the sonoiity profile of
cononant clugers. Thisisthecase in Lebanese Arabic where epenthesis generally breaks
up find CC clugers, but applies only variably in faling sonority clugers (Haddad 1984)
i.e. where epenthesisis a greater violation of faithfulness. Similarly in Bedouin dialects
of theNorthern Sina Littoral, avowel is genaaly epenthesized after thefirst cononant
of abC,C,C;- cluger, butthis processis variable where sonoiity fallsfromC, to C, (de
Jong2000125f).

Anothe widespread type of epenthesisinto connant clugers applies only adjacent
to sonofant cononants. This can be exemplified from a number of Salishan languayes,
induding Montana Salish (Flemming, Ladefoged & Thomason 2008) where a schwa
vowe is epenthesized between a sonorant and a preceding connant in amog all
contexts, e.g. [tSfists« mu] ead, beadD Similar paternsare foundin Kaispd (Vogt
1940) Spokane (Bates & Carlson 1992) Shuswvap (Kuipe's 1974)and Thompson
(Thompson & Thompson 1992) Althoughthis pattern of epenthesisis sendtive to
sonoiity, it isunlike TR epenthesisin tha it applies even if the preceding cononant is
more sonomus asin [wall«w<1] 'longbilled curlew', where the second schwaiis
epenthesized between aglideand aliquid. Hall (2003) notes other epenthesis processes
tha apply adjacent to high sonoiity cononants. For example, Dutch has an optiond
process of schwa epenthesis tha applies to word-find liquid-C cluders, e.g.
[MEK]~[mEkK] 'milk’, [Am]~[Arm] 'arm’ (Booij 1995127).

These processes suggest that in addition to sonoiity rise distance, thereis another
dimendon of perceptud distance beween V and  which isrelated to theabsolute
sonoiity of adjacent cononants. It is plaugble tha epenthesisis alesser violation of
faithfulness adjacent to a soundtha is closer in sonoiity to avowel. These epenthesis
processes can beregarded as aform of ‘fisson'in which a sonorant cononant splitsinto
two sonofant sounds avowel and a cononant, whereas an epenthetic vowel between
obgruents lacks any sonorant correspondent in theinput

Neither of these attested paternsof epenthesis resembles the undtested paternsthat
are thefocusof this pape: epenthesistha specifically targets nasal-obdruent clugers,
and epenthesis that breaks up mixed-voicing obgruent clugers. These undtested
processes cannotbe characterized as epenthesis into clugers tha exceed a certain length
since they targe specific types of clugers. Epenthesis into mixed-voicing obdruent
clugers obvioudy would not conditute epenthesis adjacent to a sonorant. A process that
epenthesizes vowel s adjacent to sonorants could apply to nasal-C clugers and would not
apply to obgruent-obdruent clugers, butif it applies adjacent to nasals it would also be
expected to apply adjacent to more sonorant cononants, e.g. liquids So it isnotpossible
to derive a pdtern tha only targets nasal-obgruent clugers on this basis either.

Findly we turn to a patern of epenthesis which appears to be problematic for the
hypothesistha perceptudly minimal repars are preferred, since anillegd cluder is
broken up by epenthesis when ddetion of acononant would be expected to bea smaller
perceptud change This patern is exemplified by dternaionin theforms of theEnglish
plural /-z/ and past tense /-d/ suffixes and by a similar alternaionin Lithuanian verb
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prefixes (Bakovic!'2005) We will see tha these paternsare morphdogically restricted in
cruda ways tha can explain why theminimal repair is eschewed in these cases.

TheEnglish /-z/ suffixes areredlized as [-«z] after stridents[s, z, S Z tS d4, e.g.
dod z] butmesh[«z]. Epenthesis of schwa avoidsan ill-formed cluger of two stridents,
e.g. *me[&]. It has been suggested tha this cluger isill-formed because it violates an
OCP condraint (e.g. Yip 1988) or, according to Bakovic!(2006) because English has
processes of voicing and anteriority assimilation that make a geminae strident the
expected outcome if epenthesisdid notapply, e.g. me[F, and geminaes are nat
permitted in this context in English. Either way, we have seen tha epenthesis between
two obgruentsis aperceptudly significant change so we mightexpect tha ddetion of
the secondfricative should be preferred as the more faithful repair, i.e. /mESz/" [mES.

In fact ddetionistheattested repar for sequences of stridentsin all other contextsin
English, eg. dissmilar /distsimil«# " [dIsimil«d, *[ dis«simil«d. The avoidance of
ddetionin theparticular case of the/-z/ suffix is plausgbly motivated by thefact tha this
would completely ddete the suffix, resulting in homophonybeween singular and plural.
In other words epenthesisis motivated by a highe-ranked condraint requiring tha
inflected forms of the same stem should bedistinct although it isless faithful than
ddetion (Crosswhite 1999, Tr—r& Rebrus2005,L Sfstedt 2008)

Thesame lineof andysis applies to the past tense suffix, /-d/. Thisisrealized as[-
«d] after other corond stopst, d], e.g. walk[t] butwait[«d], avoiding an ill-formed
sequence of corond stops Agan, ddetion would be more faithful than vowel epenthesis
butis blocked by morphological distinctiveness condraints.

A similar patern of epenthesisis observed in Lithuanian (Ambrazas 1997,Bakovic
2005) theverb prefix /ap-/ isrealized as [api-] before bilabials [b, p] (apf-bekt) 'to run
around',cf. ap-kallbketl 'to danda’, while/at-/ isrealized as [ati] before [t, d] (athi-detli
'to dday, putoff, pogpone, cf. atrastl 'to find, discove'). Lithuanian has regressive
voicing assmilation in obgruent clugers, so a geminae would be expected where /at-/ is
prefixed to [t] or [d]. Asin English, Lithuanian disallows geminaes, so Bakovic
attributes epenthesis to a condraint againg geminaes. Agan, thequestion arises why
epenthesisis preferred over degemindion here.

Degeminationistheregular repar for geminaesin Lithuanian (Kengowicz
197221). Assimilation and degemination both apply to othe prefixessuch as/iS/, IuZ/,
e.g. iSrDEt/" [IDE!LI] Gump outd/uZsienis " [udienis] 'abroad’ (Mathiassen
199626), sotheV-  dternaionsobserved with /ap-/ and /at-/ are exceptiond. One
possible line of andysiswould beto treat this as a case of phonobagical selection of listed
allomorphs(cf. Kager 1996 Bond, Lloret & Mascar—2007) Tha is, each prefix has two
listed dlomorphs /ap-/, /api-/, /at-/, /ati-/, and they compete to appear in aword that is
morphologically specified for therelevant prefix. Thedisyllabic form is selected where it
permits avoidance of consonant ddetion throughdegemination, otherwise the shorter
formis preferred.

8. Conclusions: Limitations on pogstional enhancement

This pgper has provided evidence for the proposl tha both markedness and
faithfulness congdraints refer to the same scales of perceptud distance. Distinctiveness
condraints are markedness condraints tha pendize contrasts according to the perceptud
distance between the contrasting sounds contrasts are more marked if the perceptud
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distance between the soundsis smaller. Faithfulness condraints evaluae correspondence
between inputand outputforms in terms of perceptud distance: greater distances
between corresponding soundsincur greater violationsof faithfulness. Thisframework
provides the basis for an accountof generalizations aboutwhen vowel epenthesis does
and does not break up connant clugers. We have seen tha vowel epenthesis can target
rising sonotity clugers, leaving obgruent-obdruent clugersintact, asin Winnebago. This
patern followsfromthe generalization tha the perceptud distance between C,C, - C,VC,
sequencesis smaller where the sonoiity rise from C, to C, islarger. Asaresult, contrasts
between obdruent-sonorant and obgruent-V-sonorant sequences are marked because they
arerelatively indistindt, and, for the same reason, neutralizing these contrasts is a modest
violation of faithfulness. On the other hand, vowel epenthesis does not serve asan
aterndive to place and voicing assmilation in cononant clugers, althoughinserting a
vowel could eliminae the same clugers tha undego these assimilation processes. Thisis
because epenthesisin these contexts conditutes alarger perceptud changethan
assmilation. We observe in this conduding section tha these non-occurring paterns of
epenthesis can beviewed as indances of a broader class of postiond enhancement
processes, and tha theandysis predicts limitationson this class of processes.

Pogtiond enhancement processes are expected counterparts to postiond
neutralization processes, given thelineof andysis pursued here. Tha is, according to the
Dispersion Theory of Contrast (Flemming 2002 2004), postiond neutraizationis
andyzed as éiminaion of contrasts in contexts where they would beinaufficiently
distinct, so postiond neutralizationis driven by distinctiveness constraints, as
exemplified in theanayses of place and voice neutraization above Butin prindple there
are two ways tha acontrast tha violates a MINDIST condraint could be changed to
satisfy tha condraint: oneisto eliminaethecontrast, i.e. neutralization, and the other is
to modify the contrast to make it more distind, i.e. enhancement. As discussed above
epenthesisinto heterorganic nasal-C clugers and mixed-voicing obgruent clugers could
serve to improvethedistinctiveness of inaufficiently distinct contrasts, and thuswould be
examples of postiond enhancement.

However we have seen no evidence tha vowel epenthesis fundionsas a postiond
enhancement of place or obgruent voicing contrasts. According to theandysis proposd
here, thisis because correspondence condraints impose a preference for perceptudly
minimal modification of theinputand, in the cases examined, vowel epenthesisisa
greater violation of faithfulness than neutralization of place or voice contrasts. The
broader prediction of this andysisistha postiond enhancement of any kind will only be
preferred over postiond neutralizationif it isthemore faithful option. Thisisa
restrictive requirement because contrasts that are at risk of neutralization are necessarily
relatively indistinct Bi.e. they violate high-ranking distinctiveness condraints Bso
neutralization of these contrasts dways involves arelatively small change andthe
threshold for faithfulness of a viable enhancement is thusset relatively low. The
hypothesis tha markedness and faithfulness condraints refer to the same scales of
perceptud distance establishes this connection between the nature of the markedness
problem and preferred repars for tha problem: If the perceptud distance! (a, b) between
two soundsis small then contrasts between a and b are marked, and neutralizing a
contrast between a and b is amodest violation of faithfulness.
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Specifically, we predict tha vowel epenthesis should bevery limited in its
occurrence as a postiond enhancement in spite of thefact tha vowel epenthesis could in
princdple enhance the distinctiveness of the widerangeof cononant contrasts tha are
better realized adjacent to, and preferably preceding, a vowel (Wright 2004,C™Z 2000)
Thisisbecause vowel epenthesisis a significant perceptud change paticularly inthe
contexts where cononant contrasts are less distinct. Tha is, many paternsof postiond
neutralization of cononant contrasts arise where the con®nant contrast relies on externd
or trangtiond cuesfor its distinctiveness, as with the obgruent voicing contrasts and stop
and nasal place contrasts discussed above(sections3 and 4). Mog externd cues, such as
stop bursts, formant trandtionsand rate of changeof intengty are best realized with an
open vocal tract, i.e. with an adjacent vowel, and are log as the condriction of the
surrounding soundsnarows, so the context adjacent to an obdruent in general offersthe
fewest externd cues (Wright 2004. Consequently place and voice contrasts are
commonly neutralized in pre-obgruent contexts. But we have seen tha the perceptud
changeincurred by epenthesizing a vowe is greatest in clugers where the second
member is an obgruent Bi.e. where thereis no significant sonoiity rise in thecluger.
Contexts where vowel epenthesis would be alesser violation of faithfulness, e.g.
obdruent-sonorant clugers, are notusudly the contexts where conoonantal contrasts are
paticularly indistinct Be.g. voicing contrasts can be realized by VOT differencesin this
context, so vowel epenthesisis not necessary as an enhancement.

This predictionis suppoted by preliminary examination of additiond paterns of
postiond neutralization. For example, Mohanan (1993)and Jun (2004) provide evidence
for auniversal of place neutraization: if noncoronal cononants assimilate in placeto a
following consonant, then corond connants do aso, but notvice versa. Jun (2004)
argues tha thisreflects thelesser distinctiveness of place contrasts involving corondsin
pre-obgruent contexts compared to place contrasts amongnon-coronds. Vowel
epenthesis does not serve as a postiond enhancement for these corond place contrasts:
there are no epenthesis processes that specifically target corond-obgruent clugers. A
second example comes from the distribution of contrasts between apical aveolar and
retroflex cononants. Steriade (1995 20010 showsthat these contrasts are frequently
neutralized where there is no preceding vowd, i.e. in word-initial and pog-consonantal
contexts, because F3 and F4 closure trangtionsare crudal cuesto this contrast, but
cannotberealized in the absence of a preceding vowel. These problematic contrasts
could be enhanced by epenthesis of a preceding vowel but epenthesis preceding only
apical cononantsis not attested.

Pogtiond enhancement is predicted to be more feasible in contexts where the
distinctiveness of acueisreduced, rather than a set of cues being completely log. Here
we consder a case of thiskindinvolving pog-nasal voicing contrasts. Thedistinctiveness
of closure voicing differences between voiced and voiceless obdruents tendsto be
reduced where the obdruents follow a nasal, which can result in neutralization of voicing
contrasts. However, in this case we also find postiond enhancement: the voicing contrast
can be made sufficiently distinct by aspirating thevoiceless stops. This enhancement is
viable because it involves arelatively small perceptud changeto theinput namely an
increase in VOT.

Pog-nasal voicingisacross-linguistically common process whereby voiceless stops
are voiced after nasals (Pater 199 Hayes 1999) and it can result in the neutralization of
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voicing contrasts, e.g. in Kikuyu, Ki-Nandeand Bukusu (Hyman 2001,Flemming
200114). Hayes (1999 argues tha thetendency to voice stopsafter nasals results from
therelative articulatory difficulty of devoicing a stop in this context. Devoicing of astop
isusudly facilitated by therise in oral pressure tha occurs following the formation of the
closure because rising oral pressure reduces the pressure drop across the glottis bdow the
threshold required for vocal fold vibration (Ohda 1983, Westbury & Keating 1984) But
following anasal, velum loweringisliable to persist into the stop, and thelowered velum
allows air to flow out throughthe nose, slowingtherisein oral pressure. So, unless
additiond measures are taken, part of the closure of avoiceless stop following a nasal
will bevoiced, making it perceptudly similar to avoiced stop. Thelower distinctiveness
of thevoicing contrast can motivate neutralization.

A nunbe of Bantu languayes show a different patern of laryngeal modification
following nasals: voiceless stopsare aspirated in this context, althoughthey are
unaspirated elsewhere, asin Kongo(45) (Hyman 200350, Meinhof 1932159).

(45) plural, class10 sing.,class11l 3
N-kiuni lu-kuni @i re W90dO
n-titombo lu-tombo BhootO

As Pater (1999)observes, aspiration of pog-nasal voiceless stopsis plaugbly
andyzed as an enhancement, in tha it serves to maintain the voicing contrast in a context
where stopsare commonly subject to voicing. Aspiration can enhance this contrast
because it is assodated with wider glottal openingthan in unaspirated stops(Dixit 1987)
and sufficient glottal opening prevents vocal fold vibration even if oral pressure is not
raised (Stevens199881). ThelongVOT chaacteristic of aspirated stopsis probably a
necessary conaomitant of wideglottal opening since thetime it takes to open theglottis
wideand then return it to a width at which voicing can resume is plausbly longe than
theduration of stop closure (Stevens199842). However, thisincareased VOT could
conditute an enhancement in its own right, inareasing the difference from the short VOT
of the contrasting voiced stop, offsetting any redudion in the difference in the duration of
closure voicing. Pog-nasal aspirationis an acceptable aternative to pod-nasal voicing
neutralization because theresulting increase in VOT of voiceless stopsis a modest
perceptud change
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