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Abstract

Intrusive vowels result when a vowel gesture overlaps a consonant clus-
ter, and a piece of the vowel gesture is audible during a period of release
between the consonants. Such vowel sounds are not phonological segments.
Data from Dutch, Scots Gaelic and Hocank (Winnebago) show that intrusive
vowels behave as non-syllabic. Intrusive vowels are distinct from epenthetic
vowels, which involve insertion of a segment. The proposed Optimality The-
oretic analysis uses Articulatory Phonology representations. A typological
survey of intrusive vowels provides evidence for constraints on gestural phas-
ing. The environments in which vowel intrusion is typically found suggest
that vowels overlap better with sonorants than with obstruents, and that sono-
rants in some languages have less overlap with adjacent consonants than ob-
struents do. Vowel intrusion is not contrastive, indicating that gestural align-
ment is not subject to faithfulness constraints.

1 The vowel intrusion syndrome

About 2500 years ago, the praticakhyas, ancient Indian commentariesnami,P
described a type of vocalic interval that the writers call not a vowel, but a ‘vowel
fragment'—svarabhaktiin Sanskrit. This vowel fragment appeared between an
[r] and a following consonant, had one-eighth to one-half the length of a normal
vowel, and was not considered to add a syllable to the word (Allen 1953:73-80).

This is the earliest description of a phenomenon that | will call ‘vowel intru-
sion’. In many languages, a sonorant is separated from an adjacent consonant by
either a short schwa or a vowel whose quality is identical to that of the vowel next to
the sonorant. Examples are given in Figure (1) with the intrusive vowel underlined.
| use the term sonorant to include gutturals, following Halle (1995).

Intrusive vowels are often described in the linguistic literature as epenthetic.
A typological survey reveals, however, that they have a group of characteristics in
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Arbore leh-t-atto/ — lefie'tatto ‘that ewe’
Bulgarian farbav/ —  gargbav ‘hunchbacked’
Chamicuro tu?lu/ —  'tu?ulu ‘chest’
Dutch kalm/ —  kalom ‘quiet’
English (dialects) afrm/ — arom ‘arm’
Finnish kalvo/ —  kalavo ‘transparency’
German (S. Hamburg) bkaton/ —  bopaton ‘to fry’
Hausa Kurkutu/ —  kVur®k“witu  ‘small drum’
Hocank I.  bni/ —  sini ‘cold’

[I. /hoitfak-ra/ — ho:t[3¢°ro ‘the Hocank’
Hua bkruma?/ — ok%ruma? ‘sky’
Irish Gaelic l.  Agla/ —  'agolo ‘fear’

Il. /gorm/ —  'gorom ‘blue’
Kekchi pa’tt/ —  parat ‘twins’
Lakhota fla/ —  ¢ila ‘no gloss’
Late Latin scriptum —  sciriptum ‘a writing’
Mamainde iih-tak?u/ — mihitak?u ‘itis cloudy’
Mono lgafru/ — gafaru ‘mortar’
Negev Bedouin Arabic ghhwa/ — ga'’hawa ‘coffee’
Oscan [. Mulcius —  Muldkiis name

II. patri —  pateei ‘father’
Popoluca itra/ —  it?7a ‘your father’
Saami ¢kuol:fi:/ —  skuol:ofi: ‘owl’
Sanskrit dar[ata/ —  darofata 7
Scots Gaelic Jalvk/ —  Jal¥ak ‘hunting’
Spanish (Chilean) ktonika/ —  k®ronika ‘chronicle’
Tiberian Hebrew Jalah-t/ —  Jalahat ‘you (fs) sent’

Sources: Arbore (East Cushitic): Hayward (1984:72); Bulgarian: Jetchev
(1995); Chamicuro (Arawakan, Peru): Parker (1994); Dutch: Booij (1995:127);

English: Wright (1905:206); Finnish: Harrikari (1999); German: Jannedy (1994);

Hausa: Hodge (1947:12); Hocank (aka Winnebago): Miner (1979, 1992); Hua
(Papuan, New Guinea) Haiman (1980); Irish: O Siadhail (1989); Kekchi (Mayan,
Guatamala): Campbell (1974); Lakhota: Albright (1999); Latin: Schuchardt

(1867:vo0l.3:421); Mamaindé (Nambiquéara, Brazil): Eberhard (1995); Mono

(Niger-Congo; Congo): Olson (2003); Arabic: Blanc (1970); Oscan: Buck (1904);

Popoluca (San Juan Atzingo Puebla dialect): Krumholz et al. (1995:282); Saami:
Bye (2001); Sanskrit: Allen (1953); Scots Gaelic: Borgstrgm (1940); Spanish:
Garcia-Bellido (1999); Tiberian Hebrew: McCarthy (1979).

Figure 1: Examples of vowel intrusion



common that set them apart from epenthetic vowels. The following collection of
properties can be called the vowel intrusion syndrome.

(1) Vowelintrusion diagnostics

a. Vowel intrusion occurs within a consonant cluster that includes a
sonorant. The clusters that have vowel intrusion are often less marked
in terms of sonority sequencing than clusters without vowel intrusion.

b. The intrusive vowel has the quality of the vowel adjacent to the
sonorant. This is usually true even whelis transcribed.

c. Vowel intrusion is usually restricted to heterorganic clusters.

d. The intrusive vowel behaves as if it does not add a syllable to the
word.

e. In many languages, the intrusive vowel is optional, has a highly
variable duration, or may disappear at fast speech rates.

| propose that an intrusive vowel is not an independent segment. Rather, it is
the acoustic result of a particular way of timing the articulatory gestures involved
in a CCV or VCC sequence. The distribution and behavior of intrusive vowels can
best be analyzed using Articulatory Phonology representations, in which abstract
articulatory gestures are phonological units (Browman & Goldstein 1986 et seq).

The theory presented here builds on Steriade (1990)’s proposal that copy vow-
els may result from overlap of the gestures of a consonant and vowel. When two
consonant gestures are produced with a low degree of overlap, there is an acoustic
release between them. If a neighboring vowel articulation overlaps this period of
release, the vowel can be heard briefly between the consonants, soundipg like
if it is short or like a copy vowel if it is longer. Diagram (2) shows the proposed
gestural representation of a word (Scots Gagticav], ‘bull’) with vowel intru-
sion. Each curve represents the dynamic cycle of one gesture. The intrusive vowel
is underlined.

(2) A gestural score of vowel intrusion: Scots Gaélizav] ‘bull’

VUV VaRN

t a r () v

Steriade treats this gestural timing as a method of epenthesis, assuming that mov-
ing a consonant gesture over a vowel gesture ‘automatically turns a monosyllable
into a disyllable.’” | will argue that no vowel segment is actually added, and that the
surface fornjtarav] is monosyllabic, with the segmental representation-v. The
underlined vowel sound, though acoustically prominent, is not a segment, and does
not form the nucleus of a syllable. Vowel intrusion reflects a scheme of organizing
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articulatory gestures within a syllable, rather than the addition of a syllable. While
vowel intrusion can enhance perceptibility of segments within the syllable (espe-
cially the consonants), it cannot repair a marked syllable structure because it does
not change the syllable structure. Therefore, vowel intrusion does not particularly
target marked clusters, the way structure-changing epenthesis does. | propose that
the reason vowel intrusion happens particular next to sonorants, and the reason that
it is the vowel adjacent to the sonorant that extends over the release, is that gestural
overlap between a vowel and sonorant is less marked than overlap between a vowel
and obstruent.

Section 2 reviews some of the evidence that intrusive vowels are non-syllabic.
Section 3 demonstrates the difference between vowel intrusion and vowel epenthe-
sis. An Optimality Theoretic analysis of vowel intrusion is laid out in section 4,
and some wider claims about the place of gestural representations in the grammar
are discussed in section 5. Section 6 responds to Warner et al. (2001)’s recent claim
that intrusive vowels behave as syllabic in conditioning allophony in Dutch.

2 Non-syllabicity

‘Inserted’ vowels with the conditioning environment described in (1) tend, cross-
linguistically, to behave as non-syllabic, in a way that is not true of vowels inserted
in other environments.

The claim that these vowels are non-syllabic has been made for many individ-
ual languages before. The evidence for non-syllabicity is robust, including phono-
logical diagnostics, phonetic characteristics, and native speaker intuitions. In this
section | review a sampling of this evidence from Dutch, Scots Gaelic, and Hocank.

2.1 Dutch

Some dialects of Dutch have intrusijtg betweer1] or [r] and heterorganic con-
sonants, as ifhelop] ‘help’, [herofst] ‘autumn’, andkalom] ‘quiet’ (Booij 1995).
These vowels act non-syllabic in several ways.

Donselaar et al. (1999) (who mention the possibility of a gestural analysis)
conducted an experiment in which listeners were asked to reverse monosyllables
segment by segment, changiftgp] to [pat], but reverse disyllables syllable by
syllable, changinghotel] to [telho]. Subjects preferred to treat words with vowel
intrusion like monosyllables, changititylop] ‘tulip’ to [plyt] rather tharflopty].

The authors conclude that ‘the realizations of real words with schwa epenthesis are
represented by listeners as monosyllabic.’

Speaker intuitions could be influenced by spelling, in which intrusive vowels
are absent, but phonological patterning supports the conclusion that the vowels are
really non-syllabic. For example, intrusiye] fails to trigger an optional process
of [n]-deletion that occurs after regulgr]s. In the following words, which have
normal, underlying, segmental]s, the coddn]s are optionally omitted.



(3) Dutch[n]-deletion Booij (1995:139)
regen reyon / reyo ‘rain’
gouden youdon / youdo  ‘golden’
bloemen blumon / blumo  ‘flowers’
lopen lopon / lopo ‘to walk (pres. pl./inf.)’
openlijk  oponlok / opolok  ‘openly’
regentje reyontjo / reyotjo  ‘rain (diminutive)’

The deletion ofln] appears to be driven by a constraint agajpst rhymes. In
general, Dutchio] is more restricted than other short vowels in what types of coda
may follow it.
If the purpose ofn] deletion is to avoidon] rhymes, then it should not occur
after a non-segment@d]. This is in fact the case. For exampl®orn‘horn’ can
be pronouncedhoron], with an intrusive[s]. Horen ‘to hear’ is also pronounced
[horan], but the[o] is underlying and segmental. | have found that consultants
accept the pronunciatidihors] for horen but not forhoorn Since the intrusivés]
is not a segment, there is fum] rhyme to remove, angh]-deletion is unmotivated.
Words with vowel intrusion also pattern with monosyllables in licensing lexical
tone contrasts, in those dialects that have such contrasts. In Venlo Dutch, stressed
syllables with two sonorant moras can host a lexical high tone on the second mora
(Gussenhoven & van der Vliet 1999:101). Monomoraic syllables do not contrast
for tone. Lexical tone does occur on syllables with vowel intrusion, [idtem]
(‘farm’ or ‘arms’, depending on tone). If the] were syllabic, then the stressed
syllable would consist only ofe]. Being monomoraic, this syllable would not be
expected to license tone. But[#rom] is monosyllabic, it is heavy and its ability
to license tone is normal.

2.2 Scots Gaelic

In accounts that acknowledge the non-syllabicity of short, transitional schwas, one
sometimes finds the assumption that if the transitional vowel becomes longer di-
achronically, it automatically becomes syllabic. The survey of intrusive vowels
does not bear this assumption out. While physical length may increase the prob-
ability that an intrusive vowel will eventually be reanalyzed as a regular vowel
segment, this is by no means a necessary development. Non-syllabic behavior may
persist even when the intrusive vowel becomes phonetically quite long. The Outer
Hebrides dialects of Scots Gaelic have intrusive vowels that are as long and distinct
in quality as regular vowels, yet still act non-syllabic.

The vowels’ curious patterning was commented on at length by the early field-
workers Borgstrgm and Oftedal, based on conversations with speakers. Borgstrgm
(1940), who uses square brackets to indicate svarabhakti groups, reports of one
speaker:

1in Borgstrem’s transcriptionsy indicates a velariseth], L a velarisedl].



Comparing the two words£Nak “a crow” (feannag, typaran) and
JilaLak “hunting” (sealg, typemarav) he said: Inf&Nak there is a
“space” between the two syllables, so that he could pronofidde—

ak. In JlaLak theL and the followingk are so “close together” that
such a separation is impossible; the word is “nearly monosyllabic, but
not quite monosyllabic”. (p. 153)

It is generally easier to pause between syllables than within a syllable, so the
speaker’s difficulty with the task supports the idea ttjak 4k] is one syllable.
While Mr. Sinclair balked at calling it monosyllabic, Borgstram reports that when
asked to divide a long word into syllables, Mr. Sinclair and other speakers treated
intrusive vowels as belonging to the same syllable as the preceding vowel. Oftedal
(1956:29) makes similar observations:

[S]varabhakti groups are recognized as monosyllabic by educated na-
tive speakers. This may be partly due to the spelling, where the second
vowel of a svarabhakti group is left out (orm, falbh); but it is signifi-
cant that in songs, even local orain that have never been written down,
a svarabhakti group is sung on one note.

Ladefoged et al. (1998) show that syllables with vowel intrusion have the same
pitch pattern as other monosyllables. Pitch rises during the first syllable of a Scots
Gaelic word and falls during the second, so that a disyllabic word [lilkean]

‘hook’ contains a rise and fall, while monosyllaliduan] ‘song’ has only a rise.

In [bal¥ak] ‘skull’, which does not have vowel intrusion, pitch rises during the
first vowel and falls during the second. [lmal¥*ak] ‘belly’, which has vowel intru-

sion, pitch rises throughout, as expected in monosyllables. Bosch & de Jong 1997
present similar data from natural speech. Bosch & de Jong 1998 show that an in-
trusive vowel coarticulates with the preceding sonorant more than a non-intrusive
vowel does: R has more effect on ih CV1RV,C than in C\{\RV,C. Borgstrgm

also indicates this in transcriptions. Within Articulatory Phonology, the degree
of consonant-vowel coarticulation has been analyzed as corresponding with the
degree of gestural overlap (Zsiga 1995; Cho 1998). The coarticulation facts are
consistent with the claim that vowel intrusion involves unusually heavy overlap
between a sonorant and vowel.

Syllables with vowel intrusion pattern as monosyllables in several ways in the
phonology, as pointed out by Smith (1999) and Bosch (1995). In the Argylishire
dialects, short stressed open syllables (which are normally initial) are followed
by an epenthetic glottal stop, unless the following consonant is an obstruent, as
shown in (4a). The function of this epenthetic coda is apparently to make the
stressed syllable heavy, as required by the constsaiRESS TO WEIGHT(Kager
1999). This is shown by the fact that epenthesis does not occur after long vowels
or diphthongs, or in already closed syllables: all of these syllable types are heavy
already. Epenthesis also does not happen in syllables with an intrusive vowel,
which in this dialect iga], as shown in (4b).
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(4) Argylishire Gaelid?] epenthesis Holmer (1938)

a. falax/ —  'pa?lax ‘boy’
/haraxoy/ — 'kPa?raxoy ‘move, stir’
ha/ — 'u? ‘egg’

b. /menv/ —  'mengv ‘fine, small’
/marv/ —  'marav ‘dead’

If intrusive vowels are non-syllabic, the lack[@fl epenthesis is expectefdmenov]
is a single closed syllable, and is already heavy without an epenthetic coda.

Intrusive vowels license a range of vowel qualities that is not found in non-
initial syllables (Bosch & de Jong 1997). Scots Gaelic permits nine short vowels
in stressed syllables, and a reduced inventory elsewhere. For exgmptecurs
in unstressed syllables only as a result of optional vowel harmony, [asuitus] /
[turas] ‘journey’ (Oftedal 1956:147). Intrusive vowels can be of any of the nine
gualities; they do not undergo the neutralisation that is expected in non-initial syl-
lables. Many words have intrusiar], such ajururxor] ‘a shot’, and these do
not have an optiongb] pronunciation. For positional licensing of contrasts, the
intrusive vowel is treated as part of the initial, stressed syllable.

Intrusive vowels also pattern as monosyllables in the pattern of mutations.
Many words pluralise, or realise other inflections, by palatalizing their final coda
as well as raising and/or fronting the preceding vowel. The words in (5a) show
that the palatalisation mutation affects only the final rhyme of the word; it doesn’t
change medial consonants. When a word with vowel intrusion undergoes mutation,
as in (5b), both vowels change, and both the sonorant and following consonant
palatalise.

(5) Bernera Gaelic palatalisation Borgstrgm (1940)

Singular  Plural

a. bal¥ox  bal¥ig ‘boy
falkol¥  fakil¥  ‘word’
sol¥as sol¥if ‘light’
al¥t ulit ‘knuckle’

b. bal¥ag buliug’  ‘bellow’
skarav  skydlyv ‘cormorant’

This pattern suggests that the whole sequé¢aee ] is considered one rhyme.

Finally, many disyllabic verb stems undergo syncope before vowel-initial suf-
fixes, as in a) below. This syncope can be analyzed as a strategy for avoiding
sequences of unstressed syllables: it createe aequence instead of @oo one.
When syncope brings together two consonants of the type that trigger vowel intru-
sion, an intrusive vowel occurs in the cluster, as shown in b).

(6) Syncope Oftedal (1956:239)
a. flbod +ox/ — 'obrox ‘work (gen.sg)’
b. Mbal¥ox+u/ — ‘'val¥axu ‘boy (voc.pl)’



If the intrusive vowel were syllabic, it would in effect undo the syncope, rendering
syncope pointless. But if vowel intrusion is only an arrangement of articulations
within a syllable, then the goal of the syncope is met: the word does not contain a
sequence of unstressed syllables. The oytgaitaxu], like ['obrox], is disyllabic.

2.3 Hocank

The Siouan language Hocank (also known as Winnebago) has relatively long in-
trusive vowels in tautosyllabic CR clusters. Alderete (1995) and Clements (1991)
have analyzed these vowels as non-syllabic; Clements also gives a gestural analy-
sis.

The evidence for non-syllabicity comes primarily from templatic morphology.
Reduplication in Hocank normally copies only the final syllable of a stem, as shown
in (7a). If the final syllable has vowel intrusion, the whole CV sequence redu-
plicates, as shown in (7b). This is expected, if it is one syllable.

(7) Hocank reduplication Miner (1992), Susman (1943)
a gihi ‘swing’ gihuhd ‘wag tail’
wafu ‘dance’ wa/ifi ‘dance, stop, dance again’
b fard ‘bald, bare’ [arafdara  ‘bald in spots’
pards ‘flat’ paraparas ‘wide’

Similarly, roots in Hocank can be CVC, CVV, or @Y, but not CVCV (Miner).
If intrusive vowels are non-syllabic, we can maintain the generalisation that roots
are limited to one syllable.

Many Hocank stems have ablaufaf to [e] before certain suffixes. This ablaut
affects only the nucleus of the final syllable. But when the final syllable has vowel
intrusion, both the intrusive vowel and the following vowel undergo ablaut.

(8) Hocank ablaut Miner (1992)
hixe hixawi ‘he buries me, he buries us’
kere karaire ‘leave returning, 3pl.

This is expected, if the two vowels are both part of the final syllable. In any case,
it is impossible for only one of the vowels to ablaut if they are halves of a single
gesture.

Although instrumental studies are not available, fieldworkers report th@\CV
sounds different than ordinary, disyllabic CVCV. According to Miner (1979), ‘the
sequences are spoken (and apparently, sung) faster than other CVCV sequences.’
Susman (1943) comments that ‘in most surroundings, CVCV is intermediate in
length between one long and two short syllables, and that ‘secondary stress seems
to attach equally to both syllables’ of @X. The treatment of intrusive vowels in
the stress system is too complex to cover here, but Hayes (1995:362) notes that
his account is compatible with Clements (1991)’s proposal that intrusive vowel
sequences are monosyllabic.



2.4 Summary

The three languages discussed above illustrate hoWoiseor copy vowels that
appear between sonorants and other consonants behave as non-syllabic for phonol-
ogy, phonetics and speaker intuitions. | have concluded from these facts that the
relevant C\CV or VCVC sequences are in fact monosyllabic on the surface. Sim-
ilar arguments can be adduced from many of the languages listed in Figure 1. For
others, | do not have evidence that bears either way on syllabicity, but include them
as plausible cases based on the vowels’ quality and conditioning environment.

An alternate analysis is that intrusive vowel sequences are surface disyllables
that pattern with monosyllables because they were monosyllabic at an earlier stage
of the derivation. In a rule ordering framework, vowel intrusion could be univer-
sally ordered late, perhaps as a postlexical rule. (This is not possible in Optimality
Theory, where the markedness constraints that drive syncope, determine redupli-
cant size, etc. can refer only to surface representations.)

However, simply analyzing vowel intrusion as a process that applies late in
the derivation does not answer the important question: why is there a correlation
between vowel quality, conditioning environment, and invisibility to other pro-
cesses? Metrical invisibility is not a general characteristic of epenthetic vowels, or
even epenthetic copy vowels; there are plenty of cases where epenthetic vowels are
visible to other patterns and hence epenthesis would have to precede other rules.

Under the gestural analysis, the reason for the correlation between condition-
ing environment, vowel quality, and phonological behavior is that a) the kind of
gestural overlap that creates vowel intrusion is limited by general constraints on
gestural overlap, among them a constraint against heavily overlapping vowels with
obstruents (see section (4); b) when two vowel sounds are pieces of a single vowel
gesture, they necessarily have the same quality (if that quality can be heard at alll
in the shorter piece); and c) gestural overlap is simply not the same thing as seg-
mental insertion. They are two unrelated processes. The segmental string is not
something inferred from the gestural score, but an independent layer of phono-
logical representation. Shifting levels of overlap among gestures does not change
the segmental representation. The syllable organises segments, and anything that
does not change the number of segments cannot change the number of syllables.
Hence, any syllable-counting phonological pattern will be blind to the presence of
intrusive vowels.

Section 3 reviews several cases of true segmental epenthesis, showing that
epenthetic vowels have a different purpose and behavior than intrusive vowels.

3 Intrusion versus epenthesis

While vowel intrusion is the extension of a vowel gesture over a neighboring con-
sonant rather than addition of a segment (and gesture), there are also cases of true
epenthesis where a segment and gesture are inserted into the word and create a new
syllable. The representations of intrusive and epenthetic copy vowels are given in



(9). 1 assume (see section 5) that inputs consist of a segmental representation,
without any gestural phasing. In the output, each segment is associated with a
(group of) gestures, and segments are organised into syllables. In the case of vowel
intrusion, there is no change to the segmental representation between input and
output. The gestural phasing chosen produces a vocalic-sounding period between
the two consonants, but this period does not correspond to a segment and hence
is not relevant to syllabification. The output VCC is one syllable. Epenthesis, on
the other hand, involves the insertion of a new segment that was not present in the
input, along with an associated gesture. This new segment becomes the nucleus
of a syllable, so that the output is a disyllable VCVC. Epenthetic copy vowels do
not seem to actually share the gesture of the vowel they copy; they do not show
the restrictions on intervening consonants that | analyze as resulting from gestural
overlap constraints. Rather, the copied quality must be enforced by correspondence
constraints (Kitto & de Lacy 2000) or some other means.

)

Vowel Intrusion Epenthesis

Input: IVCC/ IVCC/

Output

representation:
V C C V C V C
~L1l | ~Ll

o o o
Acoustic
realisation: [VCVC]/[vC'C] [VCVC]

Itis predicted that the acoustic realisations of vowel intrusion and vowel epenthesis
should not be exactly the same. Assuming that the lengths of individual gestures
remain constant, the intrusive vowel sequence should be shorter than the disyllabic
output of epenthesis. The two outputs might also show different patterns of coartic-
ulation (i.e., different allophonic variation of the consonants or vowels involved),
because the gestures overlap one another to different degrees.

In contrast to the vowel intrusion syndrome, the following characteristics usu-
ally hold of true epenthetic vowels:

(10)  a. The epenthetic vowel removes a structure that is marked, in the sense
of being cross-linguistically rare or avoided by other processes within
the same language.

b. If the vowel's quality is copied, there are no restrictions as to which
consonants may be copied over.

c. The epenthetic vowel behaves as syllabic.
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The last criterion may provoke objections: aren’t there cases where epenthetic vow-
els are skipped by phonological processes? Yes, but this skipping is of a different
kind. True epenthetic segments sometimes receive special treatment, but this does
not mean that their presence is altogether ignored.

This difference is illustrated by the interaction of stress and epenthesis in Sela-
yarese (Mithun & Basri 1986)broselow1999. Selayarese epenthesises copy vowels
to remove certain codas in loanwords. Restrictions on what segments can appear in
codas are cross-linguistically well-attested, so epenthesis removes a marked struc-
ture in accordance with (10a). As stated in (102), copying can happen over non-
sonorants, such dg], [k], and[s] (as in[tapasere] from [tapsir] ‘interpretation’,
[bakari] from the namgbakri], and[baruasa] from [baruas] ‘cookie’, Broselow
1999). The third criterion, that the vowel should behave syllabically, is superfi-
cially contradicted by the fact that, as happens in many languages (Broselow 1982),
the stress count skips over epenthetic vowels. Normally stress is penultimate, but
it shifts to the antepenult if the final vowel is epenthetic.

(11) Selayarese stress Broselow (1999)
Normal: sampulo ‘ten’
Final epenthesis: sdhal/l — 'sahala ‘profit’

This skipping does not, however, result from the vowels’ not being syllabic, or
not being phonologically present. Epenthetic vowels are not skipped if this would
cause stress to fall outside of the final three syllables. When epenthetic vowels
appear in both the final and antepenultimate syllables, stress occurs on the penult
as usual.

(12) Selayarese stress with multiple epenthesis Broselow (1999)
[solder/ — solo'dere ‘weld’
[kartis/ — kara'tisi  ‘ticket’

This pattern shows that stress sees the epenthetic vowels, and treats them as syl-
labic, but simply prefers to avoid them. Broselow (1999) analyzes the pattern with
constraints against the presence of an intrusive vowel in a foot (Alderete 1999),
combined with constraints on the alignment of the main stress foot with the word
edge.

A supporting argument that Selayarese epenthetic vowels are syllabic is simply
that they could not fulfill their apparent purpose, resyllabifying codas into onsets,
without creating a new syllable. The assumption that the vowels are syllabic is
implicit in the claim that they repair syllable structure.

A particularly strong demonstration of the correlation between non-syllabic be-
havior and conditioning environment comes from languages that have both vowel
intrusion and epenthesis. Kekchi and Mono each have two types of inserted copy
vowels, one of which copies only over sonorants and one of which copies over any
consonant. The one that copies only over sonorants behaves as non-syllabic, while
the other behaves as syllabic.
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3.1 Kekchi

In the Coban dialect of Kekchi, a Mayan language of Guatamala, a copy vowel
appears within fina]?]C clusters (Campbell 1974). These clusters may be tauto-
morphemic or else result from attachment of the intransitive infinitive syffixte
a[?]-final root.

(13) Kekchi vowel intrusion Campbell (1974)
porot ‘huipil (blouse)’
kaqtu?uj ‘red ant’
ifivik ‘(fingennail’
se?-ek ‘to laugh’
kwa?-ak ‘to eat’

This conditioning environment is typical of vowel intrusion: the copy vowel occurs
after a sonorant and copies over that sonorant.

Kekchi also inserts copy vowels between C-final roots and certain C-initial
verbal suffixes, as below.These vowels copy the quality of the vowel to the left,
regardless of the identity of the intervening consonant.

(14) Kekchi vowel epenthesis Campbell (1974)
ninkwiq’-i-b” ‘I bend it’
ninhup-u-b> ‘I turn it over’

k’ox-o-b’amnk  ‘to begin’
at/-a-b’amnk  ‘to loosen’

CC clusters are avoided in many languages, so the epenthesis removes a marked
structure.

These two types of copy vowels are treated differently in a language game
called Jerigonza. The game consists of inserting after every vowel a sequence
[pV], where V is a copy of the preceding vowel. For example, the name of the
game|[xerigonsa] is rendered agxeperipigoponsapa]. Since the game causes an
alteration in each syllable, it is an indirect test for speakers’ intuitions about syl-
labicity and the number of vowels in a word.

Words that contain true epenthetic copy vowels have two possible outputs in
the game. Either [pV] is inserted after the epenthetic vowel, or the epenthetic vowel
deletes.

(15) kwiqgib’ank ‘tobendit — kwipiqipib’apank
or kwipigb’apank

2Campbell describes the vowels as appearing[in]®r C[b’] clusters in verbal forms, but this
generalisation is contradicted by examples ljkelb’ek] ‘to lay eggs’ and[kwaxb’ak] ‘to play’
(270). Judging from the data in the paper, the process appears to be regular and predictable only
before the suffixe$-b’] and [-b’aink]. | assume that the basic purpose of the vowel is to avoid
consonant clusters, and that the process is morphologically restricted in a way that happens to result
in the second consonant usually bef[bg.
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Campbell suggests that the optional omission of the epenthetic vowel indicates
that the game can access the underlying representation, in which these vowels are
absent. In any case, this special treatment of epenthetic vowels shows that speakers
distinguish them from underlying vowels.

When Jerigonza applies to the intrusive copy vowels that bigk clusters,
there are also two possible outcomes. As with epenthetic vowels, it is possible to
insert a[p]V after each vocalic period, suggesting that the§&|V sequences are
optionally treated as disyllabic. But it is also possible to insépf¥ only into the
intrusive portion of the vowel, while leaving the other portion alone.

(16) tfa?ax ‘difficul — tfapa?apax
or tfa?apax

As Campbell points out, ‘The very fact that jerigonza can skip over the first vowel
demonstrates that the complex vocalic nucleug¥4) is perceived in some sense

as a single unit.” The game acts as if such sequences are monosyllabic and the two
vowels are one segment, which only needs to be copied once.

3.2 Mono

Mono, a Niger-Congo language of Congo, also has two types of inserted copy
vowels (Olson 2001, 2003). As in Kekchi, the vowels that copy over only sonorants
behave as non-syllabic, while the vowels that copy over any consonant behave as
syllabic. In this case, the diagnostic of syllabicity is a constraint on minimal word
size.

All words in Mono must be at least disyllabic. When a monosyllabic root
appears unaffixed, a vowel is added to the beginning of it, as shown in (17). The
evidence that the vowels are epenthetic is that they disappear in compounds, and
also are absent when the same roots occurs in verbal forms, which have more than
one syllable due to affixes. The vowels copy the quality and tone of the first vowel
in the root, regardless of the identity of the intervening consonant.

(17) Mono epenthesis Olson (2003)
/51 — 131 ‘tooth’
/be/ ebe  liver

N
/ma/ — ama ‘mouth’
Ingd/ — ungd ‘water’

These vowels show all the properties of true epenthetic copy vowels listed in
(10). They copy over any consonant. They appear for the purpose of avoiding
monomoraic lexical words, which are cross-linguistically marked (McCarthy &
Prince 1993), and they cannot accomplish this goal if they are not syllabic.

Mono also inserts vowels in CR clusters, as shown in (18). These vowels have
the same quality as the vowel adjacent to the sonorant.
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(18) Mono vowel intrusion Olson (2003)

lgafra/ — gafura ‘mortar’
Iplézu/ —  pélézu ‘bat’
/jabru/ —  jaburu ‘goat’

/d3kldngba/  —  ddkdldngba  ‘scorpion’

These vowels show the properties of intrusive vowels. They appear only by sono-
rants, they copy only over sonorants, and they are optionally absent in casual
speech. Most importantly, they do not behave as syllabic. Vowel intrusion is not

sufficient to bring a word up the disyllabic minimum: even if a root lige#/ ‘big’

is pronounced with an intrusive copy vowel, an epenthetic copy vowel must also

be added.

(19) Mono intrusion & epenthesis Olson (2003)
Igrél  — égéré  ‘big’
/kplt/ — dkpuild  ‘heap’
/pro/ — oporo  ‘egQ’
/krd/ — 2koro  ‘skull’

Mono and Kekchi show that the correlation between conditioning environment
and syllabic behavior holds even of two types of copy vowels within the same
language. The type of vowel that copies over only sonorants does not create a new
syllable, while the type of vowel that copies over any consonant does behave as
syllabic.

3.3 Whatis a syllable?

An important assumption of the theory presented here is that the syllable is not an
acoustic object. A syllable is an abstract unit that organises segments. Segments are
not the same thing as sounds: a word may contain a very audible vocalic-sounding
period that does not correspond to any independent segment. Such a vocalic period
cannot be the nucleus of a syllable.

For this reason (and others), speakers of different languages may interpret the
same acoustic signal as containing different numbers of syllables. For example,
Harms (1976), who gives an informal gestural account of intrugiven Finnish,
reports that Finnish and English speakers interpret acoustically simijtadiffer-
ently.

[melokein] (melkeir) ‘almost’ has essentially the same vowel quali-
ties (¢, o, ei]) and relative durations as the English veldlegate—
[delogeit]. From a descriptive phonetic point of view, the Finnish
epenthetic schwa and the English reduced-vowel schwa represent very
nearly identical classes of vowel sounds; i.e., they vary over a wide
central area, with their range of variation conditioned by the preced-
ing and following segments. But here the similarity ends. The schwa
in the above Finnish forms is purely transitional in nature. Speakers
perceive these forms as containing only two syllables, not three.
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Harms’ comment runs counter to a common belief that where there is a vocalic-
sounding period of a certain duration or perceptual prominence, there must be a
syllable—i.e., that the syllable is at least partially an acoustic object. This assump-
tion crops up frequently in the literature. For example, Donselaar et al. (1999:64)
conclude from their experiment on Dutch words likelop] that ‘the realizations
of real words with schwa epenthesis are represented by listeners as monosyllabic’,
and suggest that ‘from the speakers’ point of view, schwa epenthesis may not arise
via insertion of a segment as such, but simply via realization of the gestures corre-
sponding to articulation of the consonant cluster—exactly the analysis advocated
here. Yet they also comment that ‘obviously, adding a vowel between two conso-
nants adds an extra syllable to the word; the optional form with epenthesis has one
more syllable than the underlying form without. The unstated assumption is that
segments and syllables have some type of reality outside of the speaker’s represen-
tation of them. It is precisely this that | wish to argue against. Syllables exist in the
mind, not in the air.

4 Constraints on gestural coordination

4.1 Consonant-consonant coordination

Since intrusive vowels are not segments or syllables, their distribution cannot be
explained with the kind of markedness constraints that determine permissable seg-
mental sequences (such as constraints against codas or complex margins, or con-
straints on sonority sequencing). Rather, vowel intrusion is produced by constraints
on gestural coordination, like those in the Optimality-Theoretic gestural grammar
proposed by Gafos 2002. These constraints have the purpose of maximizing per-
ceptual cues in consonant clusters, and avoiding types of gestural overlap that are
marked, either for perceptual or articulatory reasons. Before laying out the analy-
sis, itis first necessary to introduce the basic apparatus of Articulatory Phonology
(Browman & Goldstein 1986 et seq).

A gesture is an abstract specification of a constriction within the vocal tract,
essentially a command to an articulator to achieve specified positions at specified
time points. Most segments correpond to multiple gesturgs], for example, re-
quires the gestures [tongue tip alveolar closure], [glottis wide], and [velum raised].
But in this paper, since intra-segmental gestural coordination is not at issue, each
segment will be treated as if it consisted of a single gesture, the oral constriction.
Unlike a feature, a gesture has an internal temporal structure. Every gesture has
five ‘landmarks’: theoNSET of movement, theeARGET, or point when maximal
constriction is reached, theENTER of the constriction phase, theeLEASE of
the constriction, when the articulator begins a controlled movement away from the
target position, and theFFSET, when the articulator ceases to be under active con-
trol. For simplicity, the gestural curve may be drawn with angles to represent the
landmarks, as shown below right. | will show all consonant gestures as the same
length, although this is of course not true in reality.
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(20) Landmarks in gestural life

TargetC entefgzelease
OnMset = /F\

Gestures overlap one another, and the grammar determines the degree of this over-
lap by specifying alignments of landmarks in overlapping gestures. Although the
duration of a gesture will vary due to speech rate, the relation between certain
landmarks in overlapping gestures remains constant. For example, in a sequence
of two consonants, the grammar might specify that the center of the first consonant
should be simultaneous with the onset of the second. A sequence of gestures with
specified phasing relationships is called a gestural score.

The gestural score is part of a computational gestural model developed at Hask-
ins Laboratories, described in Browman & Goldstein (1990). A model of task dy-
namics, based on a general theory of skilled motion, converts the gestural score to
articulatory trajectories. The task dynamic model cannot always perfectly carry out
the idealised commands encoded in all of the abstract gestures. If two overlapping
gestures want the tongue to be in two different positions at once, for example, the
tongue’s actual trajectory will be a compromise between these two targets. This
is coarticulation. Once the articulatory trajectories are calculated, an articulatory
simulator converts these trajectories to an acoustic output. In this way it is possible
to test the acoustic result of a given alignment of given gestures at a given speech
rate.

The acoustic result of a gestural score depends not only on the phasing of the
gestures, but on the characteristics of the gestures involved. Simulations reported
by Gafos (2002:271-272) show that a phasing relatiooENTER = ONSET pro-
duces a schwa-like sound (an acoustic release) between heterorganic consonants
but not between homorganic consonants.

(21) Homorganic and heterorganic clustearTeNTER = ONSETphasing

1k 1t
heard aglok] heard aglt]

Intuitively, the reason for the lack of releas€it] at this level of overlap is that the
tongue tip has the same target constriction for both consonants. At the time when
the tongue tip receives the order to move away from the first tarRgatgASE of
[1]), it has already received an order to begin moving towards the same target again
(onseTOf [t]). The easiest path is to stay in place. Only if fklegesture began
after the release ¢f] might an acoustic release occur between the two consonants.
If consonant clusters with short intrusive vowels have the phaseNrER =
ONSET, this helps explain why vowel intrusion is typically restricted to heteror-
ganic clusters. Finnish, for example, has vowel intrusion[iv 1j 1h Im Ip nh] but

SHowever, it may be that this restriction holds, crosslinguistically, only in RC clusters and not
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not [t Is ns]. Non-gestural theories have to include separate rules for the two sets
of cases, but in the gestural approach we can say that all the consonant clusters
above have the san@ENTER = ONSET alignment. The clusters sound different,
because this alignment produces a release only between heterorganic gestures, but
from the point of view of the grammar they are all treated the same. Harms (1976)
gives a description suggesting that this is actually what occurs in Finnish:

Of special relevance for the epenthesis case is the careful control of the
syllable division, providing a clear separation between the final con-
sonant of the first syllable and the initial consonant of the following
syllable. This ‘control’ process occurs with all nongeminate sono-
rant plus consonant clusters, both homorganic (as in valta ‘power’,
parta ‘beard’, kansa ‘folk’) and nonhomorganic (e.g., valmis, kalja
‘near beer’, surma ‘death’, korko ‘interest’).. .. In all these clusters, to
a greater or lesser extent, the energy of the first syllable is ‘spent’ be-
fore the onset of the next syllable, and the result is often a very short
pulse of energy, vocoid-like in nature, at the end of the syllable. (p.
77)

Attributing vowel intrusion to CC alignment also helps explain why intrusive
vowels are often variable in duration, and may disappear at fast speech rates (as
noted by Bye (2001:139) for Saami, Holmer (1938:32) for Argylishire Gaelic,
Harms (1976:77) for Finnish, Quilis (1981:298) for Spanish, Jannedy (1994) for
German, Parker (1994) for Chamicuro). In Chamicuro, for example, intrusive vow-
els occur only in slower speech.

(22) Chamicuro Parker (1994)
Normal speech Emphatic speech
'tu?lu 'tu?ulu ‘chest’
jap'le?ti jap'le?eti lightning’
ma?nali ma?anali ‘dog’

In Articulatory Phonology, speech rate is modeled by adjusting a property of the
gesture called stiffness, which is part of the equation that describes the gestural
curve. Gafos (2002) shows that increasing the stiffness of gestures witliE tke
TER = ONSETalignment eventually results in the disappearance of the release even
in heterorganic clusters. An utterance may have the same gestural alignments at all
speech rates, yet have different acoustic realisations in slow and fast speech.

Thus, two common characteristics of intrusive vowels— their restriction to
heterorganic clusters and disappearance at fast speech rates—result in this ap-
proach from general principles of task dynamics rather than from the grammar

in CR. Oscan, for example, which developed copy vowels in both RC and CR clusters, has them in
[dr] and sometimefr] but not in[rt] or [1t] (hartim‘grove’ vs. pataei ‘father’). Hocank has vowel
intrusion in[sn] and[sr] clusters as well.
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itself. There is no need for rules that refer specifically to homorganic or heteror-
ganic clusters, nor for rules referring to speech rate. The gestural approach allows a
simpler grammar because the model includes a way to incorporate physical factors
that are not specifically linguistic.

In an Optimality Theoretic approach, gestural phasing is determined by ranked
constraints. Gafos (2002) proposes a basic form for constraints on gestural overlap,
as follows:

(23) ALIGN (G1, LANDMARK 1, G2, LANDMARK ) Gafos 2002
Align landmarlg of gesture with landmarlk of gesture.

In tableaux, | abbreviate such constraints 3. GNDMARK ; = G2 LANDMARK 2,

and abbreviate landmarks asis(et), TAR(get),CEN(ter), REL(ease), andFFset).
The phasingcENTER= ONSETIn consonant clusters is produced by the constraint
C1 CEN = C, ONSs, whose full definition is as follows.

(24) ALIGN (Cq, CENTER, Cy, ONSET)
In a G C, sequence, the center of & aligned with the onset of £

A competing constraint favors the alignmeteLEASE = TARGET in CC clusters.
This alignment produces no release even in heterorganic clusters (Gafos 2002).

(25) ALIGN (Cq, RELEASE, C,, TARGET)
In a G C, sequence, the release of 8 aligned with the target of £

The ranking of these two constraints determines the whether consonant clusters
will have an alignment that produces release in at least some @ERIHR =
ONSET) or an alignment that never produces rele@sE EASE= TARGET).

These competing C-C coordination constraints likely reflect the competing pri-
orities of ease of articulation and ease of perception. The alignREIBASE =
TARGET allows a faster and in that sense more efficient articulation. Constraints
favoring less overlap, likeENTER = ONSET, have a functional grounding in per-
ceptibility: a consonant has clearer perceptual cues (such as a release burst, or
formant transitions) when it is not heavily overlapped by another consonant. Don-
selaar et al. (1999) show that in Dutch, where vowel intrusion is optional (at any
speech rate), reaction times to lexical decision tasks and phoneme identification
tasks are quicker when a word likelp ‘tulip’ is pronounced with vowel intrusion
([tylop]) than without [tylp]).

Enhancing perceptibility of the consonants is likely the main motivation for
the gestural phasing that produces intrusive vowels in consonant clusters. This
helps explain a peculiarity of the vowels’ distribution noted in (1): the fact that
the clusters they occur in are rather unmarked clusters, at least in terms of sonority
sequencing. The same languages that have vowel intrusion in rising sonority onsets
or falling sonority codas often leave obstruent-obstruent clusters alone.
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(26) Examples of clusters:
Triggering vowel intrusion  Not triggering vowel intrusion
Hocank pr- kr- kw- so- ps- kJ- xg- st
Scots Gaelic -tb  -lv -rif -nx -mf -¢g[ -xg -sb -vh

If vowel intrusion were epenthesis, with the goal of resyllabifying marked margins,
then this distribution would be curious. Cross-linguistically, rising sonority onsets
and falling sonority codas are the most favored cluster types; if a language allows
only a few clusters they are usually these. Generally processes like deletion and
epenthesis remove the worst structures, not the best ones. But if vowel intrusion
does not, in fact, change the structure of the syllable by addition of a segment, but
only reflects a particular scheme of phasing gestures within the syllable, then there
is no reason to expect that vowel intrusion would be related to the markedness of
the clusters involved.

4.2 Consonants / vowel phasing

The second requirement for copy vowel intrusion, in addition to the presence of
an acoustic release in a consonant cluster, is that a vowel articulation overlap this
period of release. Without this, the release may sduidike, but will not be
transcribed as a copy vowel. To achieve the needed alignment, constraints must
cause a vowel to heavily overlap adjacent consonant clusters.

Browman & Goldstein (2001) report that in English, a vowel bears a consistent
timing relation with the center of an onset consonant. This suggests that there
exists a constraint aligning the onset of each vowel to the center of the leftmost
consonant in its syllable. | add a symmetrical constraint aligning the offset of
each vowel to the center of the rightmost consonant in the syllable. (In English
the phasing of onsets and codas is actually not symmetrical, and the treatment of
onsets with multiple segments is more complex than this. But these constraints
suffice for modeling vowel intrusion.)

(27) ALIGN (V, OFFSET C]g, CENTER)
The offset of every vowel is aligned with the center of the rightmost
consonant that belongs to the same syllable as that vowel.

(28) ALIGN (g[C, CENTER, V, ONSET)
The onset of every vowel is aligned with the center of the leftmost
consonant that belongs to the same syllable as that vowel.

In a VCC or CCV sequence, the vowel necessarily has greater overlap with the
nearest consonant than with the peripheral consonant. The phasing constraints
in (28) and (27) only care about the alignment of the vowel with respect to the
peripheral consonant. But satisfying them requires a heavy overlap between the
vowel and non-peripheral consonant. | propose that heavy overlap is dispreferred
by constraints of the type below.
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(29) *GESTURE LANDMARK 1 PAST GESTURE LANDMARK 2
In a sequence gestyrgesturg, landmark of gesturg is not later than
landmarls of gesture

The constraints *GCENTER PASTV ONSET and *V OFFSET PASTC CENTER
prevent a vowel from overlapping any consonant more than halfway. This limits
the degree to which a vowel can extend across a consonant cluster and hence be
heard during the release, if any. When these constraints are high-ranked, release in
a consonant cluster is not colored by an adjacent vowel.

At this point, we have four constraints that apply to any given CCV or VCC
cluster. Tableau (30) demonstrates how these constraints evaluate output candi-
dates for the inputadk/. The representations being evaluated each consist of a ges-
tural score and a segmental string. The phonetic transcription, given in brackets,
is parenthetical, to remind the reader how the phasing would sound. It is not part
of the representation evaluated by the constraints. The output candidates differ on
two parameters: the degree of overlap between the two consonants, and whether
the vowel gesture extends to the centefldfor not. Candidates a) and b) have
a close transition between consonants, with no release. They differ only in how
much the vowel gesture overlaps the cluster. In a) the vowel extends to the cen-
ter of [k], which satisfies VOFFSET= C]g, CENTER This alignment violates *V
OFFSET PASTC CENTER, because the offset of V is later than the centeijpfin
b) the vowel extends only to the center[ff satisfying *V OFFSET PASTC CEN-

TER but violating V OFFSeT= C]s, CENTER Candidates a) and b) would sound
similar, except that the vowel and consonants would coarticulate more in a) due
to their greater degree of overlap. Candidates c) and d) have the pluasingr

= ONSETbetween the consonants, which produces a release between them. In c),
this release is not (strongly) colored by the vowel, since the vowel gesture extends
only to the center ofl]. This would describe a language that has open transitions
between consonants, but without copy vowel intrusion. In candidate d), the vowel
overlaps the release between the consonants, and a piece of the vowel gesture is
heard as an intrusive copy vowel. There are twenty-four possible rankings of the
four constraints; each candidate wins under six rankings.
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(30) Constraints on gestural phasing

' — VOFF ' *V OFF
CiCEN I CqREL | [
Jalk/ —Cyons | =Cpmar | =Clo 1 PasTC
| | CEN | CENT
a. | | |
t ! ! !
m * | | | *
a 1 k ! ! !
| | |
[alk] | | |
| | |
b. | | |
4 \ \ \
a / 1 k | ‘ ‘
| | |
[alk] 1 1 |
C. I I I
- | | [
| | |
7 | * | * |
a | | |
[alok] l 1 1
d. l l l
. N | * | | *
a1 : : :
[alak] ! ! 1

These four constraints establish a basic typology of phasing in VCC or CCV se-
guences: close transition without release, open transition with an uncolored re-
lease, and copy vowel intrusion.

4.3 The behavior of sonorants

Vowel intrusion happens only with sonorants. Languages that have intrusion vow-
els next to some or all sonorants have either plain, non-vocalic sounding releases
or no release at all next to other consonant types. Furthermore, intrusive vowels
typically have the quality of the vowel that is next to the sonorant. Even in lan-
guages wher@] is transcribed, th¢o] is often colored by the vowel that is next

to the sonorant, as has been instrumentally confirmed for Lakhota (Albright 1999)
and Chilean Spanish (Quilis 1981). Capturing the difference between sonorants
and obstruents requires constraints referring to these consonant classes. There is
evidence that sonorants are subject to special C-C phasing constraints, and also
that overlap between a vowel and sonorant is less marked than overlap between a
vowel and obstruent.

First, there seems to be a preference for having less gestural overlap in RC
or CR clusters than other CC clusters. The Salish language Upper Chehalis has
excrescenfb] where one ofmn j 1w ?] follows another consonant (Kinkade 1963—

4). Kinkade argues that these schwas are purely transitional; in gestural terms
this means they result from a phasing liRENTER = ONSET between adjacent
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consonants. In their phonological behavior, thige contrast with acoustically
similar epentheti¢o]s that appear in different environments.

(31) Upper Chehalis excrescent schwas Kinkade (1963—4:192-3)
Xotolp ‘open-weave basket’
¢’6p’wakonstwon ‘squeeze with the arm’
qVétowe? ‘maple’
sqa?iqYols ‘skull’

These transitional schwas do not take the quality of a neighboring vowel, and do
not need to be near a vowel at all. Many consonants of any type may intervene
between the schwa and the nearest full vowel. Thus, Upper Chehalis is a useful
example because it allows us to examine CC phasing constraints in isolation from
any influence of VC or CV phasing constraints. What Upper Chehalis shows is
that sonorants may have a different phasing relation with neighboring consonants
than other consonants do. This pattern can be produced by adding a more specific
version of the constraint in (24) that refers specifically to sonorants.

(32) ALIGN (C, CENTER, R, ONSET)
In a G C; string, G a sonorant, the center of @ aligned with the onset
of Co.

Upper Chehalis has the constraint rankiRngGN (C, CENTER, R, ONSET) »
ALIGN (C, RELEASE, C, TARGET) » ALIGN (C, CENTER, C, ONSET). Under this
ranking, CR clusters haveENTER = ONSET phasing, while all other CC clusters
have the phasingELEASE = TARGET. Hence, release occurs only in CR clusters.

In a language that had vowels overlapping consonant clusters, this ranking would
produce vowel intrusion in CR clusters but no release in CC clusters.

Even in languages that have releases in all cluster types, however, copy vowel
intrusion may happen only by sonorants. The Papuan language Hua (New Guinea)
has releases, transcribed[ag between all consonants in careful speech, but the
release has the quality of the following vowel only in @j®r C[y] cluster (Haiman
1980). (y] often patterns as a guttural, as in Arabic.)

(33) Plain and colored releases in Hua Haiman (1980:26-27)
Ptu ‘smell’
k2tr2gu?  ‘kind of mushroom’
tvr2gie  ‘he sharpened it’

potdyaie ‘it glanced off’
ok%ruma?  ‘sky’
firie ‘he died’

tere trefie ‘it flowed’

As Upper Chehalis allowed us to isolate the role of CC phasing constraints, Hua
allows us to isolate the role of CV phasing constraints. Apparently a vowel gesture
overlaps a consonant cluster in Hua only if the closest consonant is a sonorant. The
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language avoids heavy overlap of vowels with obstruents. This can be captured by
positing anti-overlap constraints, following the general form in (34), that refer to
different consonant types. One such constraintd8 $TRUENT CENTER PASTV
ONSET.

(34) *OBSTRUENT CENTER PASTV ONSET
In a sequence CV, where C is an obstruent and V a vowel, the center of C is
not later than the onset of V.

When this constraint is higher ranked thaniGN (5[C, CENTER, V, ONSET),

a vowel will heavily overlap a CR cluster but not a CC cluster, as in Hua. The
tableaux below demonstrate how these two realisations of different clusters are
chosen. For the two inputkra/ and ftu/, the alignment of the CC clusters in the
output is the same: in each case&SENTER= ONSETphasing is chosen. Only the
degree to which the vowel overlaps the clusters is different.kia,/the vowel
gesture can extend to the centeflof as demanded hy{C CENTER=V ONSET.

This alignment doesn’t violateGBSTRUENT CENTER PASTV ONSET, becausér]

is not an obstruent. Since the vowel extends over the period of release, the release
sounds like a short copy vowel jR?ra]. But for fftu/, * OBSTRUENT CENTER PAST

V ONSETblocks the vowel gesture from extending to the centdfpfThus, the
release irffotu] does not sound like a copy vowel.

(35) Hua
[kra/

*OBS CEN
PASTV
ONS

C1 CEN C1 REL
= C, ONS =C, TAR

o[C CEN
=V ONS

*|
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(36) Hua

[ftu/ ‘smell’

C1 CEN
= Cy ONS

C1 REL
= Cy TAR

*OBS CEN
PASTV
ONS

V OFF
=g OFF

*|

*|

[f2tu]

To summarise, two types of constraints may refer specifically to different classes
of consonants: constraints on C-C alignment and constraints limiting C-V or V-C
overlap. Both of these constraints types contribute to limiting vowel intrusion to
CR and RC clusters. As the next section will show, there is also evidence for
constraints that refer to more specific classes than obstruents and sonorants.

4.4 Hierarchy of C/V overlap

Besides being restricted to sonorants generally, vowel intrusion happens only with
a subset of the inventory of sonorants in most languages. Some examples are given
in (37).
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(37) Sonorant inventories

Language Triggering intrusion  Not triggering intrusion
Kekchi ? rlnmwjh
Mamainde h nm (1jw)
Tiberian Hebrew ? $hh rlnmwj
Spanish r (r)lmnp£
German B Imnjv(g)
Sanskrit r(1)2 mnnnpyjh
Dutch r/el mn 1 (h)
Hausa rl rnmwj?
Finnish Inh r(muyj)
Oscan rin m h

Saami cl1jpaP mn p (h)
Hocank rnw ? (hjm)
Scots Gaelic o VM nn¥n¥im  j(wh)

aSome authorities report svarabhakti after oly others after botlir] and([1].
bAccording to Bye 2001[$] and[d] are approximants in Saami.

Sometimes, a particular sonorant simply never appears in an environment where
vowel intrusion is possible: for example, Dutch Ha$ but it does not occur in
codas, which is where vowel intrusion takes place. Such cases, where known to
me, are in parentheses. But in other cases, a sonorant does occur in the appro-
priate position yet lacks vowels intrusion. From the list above, there emerges a
partial cross-linguistic implicational hierarchy as to which sonorants trigger vowel
intrusion?

(38) Vowel intrusion triggers
(obstruents, if ever) > other approximants, nasgl > [1] > [«], [8] >
gutturals
Among nasalsfm] > [n]

This hierarchy suggests that some alignment constraints distinguish not just be-
tween sonorants and obstruents, but between different classes of sonorants.

In most languages, it is not reported whether the RC clusters without vowel
intrusion have release or not. This makes it difficult to tell whether the constraints
that distinguish among different sonorants are C-C phasing constraints like (32),
anti-overlap constraints like (34), or both. However, a few phenomena outside

“Hocank is an exception to this hierarchy, since it does not have vowel intrusiojicl[Gters.
It is possible that these are really glottalised single segments (although Susman (1943:21) argues
for a cluster analysis). Finnish is also an exception: while some sources (Harrikari 1999) claim
there is vowel intrusion aftdr], this seems to be untrue of at least the modern Ostrobothnian dialect
(Suomi 2000). However, Harms (1976) remarks that ‘[r] clusters are basically no different from [I]
clusters...although the available energy generally results in a stronger trill instead of a vocoid-like
release.’ In other words;C€] clusters may be treated the same wayn& pnd [C] by the grammar,
but have a different acoustic output due to characteristics ditlyesture.
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vowel intrusion suggest that at least specialised V-C overlap constraints must ex-
ist. Occasionally, other copy vowel phenomena show sensitivity to the hierarchy
in (38), in situations unconnected with consonant clusters. One such case, dis-
cussed in section 4.5, is the development of vowels in foreign loanwords. Another
kind of evidence comes from the phenomenon of articulatory troughs. |€¥;V
sequence, there is generally an articulatory trough, or relaxation of the vowel ar-
ticulation, during the consonant. Articulatory troughs have been argued to indicate
the juncture between two separate vowel gestures (Lindblom et al. 2002), while
the absence of a trough would presumably indicate a single vowel gesture overlap-
ping the consonant. Harris & Bell-Berti (1984) find that troughs are lacking when
an English speaker producflg or [?] between identical vowels. This suggests
that in this case only, a single long vowel gesture surrounds the consonant, rather
than each vowel segment corresponding to a separate gesture as usual. Whatever
the reason for this gestural realisation, the fact that it happens over gutturals but
not other consonants is consistent with the idea that vowels overlap gutturals most
easily.

This universal hierarchy of C / V overlap can be achieved by aligning the con-
straint barring heavy C / V overlap with the hierarchy above. For onsets, this yields
the following constraints:

(39) *OBSTRUENT CENTER PAST ONSET>> *GLIDE CENTER PASTV
ONSET, *NASAL CENTER PASTV ONSET>> *[r] CENTER PASTV ONSET
> *[1] CENTER PASTV ONSET>> *[r] CENTER PASTV ONSET, *[¥]
CENTER PASTV ONSET>> *GUTTURAL CENTER PASTV ONSET

These constraints are in a fixed ranking in every language. Thus, a language cannot
allow heavy overlap between vowels and nasals, for example, without allowing the
same degree of overlap between vowels and liquids. A fixed ranking produces the
type of implicational hierarchy seen in the data (Prince & Smolensky, 1993).

4.5 The V-C overlap hierarchy in loanword adaptation

Another phenomenon in which vowel copy may happen only over certain conso-
nants is the addition of vowels to foreign words in the course of loanword adap-
tation. In Cook Islands Maori and Mawu, vowel copy in loanwords occurs only
over the consonants for which | have proposed that VC overlap is least marked.
This is likely because the relevant vowels developed, in some cases, through an
intermediary vowel-intrusion-like stage in the interlanguage that precedes full na-
tivisation of foreign words. Although the resulting vowels are sometimes called
epenthetic, they must be synchronically represented as underlying because their
quality is unpredictable. It is important to distinguish these diachronically added
vowels from synchronically epenthetic vowels, because they would otherwise be
a counterexample to the claim in (10) that epenthetic copy vowels copy over any
consonant.
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Cook Islands Maori adds vowels to the end of C-final borrowings (Kitto 1997).
The added vowel is usually either a copy of the preceding vowel or else a default
[i]. The choice between copy vowel afiflis unpredictable, but Kitto & de Lacy
(2000) note that statistically, the patterns are strongly influenced by the identity
of the intervening consonant. The copy vowel option is chosen most consistently
when the final consonant [s], as in[pe:re] ‘bail’. After [n], both copy vowels
and[i] are fairly common, as ifripene] ‘ribbon’ vs. [meremi] ‘melon’. Here the
identity of the preceding vowel plays a role as well; copy vowels are chosen more
often after[en] than afterfan]. After [t], copy vowels are rare. The added vowel
is usually a defaulfi], as in[tikketi] ‘ticket’. Thus, the consonants least > most
likely to have vowel copy occur over them dt¢> [n] > [r]. This is fully consis-
tent with the hierarchy in (38). If, as | have proposed, this hierarchy is a result of
gestural overlap constraints, it suggests that gestural overlap played a role in shap-
ing the Maori pattern. | suggest that the copy vowels began as something similar
to an intrusive vowel, created by extending the preceding vowel articulation over
the final consonant, and were reinterpreted as separate segments. This reanalysis
happened through mishearings and misinterpretations of the gestural phenomenon,
and hence happened inconsistently. In cases where speakers did not perceive a
copy vowel after the consonant, they added[@rto satisfy Maori syllable pat-
terns. This happened mostly after obstruents, which had not been overlapped as
much by preceding vowels.

Synchronically, the copy vowels are not likely to involve gestural overlap, or
indeed to be represented as epenthetic. If words[tikgene] and [mere:ni] still
had the underlying representationi$én/ and meren/, it would be hard to explain
why the grammar inserts dn] after the first but afi] after the second.

A similar example comes from Mawu, a Manding language of C6te d’'lvoire
(Moussa 1996; Kenstowicz 2001) In adapting loanwords, Mawu breaks up French
C[#] clusters with a copy vowel, but[G with a default high vowel. Copying over
[B] but not[1] is consistent with (38), and suggests that the pattern stems from
vowel gestures extending ovr] but not[1]. But the striking twist is that French
[8] and[1] are both realised d$] in Mawu.

(40) Mawu loanwords from French
brosse bdldsi
France falazi
plan pild
bloque buldki

If the ranking *1] CENTER PASTV ONSET > *[B] CENTER PASTV ONSETIS

indeed responsible for this pattern, the arena where these constraints act cannot
possibly be located within the Mawu grammar. There is no distinction there be-
tween[1] and[¥] for the constraints to refer to. It is more likely that the loanwords
reflect the Mawu speakers’ sensitivity to a greater overlap of vowels [witim

French, or perhaps in an interlanguage used by bilingual speakers that still dis-
tinguishes the two liquids. The French encountered by Mawu speakers may have
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a slight intrusive vowel in @Gs] clusters, which Mawu monolinguals expand to a
full vowel. There is less quality to the release (if any) ifi]Clusters, so here
speakers insert a default vowel. But the surface unpredictability of the historically
epenthetic vowel's quality indicates that it must now be represented underlyingly,
and not shaped purely by markedness constraints in the way that a synchronically
epenthetic or intrusive vowel is.

4.6 Other factors affecting vowel intrusion

The constraints proposed above capture the most salient facts about the distribution
of intrusive vowels. However, | wish to briefly mention a few more factors that
appear to be conducive to vowel intrusion in some languages: C-V homorganicity
and gemination.

Two languages show a particular preference for vowel intrusion next to gemi-
nates. Saami has vowel intrusion after geminate sonorants but not singleton sono-
rants (Bye 2001), and some dialects of Finnish have vowel intrusion inbRiC
not RCC clusters (Harrikari 1999). This suggests that there may be special C-C
phasing constraints that apply only to geminates, such as the following.

(41) ALIGN (C, CENTER, Ci, ONSET)
In a G, C;, sequence, where;@s a geminate, the center of @ aligned
with the onset of @.

Additional support for such a constraint is the fact that other languages prefer re-
lease before or after geminates. Imdlawn Tashlhiyt Berber allows releasgS:in C
or C;C; clusters but not in most;C; clusters (Dell & EImedlaoui 1996). Plain
release in clusters is produced by the same kinds of C-C phasing constraints that
are involved in vowel intrusion. Languages also may favor release of geminates
even when they are not in clusters: word-final geminate stops in Amharic are obli-
gatorily released, while after singletons release is optional in some environments
(Hudson 1995:664). Stefania Marin (p.c.) reports similar facts for final geminates
and singletons in Wolof. Word-final release cannot be modeled with constraints
on C-C phasing (as far as | am aware, no gestural treatment of final release or
non-release has been proposed), but it probably reflects the same perceptual pres-
sures that are the phonetic grounding 6NTER = ONSET phasing. Intuitively,
it is clear why release should be especially important in geminates: it helps the
listener to detect the length of the closure, and hence to distinguish geminates from
singletons.

Another factor that can affect gestural overlap is the homorganicity of V /
C pairs. Negev Bedouin Arabic has vowel intrusian guttural-initial clusters
only when they follow the vowella], as shown in (42a) vs. (42b). In Articulatory

5Synchronically, these vowels are probably no longer intrusive in this dialect, as shown by the
fact that the open-syllable raising process optionally happens in one vowel, asadn] / [[ihar]
‘month’.
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Phonology, both low vowels and guttural consonants have a [pharyngeal] constric-
tion. In Negev Bedouin Arabic, then, heavy vowel-consonant overlap only happens
when the vowel and consonant are homorganic.

(42) Negev Bedouin Arabic Blanc (1970)
a. baxt > baxat ‘luck’
mahl > mahal ‘drought’
b. uxt ‘sister’
ihfir ~ ‘dig’

This restriction suggests that there is a special avoidance of vowels overlapping
consonants that have a different place of articulation. Support for this view comes
from cases of diachronic C/V metathesis. Steriade (1990) proposes that metathesis
can result from movement of a consonant gesture across a vowel gesture. If correct,
this makes metathesis another source of evidence for constraints on C / V overlap.
Grammont (1933) also classifies some metatheses as ‘inversion by penetration’,
which he describes as the movement of one sound through another. He proposes
that a vowel and consonant must be articulated in the same general region in order
for ‘penetration’ to occur, noting that in the French dialects Pléchatel and Havre,
[r] has metathesised wifle] but not with other vowels, and that in unaccented
syllables in Latin, there is historical metathesigigfwith [r] and[u] with [1], but

not of the same liquids with other vowels. Recall also that in Cook Islands Maori,
discussed in section 4.5] is more likely to copy ovefn] than[a] is. All these

facts suggest there are constraints like the following:

(43) *V OFFSET PAST HETERORGANICE CENTER
In a heterorganic VC sequence, the offset of V is not later than the center of
C.

This constraint blocks vowel intrusion only in the case that the vowel and consonant
are heterorganic.

Vowel intrusion is a good source of evidence for constraints on gestural or-
ganisation because it is a gestural phenomenon unusually amenable to typological
survey. Since vowel intrusion is clearly audible, it is often mentioned in descriptive
works, unlike, for example, release. Furthermore, intrusive vowels are distinguish-
able from ordinary vowels by their phonological behavior. Since vowel segments
form the nuclei of syllables, they influence a large range of syllable-conditioned
phonological processes. Intrusive vowels are conspicuous in their failure to do so.
(By contrast, intrusive stops, while also audible and often transcribed, offer few
clear diagnostics to tell whether speakers treat them as normal segments or not.
For example, 4t] is often heard in the final cluster afince[min's]. But since
an extra consonant in that position would not be expected to affect the syllable’s
phonological behavior, there is little way to tell from phonology whethef this
segmental or not.) Vowel intrusion is only one case within wider patterns of re-
lease and VC overlap, and its importance ultimately is in the light it sheds on more
general constraints on gestural phasing.
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5 Timing-Augmented Surface Phonology

Besides providing evidence for particular gestural constaints, vowel intrusion has
implications for the overall shape that a gestural grammar should take. The ap-
proach | use here can be called Timing-Augmented Surface Phonology (TASP).
TASP incorporates gestures into the surface phonological representation, but lim-
its the types of constraints that can refer to them and analyzes many phonological
processes as non-gestural in nature.

In TASP, an output representation consists of a segmental score and a gestural
score. Segments and gestures are associated with one another; most segments are
associated with more than one gesture, and it is possible that in some cases a single
gesture is associated with more than one segment. Segments are organised into
syllables. Gestures belong to a syllable only indirectly, through their associations
with segments; they are not directly organised by syllables themselves. Diagram
(9) gives examples of such output structures.

The area where TASP differs most from some other gestural analyses is in
the nature of the mapping between inputs and outputs. First, segments (and their
associated gestures) can be added and deleted. TASP does not claim that all phono-
logical processes consist of gestural shifting, masking, weakening, etc. The goal
of an analysis should be to differentiate the processes that involve changes to the
abstract phonological units present, versus processes that may affect the acoustic
result without addition or deletion of gestures and segments. | have argued that
epenthesis is in the former category, and vowel intrusion in the latter.

Second, gestural phasing is not by itself contrastive in TASP. This claim is
based on the observation that vowel intrusion is not contrastive: it is always pre-
dictable whether a release can occur between two consonants in a given environ-
ment, and whether the release will sound like a copy vowel. | have found no reports
of words that are distinguished purely through the presence or absence of intrusive
vowels® If this generalisation is a universal, it means that neither C-C nor V-C or
C-V phasing can be contrastive. There are, of course, other types of gestural phas-
ing besides C-C coordination and V-C or C-V coordination, but it is reasonable to
hypothesise that if these are non-contrastive, other types of gestural phasing are the
same.

In an Optimality Theoretic analysis, the non-contrastive nature of gestural phas-
ing is captured by not letting faithfulness constraints refer to gestural alignment.
Faithfulness constraints regulate the correspondence between input and output rep-
resentations, demanding that representational elements that are present in the input
be present in the output or vice versa. By prohibiting changes, faithfulness con-
straints preserve underlying distinctions and hence allow particular distinctions to
be contrastive. Markedness constraints, on the other hand, refer only to output

6Scots Gaelic is an apparent exception. However, | argue elsewhere that the dramatic vowel
intrusion in this language reflects a type of VR diphthongal structure, and diphthongs are constrastive
with sequences of simple segments in Scots Gaelic. In other words, it's not the gestural phasing that
is contrastive, but a layer of segmental organisation that conditions the phasing is contrastive.
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representations, and consist of prohibitions of particular structures. Markedness
constraints can only prevent distinctions from being contrastive, never cause them
to be so.

Tableau (45) shows how ranking a gestural faithfulness constraint above gestu-
ral markedness constraints causes gestural phasing to be contrastive in consonant
clusters. The constrairfAITH TIMING, defined in (44), demands that gestural
phasing in the input be preserved in the output. In the hypothetical language of
the tableau, this constraint is ranked above all markedness constraints that would
demand uniform phasing in CC clusters. Thus, for a CC cluster with the underly-
ing phasingCcENTER= ONSET, as in the first input, the phasigENTER = ONSET
is chosen in the output. For the second input, which has underRfgAsE =
TARGET phasing, an output wWitRELEASE = TARGET phasing is chosen. In this
language, there can be two wolidisi] and[fotu] that differ only in the presence of
release in their clusters.

(44) FAITH TIMING
If landmark of gesturg is simultaneous with landmaylof gesturg in the
input, then landmaskof gesturg is simultaneous with landmaylof
gesturg in the output.
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(45) Contrastive gestural timing

Input:
fa FAITH C1 REL Cy1 CEN
/H\/\ TIMING =C,TAR | = C, ONS
f t u
a
e N *
f t u
[ftu]
b.
PRI
*! *
f t u
[fotu]
Input:
PN FAITH C1{ REL C1 CEN
! . TIMING =C,TAR | =CyONS
f t u
a.
/%
L <. *| *
f t u
[ftu]
b.
— ha
*
f t u
[fotu]

In Optimality Theory, constraints are freely rerankable and any ranking of con-
straints may exist in some language. If a constraint#ikeH TIMING exists, then

we expect to find some language where release between consonants (with or with-
out copy vowel intrusion) is contrastive. | am not aware of such a language. For
this reason, all the constraints that refer to gestural phasing in TASP are markedness
constraints. All of the gestural constraints proposed in section 4 specify alignments
between various gesture types in the output; they never refer to the input.

This does not mean that gestural phasing cannot exist in the underlying rep-
resentation (Richness of the Base, a basic Optimality Theory tenet, holds that any
representation can be an input) but only that whatever gestural phasing may exist
at the underlying level is not relevant to determining the output. For simplicity, |
therefore show the input only as a string of segments, without gestures.

6 Intrusive vowels and allophony

One challenge to the gestural account of vowel intrusion has come from Warner
et al. (2001)'s recent study of allophony in Dutch. The authors claim that intrusive
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vowels cause resyllabification of preceding consonants, based on the patterning of
[1] allophones.

Dutch [1] is hypothesised to have the characteristics that Sproat & Fujimura
(2993) have shown for Engligh]. English[1] consists of both a tongue tip raising
gesture and a tongue body backing gesture. The former is stronger|[iylieim
the syllable onset, and the latter whighis in coda position. Warner et al. (2001)
use this fact as a diagnostic for testing the syllabic structure of vowel intrusion.
They compare tongue tip positioning during {iis of triplets like[film] / [filom]
film’, and [vilom] (name): that is, the same word pronounced with and without
intrusive [o] versus a word with an underlying] in the same position. For all
seven subjects, the tongue tip was significantly higher during tloé [filom] than
[film], although for three there was also a significant difference between tongue tip
positioning in[filam] and[vilam]. The authors conclude that intrusifeg causes
resyllabification of the precedind)] into onset position.

In order for the schwa to condition allophonic variation, it must be
present as a phonological unit, because the allophonic variation in-
volves timing of the I/ gestures relative to the vowel. If the schwa
were simply a period of time without gestural specifications, which
happens to be interpreted perceptually as a schwa-like sound, this tar-
getless schwa would be merely a perceptual epiphenomenon, not a
linguistic unit, and could not possibly condition allophonic variation.
(395)

There is another possible explanation for this pattern of allophony, however,
which does not require that the intrusive vowel be a phonological unit. This expla-
nation rests on two assumptions. The first assumption is that allophony, in Articu-
latory Phonology, is not determined by rules of the form ‘use Il[ghih onsets and
dark[1] in codas.’ Allophones of a phoneme are not categorically different objects,
but different realisations of (in most cases) the same group of gestures. These dif-
ferences result from general rules about phasing within the syllable, and also from
gestural overlap. In other words, the realisation of a partidllaegment depends
both on the rules the language has for phasing onset andiipdad also on what
other segments overlap and perhaps conflict with fjat Two coda[l]s won’t
necessarily be articulated the same way if they are in codas that involve different
segments or different phasing. The second assumption is that the two pronunica-
tions[film] and[filom] in Dutch are the outputs of different grammars. They are
not realisations of the same C-C alignment at different speech rates; rather, they in-
volve different C-C alignments. The reason for this assumption is that the presence
of intrusive[o] in Dutch is not dependent on speech rate. Speakers who have vowel
intrusion optionally, like Warner et al. (2001)’s subjects, are able to use two dif-
ferent grammars and hence produce two different gestural scores in free variation.
Hypothetical gestural scores for the two pronunciations are given in (46).
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(46) Gestural scores

a. [filom] b. [film]
I I I m I I lm\

There are two differences between these gestural scores that could result in a
stronger tongue tip raising gesture in a) than b), in addition to producing vowel
intrusion in a). The first is the difference in C-C phasing. When[thé cluster
is produced without vowel intrusion, ttg overlaps more heavily with the follow-
ing consonant. Overlap between consonants typically causes their constrictions to
weaken (Browman & Goldstein 1995), and this should translate into less tongue tip
raising. It is worth mentioning one study which, although limited, suggests that a
following consonant indeed contributes to the weakening of the tongue tip gesture
in codall] in Dutch. Reenan (1986) asked subjects by questionnaire whether they
vocalised coddl] (that is, lost the tongue tip constriction altogether) in various
words. For each word wheff preceded a consonant, 31% to 64% of respondents
reported vocalizing thf], while for each word wherg] occurred in final position,

26% to 34% did so. Of course, the fact thidtdid not become light and onset-like
when it was in final position shows that overlap with a following consonant cannot
be the only factor contributing to the lowering of the tongue tip in cdfjdut it is
likely one factor.

Another factor that may affect thig] in [filom] is the degree of overlap be-
tween[l] and the preceding vowel. Suppose that the vowel has the same phasing
relation with[m] in both [film] and[filom]: then it must overlap th@l] more in
the latter case, as shown in (46a). This is significant because the darkness of coda
[1] is related to the tongue body gesture, and a vowel also consists of a tongue
body gesture. There is evidence from Scots Gaelic that secondary articulations on
sonorants (such as the velarisation in dgik) conflict with overlapping vowel
articulations. In the Ross-shire dialect (Borgstrgm 1941), when vowel intrusion
occurs with a back vowel and a palatalised sonorant, as’icot/ ‘silver’, there
are two possible outcomes. Either the sonorant’s secondary articulation strongly
influences the intrusive vowel, producifg’ikat], or the intrusive vowel has the
same quality as the preceding vowel but sonorant loses its secondary articulation,
producing|arakst]. In this case the depalatalisation cannot be attributed to resyl-
labification of £’/ as an onset, sinde’] is permitted in onset position even before
back vowels, as ifiriuims] (Borgstrem 1941:148). Rather, the overlapping low
vowel articulation causes the loss of palatalisation, because palatalisation and back
vowels require conflicting tongue body positions. For similar reasons, the gestural
phasing that results in vowel intrusion in Dutch may cause a lo$wélarisation.

If the strength of the tongue body and tongue tip gestures are inversely propor-
tional, then this weakening of the tongue body articulation could also enable a
stronger tongue tip raising.

In short, it is not necessarily the case that when the presence of an intrusive
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vowel between two consonants correlates with the presence of some allophone of
one of the consonants, the intrusive vowel must condition this allophone. Rather,
vowel intrusion and consonant allophony are both results of the gestural score,
and a single change in the gestural score may affect both. For this reason, | do
not consider the fact that Dutch intrusive vowels correlate with a pattefi of
allophony to be sufficient evidence that the intrusive vowels are syllabic.

In general, consonant allophony is not the clearest test for the syllabicity of in-
trusive vowels. Although patterns of allophony are often stated in terms of position
within the syllable, allophony is also related to gestural overlap. Metrical diag-
nostics like those mentioned in 2 (stress, minimal word requirements, templatic
morphology, syncope, etc.) are more reliable because they seem to have nothing to
do with gestural phasing. Looking at cases beyond Dutch, intrusive vowels some-
times do and sometimes do not appear to condition allophonic processes where
ordinary vowels would. In Tiberian Hebrew, for example, stops are normally spi-
rantised after a vowel. This is shown in the contrast between (47a) and (47b). The
suffix t/ becomed6] after a vowel-final stem, but remaifyg after a consonant.
When a root ends in a guttural, as in (47c), an intrusive vowel appears before the
suffix, but #/ does not spirantise after the intrusive vowel. In this case, an intrusive
vowel fails to condition an allophonic variation in the way a normal vowel would.

(47) Tiberian Hebrew spirantisation
a. ktv+t/ — Kkatavt ‘write 2fs. perfective’
b. glj+t/ — galid ‘go into exile 2fs. perfective’
c. /In/+t — Jalahat ‘send 2fs. perfective’

In Saami, intrusive vowels correlate with a special type of consonant allophony
not triggered by other vowels. There is optional degemination of a sonorant pre-
ceding an intrusive vowel, but not before other vowels. For exanfgitapl:ofi:]

‘owl, nom. sg.’ can also be pronouncégkuolofi:] (Bye 2001). In this case, the
allophony says nothing about how the sonorant is syllabified, since degemination is
not associated with any position with the syllable. It happens only before intrusive
vowels.

Dutch, Tiberian Hebrew, and Saami show that no single generalisation de-
scribes how vowel intrusion interacts with allophonic variation in neighboring con-
sonants. Intrusive vowels may condition the same alternations that normal vowels
do; they may condition alternations that normal vowels don'’t; or they may fail to
condition any alternations. The cause of each pattern must be sought in the partic-
ular gestural overlap patterns that lead to each type of allophony.

7 Conclusion

This paper began with the observation that there seems to be a correlation be-
tween the conditioning environment, quality, and phonological behavior of ‘in-
serted’ vowels. Cross-linguistically, copy vowels or schwas that appear predictably
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between a sonorant and a heterorganic consonant, and which copy their quality
from the vowel adjacent to the sonorant, tend to behave as non-syllabic. These
characteristics are tied together through a representation in which the intrusive
vowel is part of a neighboring vowel gesture that is heard during the period of
release between two consonants. The quality of the intrusive vowel sounds simi-
lar to that of a neighboring vowel because the two vowels are a single gesture. A
level of consonant-consonant overlap that produces release between heterorganic
consonants does not necessarily produce release between homorganic consonants.
This gestural phasing is chosen only with sonorants because sonorants are more
amenable to heavy gestural overlap with a vowel than obstruents are. Gestural
overlap, although it may create a vowel-like percept between consonants, is quite
distinct from segmental insertion. When no abstract segment is added to the repre-
sentation, no syllable is added.

Articulatory Phonology provides a useful way of representing intrusive vow-
els. Gestural representations allow us to analyze the distribution and typology
of non-segmental sounds, without treating them as phonological units. However,
the presence of non-gestural phonological units, such as segments and syllables,
is crucial for analyzing the differences in behavior between intrusive vowels and
segmental vowels (whether underlying or epenthetic). Thus, this study of vowel
intrusion does not support the idea that all phonological alternations are gestural in
nature.
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