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Uspanteko is an endangered Mayan language spoken in Guatemala. Unstressed vowels in Us-
panteko often delete, though deletion is variable within and across speakers. Deletion appears
to be phonological: it is sensitive to foot structure, morphology, and certain phonotactics; and
occurs in slow, careful speech. But deletion also has characteristics more typical of a pho-
netic process: it is intertwined with a pattern of gradient vowel reduction, and is insensitive
to most phonotactics. Electroglottography data shows that even ‘deleted’ vowels may con-
tribute voicing to [C

˚
(V)C

˚
] intervals when flanked by voiceless consonants. This suggests that

‘deleted’ vowels are represented in the input to speech production, even when they are acous-
tically masked by articulatory overlap with adjacent segments. We conclude that vowel dele-
tion is grammatically controlled gestural overlap, consistent with the claim that phonological
representations encode information about the relative timing and coordination of articulatory
gestures (e.g. Browman & Goldstein 1986, Gafos 2002). At a minimum, language-specific
phonetic processes must have access to more fine-grained, abstract grammatical information
than is usually assumed.
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1 Introduction: the phonetics-phonology interface

Phonological theories have historically centered on the analysis of discrete units, like segments or
features, which serve as the basis of phonological contrasts, alternations, and constraints. These
discrete, abstract units must also be linked with a corresponding phonetic realization, in continuous
time and physical space, during actual acts of speaking or listening. Given an abstract symbolic
representation like prints [phôInts], what principles relate that representation to the articulatory
and acoustic variation responsible for physical phonetic forms like [ph>ô

˚
ỗIPts] (e.g. Hockett 1955)?

Research at the PHONETICS-PHONOLOGY INTERFACE is often concerned with this notoriously
difficult question.

Most work in generative phonology assumes that underlying lexical representations like /pôInt-
z/ are first mapped to surface phonological outputs, like [phôInts], which include predictable allo-
phonic details (e.g. aspiration, voicing assimilation) along with prosodic structure (e.g. stress and
syllabification). These representations are symbolic, abstract, and categorical: they do not encode
information about the physical, phonetic realization of speech sounds in space and time, apart from
a coarse specification of linear order.

Early proposals in generative phonology assumed that these surface phonological representa-
tions are then mapped to physical phonetic outputs according to principles of phonetic implemen-
tation which are uniform across languages (Chomsky & Halle 1968:Ch.7). However, subsequent
research has demonstrated substantial crosslinguistic variation in the phonetic realization of seg-
ments which, by phonological criteria, should be considered ‘the same’ (Keating 1984b). For
example, Cho & Ladefoged (1999) report that the mean VOT of contrastive, phonemic /kh/ is
84ms in Hupa, but 154ms in Navajo. This is not an isolated finding: comparable variation oc-
curs in crosslinguistic patterns of coarticulation (Öhman 1966, Keating 1990b, Solé 1992, 1995,
2007, Manuel 1999), vowel and consonant duration (Lehiste 1970, Keating 1984b, Ladefoged &
Maddieson 1996, Tang & Harris 2014, Bennett et al. 2022b), stop release (Steriade 1994, Zsiga
2000), constriction formation (Hamann 2003), preboundary lengthening (Paschen et al. 2022), and
other physical aspects of speech production. Similar observations have been made in the domain
of speech perception: the acoustic cues that listeners rely on to distinguish phonemic contrasts like
/s f/ vary from language to language, depending on the overall system of phonological contrasts
(Wagner et al. 2006, Cutler 2012). The nonuniformity of these phonetic patterns indicates that the
mapping between surface phonological outputs and speech articulation or perception must be car-
ried out by mechanisms which are at least partly language-specific—and therefore learned—rather
than fully universal.

Language-specific phonetic patterns implicate a degree of phonetic planning, controlled and
implemented by speakers in much the same way that language-specific phonological patterns are
(see especially Keating 1984b, Kingston & Diehl 1994).1 To illustrate with another example:
coarticulation for nasality in vowel-nasal sequences is greater in English than it is in Spanish (Solé
1992, 1995, 2007). This entails that coarticulation and other fine details of phonetic patterning are
controlled and planned by speakers—they are not merely mechanical by-products of producing

1The production of phonetic and phonological patterns during speech is largely unconscious, just like many other
aspects of linguistic behavior (e.g. Chomsky 1965). We use terms like ‘intentional control’, ‘cognitive control’, and
‘grammatical control’ to refer to phonetic and phonological processes which are in some sense planned by speakers,
albeit unconsciously and implicitly, and which must therefore be learned (Kingston & Diehl 1994, Solé 2007).
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segments in a particular sequence (Öhman 1966, Whalen 1990). Consequently, a full theory of
learned sound patterns must account for the fact that gradient phonetic behavior, like coarticulation,
can be learned and language-specific. In other words, a theory of LANGUAGE-SPECIFIC PHONETIC

PLANNING is required (Kingston & Diehl 1994).
Phonetic planning has often been modeled by means of PHONETIC REPRESENTATIONS which

are regulated by a language-specific PHONETIC GRAMMAR of some kind (e.g. Zsiga 2000; see also
Zsiga 2021 and citations below). Phonetic representations are richer than surface phonological rep-
resentations, as they include information about the realization of speech sounds in time and space,
at least in an abstract and schematic form. Depending on the particular theory involved, phonetic
representations may encode the relative timing of segments and articulatory gestures (e.g. Gafos
1999, 2002, Zsiga 2000), the relative magnitudes of articulatory gestures (e.g. Kingston 1984,
Jun 1996), and the acoustic consequences of particular articulations (e.g. Flemming 1995, 2001,
Steriade 2001, 2009, Boersma 2011, Byun et al. 2016). The phonetic grammar implements con-
trolled, language-specific phonetic patterns in terms of these representations: the VOT difference
for Hupa /kh/ vs. Navajo /kh/, for example, can be modelled as a difference in the relative tim-
ing and/or magnitude of the laryngeal gesture associated with aspiration (Goldstein & Browman
1986). Eventually, these phonetic representations are realized as actual events of speaking and/or
listening, possibly according to general principles of motor control and audition (e.g. Saltzman &
Munhall 1989, Delgutte 1997).

The preceding discussion assumes, at least implicitly, that phonetic representations are dis-
tinct from phonological representations (e.g. Keating 1988, 1990a). This is the position taken
by MODULAR THEORIES of the phonetics-phonology interface. In modular theories, phonologi-
cal representations are abstract and categorical, as described above. Phonological forms are then
mapped to distinct phonetic representations, which are defined in continuous, physical terms (e.g.
Keating 1984a,b, 1990a, Zsiga 1997, 2000, Boersma 2011). In such theories, an abstract, static
form like [phôInt] must be converted into a time-varying motor plan for speech production, and
must be recoverable during speech perception through some decoding of a time-varying acoustic
signal.

NONMODULAR THEORIES of the phonetics-phonology interface instead assume that there is
no meaningful distinction between phonetic and phonological representations. In such theories,
the units of phonological representation are the same as the units of phonetic representation, be
they articulatory plans (e.g. Browman & Goldstein 1986, 1992a, Pouplier 2011) or acoustic speci-
fications (e.g. Flemming 2001). Phonological contrasts, constraints, and patterns of alternation are
thus stated over representations that include at least some information about the physical realiza-
tion of speech sounds in time and space. Categorical phonological behavior, such as the contextual
neutralization of contrasts, is treated as the extreme endpoint of gradient behavior along a phonetic
scale (e.g. Steriade 2000, 2001, Flemming 2001, Gafos & Beňuš 2006, Pierrehumbert 2016; see
Zsiga 2021 for an overview). Such frameworks are sometimes known as INTEGRATED THEORIES

because they treat phonological and phonetic patterns as two sides of the same coin, instead of
assigning them to different sub-systems of the grammar.

This paper provides a case study of grammatically controlled phonetic knowledge in Uspan-
teko, a Guatemalan Mayan language. Our focus is a pervasive pattern of vowel deletion in prosod-
ically weak positions, as in /q-́ıSim/→ ["q́ıSm] ‘our corn’. We provide evidence that vowel ‘dele-
tion’ in Uspanteko does not involve the literal elimination of a vowel from phonological repre-
sentations. Instead, it is an extreme case of gradient, phonetic vowel reduction: a shortened and
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diminished vowel articulation overlaps with adjacent consonants to such an extent that the vowel
is rendered inaudible, despite being weakly articulated (e.g. Browman & Goldstein 1992a). At
the same time, these patterns of reduction and overlap show clear signs of grammatical condi-
tioning. Vowel deletion is sharply restricted by phonological and morphological factors, and does
not depend on speech rate or style, occurring frequently in slow, careful speech. Vowel reduction
and deletion in Uspanteko thus have the profile of phonetic processes which are regulated by an
abstract, categorical grammar.

Grammatically controlled phonetic processes are naturally accounted for in integrated theories
like Articulatory Phonology, in which there is no difference in kind between phonetic and phono-
logical representations (Browman & Goldstein 1986, 1989, 1990, 1992a, Gafos 2002, Goldstein &
Fowler 2003, Hall 2006, Gafos & Beňuš 2006, Beňuš & Gafos 2007, Bradley 2007, Gafos & Gold-
stein 2012, Bellik 2018, Smith 2018, Walker & Proctor 2019, and many others). Vowel deletion
in Uspanteko can thus be construed as a confirmation of the predictions of such theories. If in-
stead phonetics and phonology are distinct modules, with vowel deletion belonging to the phonetic
component of the grammar, then phonetic planning must make direct reference to fairly abstract
phonological and morphological structures. In either case, the boundary between phonetics and
phonology would appear to be blurrier than sometimes assumed (Myers 2000, Scobbie 2007).

In this paper, we construct an analysis of vowel reduction and ‘deletion’ in Uspanteko within
the framework of Articulatory Phonology. We are neutral as to whether this analysis should be
construed as belonging to a process of phonetic implementation, as in modular theories (e.g. Zsiga
1997), or to the phonology proper, as in integrated theories (e.g. Gafos 1999, 2002). In developing
our analysis, we assess several diagnostics for distinguishing phonetic and phonological patterns.
In doing so, we find that some standard diagnostics for phonologically-controlled behavior are in
fact equivocal as to the grammatical status of vowel deletion in Uspanteko.

2 Uspanteko

Uspanteko is an endangered Mayan language, spoken by up to 6000 people in the central highland
region of Guatemala (Richards 2003, Bennett et al. 2022b, Us Maldonado no date(b)). It belongs
to the K’ichean branch of the Mayan family, along with better-studied languages like K’iche’ and
Kaqchikel. The grammatical structure of Uspanteko has a number of characteristics which clearly
set it apart from other languages within the K’ichean branch (including lexical tone, discussed be-
low). Unfortunately, many children in traditionally Uspanteko-speaking areas are now growing up
with K’iche’ and/or Spanish as their primary languages. For more information on Uspanteko lan-
guage and culture, see Can Pixabaj 2007, Us Maldonado no date(b), 2010, Bennett et al. 2022a,b,
Henderson et al. 2022, and references there.

We have carried out regular fieldwork with Uspanteko speakers in Guatemala since 2010. The
generalizations that we present here are based on extensive data collection over the last decade,
and reflect patterns which occur in both structured elicitation and in more spontaneous speech.
Our characterization of these patterns converges with prior descriptions of Uspanteko, as well as
other related Mayan languages (Campbell 1977, Barrett 1999, Can Pixabaj 2007).
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3 The prosody of Uspanteko

The word-level prosody of Uspanteko is described and analyzed in Bennett & Henderson 2013,
Bennett et al. 2022a,b, which build on earlier descriptions in Grimes 1972, Kaufman 1976, Camp-
bell 1977 and Can Pixabaj 2007. Uspanteko is the one of the few Mayan languages to have inno-
vated a system of lexical tone, and is the only such language spoken in Guatemala (Bennett 2016,
England & Baird 2017, DiCanio & Bennett 2021, Bennett et al. 2022a).2 Bennett and Henderson
(2013) analyze the tone system as a privative [H] ∼ ∅ contrast on stressed syllables, and we adopt
this analysis here (see also Bennett et al. 2022a).

Tone interacts with stress placement in Uspanteko. In toneless words, stress falls on the final
syllable (1). There is no secondary stress.3

(1) Default word-final stress
a. tinach’ab’eej [ti.na.

>
tSPa."áe:X] ‘talk to me!’

b. ajq’ojom [PaX.qPo."Xom] ‘marimba player’
c. ak’ajool [Pa.kPa."Xo:l] ‘your son (of a man)’

Vowel length is contrastive in Uspanteko (e.g. k’am [kPam] ‘bring (it)!’ ∼ k’aam [kPa:m] ‘twine’),
but long vowels (and vowel length contrasts) are restricted to word-final stressed syllables.

In words with long vowels, [H] tone may appear on the stressed, final syllable containing that
long vowel (2).

(2) Tonal long vowels: [. . . "σ́VV]
a. xáab’ ["Sá:á] ‘vomit’
b. acháaj [Pa."

>
tSá:X] ‘your ash’

c. póotz’ ["pó:
>
tsP] ‘blind’

d. ink’áaj [Pin."kPá:X] ‘my flour’

Stress and tone are phonetically separable in Uspanteko: stress is primarily cued by duration,
intensity, and vowel quality, while tone is primarily cued by raised f0 (Bennett & Henderson 2013,
Bennett et al. 2022a,b).

In words with only short vowels, [H] tone occurs on the penultimate syllable (3), rather than
the final syllable. Additionally, stress retracts to the penult to coincide with tone.

(3) Penultimate accent with tonal short vowels: [. . . "σ́VσV]
a. inkínaq’ [Pin."ḱı.naqP] ‘my bean’
b. ajxójil [PaX."Só.Xil] ‘dancer’
c. wersálik [wer."sá.lik] ‘asleep’
d. muqunélib’ [mu.qu."né.liá] ‘gravediggers’

2Cunenteco, a Mayan language spoken near Uspantán, appears to have lexical tone as well (Perry Wong, p.c.
2018; see also Can Pixabaj 2017). There are no published descriptions of tone in this language (which is normally
characterized as a dialect of K’iche’).

3Examples in this paper are primarily from our own fieldwork, carried out with speakers of Uspanteko during
annual trips to Guatemala between 2010 and 2019, and remotely during 2020-2021. This fieldwork data was reverified
by consulting transcribed audio recordings as necessary. Some additional examples are taken from Can Pixabaj 2007,
Vicente Méndez 2007, and Us Maldonado no date(a).
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These patterns reflect two generalizations: [H] tone, when present, always falls on the penultimate
mora of the word (either [. . . "σ́µ.σµ] (3) or [. . . "σ́µµ] (2)); and stress and tone always occur on the
same syllable.

Bennett and Henderson (2013) analyze tone and stress placement in Uspanteko in terms of
foot structure. Default word-final stress (1)-(2) involves an iambic foot at the right edge of the
word, [. . . (σ"σ)]. Penultimate accent (3) amounts to a change in foot type: the foot remains
anchored at the right edge, but becomes trochaic rather than iambic, [. . . ("σ́σ)]. This change in
foot type ensures that stress and tone occur on the same syllable, while also respecting the invariant
placement of [H] tone on the penultimate mora.

Confirmatory evidence for this analysis comes from the interaction of stress assignment with
vowel deletion, which we now turn to.

3.1 Vowel deletion

The deletion of unstressed short vowels is a salient feature of spoken Uspanteko.4 Deletion is
variable, but quite commonplace, giving rise to frequent alternations in the form of individual
morphemes (4). Long vowels are always stressed (section 3), so only unstressed short vowels
participate in alternations like (4).

(4) Vowel deletion with default final stress
a. masaat [ma."sa:t] ∼ [m.sa:t] ‘deer’
b. chukuy [

>
tSu."kuj] ∼ [

>
tS."kuj] ‘pinecone’

c. chik’oor [
>
tSi."kPo:r] ∼ [

>
tS."kPo:r] ‘hiccup’

d. richijiil [ri.
>
tSi."Xi:l] ∼ [ri.

>
tS."Xi:l] ‘her husband’

For reasons outlined in sections 4.1–7 we assume that vowel deletion does not change syllabifica-
tion, and hence represent the output of deletion in (4) with apparently ‘degenerate’ syllables like
[.C.] (see also Bennett & Henderson 2013, Kawahara & Shaw 2018).

Deletion is conditioned by the position of the vowel relative to stress. In words with final stress,
deletion systematically occurs in the pretonic, penultimate syllable [. . .σ"σ]. Fig. 1 shows variable
deletion of pretonic /o/ in the word tijq’ojomaan ‘(s)he plays the marimba’, as produced by two
different speakers reading a wordlist.5

In words with final stress, deletion is essentially limited to pretonic position [. . .σ"σ]. Deletion
is far less common in other positions, even in casual speech. For example, in muquneel [mu.qu."nel]
‘gravedigger’, unstressed [u] freely deletes in pretonic position, but not in the initial syllable. The
lack of deletion in the initial syllable cannot be attributed to segmental phonotactics, as deletion
regularly produces word-initial consonant sequences (e.g. masaat [ma."sa:t] ∼ [m."sa:t] ‘deer’; see
section 4.7). Instead, vowel deletion is selective in applying only to unstressed vowels in specific
positions. We take this asymmetry to be a fundamental property of vowel deletion in Uspanteko,
which must be accounted for under any analysis.

The locus of deletion is dependent on word-level accent. As we have seen, deletion selectively
targets the pretonic syllable in words with final accent [. . .σ"σ]. But in words with penultimate

4Brief descriptions of deletion can also be found in Campbell 1977:24 and Can Pixabaj 2007:19-20,27-8,49,51-
2,67,198. Similar patterns of vowel deletion are found in other Mayan languages; see Bennett 2016:§2.4.4.

5Fig. 1 is unusual in showing deletion of a mid vowel, a point we discuss in detail in section 4.8.
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Figure 1: tijq’ojomaan [tiX.qPo.Xo."ma:n] ‘(s)he plays the marimba’. On the left, no deletion of
pretonic /o/ occurs (speaker 3, 2018); on the right, deletion occurs (speaker 2, 2018). Numbers
below each segment indicate duration in ms.

accent (3), deletion targets the posttonic syllable instead, [. . . "σσ] (Fig. 2).

Figure 2: inkínaq’ [Pin.ḱı.naqP] ‘my bean’. On the left, no deletion of posttonic /a/ occurs (speaker
9, 2018); on the right, deletion occurs (speaker JBAT, 2014).

Postdeletion deletion is also selective: in muqunélib’ [mu.qu."né.liá] ‘gravediggers’, for instance,
the posttonic short vowel may freely delete, but the other two unstressed short vowels may not.

Bennett and Henderson (2013) argue that the correlation between accent placement and the lo-
cus of vowel deletion supports their foot-based analysis of Uspanteko prosody. In words with final
stress, deletion targets the pretonic syllable. Under a metrical approach to stress, this is equivalent
to deleting the vowel in the weak branch of the foot, [. . . (σ"σ)]. This analysis extends straightfor-
wardly to words with penultimate accent: assuming that stress retraction involves trochaic footing
[. . . ("σ́σ)], posttonic vowel deletion in words like [Pin.ḱı.n(a)qP] (Fig. 2) is again simply deletion
in the weak branch of the foot. Foot structure thus offers a unified account of the locus of vowel
deletion in Uspanteko.

Deletion is variable within the speech of single individuals. Indeed, speakers of Uspanteko
will often produce the same item with and without deletion, sometimes with just a few seconds
between each rendition. Fig. 3 illustrates this phenomenon with the tonal word inpix ["Ṕım.piS]
‘my tomato’.
Vowel deletion in Uspanteko thus involves token-wise variability: across multiple utterances, the
exact same word may or may not show deletion (Fig. 3).6

6Token-wise variability should be distinguished from lexical variability, which describes any process that consis-
tently applies to some words or morphemes, but not others (Zuraw 2010, 2016, Gouskova 2012, Zymet 2018, Hout
2020, among many others). Vowel deletion in Uspanteko does not show lexical sensitivity of this sort. Lexical vari-
ability could also be called type-wise variability, since it involves nonuniform behavior across different items (rather
than across tokens of the same item).
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Figure 3: inpix ["Ṕım.piS] ‘my tomato’. Deletion of posttonic /i/ occurs on the right, but not the
left. Both figures are from a single recording session with a single speaker (speaker TAML, 2019).

4 Categorical deletion vs. articulatory overlap

The extensive variability observed for vowel deletion in Uspanteko raises an important question
(Bennett & Henderson 2013:625-8): could deletion be a phonetic phenomenon, resulting from pat-
terns of articulatory coordination during speech production, rather than belonging to the abstract,
categorical phonology as such?

Many phonological processes have been described as applying optionally or variably. How-
ever, at least some of these processes are probably best understood as being phonetic in character:
they are phonetically gradient, phonetically incomplete, and/or conditioned by factors which are
normally irrelevant for phonological patterning (e.g. speech rate, section 4.1). For example, word-
final /t, d/-deletion in American English has been characterized as an optional, but categorical
process, as in West Side [wEs(t) # s>aId] (see Coetzee & Pater 2011 for references). If correct, this
would be a variable phonological pattern (section 3.1). However, instrumental phonetic evidence
suggests that the deletion of /t, d/ is often incomplete: the tongue tip gestures for /t, d/ are still
present, but are heavily reduced and/or acoustically masked by gestural overlap with neighboring
segments (Browman & Goldstein 1986, 1989, 1990, 1992a, Purse 2019). At a minimum, this sug-
gests that /t, d/ deletion cannot be taken as a clear case of an optional, but categorical phonological
process. Similar observations have been made for l-darkening in several varieties of English (e.g.
Lee-Kim et al. 2013, Turton 2017, Mackenzie et al. 2018), schwa deletion in American English
and French (Kaisse 1985, Browman & Goldstein 1992a, Barnes & Kavitskaya 2002, Davidson
2006b, Bürki et al. 2011), and nasal place assimilation in American English (Ellis & Hardcastle
2002) (see Kawahara 2011:§2.2 for other examples).

The variable processes cited above all involve gradience, which we define as continuous differ-
ences in the magnitude of some measure along a physical or temporal scale. By way of illustration,
Lee-Kim et al. (2013) report that velarization, or ‘darkening’ of American English /l/ occurs along
a continuum: word-final /l/ in tall is darker than preboundary /l/ in tall-est, which is in turn darker
than postboundary /l/ in flaw-less (see also Sproat & Fujimura 1993, Turton 2017). This is a gra-
dient pattern, because the degree of darkening varies continously depending on the context that /l/
occurs in.7

7Gradience in this sense, which involves continuous differences in physical space or time, should be distinguished
from variability, understood here as categorical variation between tokens or lexical items (section 3.1). ‘Gradience’
is also used to describe nonphysical phenomena (e.g. intermediate or noncategorical well-formedness judgments;
Daland et al. 2011), but we focus here on the physical and temporal senses of this term. See Myers 1995, Zsiga 1997,
2021, Cohn 2006, 2007, Kochetov & Pouplier 2008, Chitoran & Cohn 2009, Zymet 2018 for discussion.
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As Cohn (2006) and Zsiga (2021) note, physical gradience is often taken to be a property
of phonetic rather than phonological processes. Hence, variable processes which also show gra-
dience may in fact owe to phonetic processes of articulatory coordination and reduction, rather
than abstract phonological rules or constraints (Browman & Goldstein 1990, 1992b, Myers 2000,
Davidson 2003, 2006a,b; on /l/-darkening specifically, see Turton 2017).

To be sure, categorical phonological processes can also apply variably: for example, the de-
voicing of voiced geminates in Japanese borrowings like [beddo] ∼ [betto] ‘bed’ is optional,
but phonetically complete (Kawahara 2006; see also Kochetov & Pouplier 2008, Zuraw 2010,
Strycharczuk 2012, Strycharczuk & Simon 2013, Shaw & Kawahara 2018, Plug et al. 2019, Cohn
1993, Zsiga 1997, 2021, Coetzee & Pater 2011:§3.1). Since both phonological and phonetic pat-
terns may be variable, variability itself is not a good diagnostic for distinguishing phonological
vs. phonetic processes. At the same time, the phonetic evidence outlined above suggests that
variable sound patterns should be closely scrutinized, with an eye to the possibility that at least
some of those patterns might in fact be phonetic in nature. This is especially true for variable
processes—like vowel deletion in Uspanteko—which involve segmental reduction or assimilation,
as such phenomena are often amenable to explanations based on the reduction and coordination of
articulatory gestures (Browman & Goldstein 1990).

Further reason to consider a phonetically-oriented account of variable vowel deletion in Us-
panteko is that a number of V ∼ ∅ alternations in other languages appear to reflect gestural coor-
dination rather than categorical epenthesis or deletion. Steriade (1990), Gafos (2002), Hall (2003,
2006), Bellik (2018), Bradley (2004, 2005, 2006, 2007), Borroff (2005, 2007), Goldstein (2011),
as well as Ridouane and Fougeron (2011), among others, have all argued that certain cases of
vowel epenthesis are better understood as arising from patterns of gestural overlap. Bellik (2018),
for example, presents a range of evidence converging on the conclusion that ‘epenthetic’ vowels in
Turkish onset clusters are not phonologically inserted, but are instead the result of of low gestural
overlap (i.e. an open transition) between successive consonants. Similarly, Barnes & Kavitskaya
2002 and Davidson 2006b argue that schwa ‘deletion’ in French and English corresponds to high
gestural overlap between consonants in a [C@C] sequence during speech production, which pho-
netically masks underlying [@], and should therefore not be analyzed as the result of categorical
deletion of a vowel in the symbolic phonology (see also Browman & Goldstein 1992a, Bürki et al.
2011). Vowel devoicing, which can be understood as a species of vowel reduction closely related
to vowel deletion, has also been analyzed as a consequence of high gestural overlap (Kondo 1994,
2008, Jannedy 1995, Beckman 1996, Jun et al. 1997, Delforge 2009, Dabkowski 2018).

In section 4.1 we consider several diagnostics which have been proposed to distinguish phono-
logical from nonphonological patterns. We find that some of these diagnostics are equivocal as
to the grammatical status of vowel deletion in Uspanteko. Phonotactic restrictions on deletion
suggest that it is phonologically conditioned, but the same patterns can be plausibly explained in
phonetic terms as well. A phonetic perspective on vowel deletion also provides insight into appar-
ent exceptions to phonotactic conditioning which are surprising from a purely phonological point
of view. Perhaps most importantly, we show that deletion is the extreme endpoint of a gradient
process of foot-internal vowel reduction. If physical gradience is indicative of phonetic rather than
phonological patterns, this strongly implies that deletion is a phonetic process.

Ultimately, three diagnostics—involving speech rate, morphology, and prosodic structure—
provide the best evidence that deletion is under grammatical control in Uspanteko, despite showing
the phonetic characteristics alluded to above. Section 7 attempts to cut the Gordian knot by pro-
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viding a formal analysis of vowel deletion in terms of grammatically-controlled gestural overlap.

4.1 Diagnostics for phonetic vs. phonological phenomena
We now consider which characteristics of vowel deletion seem consistent with a categorical, sym-
bolic process belonging to the abstract phonology proper, and which seem more typical of a physi-
cal phonetic process. Some of our diagnostics for the ‘phonological’ status of deletion (Table 1) are
taken from McCarthy 1986, Pierrehumbert 1990, Keating 1990a,b, 1996, Zsiga 1997, 2000, Cohn
1998, 2006, 2007 and especially Myers 2000; see also Liberman & Pierrehumbert 1984, Pier-
rehumbert 2002, Ladd & Scobbie 2003, Scobbie 2007, Kingston 2007, Chitoran & Cohn 2009,
Hamann 2011, Strycharczuk 2019, and Eischens 2022 for related discussion. The diagnostics in
this table are organized in the order we discuss them below.

Phonological patterns Phonetic patterns Uspanteko syncope
Abstract, symbolic, and
categorical

Continuous, in real time
and physical space

(1) SHOW PHYSICAL GRADIENCE No Yes Yes:
overlaps with V reduction

(2) DEPENDENT ON SPEECH RATE No Yes No:
applies in slow speech

(3) SENSITIVE TO MORPHOLOGICAL

STRUCTURE

Yes Possibly, but only
gradiently

Yes, categorically

(4) SENSITIVE TO PHONOTACTIC

RESTRICTIONS

Yes No Unclear; probably not

(5) FEED/BLEED PHONOLOGICAL

PROCESSES

Yes No Unclear; probably not

(6) SENSITIVE TO ABSTRACT

PROSODIC STRUCTURE

(E.G. METRICAL FEET)

Yes Yes, but only
gradiently

Yes

Table 1: Prototypical characteristics of phonological vs. phonetic patterns.

Other diagnostics—such as phonological sensitivity to lexical category distinctions like ‘noun’ vs.
‘verb’ (Myers 2000, Smith 2011)—are not relevant for the patterns we discuss, and so we omit
them from Table 1.

All of the diagnostics we use to identify vowel deletion as a phonological process could be dis-
puted, and we engage with many potential counterarguments in the text below. We also acknowl-
edge that these diagnostics are to some extent theory-internal. For example, Flemming (2001)
argues that gradient phonetic coarticulation can trigger (i.e. ‘feed’) categorical neutralization pro-
cesses; if correct, this would at least complicate the application of our fifth diagnostic in Table
1 (see also Vennemann 1972, Anderson 1974, 1975, Beckman & Shoji 1984, McCarthy 2011,
Lionnet 2017, Eischens 2022).

These diagnostics are often presented in the literature as being tests for phonological vs. non-
phonological/phonetic behavior. However, we emphasize that some of these diagnostics only as-
sess whether a certain pattern is under some form of speaker control (e.g. sensitivity to speech
rate; Gafos 2002, Solé 2007, Eischens 2022). Such diagnostics are thus ambivalent when it come
to distinguishing language-specific phonology from language-specific phonetics (Keating 1984b,
1990a, Kingston & Diehl 1994, Manuel 1999). In section 9 we revisit the extent to which each of
these diagnostics may or may not be a reliable indicator of phonological vs. phonetic patterning,
and more generally, of intentional grammatical control.
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4.2 Deletion is the endpoint of gradient reduction
Vowel deletion is a variable process in Uspanteko: foot-internal, unstressed short vowels are eligi-
ble for deletion, but deletion does not consistently apply. However, even when short vowels in this
context escape deletion, they are typically phonetically reduced. These reduced vowels are often
quite short, and are audibly centralized relative to other unstressed vowels. This is especially true
of vowels in posttonic position (a point we return to in section 4.11). Fig. 4 shows that elidable
vowels are produced on a continuum of reduction, ranging from relatively long (∼60ms) to rela-
tively short (∼20ms) tokens, and culminating in the full loss of any audible vowel on the surface.
(For reference, stressed short vowels are about 100ms long in careful speech in Uspanteko; Bennett
et al. 2022b)

Figure 4: A cline of vowel reduction in kútz’iij ["kú.
>
tsPiX] ‘flower’ (clockwise from upper-left:

speaker 15, 2016; speaker 19, 2016; speaker 9, 2018; speaker 2, 2018).

Deletion therefore coexists alongside a gradient, continuous pattern of vowel reduction. This
pattern of reduction occurs in exactly the same positions, and under essentially the same conditions,
as deletion. A natural inference would be that deletion and reduction constitute a single process.
Specifically, we hypothesize that both vowel reduction and vowel deletion stem from articulatory
overlap between a vowel and its neighboring consonants.

When a vowel is coproduced with a consonant, such that their respective articulations overlap
in time, the acoustic output during that period of articulatory overlap will typically sound like a
consonant. This is because consonants are more constricted than vowels, and the output of the
vocal tract is strongly determined by the point of most extreme constriction (e.g. Mattingly 1981,
Stevens 1989, 2000, Johnson 2012:Ch.7, Goldstein et al. 2006, Pouplier 2011; see section 8.1.1 for
more discussion). Intuitively, if a stop or fricative constriction (for example) is produced anywhere
in the vocal tract, the acoustic consequence will be a stop or fricative, regardless of whether the
consonant in question is coproduced or overlapped with a vowel.8 Increasing the amount of overlap

8This point is nicely illustrated by palatalized and velarized consonants, which are essentially consonants that are
coproduced with an [i] or [u] articulation superimposed (e.g. Irish /bja:nG/ ‘peak’; Bennett et al. 2018b). Such sounds
are of course acoustically consonants rather than vowels.
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between a vowel and neighboring consonants will thus have the acoustic effect of shortening that
vowel.

Increased overlap could result from a change in the relative timing of vowel and consonant
articulations. For instance, if the articulation of a consonant in a VC sequence begins earlier,
the vowel will be more overlapped, all else being equal. This will lead to a greater degree of
(apparent) vowel shortening and reduction. In section 8.2 we suggest that vowels may also be
hypoarticulated—produced with smaller articulatory gestures—in foot-internal position in Uspan-
teko, which would contribute to reduction and overlap in this context.

Extremely high levels of gestural overlap may then result in the apparent ‘deletion’ of the
vowel: the vowel is articulated, but acoustically it is entirely masked by the articulations of the
flanking consonants (just as Browman and Goldstein (1992a) and Davidson (2006b) propose for
the deletion of unstressed /@/ in English). These scenarios are schematized in Fig. 5, which uses
open trapezoids to represent the timecourse of constriction formation in the oral tract for each
segment (e.g. Gafos 2002).

[
>
tsP] [X][i] [

>
tsP] [X][i] [

>
tsP] [X][i]

FULL VOWEL REDUCTION DELETION

Figure 5: Vowel reduction and deletion as different amounts of gestural overlap between vowels
and neighboring consonants.

Vowel reduction can thus be understood as the aggressive encroachment of consonant articula-
tions on an intervening unstressed vowel. When gestural overlap is high enough, the articulation
of the vowel may be completely hidden, and end up inaudible. On this view, there is no literal
deletion at all in Uspanteko—just different degrees of gestural overlap, leading to gradient patterns
of vowel reduction, up to and including reduction to silence.

This proposal makes an important prediction about vowel deletion in Uspanteko: in contexts
where vowels are phonetically lengthened, deletion should be less common. Phonetically longer
vowels should have less overlap with their neighboring consonants, and so should tend to remain
audible. Conversely, in contexts where vowels are phonetically shortened, deletion should be more
common, because shorter vowels are more likely to be hidden by the articulations of flanking
consonants. We return to this prediction in the following sections, and show that it helps explain
some fine-grained details of vowel deletion in Uspanteko.

4.3 Speech rate and style
We have suggested that syncope in Uspanteko reflects patterns of articulatory coordination, rather
than a phonological rule of vowel deletion. But curiously, syncope also has properties which are
more typical of phonological processes than phonetic ones. The first such property has to do with
speech rate.

Foot-sensitive vowel deletion occurs frequently in slow, careful, formal speech. By way of
illustration, Fig. 6 shows two instances of the word /lékeX/, produced seconds apart by the same
speaker. This data was collected as part of an elicitation task in which the speaker was slowly
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and deliberately reading a word list, while wearing electrodes on his neck to monitor vocal fold
vibration (see section 6). Despite the paced and somewhat artificial speech style, and the obvi-
ously abnormal circumstances of the recording session, deletion was nonetheless prevalent in this
speaker’s productions.

Figure 6: Variable deletion in lékej [lék(e)X] ‘high’ in a formal elicitation task (speaker 6, 2019).

This is completely typical of fieldwork with Uspanteko speakers: deletion is rampant, regard-
less of speech style and elicitation context. Indeed, deletion is often indicated in the Uspanteko
orthography, suggesting that speakers consider deletion appropriate even for highly formal doc-
uments like dictionaries (e.g. one dictionary, Us Maldonado no date(a), writes both qaleen and
qleen for [qa."le:n] ‘things’, both k’ayb’al and k’ayb’l for ["kPáj.áal] ‘market’, and so on).9

It is certainly possible that deletion is more frequent at faster speech rates in Uspanteko (indeed,
the gestural analysis we develop in section 8 probably predicts as much; see also Davidson 2006b).
But the crucial observation here is that deletion is extremely common in slow, careful speech.
Deletion is therefore not dependent on speech rate or style in Uspanteko. For that reason, deletion
cannot be treated as a mechanical phonetic by-product of speaking quickly, nor as a fast-speech
phonological rule.

Independence from speech rate is a classic diagnostic for phonological rather than phonetic
processes (Kaisse 1985, McCarthy 1986, Solé 1992, 1995, 2007, Keating 1996, Myers 2000, Gafos
2002, Davidson 2006b, Bürki et al. 2011, Strycharczuk 2012, Kilbourn-Ceron 2017, Eischens
2022, etc.). The fact that vowel deletion regularly occurs across all speech rates and styles provides
a strong indication that speakers are in some sense intending to reduce and/or delete foot-internal
vowels. While speech rate might influence the likelihood of deletion, the fact remains that deletion
is entirely commonplace at speech rates and styles that otherwise favor hyperarticulated, careful
pronunciations. This implies that deletion is under grammatical control.

4.4 Sensitivity to morphology
Vowel deletion in Uspanteko is conditioned by morphological structure in a way which suggests
that it is grammatically controlled. Vowel deletion freely targets vowels in roots (5)-(6) and suffixes
(7).

9The fact that deletion is regularly included in written Uspanteko may itself be evidence that deletion is a phono-
logical process; see e.g. Sapir 1925, 1933, Kenstowicz 1994a:1-11, Ch.5, Hall 2006 for discussion.
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(5) Vowel deletion in noun roots
a. tz’ikin [

>
tsPi"kin] ∼ [

>
tsP"kin] ‘bird’

b. túkan ["túkan] ∼ ["túkn] ‘blackberry’
c. qálaq ["qá-laq] ∼ ["qá-lq] ‘our plate’
d. inchíkich [Pin-"

>
tŚıki

>
tS] ∼ [Pin-"

>
tŚık

>
tS] ‘my basket’

(6) Vowel deletion in verb roots
a. xinsik’iij jwiich [S-in-si"kPi:X # Xwi:

>
tS] ∼ [S-in-s"kPi:X # Xwi:

>
tS] ‘I read it’

b. xijsik’in [S-iX-si"kPin] ∼ [S-iX-s"kPin] ‘(s)he called’
c. tinchajaj [t-in-

>
tSa"X-aX] ∼ [t-in-

>
tS"X-aX] ‘I care for it’

(7) Vowel deletion in suffixes
a. ajchákib’ [PaX="

>
tSák-iá] ∼ [PaX="

>
tSák-á] ‘workers’

b. chapálik [
>
tSa"p-ál-ik] ∼ [

>
tSa"p-ál-k] ‘seized’

c. k’áyb’al ["kPáj-áal] ∼ ["kPáj-ál] ‘market’

In contrast, deletion never applies in prefixes in Uspanteko (8), even when those prefixes occur
in contexts where deletion is normally allowed (e.g. word-initial pretonic syllables). Importantly,
the blocking of deletion in prefixes cannot be reduced to phonotactics: the clusters that would
result from deletion in prefixes are otherwise licit in Uspanteko, either underlyingly, as the result
of morpheme concatenation, or as the result of syncope in other morphological environments.

(8) No vowel deletion in prefixes10

a. xinel [S-in-"el] ∼ *[S- n-"el] ‘I left’
cf. xnojisaj [S-noX-i"s-aX] ‘it was filled’

b. xajach [S-a-"Xa
>
tS] ∼ *[S- -"Xa

>
tS] ‘you separated it’

cf. xjachisaj [S-Xa
>
tS-i"s-aX] ‘it was separated’

c. xojok [S-oX-"ok] ∼ *[S- X-"ok] ‘we entered’
cf. xajab’ [Sa"Xaá] ∼ [S "Xaá] ‘shoe’

d. tak’am [t-a-"kPam] ∼ *[t- -"kPam] ‘you receive it’
cf. tk’ixib’ [t-kPi"Siá] ‘(s)he was ashamed’

e. qalaaq [qa-"la:q] ∼ *[q-"la:q] ‘our plate’
cf. qaleen [qa"le:n] ∼ ["qle:n] ‘things’

A ban on the deletion of prefix vowels is also found in Sipakapense, another K’ichean-branch
Mayan language related to Uspanteko (Barrett 1999, 2011, Bennett 2016).

While we might appeal to a prohibition on the deletion of entire morphemes to explain cases
like (8b,d), this explanation is not available for the remaining forms in (8). Nor can we appeal
to a prosodic difference between prefixes and suffixes which might condition deletion, because
the available evidence from stress, tone, and segmental phonology indicates that prefixes and suf-
fixes are equally well-integrated with their stems, a point we return to shortly below (Bennett &
Henderson 2013, Bennett et al. 2018a, Bennett 2018).

10Morphophonological and lexical variation are widespread in the Uspanteko community, and so some of the
examples here have variant forms: qalaaq [qa"la:q] ‘our plate’, for instance, is also realized as tonal qálaq ["qá.laq] ∼
["qá.lq] (5). Similarly, xajab’ [Sa."Xaá] ∼ [S."Xaá] ‘shoe’ may be realized as xájab’ ["Sá.Xaá] ∼ ["Sá.Xá]. This variation
is orthogonal to the point that vowel deletion is inhibited in prefixes.
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Prefixes are mostly inflectional in Uspanteko, as in other Mayan languages (Coon 2016, Ben-
nett 2018). Still, the fact that deletion is banned in prefixes cannot be reduced to a ban on deletion
in inflectional morphemes. Tellingly, the inflectional plural suffix -ib’ /-iá/ regularly undergoes
vowel deletion (7a), while inflectional prefixes do not. We conclude that vowel deletion is indeed
inhibited in prefixes, but not in other morphological environments.

Morphological conditioning, particularly at this level of granularity, is the hallmark of gram-
matically controlled processes, and has been used to distinguish phonological from phonetic phe-
nomena (Pierrehumbert 1990, 2002, Myers 2000, Bermúdez-Otero 2015, Turton 2017 and refer-
ences there). The inhibition of vowel deletion in prefixes thus counts as additional evidence that
deletion is under grammatical control.

4.4.1 Morphological conditioning cannot be reduced to phonetic factors

In this section we consider whether the prohibition on syncopating vowels in prefixes is reducible
to phonetic factors. Our conclusion is a negative one: given our current understanding of the
relationship between gestural organization and morphological structure, there is no independent
reason to expect syncope to be inhibited in prefixes in Uspanteko. This is an important claim,
inasmuch as it provides evidence that syncope is directly conditioned by the morphological identity
of the segments involved. It follows that patterns of gestural overlap must have access to abstract
grammatical information, such as the prefixal affiliation of certain vowels.

There is some evidence that speech articulation is sensitive to morphological structure. For
example, Seyfarth et al. (2018) report durational differences between morphologically-complex
English words like free-s and otherwise homophonous roots like freeze. Oh and Redford (2012)
argue that sequences of identical consonants are phonetically different across morpheme bound-
aries [Cx-Cx] than across word boundaries [Cx # Cx] in English. Relatedly, Cho (2001) reports
that gestural coordination in phoneme sequences may vary as a function of morphological context.
Cho found that gestures were less overlapped within words than across word boundaries in Korean
(see also Browman & Goldstein 1988). Similarly, inter-gestural timing was found to be less vari-
able inside words than between words. Morphological effects on gestural overlap are particularly
relevant for our analysis of Uspanteko, which treats syncope as extreme gestural overlap (see also
Browman & Goldstein 1990, Baranowski & Turton 2020; for further examples and critical review,
see Lee-Kim et al. 2013, Turton 2017, Tang & Bennett 2018, Strycharczuk 2019, Mousikou et al.
2021, Bell et al. 2021).

The literature on morphologically-conditioned phonetic effects has entertained various expla-
nations for phonetic differences related to morphological structure. To our knowledge, none of
these explanations predicts a core property of syncope in Uspanteko: it applies in stems and suf-
fixes, but not in prefixes (5)-(9).

(9) No deletion in prefixes
a. qasuut’ [qa-"su:tP] ∼ *[q-"su:tP] ‘our napkin(s)’
b. xayol [S-a-"jol] ∼ *[S- -"jol] ‘you spoke’

As noted above, this asymmetry cannot be reduced to a prosodic difference between prefixes and
suffixes. Prefixes in Uspanteko are phonologically well-integrated with their hosts.11 They can bear

11Possible exceptions are the noun-forming agentive prefix aj- [PaX=] and feminine prefix ix- [PiS=]; see Bennett
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stress and tone (e.g. ápix ["Pá-piS] ‘your tomato’), and interact with their stems in phonological
processes like word-initial glottal stop insertion (e.g. aqan [Pa"qan] ‘leg(s)’ vs. aqan [Pa."w- á.qan]
‘your leg(s)’, section 4.5; see Bennett et al. 2022b). Suffixes show similar behavior, e.g. they are
stressable in examples like jporiil [X-por-"i:l] ‘its roughness’. The fact that prefixes can bear stress
and tone is especially important, as it demonstrates that they can be parsed within the metrical
foot—the domain of deletion.

Other ways of classifying affixes—inflectional vs. derivational, productive vs. unproductive,
frequent vs. infrequent, and so on—also fail to pick out prefixes as a class in Uspanteko (and in
other Mayan languages; Coon 2016, Polian 2017, Bennett 2018). Such categories simply make the
wrong cut.

The resistance of prefixes to syncope may reflect a historical origin as freestanding words or
clitics, which eventually eroded into prefixes (Robertson 1992, Mora-Marín 2021). Synchroni-
cally, the ban on syncopating vowels in prefixes appears to be arbitrary. Arbitrariness is a sign of
grammaticization, consistent with the view that vowel deletion in Uspanteko is either a phonolog-
ical process, or a language-specific phonetic process conditioned categorically by morphological
structure.

We now turn to apparent phonotactic restrictions on syncope. These restrictions seem to sug-
gest that syncope is a grammatically controlled process. However, each phonotactic condition we
consider can also be explained in phonetic terms, often with some explanatory gain. Our conclu-
sion is that phonotactic restrictions are at best equivocal as to the grammatical status of syncope in
Uspanteko, and may in fact support a more phonetically-oriented analysis.

4.5 Clusters containing /P/

Vowel deletion is positionally restricted in Uspanteko. Vowel deletion never targets underlyingly
vowel-initial words, which surface with an epenthetic [P] (10), /#V. . . /→ [#PV. . . ] (Can Pixabaj
2007, Bennett 2016, 2018, Bennett et al. 2022b) This restriction is again shared with the related
language Sipakapense (Barrett 1999, 2011).12

(10) No deletion in initial /#V/→ [#PV]

a. okox [Po."koS] ∼ *[(P)."koS] ‘mushroom’
b. ab’aj [Pa."áaX] ∼ *[(P)."áaX] ‘stone’

Parallel to the ban on deletion in initial /#V. . . / → [#PV. . . ], deletion never targets word-final
/VP#/ sequences (11). Here, /P/ is phonemic and underlying rather than inserted.

(11) No deletion in final /VP#/

a. ínka’ ["Ṕın.kaP] ∼ *["Ṕın.kP] ‘my grinding stone’
b. qátz’i’ ["qá.

>
tsPiP] ∼ *["qá.

>
tsPP] ‘our dog’

c. ínq’u’ ["Ṕın.qPuP] ∼ *["Ṕın.qPP] ‘my jacket’

2016, 2018 and Bennett et al. 2018a.
12Evidence that these words are underlyingly vowel-initial comes from [P] ∼ ∅ alternations in morphologically

related pairs like okox [Po."koS] ‘mushroom’ vs. wokox [w-o."koS] ‘my mushroom’. See Bennett 2018, Bennett et al.
2022b for extensive discussion.
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These restrictions may be reducible to a ban on [#PC] and [CP#] clusters, which are not oth-
erwise attested at word edges in Uspanteko. If so, the fact that syncope is inhibited in these en-
vironments might count as an instance of phonotactic sensitivity. And if phonotactic sensitivity is
diagnostic of phonological processes, these restrictions would indicate that vowel deletion belongs
to the symbolic phonology.

4.5.1 A phonetic account of [#PC] and [CP#] clusters

If syncope involves high degrees of gestural overlap, rather than true deletion, then the ban on
syncopating vowels in word-initial [#PVC] or word-final [CVP#] sequences cannot be treated as a
ban on [PC] and [CP] clusters at word edges. If syncope amounts to extreme gestural overlap, then
derived /PVC/ → [PC] and /CVP/ → [CP] ‘clusters’ are still phonologically [CVC] sequences.
Hence, they do not violate constraints against [PC] or [CP] clusters as such. Why, then, would
syncope be blocked in these contexts?

A solution to this puzzle can be found if we consider the potential acoustic consequences
of gestural overlap between a vowel and neighboring glottal stop [P]. In Uspanteko, as in many
Mayan languages, glottal stop is sometimes realized as full glottal closure, and sometimes realized
as creaky voice on adjacent vowels and sonorants (Frazier 2009, Baird 2011, Baird & Pascual
2011, Bennett 2016, Bennett et al. 2022b). These two phonetic realizations of [P] are illustrated in
Fig. 7 with word-medial [P], where variability between full and partial glottal closure is clearest.

Figure 7: Left: oj’eel [PoX"Pe:l] ‘we exited’, with full glottal closure; Right: oj’ooq’ [PoX"P
˜
oqP]

‘we cried’ with creaky voice (speaker TAML, 2020).

We assume that creaky realizations of [P] reflect coarticulation with neighboring voiced seg-
ments: when [P] is overlapped with a voiced vowel or consonant, it is realized as creaky voice
rather than a full stop (see also Borroff 2007, Davidson 2021 and references there). This is consis-
tent with the fact that transitions in and out of [P] are often creaky, even when [P] is realized with
full glottal closure (Fig. 7). Creaky realizations of [P] may also stem from incomplete glottal clo-
sure in prosodically weak contexts, like unstressed syllables, where articulatory movements tend
to be reduced.

These observations are key for understanding the apparent lack of deletion in [#PVC] and
[CVP#] sequences. Since glottal stop lacks an oral articulation, the acoustic consequences of
overlap between [P] and a vowel depend entirely on how the laryngeal gesture for [P] is realized.
If [P] is realized as a full stop, the vowel will be inaudible, given the lack of airflow through the
vowel tract. But if [P] is instead realized as creakiness, then the vowel will remain audible despite
extensive overlap with [P] (Fig. 8).
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[k] [a
˜
] [P]

ACOUSTICS: [ka
˜
(P)]

Figure 8: Gestural overlap in word-final /. . . CVP/.

This is what we propose for Uspanteko. In syncope contexts, [P] overlaps with vowels to the
same extent as other consonants. However, [P] lacks an oral articulation, and is typically realized
as creaky voice during periods of overlap with voiced segments in Uspanteko. As a consequence,
overlap with [P] does not lead to the auditory impression of vowel deletion. In other words, [#PVC]
and [VPC#] sequences have exactly the same phonology and gestural organization as other synco-
pated [CVC] sequences, but the acoustic effects of gestural overlap are quite different. Rather than
being obscured, the vowel is simply realized as creaky (Fig. 9).13 Additionally, [P] may be gestu-
rally reduced in prosodically weak positions, which may further favor creaky-voiced realizations
in foot-internal unstressed syllables (Garellek 2013, Davidson 2021).

Figure 9: Word-final [CV
˜
P#] in ínka ["ṔınkaP] ‘my grinding stone’ (speaker JBAT, 2011).

We conclude that the lack of vowel deletion in word-initial [#PVC] or word-final [CVP#] se-
quences is equivocal as to the phonological or phonetic character of syncope: either perspective
can adequately account for this apparent phonotactic restriction.

4.6 Antigemination
Vowel deletion in Uspanteko does not normally apply between identical consonants—that is, it
obeys a condition on antigemination (12) (Hayes 1986, McCarthy 1986, Odden 1988, Bakovic
2005). This is a third property of Uspanteko syncope which is shared with vowel deletion in
Sipakapense (Barrett 1999, 2011, Bennett 2016).

(12) Antigemination blocks vowel deletion
a. susuun [su."su:n] ∼ *[s."su:n] ‘species of snail’
b. k’ísis ["kPı́.sis] ∼ *["kPı́.ss] ‘cypress’
c. ájij ["Pá.XiX] ∼ *["Pá.XX] ‘sugar cane’
d. tz’únun ["

>
tsPú.nun] ∼ *["

>
tsPú.nn] ‘hummingbird’

13This analysis predicts that syncope might also fail to apply to unstressed vowels in [. . . CV."PVC] and
[. . . "CV́.PVC] strings, which would also involve overlap with [P]. This prediction is somewhat hard to test, as his-
torical [VPV] sequences have mostly developed into long vowels in Uspanteko, at least in roots (Campbell 1977).
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If phonotactic sensitivity is characteristic of phonological rather than phonetic processes, this
antigemination effect suggests that vowel deletion in Uspanteko is phonologically controlled. This
can be compared with e.g. variable fast-speech schwa deletion in English, which routinely creates
phonotactically illicit clusters (e.g. [bn] in b(a)nana [b(@)næn@]), and which Davidson (2006b)
argues is essentially phonetic in nature (see also Fougeron & Steriade 1997, Barnes & Kavitskaya
2002, Côté & Morrison 2007, Bürki et al. 2011, and related work on French schwa deletion).

However, derived geminates do occur in Uspanteko as the result of morphological affixation
(13). The antigemination effect observed in vowel deletion must therefore be understood as a
violable constraint, if it indeed reflects a phonotactic restriction (Prince & Smolensky 1993/2004;
see also McCarthy 1986).

(13) a. ttaw [t-taw] ‘it arrived’
b. xxular [S-Sul-ar] ‘it went down’
c. jjaa’ [X-Xa:P] ‘its water’
d. xojjchap [S-oX-X-

>
tSap] ‘it grabbed us’

4.6.1 A phonetic account of antigemination

We now explore an alternative, phonetically-oriented account of antigemination in Uspanteko. Our
starting point is the assumption that vowel ‘deletion’ involves extreme gestural overlap between
a vowel and its neighboring consonants, which masks the articulation of the vowel. This predicts
that deletion should be less likely in contexts where vowels are phonetically lengthened, because
such vowels are less likely to be entirely overlapped by adjacent consonants (section 4.2).

Walter (2007) reports that vowels are phonetically longer between identical consonants in En-
glish. She proposes that vowel lengthening between identical consonants owes to universal biome-
chanical difficulties associated with repeating the same articulation multiple times in close suc-
cession. Walter further suggests that vowel lengthening in this context is the historical source of
antigemination effects in vowel deletion crosslinguistically (see also Odden 1988:470).

Assuming that vowel lengthening between identical consonants also occurs in Uspanteko, such
lengthening should lead to decreased C-V overlap in weak positions, thereby inhibiting syncope.
Consequently, antigemination can be understood in purely phonetic terms, without any reference
to a phonological ban on adjacent identical consonants. (We thank Jason Shaw for raising this
point.)

There are two advantages to this account of antigemination. First, it is straightforwardly consis-
tent with the fact that adjacent identical consonants do occur in Uspanteko as the result of affixation
(Fig. 10).

Figure 10: [t-t] cluster ttyo’n na [t-tjoPn=na] ‘it still hurts’ (speaker 10, 2016).
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Such clusters may of course be consistent with a morphologically-restricted version of the OCP

(McCarthy 1986). But if the antigemination effect in Uspanteko is grounded in vowel duration,
rather than a phonotactic restriction as such, then no special stipulations are needed to rule-in
clusters of identical consonants produced by morphological processes.

Second, this phonetically-oriented account of antigemination is consistent with the fact that
some speakers do sporadically apply syncope between identical consonants, though only very
rarely. This is illustrated in Fig. 11.14 This token was produced in slow, careful speech, and so
deletion in this example cannot be explained away as a fast speech reduction of some kind. It is a
bona fide example of foot-sensitive, posttonic syncope.

Figure 11: Vowel deletion in an antigemination context: ájij ["PáXiX] ∼ ["PáXX] ‘sugarcane’.

Most speakers do not apply deletion between identical consonants, and even those few speakers
who do syncopate vowels in this context only do so seldomly. Still, tokens like Fig. 11 are
sometimes observed during formal elicitation, as well as in spontaneous speech. Antigemination
effects in Uspanteko are thus near-categorical, but not truly absolute.

We propose that some speakers may simply find it easier to produce two identical consonants
in close succession, lengthening the intervening vowels to a lesser degree, and syncopating those
vowels more often, as a result. This possibility is supported by research that finds substantial in-
dividual differences in learning and executing motoric skills, including speech articulations (Byun
& Tessier 2016, Byun et al. 2016, Herszage et al. 2020, Johnson et al. 2020, Anderson et al. 2021).

It would of course be possible to account for exceptions like Fig. 11 in phonological terms
(e.g. Boersma & Hayes 2001:§4.4, Zuraw 2010, 2016). Still, we believe that a phonetically-
oriented view of antigemination has the advantage of explaining why syncope is sensitive to this
phonotactic restriction specifically, and not others, as we will see in more detail in the next section
(4.7).

We conclude that antigemination does not in fact support treating syncope as a phonological
process, and may instead support a more surface-oriented analysis of syncope based on gestural
overlap between vowels and consonants.

4.7 Deletion produces marked consonant clusters
Vowel deletion in Uspanteko produces a diverse range of consonant clusters, many of which are
surprising from both a crosslinguistic and language internal perspective. Some examples are shown
in (14), and illustrated in Fig. 12 (see also (20) and other examples throughout the paper).

14The final ‘(v)’ in Fig. 11 is an apparently epenthetic vowel which sometimes co-occurs with deletion; see section
4.9 below.
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(14) a. xíkin ["Śıkin] ∼ ["Śıkn] ‘ear’
b. íwir ["Ṕıwir] ∼ ["Ṕıwr] ‘yesterday’
c. ínwach ["Ṕınwa

>
tS] ∼ ["Ṕınw

>
tS] ‘my face’

d. kúmb’al ["kúmáal] ∼ ["kúmál] ‘medicine’
e. músmul ["músmul] ∼ ["músml] ‘light rain’
f. chukuy [

>
tSu"kuj] ∼ [

>
tS"kuj] ‘pinecone’

Figure 12: Left: ínq’ab’ ["ṔınqPaá] ∼ ["ṔınqPá] ‘my hand’ (speaker 15, 2016); Right, richooch
[ri"

>
tSo:

>
tS] ∼ [r"

>
tSo:

>
tS] ‘his/her house’ (speaker 2, 2018).

Many clusters derived by vowel deletion flagrantly violate well-established phonotactic prin-
ciples related to sonority, featural agreement, and so on (e.g. Parker 2002, Kehrein & Golston
2004). Depending on how these clusters are syllabified, they also violate constraints against com-
plex onsets and codas (e.g. ["Śıkn]σ); constraints against unparsed, extrasyllabic consonants (e.g.
["Śık]σ⟨n⟩); or constraints against syllables lacking vowels (e.g. ["Śık.n]σ). These clusters are also
aberrant from a language-internal perspective: consonant clusters are very uncommon morpheme-
internally in Uspanteko (Can Pixabaj 2007:50-2), except when they arise as the result of vowel
deletion; and even morphologically-derived clusters tend to be restricted to the prefixal field (e.g.
(8)). These facts suggest that vowel deletion in Uspanteko has, at most, a very limited sensitivity
to phonotactic restrictions—a characteristic which is more typical of phonetic rather than phono-
logical processes (Davidson 2006b).

4.8 Sensitivity to vowel height
Bennett and Henderson (2013) report that syncope in Uspanteko is conditioned by vowel height:
short /i u a/ delete freely, but short /e o/ do not (15).

(15) Vowel height affects syncope
a. /i/: wálib’ ["wá.liá] ∼ ["wá.lá] ‘my sister-in-law’
b. /u/: tukuur [tu."ku:r] ∼ [t."ku:r] ‘owl’
c. /a/: sáq’aj ["sá.qPaX] ∼ ["sá.qPX] ‘summer’

d. /e/: íntem ["Ṕın.tem] ∼ *["Ṕın.tm] ‘my chair’
e. /o/: joron [Xo."ron] ∼ *[X."ron] ‘cold’

Unstressed short /a/ is highly centralized in Uspanteko, and better transcribed as [@] or [5] (Bennett
& Henderson 2013, Bennett et al. 2022b). Vowel deletion can then be characterized as targeting
the low-sonority unstressed vowels [i u @/5], while sparing the higher-sonority mid vowels [e o]
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(Crosswhite 2001, Gouskova 2003). Assuming that vowel sonority is a phonological property—
albeit one with clear phonetic grounding (Crosswhite 2001, Parker 2002, 2011, de Lacy 2004,
2007b, Gordon 2006, Gordon et al. 2012)—sensitivity to sonority is a sign of a phonological
process.

4.8.1 A phonetic account of vowel height restrictions

While the selective deletion of high and low vowels in Uspanteko can be understood as an effect
of vowel sonority, a more phonetically-oriented explanation for this pattern is also available. Mid
vowels tend to be longer than high vowels and [@/5] (Lehiste 1970, Toivonen et al. 2015). We
might then expect /i u a/ → [i u @/5] to be more susceptible to gestural overlap—that is, more
deletable—than [e o] in Uspanteko, simply by virtue of their relatively short duration.

Empirically speaking, the peripheral mid vowels /e o/ do seem to be somewhat longer than
other vowels in Uspanteko. In wordlist data from 9 speakers, Bennett et al. (2022b) find that
unstressed short /e o/ (mean duration: 81ms, n=151) are slightly longer than unstressed short /i
u/ (mean: 70ms, n=368), and about as long as unstressed short /a/ (mean: 79ms, n=230). Stressed
short vowels showed comparable durations (∼105ms) across all three vowel heights. In a separate
study with 12 speakers, Bennett et al. (2022a) report that mid vowels in Uspanteko are overall
about 30ms longer than nonmid vowels, though this figure pools together long and short vowels,
as well as stressed and unstressed vowels.

Reference to phonetic duration also sheds light on some apparent exceptions to the generaliza-
tion that mid vowels resist deletion. Vowel deletion does sometimes seem to target underlying mid
vowels (16), as in Fig. 13. The deletion of mid vowels shows a degree of lexical conditioning:
deletion is common in kolob’ [k(o)."loá] ‘rope; lasso’, for example, but not in k’oxob’ [kPo."Soá]
‘annatto’. Other examples of mid vowel deletion can be seen in Figs. 1 and 6 above.15

(16) a. ék’el ["PékPel] ∼ ["PékPl] ‘child’
b. étzel ["Pé

>
tsel] ∼ ["Pé

>
tsl] ‘bad, evil’

c. rixkólob’ [riS"kóloá] ∼ [riS"kólá] ‘his/her intestines’
d. kolob’ [ko"loá] ∼ [k"loá] ‘rope; lasso’

As with the avoidance of derived geminates, sensitivity to vowel height constitutes a strong
trend, but not an exceptionless generalization about the conditioning of vowel deletion in Uspan-
teko.

It could be the case that vowel height effects are part of the categorical phonology, but are less
strict for some morphemes than others. This would give rise to an overall pattern of sensitivity
to vowel height, with pockets of systematic, lexically-conditioned exceptions (Zuraw 2010, 2016,
Coetzee & Pater 2011, Gouskova 2012, Coetzee & Kawahara 2013, Zymet 2018, Hout 2020). The

15It should be noted that individual morphemes are often produced with different vowel qualities across speakers.
It is especially common for short /a e o/ to be interchanged. For example, some speakers pronounce cháqej ["

>
tSáqeX]

‘dry’ (Fig. 13) as ["
>
tSáqaX] or ["

>
tSéqeX]. This is a pervasive phenomenon, and similar cases are easy to find, e.g. qaleen

[qa"le:n] ∼ [qe"le:n] ‘things’, pach ["pa
>
tS] ∼ ["pe

>
tS] ‘friend’, xk’ayaaj [SkPa."ja:X] ∼ [SkPa."je:X] ‘(s)he sold it’, etc.

This instability in the quality of short vowels makes it difficult to determine whether syncope in a form like ["
>
tSáqX]

really involves the deletion of a mid vowel, or instead the deletion of an underlying low vowel. Nonetheless, there
are scattered cases of syncope which target vowels that are uniformly realized as mid across speakers, such as jtéleb’
["Xtéleá] ∼ ["Xtélá] ‘his/her shoulder’ (Fig. 13).
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Figure 13: Mid vowel deletion. Left: cháqej ["
>
tSáqeX] ‘dry’ (speaker JBAT, 2014); right jtéleb’

["Xtéleá] ‘his/her shoulder’ (speaker 2, 2018). The symbol ‘(v)’ is explained in section 4.9.

intermittent deletion of mid vowels in Uspanteko could be modeled as a phonological process of
this type.

But as with antigemination, we believe that a phonetic perspective, grounded in physical
vowel duration, may provide a deeper explanation than a purely phonological one. In particu-
lar, a duration-based account of height-sensitive syncope in Uspanteko makes a specific prediction
about where exceptions should be found: syncope should target mid vowels more often in contexts
where phonetic vowel shortening is independently expected. This includes highly frequent or pre-
dictable words (Aylett & Turk 2004, Bell et al. 2009), longer words (Turk & Shattuck-Hufnagel
2000, White & Turk 2010), and faster speech rates. While other factors affect vowel duration, such
as neighborhood density and contextual givenness (Aylett & Turk 2004, Vitevitch & Luce 2016),
we focus here on frequency and word length because these are the two factors we can speak most
confidently about in the case of Uspanteko.

We have already seen that there are some forms in which vowel deletion appears to target
a mid vowel (17). We say ‘appears’ because in many cases it is not entirely clear whether the
underlying vowel was mid or not: short vowels often vary in quality across speakers, so that e.g.
chik’oor [

>
tSi."kPo:r] ‘hiccup’ is produced with a mid unstressed vowel [

>
tSo."kPo:r] by some speakers

(footnote 15). The examples in (17) represent most of the forms we have encountered which show
deletion of an unstressed vowel which we can confidently identify as a mid vowel, at least for some
speakers (other speakers either do not syncopate in these forms, or instead use variant forms which
clearly have an underlying nonmid vowel in the unstressed syllable).16

(17) a. qeleen [qe"le:n] ∼ [q"le:n] ‘thing; things’ (132; 180)
b. ójor ["PóXor] ∼ ["PóXr] ‘(long) ago’ (360)
c. ék’el ["PékPel] ∼ ["PékPl] ‘child’ (567)
d. étzel ["Pé

>
tsel] ∼ ["Pé

>
tsl] ‘bad; evil’ (212; 977)

e. lékej ["lékeX] ∼ ["lékX] ‘up; above’ (51; 1338)
f. k’eten [kPe"ten] ∼ [kP"ten] ‘hot; sweat’ (501; 2474)
g. téleb’ ["téleá] ∼ ["télá] ‘shoulder’ (2148)
h. kolob’ [ko"loá] ∼ [k"loá] ‘rope; lasso’ (2418; 18,652)
i. ixkólob’ [iS"kóloá] ∼ [iS"kólá] ‘intestines’ (12,957)

Impressionistically, these are all frequent words in Uspanteko, particularly (17a-f). Though we do

16In all of the forms in (17) the stressed vowel has the same quality as the syncopated unstressed vowel. We do not
know if this is significant.
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not have good word frequency estimates for Uspanteko, we can perhaps approximate those esti-
mates by considering the frequencies of the corresponding English glosses (as obviously imperfect
as this comparison is; e.g. Tang & Bennett 2018). We have noted the rank-frequency of each word
in (17) in parentheses, on the basis of the SUBTLEXUS corpus, which contains ≈60,000 word types
and ≈51 million word tokens for American English (Brysbaert & New 2009; https://www.
ugent.be/pp/experimentele-psychologie/en/research/documents/subtlexus).
Though this is a very rough and indirect measure of word frequency in Uspanteko, most of the
forms in (17) are within the top 1000 most frequent words in SUBTLEXUS. Téleb’ ‘shoulder’ and
kolob’ ‘rope; lasso’ have more intermediate, though still high frequencies. Ixkólob’ ‘intestines’ is
an outlier here, though it is morphologically related to kolob’ ‘rope; lasso’, which may perhaps
contribute to deletion in this form.

On the other hand, words in which unstressed mid vowels clearly resist deletion plausibly have
lower frequencies than the forms in (17). A sample of such forms is given in (18). Two words
(18f,g) buck this trend by having lexical frequencies which are closer to those of the deleting
words in (17).

(18) a. mesob’ [me."soá] ‘broom’ (7095)
b. k’oxool [kPo."So:l] ‘elf (Spanish duende)’ (‘elf’: 8184; ‘gnome’: 22,089)
c. keqiix [kje."qi:S] ‘guacamaya (species of mushroom)’ (‘mushroom’: 11,426)
d. wíxk’eq ["wı́S.kjPeq] ‘my fingernail’ (‘fingernails’: 7743; ‘fingernail’: 14,928)
e. k’oxob’ [kPo."Soá] ‘achiote (annatto)’ (‘annatto’: does not occur in SUBTLEXUS)

f. joron [Xo."ron] ‘cold’ (634)
g. íntem ["Ṕın.tem] ‘my chair’ (‘chair’: 1331)

We have elicited the words in (18) many times in our own fieldwork, and we are quite confident that
deletion is inhibited in these examples. We conclude that it is at least plausible that mid vowels
are more likely to delete in frequent words in Uspanteko, owing to the durational and gestural
reduction associated with high-frequency forms.

The second context where we have observed the otherwise unexpected deletion of mid vowels
is in longer verbs like those in (19).

(19) a. xchomorsaaj [S
>
tSomor"sa:X] ∼ [S

>
tSomr"sa:X] ‘(s)he thought it’

b. tijq’ojomaan [tiXqPoXo"ma:n] ∼ [tiXqPoX"ma:n] ‘(s)he plays the marimba’

It has often been observed that vowels and syllables tend to be reduced in long words relative to
short words (Menzerath & de Oleza 1928, Lehiste 1972, and many others). This phenomenon
is sometimes known as polysyllabic shortening. Due to the morphological structure of Mayan
languages, long words tend to be inflected verbs rather than nouns or other word classes (Bennett
2016, Coon 2016, Polian 2017, Tang & Bennett 2018).17 The prediction, then, is that mid vowels
should be shortened, and thus more liable to undergo syncope, in long words, which are likely to
be verbs (19). Again, our impression as fieldworkers is that this prediction is borne out.

We conclude that sensitivity to vowel height provides evidence that syncope in Uspanteko is
a surface-phonetic process involving gestural overlap between consonants and shortened, reduced

17Though compounding is a frequent source of longer nouns in Mayan languages (Polian 2017), compounding
seems less common in Uspanteko than in related languages like Kaqchikel (see Can Pixabaj 2007 for examples).

https://www.ugent.be/pp/experimentele-psychologie/en/research/documents/subtlexus
https://www.ugent.be/pp/experimentele-psychologie/en/research/documents/subtlexus
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vowels. Appeal to phonological sonority is unnecessary and insufficient, once the phonetic dura-
tion of vowels is taken into account. Apparent lexical exceptions to height-based generalizations
can be reduced to external factors, like lexical frequency, which are independently known to affect
the physical phonetic duration of vowels.

4.9 Syncope and epenthesis
Vowel deletion sometimes renders tone placement opaque. High tone cannot normally occur on
the final mora—this is the condition which triggers stress retraction in tonal words with final short
vowels, e.g. ["Ṕım.piS] ‘my tomato’, *[Pim."ṕıS] (section 3). But when vowel deletion targets
posttonic short vowels, high tone appears to be stranded on the last mora of the word, ["Ṕım.pS].18

In exactly this context, a separate process of variable, word-final vowel epenthesis often applies
(20). The quality of the epenthetic vowel is typically [@]-like, though it can sometimes manifest as
a reduced copy of the deleted vowel (cf. Can Pixabaj’s 2007:45-6 mention of ‘metathesis’).

(20) a. kútz’ij ["kú
>
tsPX] ∼ ["kú

>
tsPX@] ‘flower’

b. k’áyb’al [kPájál] ∼ [kPájál@] ‘market’
c. ínchik ["Ṕın

>
tSk] ∼ ["Ṕın

>
tSk@] ‘my work’

d. íxim ["ṔıSm] ∼ ["ṔıSm@] ‘corn’
e. wálib’ ["wálá] ∼ ["wálá@] ‘my sister-in-law’
f. qálaq ["qálq] ∼ ["qálq@] ‘our plate’

An illustrative waveform is provided in Fig. 14 (cf. Fig. 3 for productions of this item without
epenthesis). We annotate the variable epenthetic vowel as ‘(v)’ because its quality is somewhat
unstable and context-dependent.

Figure 14: inpix [Ṕım.pS@] ‘my tomato’, with final epenthesis (speaker 6, 2018).

The only factor conditioning epenthesis is whether or not deletion has applied. The compo-
sition of the word-final consonant cluster appears to be irrelevant: epenthesis occurs after voiced
and voiceless consonants alike, and after clusters like (20e,f) which obey sonority sequencing.

There are two possible phonological motivations for epenthesis. First, epenthesis may be a
response to the opaque character of tone placement following posttonic vowel deletion (20). In-

18The opaque interaction between deletion and tone placement is suggestive: Kawahara (2001, 2002, 2015) ob-
serves that many cases of opacity involve variable or optional rules, including rules like fast speech vowel deletion
which are good candidates for phonetic rather than phonological processes (see also Sanders 2003, Davidson 2006b).
However, since there are cases of opacity that seem firmly phonological in nature (e.g. Idsardi 2000, 2006, McCarthy
1999, 2007, Baković 2007, 2011), opacity itself is not a reliable diagnostic for distinguishing phonetic from phono-
logical processes.
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sertion of a word-final vowel guarantees that high tone will occur in its normal position on the
penultimate mora, resolving the opacity issue created by deletion in a somewhat roundabout fash-
ion. Alternatively, epenthesis may serve to break up word-final consonant clusters, which typically
only arise as a result of vowel deletion (e.g. Can Pixabaj 2007:50-2). In either case, epenthesis
would seem to be triggered by phonological requirements, implying that it is a phonological pro-
cess. But if vowel deletion precedes and feeds epenthesis, the implication is that vowel deletion
must be a phonological process as well.

4.9.1 Overapplication of epenthesis

The dependence of epenthesis on a prior application of deletion is quite firm, but it too has scattered
exceptions. Specifically, in words with penultimate accent, epenthesis can sometimes be observed
even in the absence of deletion (Fig. 15, cf. Fig. 4). In such examples, the nondeleted vowel is
always reduced.

Figure 15: Gratuitous epenthesis in (in)kútz’ij [(Pin)"kú
>
tsPiX] ‘(my) flower’. Epenthesis is expected

on the left (speaker 19, 2016), but not the right (speaker 6, 2018).

The fact that epenthesis can be partially dissociated from deletion thus undermines the use of
epenthesis as a diagnostic for the phonological status of vowel deletion in Uspanteko.

In section 8.4 we develop an explicit analysis of reduction-dependent epenthesis in terms of
gestural overlap: essentially, the word-final consonant overlaps the preceding vowel to such an
extreme extent that the vowel ‘peeks out’ on the other side of the consonant (21) (Steriade 1990,
Blevins & Garrett 1998, 2004, Yanagawa 2003).

(21) Schematic pattern of articulatory overlap resulting in ‘epenthesis’

C V
←
C ⇒ C

←
C V

If ‘epenthesis’ is simply another instance of articulatory overlap, then apparent cases of overappli-
cation (Fig. 15) are no longer quite so mysterious: like regular cases of epenthesis, they reflect a
particularly extreme pattern of gestural overlap and retiming between vowels and consonants. We
defer a more detailed explanation of this proposal until section 8.4, after outlining the basics of our
formal analysis.
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4.10 Sensitivity to foot structure
We argued above that vowel deletion is sensitive to metrical foot structure in Uspanteko. The
key evidence supporting this claim is the selective nature of vowel deletion (section 3.1). Vowel
deletion aggressively targets unstressed vowels that can be construed as foot-internal: pretonic
vowels in words with final stress, [. . . (σ"σ)] (22); and posttonic vowels in words with penultimate
stress, [. . . ("σσ)] (23). Unstressed vowels are much less likely to delete in other positions, as is
clear when considering relatively long words like those in (22)-(23). (Morphological effects on
syncope have been controlled in these examples; see section 4.4.)

(22) Pretonic deletion
a. xqaq’asaj [SqaqPa"saX] ∼ [SqaqP"saX] ‘we passed it’
b. tijq’ojomaan [tiXqPoXo"ma:n] ∼ [tiXqPoX"ma:n] ‘(s)he plays the marimba’

(23) Posttonic deletion
a. alib’xélib’ [Paliá"Séliá] ∼ [Paliá"Sélá] ‘daughters in law’
b. chapálik [

>
tSa"pálik] ∼ [

>
tSa"pálk] ‘seized’

Metrical foot structure is without doubt abstract and phonological in nature. If Bennett and Hen-
derson (2013) are correct that the position of vowel deletion is conditioned by foot structure, this
counts as a clear argument that vowel deletion is grammatically controlled in Uspanteko, be it a
case of phonological deletion or language-specific phonetic patterning.

4.11 Pre vs. posttonic deletion
We have shown that the locus of syncope in Uspanteko is dependent on the position of stress:
when stress is final, syncope targets the pretonic position [. . .σ"σ]; and when stress is penultimate,
syncope targets the ‘posttonic position [. . . "σσ] (section 3.1). Furthermore, syncope is variable in
both positions. However, it has long been evident to us in our fieldwork that syncope is not equally
common in these two positions. Posttonic syncope [. . .σ"σ] is quite common, and pretonic syncope
[. . .σ"σ] clearly less so. Why would this be?

One possibility, suggested to us by Marc Garellek, is that unstressed vowels may be phoneti-
cally longer in pretonic position than in posttonic position. If longer vowels are less susceptible to
gestural overlap, then phonetic lengthening in pretonic position could derive the observation that
syncope is less common in pretonic syllables (see also sections 4.2, 4.6, 4.8 above).

This suspicion seems to be on the right track. In wordlist data from 9 speakers, Bennett et al.
(2022b) found that stressed short vowels averaged about 105ms (n=795). Unstressed short vowels
averaged 75ms in pretonic position (n=717), but only 60ms in posttonic position (n=32, p < .05
via two-sided t-test); see also section 4.8). Pretonic and posttonic vowels have very different rates
of attestation in this data set, in part because many pretonic vowels were in prefixes or word-
initial, two contexts in which syncope is absolutely prohibited (sections 4.4, 4.5). Syncope is also
more common in posttonic position, and so there were simply fewer audible vowels to measure in
posttonic syllables. Still, assuming that these figures are representative of Uspanteko as a whole,
then durational differences between pretonic and posttonic unstressed syllables might account for
the greater prevalence of posttonic syncope.
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It remains to be explained why pretonic lengthening might occur in the first place in Uspan-
teko. In any case, Uspanteko is not the only language reported to show pretonic vowel lengthen-
ing: similar phenomena have been observed in at least Tiberian Hebrew (McCarthy 1981, Mal-
one 1990, Churchyard 1999), Canadian French (Walker 1984:Ch.3), Córdoba Argentinian Spanish
(Lang-Rigal 2014), and various Slavic languages (Borise 2015). And in the realm of deletion,
LoCasto & Connine (2002) and Patterson et al. (2003) report that [@]-deletion in English—which
arguably reflects gestural overlap rather than true deletion (Davidson 2006b)—is less common in
pretonic than posttonic position, consistent with our observations for Uspanteko. Similarly, Ca-
ballero (2008:Ch.2) reports that vowels in Choguita Raramúri are more likely to reduce and delete
in posttonic position than in pretonic position, and Oh (2021) provides analogous results for vowel
reduction in Brazilian Portuguese (see also Crosswhite 2001).

Once again, appeal to surface phonetic factors—particularly vowel duration—provides insight
into the fine details of Uspanteko syncope. This explanatory gain provides additional support for
analyzing vowel deletion in Uspanteko in terms of gestural overlap between vowels and conso-
nants.

5 Interim summary

We have now surveyed a range of diagnostics to assess (i) whether syncope in Uspanteko is under
grammatical control, and if so, (ii) whether the relevant notion of ‘control’ implicates phonological
vowel deletion, or a language-specific phonetic pattern of high gestural overlap between vowels
and flanking consonants.

Some of these diagnostics clearly indicate that vowel deletion in Uspanteko is grammatically
controlled. Deletion is sensitive to morphological structure and metrical footing, and does not
depend on speech rate or style. These are characteristics commonly associated with phonological
processes; at a minimum, they indicate that deletion is controlled and planned by speakers, rather
than being a mechanical by-product of speaking quickly. These diagnostics are thus consistent
with treating ‘deletion’ as a controlled, language-specific pattern of extreme gestural overlap in
[CVC] sequences.

Compelling evidence for an articulatory treatment of vowel deletion comes from the close
relationship between deletion and vowel reduction. Vowel reduction occurs in exactly the same
contexts as deletion in Uspanteko. This suggests that deletion may be the extreme endpoint of a
gradient, continuous pattern of vowel reduction in weak positions, involving increasing amounts
of gestural overlap between prosodically weak vowels and their neighboring consonants.

We also considered whether syncope shows sensitivity to phonotactic restrictions. The answer
is a very qualified ‘yes’: deletion does not occur in [#PVC] and [CVP#] sequences; is inhibited
between identical consonants; and primarily targets short /a i u/. But we have argued that these
apparent phonotactic restrictions can also be attributed to phonetic factors. First, gestural overlap
with [P] usually results in creakiness, which does not acoustically mask vowels. Second, vowel
deletion should be less likely for phonetically longer vowels, and more likely for shorter vowels.
Both antigemination and the resistance of /e o/ to deletion may then stem from contextual phonetic
vowel lengthening, which is independently attested in each of these contexts. Sporadic exceptions
to these patterns can be similarly attributed to pressures favoring vowel shortening (e.g. lexical fre-
quency). On this view, syncope shows no direct phonotactic conditioning at all—this is consistent
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with the fact that vowel deletion often derives marked, and otherwise unattested consonant clusters
(e.g. inchíkich [Pin"

>
tŚıki

>
tS] ∼ [Pin"

>
tŚık

>
tS] ‘my basket’).

Lastly, deletion appears to feed a process of word-final vowel epenthesis. However, as outlined
in section 4.9, even ‘epenthesis’ can be construed as a consequence of extreme gestural sliding, an
intuition we develop in more detail in section 8.4.

In the next section we present instrumental phonetic evidence which supports the claim that
vowel ‘deletion’ in Uspanteko reflects high levels of gestural overlap between vowels and flanking
consonants. Weak vocal fold vibration associated with ‘deleted’ vowels can sometimes be detected,
via electroglottography, for vowels that appear to be entirely absent from the acoustic signal. This
implies that even ‘deleted’ vowels are present in the input to articulatory planning, and are not
deleted in the phonology proper.

In section 7 we provide a formal analysis of vowel deletion in terms of grammatically controlled
gestural overlap, following work in Articulatory Phonology (e.g. Gafos 2002).

6 A pilot EGG study on vowel deletion

If vowel deletion in Uspanteko is categorical and symbolic, there should be no trace of the deleted
vowel in the surface phonetics. If, on the other hand, ‘deletion’ involves high levels of gestural
overlap, then some phonetic signature of the overlapped vowel might be present in the phonetic
form of the utterance.

To explore this prediction we carried out a pilot study on the phonetics of vowel deletion in
Uspanteko, using audio recordings collected with simultaneous electroglottography recordings.
Electroglottography (EGG) is a noninvasive technique for measuring vocal fold contact during
speech; for references and overviews, see Garellek 2013, Herbst 2020, Kochetov 2020.

Here, we use EGG to detect the presence or absence of voicing during consonant clusters
derived by vowel deletion. Our research question is the following: is there electroglottographic
evidence that vocal fold contact associated with deleted vowels is (partially) retained, even when
the vowel is not apparent in the acoustic signal? If so, this would support our hypothesis that
‘deletion’ involves high degrees of gestural overlap rather than the categorical elimination of a
segment in the symbolic phonology.

The signature of such ‘covert’ vowels would be (i) no clear evidence for a vowel in the acoustic
recording, but (ii) an oscillating signal in the EGG recording corresponding to (weak) voicing that
can only be attributed to an underlying vowel, and not to the flanking consonants (e.g. /. . .qaX#/
→ [. . .qX#]; Fig. 16). The voicing during such intervals might be attenuated, but the mere fact of
voicing would provide evidence that even ‘deleted’ vowels are sometimes retained in the surface
phonetics, even when not readily apparent in the acoustic signal (see also Gick et al. 2012).

Covert voicing should be possible under several aerodynamic conditions involving weak, atten-
uated vocal fold vibration. Weak voicing involves relatively low amplitude vocal fold oscillation,
and a relatively low fundamental frequency (Pinho et al. 2012). During stop closure, voicing is
frequently weak for aerodynamic reasons (e.g. Burton et al. 1992, Solé 2018). Additionally, when
voicing is weak, the acoustic energy associated with voicing may be mostly or entirely absorbed by
soft tissues in the oral cavity (Johnson 2012:Chs. 8.1.2, 9.l, etc.). In such cases, no audible noise
associated with voicing should radiate out from the vocal tract. The result is vocal fold vibration
without audible consequences—covert voicing.
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Figure 16: Schematic covert voicing for syncopated /
>
tSáqaX/→ [

>
tSáqX] ‘dry’.

Fig. 17 illustrates how a brief period of covert voicing can occur during voicing coarticulation:
weak carryover voicing on [á] from the preceding vowel is visible for several periods in the EGG
signal (bottom panel) after essentially disappearing from the audio signal (top panel) (implosives
otherwise tend to be voiceless in K’ichean languages, Bennett 2016, Bennett et al. 2022b). For
comparable EGG recordings from other languages, see Mazaudon & Michaud 2008:Fig. 6 DiCanio
2012:Fig. 12, and Recasens & Mira 2012:Fig. 4.

Figure 17: Covert voicing from coarticulation in jrab’iin [Xra"ái:n] ‘daughter (of a man)’ (speaker
6, 2019).

In fricatives, aerodynamic constraints also lead to weak voicing during closure (Ohala 1993,
1983, Pinho et al. 2012). Since fricatives are produced with continuous oral airflow, periodicity
can normally be detected in the audio signal during a fricative. However, we hypothesize that in
cases of exceptionally weak voicing, the same damping effect seen in voiced stops (Fig. 17) may
render periodic voicing too weak to hear or identify in the acoustic signal. Furthermore, fricative
noise itself may interfere with the perception of weak voicing. For example, the dorsal fricatives
[x X] have a low-frequency periodic component in the range of f0, which reflects slow vibration of
the uvula during the articulation of [x X] (Redmon & Jongman 2018). This low-frequency noise
may partially mask the vibration of the vocal folds, as an instance of destructive interference. (We
thank John Kingston for discussion of this point.)

In summary, weak, covert voicing is an empirical possibility during phonologically voiceless
obstruents. If such covert voicing is observed in clusters of voiceless obstruents derived by syn-
cope, /C

˚
VC

˚
/ → [C

˚
C
˚

], that voicing must be a phonetic vestige of the underlying vowel. Such a
result would indicate that ‘syncope’ does not in fact involve the categorical elimination of a vowel
from phonological representations.
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We primarily report on EGG and acoustic data from one speaker here, though we also consider
more tentative findings for three other speakers as well.

6.1 Recording
Participants read a list of words in Uspanteko, which were presented in isolation on a laptop screen
using a custom Python script. Presentations were self-paced: participants read each item twice
before proceeding to the next word by pressing the space bar.

Audio was recorded using a head-mounted microphone (Audio-Technica ATM73a) and solid-
state portable recorder (Zoom H5), at a 48 kHz sampling rate with 24 bit quantization. The EGG
signal was recorded using a Glottal Enterprises model EG2-PCX2 electroglottograph. The EGG
signal was recorded with a 44.1kHz sampling rate, and high-pass filtered with a 10Hz threshold.
The recordings were made in a quiet room in San Miguel Uspantán in summer 2019. Recording
sessions lasted 30-45 minutes.

The audio recordings were synced with the EGG recordings by aligning the first glottal pulse
in the audio signal with the first glottal pulse in the EGG signal, across 7 vowels, to determine the
lag between the two recordings. The timecode of the EGG recording was shifted by the mean of
these lag measurements to achieve alignment.

Seven speakers of Uspanteko were recorded in this study, but technical issues with the EGG
machine impacted data quality for all but one of these speakers. In this section we report our full
findings for speaker 6, as well as some more limited findings for three other speakers whose data
was partially usable. The entire recording session for speaker 6, including both EGG and audio
recording, is available as Supplemental Material online at the Language website.

6.1.1 Materials

The wordlist used for this study included 51 items. Most of these items were included in the list
in order to study voice quality on tonal and non-tonal vowels, which was the main purpose of data
collection for these sessions, rather than the study of vowel deletion as such (we do not discuss
voice quality at all here). Each speaker read through the entire word list 5 times.

A number of items in the wordlist had the potential for posttonic syncope, e.g. ínchik ["Ṕın.
>
tS(i)k]

‘my work’. Whether syncope actually applied to any given form was (i) dependent on each
speaker’s vocabulary (e.g. some speakers have inchaak [Pin."

>
tSa:k] instead of ínchik ["Ṕın.

>
tS(i)k]

for ‘my work’), and (ii) variable across productions, as is typical of vowel deletion in Uspanteko
(section 3.1).

We limited the analysis of deletion to word-final /C
˚

VC
˚

#/ sequences in which both flanking
consonants were voiceless. This ensured that any voicing observed in tokens of deletion /C

˚
VC

˚
#/

→ [C
˚

C
˚

#] could only be attributed to the underlying vowel. Many of the items showing vowel
deletion in our recordings could not be used for the present analysis because at least one of the
flanking consonants was voiced, e.g. rixóqil [ri."Só.q(i)l] ‘his/her wife’. We focused on posttonic
syncope simply because there were fewer cases of pretonic syncope to examine in this data (see
also section 4.11).

Derived [C
˚

C
˚

#] clusters were compared to (i) tokens of the same items in which deletion had
not applied, yielding surface [C

˚
VC

˚
#], and (ii) underlying voiceless /C

˚
C
˚

/ clusters. Underlying
voiceless /C

˚
C
˚

/ clusters provide a baseline for the absence of voicing in the EGG signal, while
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surface /C
˚

VC
˚

#/ → [C
˚

VC
˚

#] sequences provide a baseline for vowel-related voicing in the EGG
signal. To illustrate, voicing in syncopated /

>
tSáqaX/→ [

>
tSáqX] ‘dry’ was compared to voicing in

nonsyncopated /
>
tSáqaX/ → [

>
tSáqaX], as well as underlying [S-qa-kPam] ‘we received it’ (among

other comparisons). The underlying voiceless /C
˚

C
˚

/ sequences analyzed here include word-initial,
word-medial, and word-final clusters.

6.2 Coding and measurement
/C
˚

VC
˚

#/ intervals were coded as having undergone deletion (or not) by an inspection of the wave-
form and spectrogram for that interval. If vowel-like periodicity with higher formant structure
was observable in the waveform or spectrogram, the token was coded as retaining the underlying
vowel (Fig. 18, lefthand side). If vowel-like periodicity was absent, the token was coded as having
undergone vowel deletion (Fig. 18, righthand side; see Bürki et al. 2011).

Figure 18: Sample waveforms, spectrograms, and pitch traces for variable vowel deletion in cháqaj
["
>
tSáq(a)X] ‘dry’ (speaker 6, 2019).

For speaker 6, we analyzed 209 tokens in the underlying /C
˚

C
˚

/ condition, 14 tokens of apparent
vowel deletion, and 18 tokens in which a vowel was still detectable in the audio signal. The small
number of tokens for the underlying /C

˚
VC

˚
#/ → [C

˚
C
˚

]∼[C
˚

VC
˚

#] conditions reflects the fact that
only a minority of the items in our wordlist met our criteria for inclusion in the analysis (recall
these recordings were originally intended to investigate voice quality, not syncope).

There were five target items in the /CVC#/ condition: cháqaj ["
>
tSáq(a)X] ‘dry’, chíkich ["

>
tŚık(i)

>
tS]

‘basket’, lékej ["lék(e)X] ‘up’, íchaj ["Ṕı
>
tS(a)X] ‘herb’, and ínchaj ["Ṕın

>
tS(a)X] ‘my pinecone’. Actual

cases of syncope were only observed for three of these items (cháqaj, lékej, and chíkich).

6.3 Results
As predicted by the gestural overlap analysis, voicing was still detectable in the EGG signal in
at least some tokens in which ‘deletion’ had taken place in the audio signal. Syncopated tokens
were classified as having clear covert voicing if there were salient oscillations in the EGG signal;
as having possible, ‘weak’ covert voicing if some periodicity was visible, but extremely low in
amplitude; and as lacking covert voicing otherwise (i.e. if the EGG signal was essentially flat).
Examples of each of these phonetic types are provided in Fig. 19.
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CONTROL /C
˚

C
˚

/ (NO VOICING IN CLUSTER) NONSYNCOPATED /C
˚

VC
˚

#/→ [C
˚

VC
˚

#]

CLEAR COVERT VOICING IN /C
˚

VC
˚

#/→ [C
˚

C
˚

] WEAK COVERT VOICING IN /C
˚

VC
˚

#/→ [C
˚

C
˚

]

Figure 19: Illustrations of the coding scheme for covert voicing in EGG recordings.

The vocal folds may approximate closure without vocal fold contact appearing clearly in the
EGG signal (Orlikoff et al. 2009, Herbst 2020). Consequently, even marginal cases of low am-
plitude vibration in the EGG signal may indicate a glottal gesture, albeit a reduced one involving
incomplete glottal adduction. For that reason, we included cases of ‘weak’ covert voicing in our
analysis.

Table 2 provides a summary of our observations. As is typical in Uspanteko, the same items
were sometimes produced with syncope, and sometimes not. This within-speaker variation was
observed during a single recording session, and under very formal elicitation conditions. When
syncope did apply, covert voicing was visible in 57% of productions (8/14 tokens).

Fig. 20 illustrates clear covert voicing for one token of cháqaj ["
>
tSáq(a)X] ‘dry’ (Fig. 18).

Voicing during the derived consonant cluster /. . .qaX#/ → /. . .qX#/ can only be attributed to the
underlying, ‘deleted’ vowel, since the flanking consonants are both voiceless. This voicing is
weaker (lower amplitude and lower frequency) than the voicing observed in the stressed ["á] that
precedes it.19

As noted in Table 2, covert voicing of the type seen in Fig. 20 was never observed in underlying
clusters of voiceless consonants /C

˚
C
˚

/ (e.g. jqul [X-qul] ‘my neck, throat’; see also Fig. 19). This
rules out any alternative explanation of covert voicing which attributes such voicing to properties
of the consonants themselves, alone or in combination in a cluster.

Though we are hesitant to make statistical claims based on the limited counts in Table 2, a

19Voicing is often assumed to be the default state of the vocal folds in Articulatory Phonology (Goldstein & Brow-
man 1986, Browman & Goldstein 1992a, Smorodinsky 2002, Chitoran et al. 2002). From that perspective, the vesti-
gial, covert voicing seen in Fig. 19 represents a gap between two glottal spreading gestures for voicelessness, rather
than a voicing gesture as such (see also Munhall & Löfqvist 1992).
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[C
˚

C
˚

#] type Clear covert
voicing

Possible covert voicing
(weak EGG oscillations)

No covert
voicing

Total cases
of syncope

No syncope
of /C

˚
VC

˚
#/

[qX] 3 2 0 5 5

(1 item)

[kX] 2 1 0 3 7

(1 item)

[k
>
tS] 0 0 6 6 3

(1 item)

[
>
tSX] 0 0 0 0 3

(2 items)

All 5 (36%) 3 (21%) 6 (43%) 14 (100%) 18

Control: /C
˚

C
˚

/ 0 (0%) 0 (0%) 209 (100%) — —

Table 2: Number of tokens in speaker 6’s data in which covert voicing was observed.

Figure 20: Audio (top) and EGG (bottom), with pitch traces, for one token of cháqaj ["
>
tSáq(a)X]

‘dry’, showing vowel deletion in the audio signal but not the EGG signal (speaker 6, 2019). Record-
ing corresponds to righthand panel of Fig. 18.

Fisher’s exact test (p < 0.001) detects a significant association between cluster type (underlying vs.
derived) and the presence or absence of covert voicing (collapsing together cases of ‘possible’ and
‘clear’ covert voicing). This is consistent with our claim that covert voicing owes to the underlying
lexical vowel in syncope contexts: covert voicing occurs in 57% of derived consonant clusters
(8/14), but 0% of underlying consonant clusters (0/209), despite the fact that there are many more
underlying clusters in our data. (A χ2-test with simulated p-value based on 2000 replicates also
returns a significant p < 0.001.)

Table 2 shows that covert voicing occurs in derived [qX#] and [kX#] clusters, while [k
>
tS#]

clusters show essentially no EGG evidence of ‘hidden’ voicing in tokens where the vowel is absent
from the acoustic signal. This asymmetry may reflect aerodynamic factors, if voicing is harder
to produce in plosive-plosive clusters than in plosive-fricative clusters (Ohala 1983, Westbury &
Keating 1986, Davidson 2016, 2018).

We focus here on posttonic syncope simply because there were fewer cases of pretonic syncope
to examine in this data (see also section 4.11). However, at least one case of pretonic syncope in
this data set appeared to show covert voicing as well (Fig. 21), though it is perhaps possible to
identify the spectral change at the end of the [s] as acoustic evidence of voicing with concomitant
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higher formant structure. Perceptually, voicing between [s] and [qP] in this token is inaudible to
us: we hear an [sqP] cluster (see Bürki et al. 2011 for related discussion).

Figure 21: Audio (left) and EGG (right), with pitch traces, for one token of siq’iil [s(i)"qPi:l]
‘beautiful’, showing possible covert voicing (speaker 6, 2019).

Finally, we consider some additional data from three other speakers. The EGG recordings for
six of the seven speakers in our pilot study were marred by recording artifacts and/or excessive
noise which precluded the use of that data for any in-depth analysis. Still, usable tokens could
be extracted from the recordings for speakers 1, 5, and 7 in our pilot study, at least with some
additional postprocessing (e.g. targeted band pass and stop filtering to remove line noise, the
REMOVE NOISE. . . function in PRAAT, etc.; Boersma & Weenink 2020). For all three of these
speakers, tokens involving syncope can be found which clearly show voicing in the EGG signal that
is absent from the corresponding audio recording, or at least not very obvious. Some illustrative
tokens are provided in Fig. 22.

Figure 22: Stacked audio and EGG recordings for covert voicing in inchíkich [Pin"
>
tŚık(i)

>
tS] ‘my

basket’ (speaker 1), cháqaj [
>
tSáq(a)X] ‘dry’ (speaker 5), and lékej ["lék(e)X] ‘up, above’ (speaker 7)

(all recorded 2019). Potential covert voicing marked with superimposed rectangles.

We conclude that covert voicing in syncopated /C
˚

VC
˚

/ sequences is unlikely to be an idiosyn-
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crasy of the particular audio recording analyzed here for speaker 6. Instead, covert voicing is most
likely a general phenomenon in syncope contexts in spoken Uspanteko, for at least some speakers.

To summarize, pilot EGG data suggests that even ‘deleted’ vowels in Uspanteko are sometimes
present in the surface phonetics as attenuated voicing associated with the ‘deleted’ vowel. This is
consistent with the claim that vowel deletion in Uspanteko is the result of high gestural overlap
rather than the categorical deletion of a vowel target in the symbolic phonology.

7 Deletion as phonologically controlled gestural overlap

Vowel deletion in Uspanteko appears to be the endpoint of a gradient process of vowel reduc-
tion, involving different degrees of overlap between vowels and flanking consonants (section 4.2).
Electroglottographic evidence (section 6) provides strong confirmation of this hypothesis, as even
vowels that leave little or no trace in the acoustic record may be realized as covert, low-amplitude
phonation during derived /C

˚
VC

˚
#/→ [C

˚
C
˚

#] intervals.
But this is not to imply that deletion is ‘merely’ phonetic, in the sense of being some inevitable

by-product of the mechanics of speech production. To the contrary, there are compelling reasons
to believe that vowel deletion is under speaker control. Deletion is a systematic, salient character-
istic of spoken Uspanteko. Even if deletion amounts to gestural overlap, such overlap represents
a language-specific pattern of articulatory coordination, which must be learned (Liberman & Pier-
rehumbert 1984, Keating 1984b, 1990a, Pierrehumbert 1990, Kingston & Diehl 1994). Deletion
shows phonological conditioning, being sensitive to foot structure and at least some segmental
phonotactics. Deletion is also restricted by morphological structure, being prohibited absolutely
from applying in prefixes. Lastly, speech rate and style have no discernable effect on whether
deletion may apply. These are the traits of an intentional, grammatically determined process.

The force of these observations is clear: vowel deletion in Uspanteko is a grammatically con-
trolled pattern of gestural overlap. This echoes previous proposals which treat certain gradient
patterns of vowel reduction as essentially phonetic processes that are nonetheless sensitive to gram-
matical considerations such as syllable structure (e.g. Kondo 1994, 2008, Beckman 1996, Purse
2019).

It is worth reiterating that deletion, understood as extreme gestural overlap, regularly occurs in
contexts that are antagonistic to articulatory reduction. These include slow speech, and environ-
ments like utterance-final position which induce phonetic lengthening (e.g. Myers & Hansen 2007,
Byrd & Krivokapić 2021, Paschen et al. 2022 and references there). The fact that deletion routinely
occurs in these contexts provides further evidence that foot-internal vowel reduction and gestural
overlap are under speaker control. Deletion is planned and intentional, even if only unconsciously
so.

To fully specify this proposal, in the following sections we provide an explicit analysis of dele-
tion, based on language-specific patterns of articulatory coordination, which interact with abstract
phonotactic and morphological principles.
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8 Syncope with gestural constraints

Our analysis of vowel deletion draws on previous research in Articulatory Phonology which ar-
gues that gestural coordination is regulated by the same abstract, formal grammar responsible for
determining all language-specific aspects of phonological patterning (e.g. Browman & Goldstein
1986, 1989, 1990, 1992a, Pouplier 2011, Gafos & Goldstein 2012, etc.). Following most work in
this tradition, we implement our analysis in an Optimality Theoretic grammar based on ranked and
violable constraints (see especially Gafos 2002, but also Gafos 1999, Zsiga 2000, 2011, Davidson
2003, 2006b, Hall 2003, 2006, Bradley 2004, 2005, 2006, 2007, Borroff 2005, 2007, Iskarous et al.
2012, Casserly 2012, Smith 2018, Bellik 2018, Walker & Proctor 2019, among others). We reit-
erate that this framework can be construed as either a phonological grammar making reference to
articulatory coordination (e.g. Smith 2018), or as a model of language-specific phonetic planning
in modular theories of the phonetics-phonology interface (Zsiga 1997).

8.1 Gestural coordination and overlap
Articulatory Phonology assumes that segments like [s] are composed of sets of articulatory ges-
tures. These gestures include oral constriction goals (e.g. alveolar closure), as well as gestures
regulating laryngeal state (e.g. spread vocal folds) and nasality (e.g. raised velum). The internal
temporal structure of those gestures is represented in the grammar (Fig. 23). The phonology itself
controls coordination between gestures by specifying the extent to which gestures overlap with
each other, both within individual segments (e.g. [

>
tsP]), and between successive segments (e.g.

[np]) (Browman & Goldstein 1990, Gafos 2002, Davidson 2003, Hall 2003, Borroff 2005, 2007,
Bradley 2007, Smith 2018, Walker & Proctor 2019).

In Articulatory Phonology, gestures are abstract: they correspond to vocal tract goals (e.g. lip
closure), rather than specific movements of the articulators. The actual trajectories of articulators
can be lawfully derived from abstract gestural representations, by means of general principles of
physical movement and coordination (e.g. Saltzman & Munhall 1989), but the gestural representa-
tions themselves are conceptually distinct. As we will see, this abstractness is important: it allows
for representations in which two incompatible articulations are specified to occur at the same time.
Such representations can be used to model coarticulation, assimilation, and other phenomena po-
tentially related to gestural overlap (see also Browman & Goldstein 1992a, Iskarous et al. 2012,
Smith 2018, Bellik 2018, and others).

In principle, gestures and segments could be specified to have any degree of overlap what-
soever, to an arbitrary level of precision. In practice, patterns of coordination are drawn from a
smaller set of possible options (Browman & Goldstein 1990, Gafos 2002, Davidson 2003, Tilsen
2016, Zsiga 2021). Gestures are decomposable into LANDMARKS, which correspond to important
articulatory events like the achievement and release of a constriction (Fig. 23-a). Gestures are
coordinated with each other through reference to these landmarks. Segments, being composed of
gestures, are sequenced and coordinated in the same way: in mat [mæt], for example, the tongue
tip gesture for [t] is timed to begin near the offset of the dorsal gesture for [æ] (Nam et al. 2009).

Two patterns of inter-segmental coordination are particularly relevant for our analysis.20 The

20Readers familiar with Gafos (2002) may notice that the shorthand notation we use for gestural coordination
patterns in Fig. 23 differs from the shorthand notation that Gafos uses. This is simply because we find the meanings
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(a) Gestural landmarks (b) Low/no overlap (antiphase) (c) Extreme overlap (in-phase)
CENTER

←PLATEAU→
|

ONSET OFFSET

RELEASETARGET

OFF1

R1 ←

ONS2

→T2

ONS1
ONS2

Coordination: OFFSET1 = ONSET2 Coordination: ONSET1 = ONSET2

Shorthand: S1#S2 Shorthand: S1≈S2

Figure 23: Gestural landmarks and basic gestural coordination patterns (after Gafos 2002). S =
segment ∈ {C, V}.

first pattern involves little or no overlap between successive segments (Fig 23-b). Here, the ONSET

of the second segment is aligned to the OFFSET of the first. This is also known as antiphase
coordination: the gesture for the first segment completes before the gesture for the second segment
is initiated, and so the two gestures are out of phase (Saltzman & Munhall 1989, Goldstein et al.
2006). In this pattern of coordination, the release of the first segment should be quite audible, as the
interval between the two segments involves a very open vocal tract (e.g. Gafos 2002, Smorodinsky
2002, Goldstein 2011).

The second pattern of coordination involves total or near-total overlap between adjacent seg-
ments. Here, the ONSETs of both segments are essentially synchronous. This is known as in-phase
coordination (Fig 23-c). In the following section we lay out the phonetic consequences of articu-
latory overlap, which can arise under in-phase coordination as well as other articulatory regimes.

8.1.1 Consequences of gestural overlap

Research on gestural coordination in CV syllables has found that the lingual gesture for the vowel
begins during the articulation of the consonant itself. The vowel may begin near-simultaneously
with the consonant (Fig. 23-c; e.g. Goldstein et al. 2006), or may be coordinated with the center
of the consonantal constriction (Browman & Goldstein 1990, Shaw et al. 2009), a possibility we
set aside here. Even though the consonant and vowel gestures are highly overlapped, the vowel
remains audible because vowel gestures take longer to execute: as a consequence, the slower vowel
gesture persists past the end of the consonant, and the vowel can be heard (Fig. 24 and section 4.2;
e.g. Goldstein et al. 2006, Pouplier 2011).

.C V.

Figure 24: In-phase [C≈V] coordination and overlap in a simple [CV]σ syllable.

When the consonant and the vowel involve distinct articulators, as in /bi/, the articulatory
consequences of C-V overlap are limited. However, when the consonant and vowel draw on the
same articulators, as in /gi/, overlap may lead to competition between two conflicting gestural
targets (e.g. the incompatible dorsal constrictions for /g/ and /i/). The typical outcome when
antagonistic gestures overlap is blending: the competing gestures become similar to each other. So

of the notational symbols in Fig. 23 easier to remember.
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for example, in English /gi/, the /g/ is substantially fronted, and the /i/ somewhat backed (e.g.
Öhman 1966, Saltzman & Munhall 1989). This represents an articulatory compromise between
the two competing constrictions.

Alternatively, one of the segments may be prioritized, and may completely dominate the output,
thereby obscuring the other segment entirely. This can occur when one of the segments is highly
reduced, as in Uspanteko. Coarticulatory dominance may also occur when overlapping segments
have very different blending strengths, modeled using the α parameter in Articulatory Phonology.
For reasons of space we do not discuss the α parameter in any detail here, though it could be easily
integrated into our analysis; see Recasens 1999, Iskarous et al. 2012, Miller 2013, Smith 2018, and
Walker & Proctor 2019 for more details.

Finally, articulatory overlap between gestures can lead to the wholesale masking or hiding of
entire segments. For example, Browman and Goldstein (1990) argue that apparent /t/-deletion in
phrases like perfect memory [ph3~f1k(t) # mEm@ôi] actually involves articulatory overlap between
[t] and the following [m], such that the lip closure for [m] hides the tongue tip release for [t],
rendering it inaudible. Overlap of this type, between consonants and reduced vowels, is central to
our analysis of syncope and covert voicing in Uspanteko.

8.1.2 Syllable-internal coordination

We follow previous work in Articulatory Phonology in assuming that onsets and codas are coor-
dinated in different ways with the syllable nucleus (Gafos 2002, Goldstein et al. 2006, Nam et al.
2009, Gafos & Goldstein 2012, Mücke et al. 2020). Onset consonants are coordinated in-phase
with the following vowel, while coda consonants are coordinated in an antiphase relation with the
vowel (Figs. 23-b, 25). Effectively, this means that onset consonants are highly overlapped with
the vowel nucleus, while coda consonants are specified to overlap with the preceding vowels to a
much lesser degree.

.C V C.

Figure 25: Patterns of coordination and overlap between vowels and consonants in the same
[CVC]σ syllable: [C≈V#C].

Browman and Goldstein (1990) propose a similar pattern of antiphase coordination between V1

and C for intervocalic consonants /V1CV2/.
These patterns of in-phase and antiphase coordination are also relevant for the analysis of

Uspanteko syncope. Primarily, we must make sure that antiphase coordination is sufficiently weak
in syncope contexts to allow for massive gestural overlap between vowels and coda consonants in
posttonic ["CV́.CVC], and between vowels and following consonants in pretonic [CV(C)."CVC].

In our formal analysis of syncope, we invoke the notion of coupling strength (Byrd 1996,
Browman & Goldstein 2000, Cho 2001, Goldstein & Fowler 2003, Bellik 2018). The basic idea
is that some coordination relations are enforced more strictly than others—the gestures involved
are more tightly coupled, and have a more stable timing relationship. Conversely, weakly coupled
gestures have less stable and more variable coordination patterns. Weakening the strength of an
antiphase timing relationship in VC contexts may thus lead to greater variability and greater overlap
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in VC coordination (e.g. Browman & Goldstein 1990, Nam et al. 2009), increasing the likelihood
of apparent vowel ‘deletion’.

8.2 Prosodic gestures: expansion and reduction
Finally, we consider how prosodic strength and weakness—the relative prominence of different
syllables—can be modeled in a gestural framework. Articulatory gestures are longer, faster, and
less overlapped in stressed positions (e.g. De Jong 1995). These effects are modeled in Articula-
tory Phonology by means of prosodic modulation gestures, called µ-gestures (Byrd & Krivokapić
2021, Krivokapić 2022 and references there). A µ-gesture is an abstract instruction to increase the
spatial parameters of a gesture: gestures become more extreme or hyperarticulated, and increases
in gestural duration and velocity follow as consequences of those spatial changes (e.g. Katsika
2018, Roon et al. 2021).21 These effects are schematized in Fig. 26.
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C I T Y

σ̆
BASELINE

F
A

S
T

E
R

σ́
LARGER

Hyperarticulation
µprominent

(µ > 1)
S

L
O

W E R

σ̆weak
SMALLER

Undershoot + reduction
µweak
(µ < 1)

Figure 26: Gestural consequences of prosodic µ-gestures.

We extend these ideas by proposing that µ-gestures can also be used to generate articulatory
reduction in nonprominent positions. It has been suggested that prosodic modulation gestures
like µ-gestures can vary in their strength (e.g. Byrd & Krivokapić 2021; see also Jun 1996).
Oversimplifying the actual implementation of this suggestion, let’s assume that a µ-gesture with
strength equal to 1 has no effect on gestural magnitudes, while a µ-gesture with strength greater
than 1 will lead to some degree of hyperarticulation and gestural expansion. If we allow the
strength of a µ-gesture to take on a value below 1, it will have the effect of shrinking the magnitude
of any associated gestures, and slowing the speed at which those gestures are executed. This is of
course the hallmark of articulatory reduction and undershoot (Fig. 26).

Syncope in Uspanteko depends on prosodic prominence: weak, foot-internal vowels undergo
syncope, while stressed vowels and foot-external vowels do not. We can thus model reduction
in weak, foot-internal position by associating reduced syllables with a µ-gesture of strength less
than 1 in this context.22 If values for µ are allowed to range as low as zero, it is even possible for

21Some work in Articulatory Phonology distinguishes µ-gestures which modulate articulatory magnitude from µ-
gestures which modulate articulatory speed (see e.g. Byrd & Krivokapić 2021). We abstract away from this distinction
here.

22Nam et al. (2008) and Saltzman et al. (2008) develop an alternative approach to prosodically-conditioned re-
duction. They propose that speech planning is influenced by a foot-level oscillator which tries to keep the duration
of metrical feet constant. In languages where this oscillator is prioritized, the lengthening of stressed syllables may
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vowels to be ‘reduced’ all the way to nothing (Ernestus 2011), such that true, categorical deletion
is modeled as the literal endpoint of gradient reduction.

8.3 Gestural overlap in the grammar

8.3.1 Vowel reduction

In this section we implement the proposal that a ‘weakening’ µ-gesture can be used to model
foot-internal reduction of unstressed syllables (section 8.2). The key constraint is in (24):

(24) REDUCE-IN-FOOT

Assign one violation for every metrical foot which does not have a µ-gesture of strength
< 1 associated with its weak, unstressed branch.

REDUCE-IN-FOOT is a markedness constraint, in the Optimality Theoretic sense (Prince & Smolen-
sky 1993/2004). It is essentially a gestural implementation of constraints which require reduced
or otherwise low-sonority vowels in unstressed, foot-internal position (Kenstowicz 1994b, 1997,
Kager 1997, de Lacy 2002, 2004, 2006, 2007b, Gouskova 2003, Blumenfeld 2006, McCarthy
2008). REDUCE-IN-FOOT is opposed to the faithfulness constraint DEP[µ-GESTURE] (25), which
penalizes the insertion of µ-gestures.

(25) DEP[µ-GESTURE]
Assign one violation for every µ-gesture present in the output, but not in the input.

DEP[µ-GESTURE] is analogous to constraints like IDENT[STRESS], which penalize the addition or
removal of stress prominence in output forms (Pater 2000). DEP[µ-GESTURE] similarly regulates
the addition of both prominence-lending µ-gestures and weakening µ-gestures with strength < 1.

Since vowels are produced in-phase with preceding onset consonants, such that their gestures
initiate at roughly the same time, reducing the magnitude and the duration of a vowel will lead
to greater proportional overlap between that vowel and the preceding onset consonant (26). The
subscript µR indicates the presence of a reducing µ-gesture on a vowel or syllable.23

trigger the shortening of unstressed syllables: if stressed (σ́σ) gets long, unstressed (σ́σ) must get short, in order to
keep the overall duration of the foot relatively fixed (compare with the traditional notion of ‘stress-timed’ languages;
e.g. Arvaniti 2012, Krivokapić 2022).

The framework developed by Nam et al. (2008) and Saltzman et al. (2008) is philosophically similar to our ap-
proach: we both model stress-related durational effects with µ-gestures, and both assume that foot structure affects
segment duration. However, Nam, Saltzman, and their colleagues are interested in a different reduction phenomenon—
polysyllabic shortening (section 4.8)—than is our focus here. Consequently, the notion of ‘foot’ they invoke is also
quite different: it corresponds to inter-stress intervals, of arbitrary length, which can span word boundaries (e.g. the
four-syllable phrase bíg for a dúck counts as a ‘foot’ for them; see also Keating 1988, Krivokapić 2022). This departs
from the strictly binary, word-bounded (σσ) feet that we assume for Uspanteko. For that reason, we leave a more
detailed comparison of these two approaches for another occasion.

23Assigning a weak µ-gesture to a foot-internal syllable predicts that all consonants contained in that syllable
should be reduced and/or lenited as well (Byrd & Saltzman 2003, Saltzman et al. 2008, Byrd & Krivokapić 2021). At
the same time, gestural overlap between vowels and consonants sometimes seems to lead to consonant lengthening
(Davidson 2006b). Hence, the predictions of our analysis for consonant duration in weak foot-internal syllables are
not entirely clear. We leave this issue for future research.
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(26) REDUCE-IN-FOOT≫ DEP[µ-GESTURE]
a. FOOT-INTERNAL WEAK SYLLABLES: audible, reduced vowel

C VµR C

b. ELSEWHERE: audible full vowel

C V C

While (26) illustrates vowel reduction in post-tonic position, exactly the same constraints will pro-
duce vowel reduction in pretonic position [. . . (CVµR(C)."σ)], assuming again that both positions
are foot-internal.

Vowel reduction is gradient in Uspanteko, in the sense that reduced foot-internal vowels differ
in their degree of shortening and undershoot (section 4.2). This variability could reflect differences
in the strength of the µR gesture: the grammar above requires a µR gesture of strength less than 1,
but otherwise leaves the precise value as a free parameter (see Fig. 29 in section 8.4 below). Dif-
ferences in the degree of C-V overlap across tokens could also contribute to tokenwise variability
in vowel reduction, a possibility we discuss in the next section.

8.3.2 Gestural overlap and ‘deletion’

We have argued that vowel deletion in Uspanteko is in fact an extreme case of gestural overlap,
corresponding to the endpoint of a gradient vowel reduction pattern occurring in the same positions.
We repeat the relevant comparison in (27).

(27) Vowel reduction vs. vowel deletion in [. . . ("σ́.CVµRC)]
a. VOWEL REDUCTION

C VµR C

b. VOWEL ‘DELETION’

C VµR C

As schematized in (27), full ‘deletion’ occurs when a gesturally reduced vowel is substantially
overlapped by adjacent consonants, to the extent that it is no longer audible.

Postvocalic consonants are normally coordinated antiphase with the preceding vowel (27a): the
articulation of the consonant begins after the articulation of the vowel has essentially completed.
This differs from the timing relation in (27b), in which the postvocalic consonant begins during
the articulation of the vowel itself. To produce the pattern of increased overlap in (27b), we can
manipulate the coupling strength of C-V coordination patterns (section 8.1.2). Coordination pat-
terns with high coupling strength are more precisely sequenced, and less variable in their timing.
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Conversely, coordination patterns with low coupling strength are more variable and less stable in
their timing.

We assume that vowels in unstressed, foot-internal syllables are only loosely coupled with
their neighboring consonants. This loose coupling is another manifestation of prosodic weakness
in reduction environments. Weak foot-internal syllables should thus show more variable patterns
of C-V and V-C overlap than syllables in other contexts. This variability should especially affect
postvocalic consonants, as the antiphase coordination relation specified for V-C sequences is in-
herently less stable than the in-phase coordination relation specified for C-V sequences (Goldstein
et al. 2006, Nam et al. 2009). We implement this proposal with the two constraints in (28), and
illustrate their interaction in (29).

(28) a. WEAK-COORDINATION[FOOT]
Assign one violation for every coordination relation in a weak, foot-internal syllable
with a coupling strength CSFT equal to or greater than the default coupling strength
CSD (*CSFT-WEAK ≥ CSD).

b. DEFAULT-COUPLING

Assign one violation for every coordination relation with a coupling strength other
than the default value CSD.

(29) WEAK-COORDINATION[FOOT]≫ DEFAULT-COUPLING:
Variably ‘deleted’ vowel in weak foot-internal syllables

C VµR C
∼

C VµR C

Goldstein et al. (2006) and Nam et al. (2009) argue that in-phase coordination is the basic,
default coordination pattern. For example, antiphase timing patterns can suddenly shift to in-phase
timing when coordinated movements are repeated at fast rates. This is potentially relevant for our
analysis: when antiphase coordination is weakly specified in V-C sequences, coordination patterns
may drift towards the default in-phase timing relation, leading to even greater degrees of V-C
overlap (e.g. Parrell 2012).

We again note that this analysis carries over straightforwardly from posttonic syncope in [. . . "σ́.CVC]
to pretonic syncope in [. . . CV(C)."σ]. Onsets are obligatory in Uspanteko, so there are no V-V se-
quences (e.g. Bennett 2016). As a consequence, pretonic vowels will always be followed by a
consonant—either a coda consonant, or the onset of the following syllable. In either case, the
same CVC coordination patterns shown in (29) will also obtain in pretonic position.

Our analysis has invoked two distinct forms of reduction in unstressed, foot-internal positions:
a weak µR-gesture, and a weakening of coupling strength between gestures. Both of these mecha-
nisms are arguably needed for an adequate analysis of Uspanteko syncope. First, simply reducing
the magnitude of the vowel gesture may not guarantee enough gestural overlap to produce vowel
‘deletion’ in all circumstances. In particular, vowel ‘deletion’ routinely occurs in contexts where
we expect gestural expansion, and thus reduced gestural overlap: these include utterance-final po-
sition (e.g. in isolation forms; Byrd et al. 2006, Byrd & Riggs 2008, Katsika 2012, Katsika et al.
2014), and slow, formal speech (section 4.3, Davidson 2006b). Some additional mechanism is nec-
essary to ensure that deletion can regularly occur in these contexts as well. The gestural ‘sliding’
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produced by weakening coordination strength is thus a mechanism for producing extreme gestural
overlap, independent of the magnitude of the vowel gesture itself. Additionally, in section 8.4 we
argue that variability in gestural timing is responsible for apparent cases of ‘vowel epenthesis’ in
Uspanteko which are associated with syncope (section 4.9).

We argued in section 4.4 that the ban on deleting vowels in prefixes in Uspanteko is synchroni-
cally arbitrary, and must be simply stipulated. As such, we formalize this restriction in grammatical
terms, via the constraint and constraint ranking in (30).

(30) a. *µR-IN-PREFIX:
Assign one violation for every weak µR-gesture present associated with a prefix.

b. *µR-IN-PREFIX≫ REDUCE-IN-FOOT (defined in (24))

The ranking in (30b) blocks extreme vowel reduction in prefixes, even when those prefixes occur
in unstressed, foot-internal positions (the locus of syncope). This will have the effect of inhibiting
syncope of prefixal vowels. For additional arguments that abstract gestural constraints may refer
to morphological structure, see Bradley 2007.

8.4 Epenthesis as aggressive gestural overlap
One of the most intriguing aspects of syncope in Uspanteko is its interaction with an apparent pro-
cess of vowel epenthesis (section 4.9). Frequently, words with posttonic syncope are also produced
with a word-final reduced vowel (31). These vowels are inserted rather than lexical: they can oc-
cur on any word with penultimate accent (31b) in which syncope occurs, and they do not occur
in morphologically-related forms which have final accent (31a) instead. In other words, the dis-
tribution of these word-final reduced vowels is phonologically predictable. Etymologically, these
word-final reduced vowels are clearly an innovation, which further supports the claim that they are
inserted rather than underlying.

(31) a. laq ["laq] ∼ *["laq@] ‘plate’
b. qálaq ["qálq] ∼ ["qálq@] ∼ ["qálqa] ‘our plate’

The quality of these inserted vowels ranges from [@]-like to a full copy of the syncopated vowel
(see again Can Pixabaj’s 2007:45-6 description of ‘metathesis’).

There are several puzzles here. First, why is epenthesis conditioned by syncope? And second,
why does the quality of the epenthetic vowel vary between [@] and a copy vowel? Our answer to
both these questions is to deny that ‘epenthesis’ as such actually occurs. Instead, we propose that
syncope-dependent ‘epenthesis’ (31) instead reflects a dramatic reorganization of gestural timing
in speech production.

We have already argued that syncope itself involves a high-degree of gestural overlap between
weak, reduced vowels and flanking consonants (Fig. 27). This overlap is due, in part, to the
weakening of the coupling relation between the syncopated vowel and the following consonant.
Normally, postvocalic consonants are constrained to occur in an antiphase (sequential) timing re-
lation with the preceding vowel (Fig. 27, top left panel). If this requirement is weakened or
eliminated, the result will be greater (and more variable) overlap in V-C sequences (Fig. 27, top
right). Such overlap can lead to gestural hiding, which creates the impression of vowel deletion
(Fig. 27, bottom left).
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FULL VOWEL REDUCTION

[
>
tsP] [i]

←
[X] [

>
tsP] [i]

←
[X]

Acoustics: [
>
tsPiX] [

>
tsP@X]

‘DELETION’ ‘EPENTHESIS’

[
>
tsP] [i]

←
[X] [

>
tsP]

←
[X][i]

Acoustics: [
>
tsPX] [

>
tsPX@] ∼ [

>
tsPXi]

Figure 27: Vowel deletion and epenthesis as gestural sliding in kútz’ij ["kú
>
tsPiX] ‘flower’.

But what happens as the postvocalic consonant drifts even further to the left, toward an in-phase
(simultaneous) relation with the preceding vowel? In-phase timing of consonants and vowels will
effectively produce a C-V sequence (section 8.1.1): the consonant and vowel begin at the same
time, but the slower, longer vowel gesture persists beyond the end of the consonant. So as a V-
C sequence, which is coordinated in an antiphase pattern, drifts toward an in-phase coordination
pattern, we should see a shift to C-V organization in the acoustic output. A shift from V-C orga-
nization to C-V organization is essentially the definition of metathesis—or alternatively, deletion
with final copy epenthesis (Fig. 27; see Steriade 1990, Blevins & Garrett 1998, 2004, Yanagawa
2003, Parrell 2012 for similar ideas).

What accounts for the variable vowel quality observed in ‘epenthetic’ vowels? We propose that
the difference between [@] and a copy vowel (i.e. metathesis) is essentially a matter of degree. If
the vowel in a VC→ CV reversal has an extremely reduced lingual gesture, it will manifest as [@]
(section 8). If the vowel in a VC→ CV reversal is less reduced, it may manifest as a copy vowel.
Alternatively, if VC→ CV overlap is timed such that the target phase of the vowel is obscured by
the overlapping consonant, the only audible portion of the vowel may be its release phase, during
which the tongue body often transitions through a neutral, [@]-like region of the vocal tract (either
to a rest position or toward a following articulation). This outcome is schematized in the bottom
right panel of Fig. 27. In either case, if the audible portion of the vowel is short enough, it may
sound like [@] simply by virtue of its short duration (e.g. Crosswhite 2001:Ch.7).

Analyzing vowel ‘epenthesis’ as extreme gestural sliding also sheds light on apparent excep-
tions to the otherwise strong generalization that ‘epenthesis’ is dependent on syncope in Uspan-
teko. Rarely, epenthesis occurs in the absence of syncope (Fig. 28, and section 4.9).

Given the above gestural analysis, we can already specify the conditions under which ‘epenthe-
sis’ would occur in the absence of syncope. Forms like (31) must correspond to productions in
which the vowel is timed so as to be audible both before and after the word-final consonant. This
corresponds to configurations in which a single consonant is superimposed on, and enclosed within
the full temporal extent of a longer, slower vowel gesture as in Fig. 27.24

24The configuration we assume for ‘gratuitous’ epenthesis is very similar to the articulatory configurations that have
been proposed for intrusive vowels in CC clusters in other languages; see Steriade 1990, Hall 2003, 2006, Bradley
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Figure 28: Gratuitous epenthesis in ínjal ["Ṕınjal] ‘my corncob’ (speaker JBAT, 2011).

[
>
tsP] [i] [X]

Acoustics: [
>
tsPiX@]

Figure 29: ‘Gratuitous’ epenthesis as nested overlapping gestures.

Structures like Fig. 27 can be modeled in terms of the same gestural structures and units we’ve
already invoked in our analysis. The ‘gratuitous’ epenthesis in Fig. 29 can be produced with two
adjustments to gestural planning. First, the vowel must remain relatively unreduced, despite being
in a weak position. This corresponds to a µ-gesture of strength close to, but still below 1. Second,
the timing relation between the vowel and following consonant must be relatively free, so that the
postvocalic consonant can encroach on the vowel. This corresponds to a low coupling strength
between V-C, which can lead to greater variability in timing between the vowel and following
consonant.

In our OT analysis of syncope (section 8), we invoked two constraints related to gestural mag-
nitude and inter-gestural timing, repeated in (32).

(32) a. REDUCE-IN-FOOT

Assign one violation for every metrical foot which does not have a µ-gesture of
strength < 1 associated with its weak, unstressed branch.

b. WEAK-COORDINATION[FOOT]
Assign one violation for every coordination relation in a weak, foot-internal syllable
with a coupling strength CSFT equal to or greater than the default coupling strength
CSD (*CSFT-WEAK ≥ CSD).

These constraints can be satisfied by a range of values for the strength of the µR gesture and V-C
coupling, respectively. Let us assume that the actual values for these parameters during speaking
are noisily sampled from a normal distribution, as in Fig. 30, subject to the limits specified by the
constraints in (32). In some cases, values for µR and V-C coupling strength will be selected such
that the µR gesture only weakly reduces the size of the vowel gesture, while the coupling strength
is extremely weak. These are the conditions under which ‘gratuitous’ epenthesis occurs (Fig. 28).
If the necessary parameter values for ‘gratuitous’ epenthesis occur in the tails of each distribution,
as we show in Fig. 30, we correctly predict that ‘gratuitous’ epenthesis should be a relatively rare

2004, 2006, 2007, Ridouane & Fougeron 2011 and Bellik 2018.
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µR value
Range: 0←→ 1

Coupling strength
Range: 0←→ DEFAULT

Figure 30: µR and coupling strength values needed for ‘gratuitous’ epenthesis (Fig. 27). Magnitude
of the µR is not very reduced, but coupling strength is low.

outcome.
To close, we now consider pretonic syncope. In cases of pretonic position, nothing like

epenthesis or metathesis occurs. That is, we never find outcomes like chik’oor [
>
tSi"kPo:r]∼ *[

>
tS"kPio:r]

‘hiccup’, in which the lexical vowel appears to be transposed across a consonant. There are several
possible explanations for this gap. First, a form like *[

>
tS"kPio:r] would have two vowel gestures pro-

duced in direct sequence—effectively, hiatus. Hiatus is disallowed in Uspanteko, as in most Mayan
languages. A constraint against hiatus, formulated in gestural terms, might therefore account for
the lack of ‘epenthesis’ or ‘metathesis’ under pretonic syncope.

Alternatively, it may be relevant that forms like *[
>
tS"kPio:r] would involve V-V overlap, with

each vowel placing competing demands on dorsal position during the overlapping interval. If
gestural ‘metathesis’ leads to V-V overlap, then the reduced vowel may be effectively obliterated
because of its low resistance to coarticulation (section 8.1.1).

In sum, we have argued that syncope in Uspanteko involves extreme gestural reduction and
highly variable inter-gestural timing in weak, foot-internal positions. These assumptions provide a
coherent, explanatory account of the phonetic and phonological characteristics of syncope in this
language.

9 On diagnostics for grammatical control

We began our investigation of Uspanteko syncope by applying some widely-employed diagnos-
tics for distinguishing between phonological and phonetic phenomena. In this section we reflect
on which diagnostics were in the end actually probative in identifying syncope as an intentional,
grammatically controlled process, rather than an incidental phonetic by-product of general condi-
tions on speech production.

In this context, we again highlight the fact that many of the diagnostics employed in this paper
have been presented in the literature as tests for distinguishing phonological patterns from pho-
netic ones. This dichotomy fails to take into account the existence of language-specific, learned,
and intentionally-controlled phonetic behavior. Instead, we must ask whether any given pattern
shows evidence of speaker control, and if so, ask separately whether it appears to be phonetic (i.e.
gradient) or phonological (i.e. categorical) in nature.

Ultimately, several diagnostics did successfully identify vowel deletion in Uspanteko as gram-
matically controlled gestural overlap. The fact that deletion occurs across all speech rates and
styles provides a clear indication of intentional, cognitive control. We again emphasize that the
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type of control involved could be either phonetic or phonological in nature, assuming that such
a division is valid. For example, Gafos (2002) and Hall (2006) describe some nonphonological,
intrusive vowels which persist even at slow speech rates. They analyze the lack of sensitivity to
speech rate as resulting from a language-specific phonetic pattern of gestural coordination between
adjacent consonants that results in an open transition at all rates of speech. We thus echo Hall’s
(2006) view that sensitivity to speech rate may diagnose low-level, unintentional phonetic patterns,
while lack of sensitivity to speech rate indicates some degree of speaker control, be it phonological
or phonetic in character (see also Solé 2007, Dabkowski 2018, Eischens 2022). The fact that syn-
cope occurs in utterance-final position, as well as in other environments that favor hyperarticulated,
nonreduced speech, also indicates that syncope is planned and controlled.

Two other diagnostics seemed particularly effective for identifying syncope in Uspanteko as
being under grammatical control. Sensitivity to metrical footing (sections 3, 4.10) and to mor-
phological structure (section 4.4) provide unambiguous evidence that syncope is conditioned by
abstract grammatical principles, and must therefore be itself a grammatically controlled process.

Somewhat surprisingly, several phonotactic conditions on syncope can be explained in terms
of fairly general phonetic principles, with little or no reference to abstract phonological constraints
as such. This includes the avoidance of syncope in [#PVC] and [CVP#] sequences (section 4.5),
antigemination effects (section 4.6), and sensitivity to vowel height (section 4.8) The upshot is that
these phonotactic conditions on syncope provide at most limited evidence for speaker control. For
related discussion, see Davidson 2006b, Shaw & Kawahara 2018, Kawahara & Shaw 2018.

Along similar lines, the interaction of syncope with vowel ‘epenthesis’ (sections 4.9, 8.4) at
first seemed like an indication that syncope might feed phonological processes, and thus itself be
phonological. However, we argued that ‘epenthesis’ as such does not actually occur in Uspanteko,
and should instead be analyzed as yet another consequence of gestural coordination patterns in the
language. Vowel ‘epenthesis’ might thus indicate a level of speaker control, but it does not support
an analysis of syncope as a categorical process of symbolic deletion.

At least one property seemed to indicate that syncope might not be a grammatically controlled
process after all: syncope appears to create highly marked consonant clusters (section 4.7). Ret-
rospectively, we can see that this observation is merely a hint that syncope does not involve literal
vowel deletion, but rather extreme gestural overlap. It is not actually informative as to whether
gestural overlap is under grammatical control, as we have argued here.

10 Conclusion

We framed our investigation as a dilemma: is vowel deletion in Uspanteko a phonological process,
or a phonetic one? The answer, in a sense, is both. Syncope has the characteristics of a process
which is regulated by an abstract, symbolic grammar. However, it turns out that ‘syncope’ may
not involve deletion at all, at least in the strictest phonological sense. Rather, ‘deletion’ reflects
language-specific patterns of articulatory coordination, implemented in physical space and time.
In this way, syncope must be understood as a phonetic process, involving as it does the fine details
of real-time speech production.

The resolution to our dilemma is thus synthesis: vowel deletion in Uspanteko is a grammati-
cally controlled phonetic process. If the grammar in question is phonological in nature, then this
result entails that phonological grammars must have access to abstract representations of articu-
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latory sequencing and coordination, as in Articulatory Phonology and related frameworks. If the
relevant notion of ‘grammar’ refers to language-specific phonetic patterning instead (e.g. Kingston
& Diehl 1994), then phonetic grammars must have access to a richer array of grammatical informa-
tion than is often assumed. In either case, it would appear that the boundaries between phonetics
and phonology are relatively porous ones, as argued by Scobbie (2007) and others.
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GAFOS, ADAMANTIOS, and ŠTEFAN BEŇUŠ. 2006. Dynamics of phonological cognition. Cog-
nitive Science 30.905–943.

GAFOS, ADAMANTIOS, and LOUIS GOLDSTEIN. 2012. Articulatory representation and organi-
zation. The Oxford Handbook of Laboratory Phonology, ed. by Abigail Cohn, Cécile Fougeron,
and Marie Huffman, 220–231. Oxford, UK: Oxford University Press.

GARELLEK, MARC. 2013. Variability in the production and perception of glottal stops. University
of California, Los Angeles dissertation.

GICK, BRYAN; HEATHER BLISS; KARIN MICHELSON; and BOSKO RADANOV. 2012. Articu-
lation without acoustics: “soundless” vowels in Oneida and Blackfoot. Journal of Phonetics
40.46–53.

GOLDSMITH, JOHN; ALAN C.L. YU; and JASON RIGGLE (eds.) 2011. The handbook of phono-
logical theory. Malden MA: Wiley-Blackwell.

GOLDSTEIN, LOUIS. 2011. Back to the past tense in English. Representing language: essays
in honor of Judith Aissen, ed. by Rodrigo Gutiérrez Bravo, Line Mikkelsen, and Eric Potsdam,
69–88. Santa Cruz, CA: Linguistics Research Center. Online: https://escholarship.
org/uc/item/0vf4s9tk#page-69.

GOLDSTEIN, LOUIS, and CATHERINE BROWMAN. 1986. Representation of voicing contrasts
using articulatory gestures. Journal of Phonetics 14.339–342.

GOLDSTEIN, LOUIS; DANI BYRD; and ELLIOT SALTZMAN. 2006. The role of vocal tract gestural
action units in understanding the evolution of phonology. Action to language via the mirror neu-
ron system, ed. by Michael A. Arbib, 215–249. Cambridge, UK: Cambridge University Press.

GOLDSTEIN, LOUIS, and CAROL FOWLER. 2003. Articulatory phonology: A phonology for pub-
lic language use. Phonetics and phonology in language comprehension and production: Differ-
ences and similarities, ed. by Niels Olaf Schiller and Antje Meyer, 159–208. Berlin: Mouton de
Gruyter.

https://www.isca-speech.org/archive/eurospeech_1997/fougeron97_eurospeech.html
https://www.isca-speech.org/archive/eurospeech_1997/fougeron97_eurospeech.html
https://escholarship.org/uc/item/0vf4s9tk#page-69
https://escholarship.org/uc/item/0vf4s9tk#page-69


55

GORDON, MATTHEW. 2006. Syllable weight: phonetics, phonology, typology. New York: Rout-
ledge.

GORDON, MATTHEW; EDITA GHUSHCHYAN; BRADLEY MCDONNELL; DAISY ROSENBLUM;
and PATRICIA SHAW. 2012. Sonority and central vowels: A cross-linguistic phonetic study. The
sonority controversy, ed. by Steve Parker, 219–256. Berlin: De Gruyter.

GOUSKOVA, MARIA. 2003. Deriving economy: syncope in Optimality Theory. University of
Massachusetts Amherst dissertation.

GOUSKOVA, MARIA. 2012. Unexceptional segments. Natural Language & Linguistic Theory
30.79–133.

GRIMES, JAMES. 1972. The phonological history of the Quichean languages. Carbondale, IL:
University Museum, Southern Illinois University. Online: http://www.ailla.utexas.
org/search/resource.html?r_id=6534.

GUSSENHOVEN, CARLOS, and NATASHA WARNER (eds.) 2002. Papers in laboratory phonology
VII. Berlin: Mouton de Gruyter.

HALL, NANCY. 2003. Gestures and segments: Vowel intrusion as overlap. Amherst, MA: Uni-
versity of Massachusetts, Amherst dissertation.

HALL, NANCY. 2006. Cross-linguistic patterns of vowel intrusion. Phonology 23.387–429.
HAMANN, SILKE. 2003. The phonetics and phonology of retroflexes. Utrecht University disserta-

tion. Online: http://dspace.library.uu.nl/handle/1874/627.
HAMANN, SILKE. 2011. The phonetics-phonology interface. Continuum companion to phonol-

ogy, ed. by Nanc Kula, Bert Botma, and Kuniya Nasukawa, 202–224. London: Bloomsbury
Academic.

HARDCASTLE, WILLIAM, and NIGEL HEWLETT (eds.) 1999. Coarticulation: theory, data, and
techniques. Cambridge, UK: Cambridge University Press.

HAYES, BRUCE. 1986. Assimilation as spreading in Toba Batak. Linguistic Inquiry 17.467–499.
HENDERSON, ROBERT; TOMÁS ALBERTO MÉNDEZ LÓPEZ; RYAN BENNETT; and MEG HAR-

VEY. 2022. Xoqoneb’: una historia uspanteka de las tierras altas centrales de Guatemala. Tlalo-
can 27.125–160.

HERBST, CHRISTIAN T. 2020. Electroglottography–an update. Journal of Voice 34.503–526.
HERSZAGE, JASMINE; ERAN DAYAN; HAGGAI SHARON; and NITZAN CENSOR. 2020. Ex-

plaining individual differences in motor behavior by intrinsic functional connectivity and
corticospinal excitability. Frontiers in Neuroscience 14.76. Online: https://www.
frontiersin.org/article/10.3389/fnins.2020.00076.

HOCKETT, CHARLES. 1955. A manual of phonology. Baltimore: Waverly Press.
HOUT, KATHERINE. 2020. Conspiratorial exceptionality: A case study of Mushunguli. San Diego,

CA: University of California, San Diego dissertation.
IDSARDI, WILLIAM. 2000. Clarifying opacity. The Linguistic Review 17.337–350.
IDSARDI, WILLIAM. 2006. Canadian raising, opacity, and rephonemicization. Canadian Journal

of Linguistics 51.119–126.
ISKAROUS, KHALIL; JOYCE MCDONOUGH; and D.H. WHALEN. 2012. A gestural account of

the velar fricative in Navajo. Laboratory Phonology 3.195–210.
JANNEDY, STEFANIE. 1995. Gestural phasing as an explanation for vowel devoicing in Turk-

ish. Ohio State University working papers in linguistics, vol. 45, 56–84. Ohio State University,
Department of Linguistics.

JOHNSON, BLAKE; CECILIA JOBST; RITA AL-LOOS; WEI HE; and DOUGLAS CHEYNE. 2020.

http://www.ailla.utexas.org/search/resource.html?r_id=6534
http://www.ailla.utexas.org/search/resource.html?r_id=6534
http://dspace.library.uu.nl/handle/1874/627
https://www.frontiersin.org/article/10.3389/fnins.2020.00076
https://www.frontiersin.org/article/10.3389/fnins.2020.00076


56

Individual differences in motor development during early childhood: An MEG study. Develop-
mental science 23.e12935.

JOHNSON, KEITH. 2012. Acoustic and auditory phonetics. 3rd edn. Malden, MA: Wiley-
Blackwell. First edition published 1997.

JUN, JONGHO. 1996. Place assimilation is not the result of gestural overlap: Evidence from Korean
and English. Phonology 13.377–407.

JUN, SUN-AH; MARY BECKMAN; SEIJI NIIMI; and MARK TIEDE. 1997. Electromyographic
evidence for a gestural-overlap analysis of vowel devoicing in Korean. Speech Sciences 1.153–
200.

KAGER, RENÉ. 1997. Rhythmic vowel deletion in Optimality Theory. Derivations and constraints
in phonology, ed. by Iggy Roca, 463–499. Oxford: Oxford University Press.

KAISSE, ELLEN. 1985. Connected speech: the interaction of syntax and phonology. New York:
Academic Press.

KATSIKA, ARGYRO. 2012. Coordination of prosodic gestures at boundaries in greek. Yale Uni-
versity dissertation.

KATSIKA, ARGYRO. 2018. The kinematic profile of prominence in Greek. Proceedings of the
9th International Conference on Speech Prosody, ed. by Katarzyna Klessa, Jolanta Bachan,
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KRIVOKAPIĆ, JELENA. 2022. Prosody in articulatory phonology. Prosodic theory and practice,
ed. by Jonathan Barnes and Stefanie Shattuck-Hufnagel. Cambridge, MA: MIT Press.

LADD, D. ROBERT, and JAMES SCOBBIE. 2003. External sandhi as gestural overlap? counterevi-
dence from Sardinian. Phonetic interpretation: Papers in laboratory phonology VI, ed. by John
Local, Richard Ogden, and Rosalind Temple, 164–182. Cambridge, UK: Cambridge University
Press.

LADEFOGED, PETER, and IAN MADDIESON. 1996. The sounds of the world’s languages. Malden,
MA: Blackwell.

LANG-RIGAL, JENNIFER. 2014. A perceptual and experimental phonetic approach to dialect
stereotypes: The tonada cordobesa of Argentina. Austin, TX: University of Texas, Austin dis-
sertation.

LEE-KIM, SANG-IM; LISA DAVIDSON; and SANGJIN HWANG. 2013. Morphological effects on
the darkness of English intervocalic /l/. Laboratory Phonology 4.475–511.

LEHISTE, ILSE. 1970. Suprasegmentals. Cambridge, MA: MIT Press.



58

LEHISTE, ILSE. 1972. The timing of utterances and linguistic boundaries. The Journal of the
Acoustical Society of America 51.2018–2024.

LIBERMAN, MARK, and JANET PIERREHUMBERT. 1984. Intonational invariance under changes
in pitch range and length. Language sound structure: studies in phonology presented to Morris
Halle by his teacher and students, ed. by Mark Aronoff and Richard Oehrle, 157–233. Cam-
bridge, MA: MIT Press.

LIONNET, FLORIAN. 2017. A theory of subfeatural representations: the case of rounding harmony
in Laal. Phonology 34.523–564.

LOCASTO, PAUL, and CYNTHIA CONNINE. 2002. Rule-governed missing information in spoken
word recognition: schwa vowel deletion. Perception & Psychophysics 64.208–219.

MACKENZIE, SARA; ERIN OLSON; MEGHAN CLAYARDS; and MICHAEL WAGNER. 2018. North
American /l/ both darkens and lightens depending on morphological constituency and segmental
context. Laboratory Phonology 9.

MALONE, JOSEPH. 1990. Pretonic lengthening: An early Hebrew sound change. Journal of the
American Oriental Society 110.460–471.

MANUEL, SHARON. 1999. Cross-language studies: relating language-particular coarticulation
patterns to other language-particular facts. In Hardcastle & Hewlett, 179–198.

MATTINGLY, IGNATIUS G. 1981. Phonetic representation and speech synthesis by rule. The
cognitive representation of speech, ed. by Terry Myers, John Laver, and John Anderson, 415–
420. Amsterdam: North Holland.

MAZAUDON, MARTINE, and ALEXIS MICHAUD. 2008. Tonal contrasts and initial consonants: a
case study of tamang, a ‘missing link’ in tonogenesis. Phonetica 65.231–256.

MCCARTHY, JOHN. J. 1981. Stress, pretonic strengthening, and syllabification in Tiberian He-
brew. Theoretical issues in semitic languages, vol. III, 73–100. Cambridge, MA: MIT Working
Papers in Linguistics.

MCCARTHY, JOHN J. 1986. OCP effects: gemination and antigemination. Linguistic Inquiry
17.207–263.

MCCARTHY, JOHN J. 1999. Sympathy and phonological opacity. Phonology 16.331–399.
MCCARTHY, JOHN J. 2007. Derivations and levels of representation. In de Lacy, 99–117.
MCCARTHY, JOHN J. 2008. The serial interaction of stress and syncope. Natural Language &

Linguistic Theory 26.499–546.
MCCARTHY, JOHN J. 2011. Perceptually grounded faithfulness in harmonic serialism. Linguistic

Inquiry 42.171–183.
MENZERATH, PAUL, and JOSÉ MARIA DE OLEZA. 1928. Spanische lautdauer: eine experi-

mentelle Untersuchung, mit 4 Abbildungen. 15 Figuren und 37 Tabellen. W. de Gruyter &
Company.

MILLER, AMANDA. 2013. C-V coarticulation in consonants with multiple lingual constrictions.
Proceedings of meetings on acoustics, vol. 19, 060299.

MORA-MARÍN, DAVID. 2021. Reconstructing possession morphology in Mayan languages. In-
ternational Journal of American Linguistics 87.369–422. Online: https://dx.doi.org/
10.1086/714250.

MOUSIKOU, PETROULA; PATRYCJA STRYCHARCZUK; ALICE TURK; and JAMES SCOBBIE.
2021. Coarticulation across morpheme boundaries: An ultrasound study of past-tense inflec-
tion in Scottish English. Journal of Phonetics 88.101101.

MÜCKE, DORIS; ANNE HERMES; and SAM TILSEN. 2020. Incongruencies between phonological

https://dx.doi.org/10.1086/714250
https://dx.doi.org/10.1086/714250


59

theory and phonetic measurement. Phonology 37.133–170.
MUNHALL, KEVIN, and ANDERS LÖFQVIST. 1992. Gestural aggregation in speech: Laryngeal

gestures. Journal of Phonetics 20.111–126.
MYERS, JAMES. 1995. The categorical and gradient phonology of variable t-deletion in English.

Paper given at the International Workshop on Language Variation and Linguistic Theory, Uni-
versity of Nijmegen, September 1995.

MYERS, SCOTT. 2000. Boundary disputes: the distinction between phonetic and phonological
sound patterns. Phonological knowledge: Conceptual and empirical issues, ed. by Noel Burton-
Roberts, Philip Carr, and Gerard Docherty, 245–272. Oxford, UK: Oxford University Press.

MYERS, SCOTT, and BENJAMIN HANSEN. 2007. The origin of vowel length neutralization in final
position: Evidence from Finnish speakers. Natural Language & Linguistic Theory 25.157–193.

NAM, HOSUNG; LOUIS GOLDSTEIN; and ELLIOT SALTZMAN. 2009. Self-organization of sylla-
ble structure: A coupled oscillator model. In Pellegrino et al., 297–328.

NAM, HOSUNG; ELLIOT SALTZMAN; JELENA KRIVOKAPIĆ; and LOUIS GOLDSTEIN. 2008.
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