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The IPA currently does not specify how to represent prenasalization, preglottalization
or preaspiration. We first review some current transcription practices, and phonetic and
phonological literature bearing on the unitary status of prenasalized, preglottalized and
preaspirated segments. We then propose that the IPA adopt superscript diacritics placed
before a base symbol for these three phenomena. We also suggest how the current IPA
Diacritics chart can be modified to allow these diacritics to be fit within the chart.

1 Introduction

The IPA provides a variety of diacritics which can be added to base symbols in various posi-
tions: above ([a]), below ([n]), through ([t]), superscript after ([t"]) or centered after ([a]) .
Currently, IPA diacritics which modify base symbols are never shown preceding them; the
only diacritics which precede are the stress marks, i.e. primary ([']) and secondary ([,])
stress. Yet, in practice, superscript diacritics are often used preceding base symbols; specifi-
cally, they are often used to notate prenasalization, preglottalization and preaspiration. These
terms are very common in phonetics and phonology, each having thousands of Google hits.
However, none of these phonetic phenomena is included on the IPA chart or mentioned in
Part [ of the Handbook of the International Phonetic Association (IPA 1999), and thus there
is currently no guidance given to users about transcribing them. In this note we review these
phenomena, and propose that the Association’s alphabet include superscript diacritics preced-
ing the base symbol for prenasalization, preglottalization and preaspiration, in accord with
one common way of transcribing them.

Given that the IPA chart does not exemplify these phenomena, it is unsurprising that cur-
rent usage is varied. For example, while most textbooks do not mention these phenomena, in
those textbooks and reference works that do cover them, each offers a different possible nota-
tion. In the case of preaspiration, the extended IPA of the International Clinical Phonetics
and Linguistics Association (in the Handbook) does specify a notation with a preceding
superscript diacritic, e.g. [P'p], and Ball & Rahilly’s (1999: 73—74) textbook presents this.
Ashby (2011: 128-129) uses a similar diacritic for allophonic preglottalization, e.g. [*t],
and Laver (1994) notates all three phenomena with a preceding superscript diacritic.! On
the other hand, some textbooks (Ladefoged 1975 and later editions; Catford 1988: 114;
Rogers 2000: 224) transcribe prenasalization as a sequence of two symbols, e.g. [nd].? Rogers

! Laver sometimes uses a sequence for preglottalization in English. However, in the case of nasal+oral
sequences, he notes that use of diacritics is crucial for distinguishing pre-nasal oral stops from post-
occluded nasal stops.

2 These texts also transcribe nasal RELEASE as sequences, e.g. [dn], presumably because they largely
pre-date the Kiel Convention’s inclusion of a nasal release diacritic in the IPA (e.g. [d"]) .
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Table 1 Transcription of prenasalization/preaspiration/preglottalization in J/P4, 2001-2017, and in lllustrations of the IPA
published in the Handbook of the IPA (IPA 1999).

Prenasalization Preaspiration Preglottalization
Superscript Riehl & Jauncey (2005) Kruspe & Hajek (2009) Carlson et al. (2001)
Makasso & Lee (2015) Nance & Stuart-Smith (2013) Anonby (2006)
Evans & Miller (2016) DiCanio (2010)
Elliott et al. (2016) Brown et al. (2016)
Nabirye et al. (2016)
Sequence Donohue (1999) (none) Baird (2002)
Baird (2002)
Olson (2004)
DiCanio (2010)
Chirkova & Chen (2013)
Chirkova et al. (2013)
Hamann & Kula (2015)
Sequence with tie bar Dawd & Hayward (2002) (none) (none)
Tench (2007)
No transcription (none) Watson (2007) (none)
DiCanio (2010)

(2000: 55) also uses a sequence of symbols for preglottalization, but adding a tie bar, e.g. [?t].
Similarly, Ladefoged & Maddieson (1996: 74, figure legend) show a sequence with a tie bar
for allophonic (pre)glottalization, but without a tie bar for preaspiration and prenasalization.

Likewise, various research articles published in the Journal of the International Phonetic
Association and elsewhere exhibit these transcription options. Most strikingly, this is true of
the Illustrations of the IPA of languages with these sounds published in the Handbook and
in JIP4 since 2001. Table 1 summarizes the practice of these Illustrations. For example, four
[lustrations mention preglottalization. Carlson, Esling & Fraser (2001) on Nuuchahnulth,
Anonby (2006) on Mambay,> and DiCanio (2010) on Itunyoso Trique all use a preceding
superscript, e.g. [‘m], while Baird (2002) on Keo uses a sequence beginning with a full
glottal stop, e.g. [?b]. Presentations of prenasalization are the most varied, and the most
common, with the superscript diacritic in the minority. In contrast, preaspiration is rare in
[lustrations, but both presentations use the superscript diacritic. It is noteworthy that none of
these Illustrations mentions that these phenomena do not appear in the IPA’s presentations of
its symbols.*

Research articles in JIPA and elsewhere show a similar variety. For preaspiration, there
is a clear preference for the superscript diacritic (Helgason 2002 on Nordic languages,
Silverman 2003 on many languages, Hoole & Bombien 2010 on Icelandic, Karlsson &
Svantesson 2011 on Mongolian, Clayton 2017 on Hebrides English), though Gordon (1996)
uses a sequence for Hupa (also see below for other uses of sequences). For prenasalization,
sequence notation is common (Stanton 2015), but when specifying that a single segment
is involved, superscripts are seen (Cohn & Riehl 2012, Ratliff 2015). For preglottalization,
sequences are common (Roengpitya (1997) on Lai, Keller (2001) on Brao-Krung; Roach
(1973) and MacMahon (2006) for English), but Esling and his colleagues generally use a
superscript, e.g. Carlson et al. (2001) on Nuuchahnulth (exceptions include Edmondson et al.
(2004), who use a sequence, and Esling, Fraser & Harris (2005), who use a superscript with
a tie bar for English).

3 Anonby uses the creaky diacritic together with the superscript diacritic.
4Watson (2007) uses a notation from the Extended IPA for a different phenomenon, but does not use the
notation for preaspiration available there.
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Thus we find ourselves in a situation where many researchers need to refer to these
phenomena, but the IPA offers no guidance. The current proliferation of transcription prac-
tices, even in our own Journal, is the result. In what follows, we review the literature on
the phonetics and phonology of prenasalization/preglottalization/preaspiration, showing that
these phonetic phenomena are sufficiently well-established to merit a fixed, dedicated IPA
representation.

2 Literature on the phonetics and phonology of these phenomena

In this section we summarize phonetic evidence that in prenasalization/preglottalization/
preaspiration, the interval of nasalization/glottalization/aspiration comes first, and that it can
form part of a single complex phonetic segment, with a single primary oral constriction,
rather than a two-segment cluster. We then report on phonological evidence that the prenasal-
ized, preglottalized or preaspirated segments can pattern like single segments rather than
like clusters, and can contrast with phonetically similar segments within a language. Thus,
although there is a sequence of phonetic events, it is considered to be a single segment pho-
netically and/or phonologically. Throughout, we retain the original authors’ transcriptions.

2.1 Prenasalization

Prenasalization is generally defined as a nasal-oral sequence which is often homorganic and
which functions as a single unit, often with reference to its occurrence as a syllable onset
(e.g. Catford 1988, Ladefoged & Maddieson 1996). Maddieson & Ladefoged (1993:254)
report that about 12% of the languages in UPSID (Maddieson 1984) contain prenasalized
phonemes, making prenasalization the most common of the three phenomena treated in our
proposal. (In contrast, nasal release occurs in only one language in UPSID.) A bibliography of
some 50 languages with prenasalized consonants is given as an appendix in Stanton (2015),
which also cites previous cross-language studies. Ratliff (2015) surveys the incidence of
prenasalization in Mainland South East Asian languages.

2.1.1 Phonetics

It is uncontroversial that in prenasalized sounds, a nasal interval comes before an oral inter-
val: the velum is first lowered, then raised (e.g. Burton, Blumstein & Stevens (1992), Beddor
& Onsuwan (2003), Riehl (2008); see Stanton (2015) for additional references). Cohn &
Riehl (2012) noted that in many Austronesian languages, vowels after prenasalized conso-
nants are oral, while after nasals, vowels are nasalized; that is, the right edge of a prenasalized
consonant is fully oral.

More controversial is whether they are unitary, though complex, segments. Herbert
(1976) suggested that prenasalized segments should have the phonetic duration of a sin-
gle segment, else they should be considered clusters of two segments. Studies of several
languages have presented this kind of argument; see Stanton (2015) for a summary of this
literature, and also Avram (2010), Rivera-Castillo (2013). For example, Maddieson (1989)
shows that Fijian prenasalized consonant durations match those of voiceless stops and /1/,
and durations of vowels before the various consonants are likewise similar.

Nonetheless, it is clear that languages differ in the relative durations of their prenasalized
segments; for example, Cohn & Riehl (2012) examined NC (nasal consonant—oral consonant)
sequences in six Austronesian languages, some already thought to be clusters, and others
of unknown status. They found three different duration patterns, one of which was clearly
compatible with a unitary segment. Henton, Ladefoged & Maddieson (1992)/Ladefoged &
Maddieson (1996) discuss the problems with duration-based arguments, but it seems that in
some languages, though certainly not all, prenasalized segments do have the durations of
single segments.
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2.1.2 Phonology

Regardless of whether prenasalized consonants have durations that mark them as likely single
segments, they are often analyzed as single phonological segments. Indeed, status as single
phonological segments is part of the definition of prenasalized consonants given by Catford
(1988), Ladefoged & Maddieson (1996), and Riehl (2008). Several kinds of arguments for
such analyses are seen in the literature (see e.g. Feinstein 1979 for discussion). The first —
and by far the most commonly offered — is that prenasalized consonants have the distribution
of single segments. This can be especially clear in languages without clusters or coda con-
sonants. For example, Maddieson (1989) cites Geraghty’s (1983) unitary analysis of Fijian
prenasalization. In Fijian, there are no (other) consonant sequences — no onset clusters, no
coda consonants. If prenasalized consonants were treated as sequences, they would be the
only instances of onset clusters or coda consonants in the language. Keenan & Chung (2017)
have recently made the same argument in favor of prenasalized segments in Malagasy. As
Stanton (2015) notes, given a choice of complicating the inventory or the phonotactics of a
language, analysts will mostly choose to add to the inventory. Similarly, it is often pointed
out that prenasalized consonants can occur initially, where they are unlikely clusters given
their decreasing sonority (though cf. Riehl 2008: Section 1.3). In some languages, e.g. Nara
(Illustration of the IPA by Dawd & Hayward 2002), the prenasalized plosives occur only in
onset position. Nonetheless, exceptions are found. Tataltepec Chatino (Sullivant 2015) has
initial phonetic prenasalized voiced stops which, unlike nasal stops, do not bear tone. They
would thus seem to be units, and analyzing them as NC sequences complicates the phonotac-
tics of the language. However, Sullivant analyses them as exceptional sequences on the basis
of morphology: the nasal portion is a separate morpheme which word-internally appears as
a full nasal stop. When this morpheme appears before a word-initial oral stop (which in
this language are all voiceless), a general pattern of post-nasal voicing creates a phonetic
prenasalized voiced stop.

Another kind of argument is that prenasalized consonants contrast with NC sequences,
and thus cannot be analyzed as sequences. As Laver (1994: 229) says: ‘it would be persuasive
if languages could be found where words are contrastively identified by means of these com-
plex stops versus comparable sequences of their simple nasal and oral stop counterparts’.
However, the cases of this kind cited by Laver do not involve simple NC sequences like
[mb]; rather, they involve either N:C sequences with long nasals (e.g. Sinhalese, Jones 1950:
79-81, cited by Laver) or NC sequences with syllabic nasals (e.g. Nyanja, Herbert 1986: 161;
Tiv, Arnott 1969; another such case is Swahili adjective forms (Hinnebusch & Mirza 1998,
cited by Mwita 2007)). For example, Arnott shows that in word-initial position Tiv contrasts
prenasalized stops with plain voiced and voiceless stops, and with nasals and syllabic (tone-
bearing) nasals — e.g. /mbaréd/contrasts with /pa/, /baf/, /maté/ and /m-kem/. The syllabic
(tone-bearing) nasals are distinct from the prenasalized consonants.

(1) ToHOKU TOKYO ENGLISH GLOSS

[puda] [puta] ‘lid’
[puda] [puda] ‘tag/label’
[punda]  [punda]  ‘step-Past’

saba] ‘mackerel’

[ [

[samba] [samba] ‘midwife’

[ [sama] ‘appearance/look’
[ [

sam:a]  ‘saury (fish)’
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Those Japanese dialects with both prenasalized stops and NC sequences perhaps make
a more compelling case. In some north-eastern (Tohoku) dialects of modern Japanese, pre-
nasalized intervocalic consonants are attested; they are thought to have been preserved from
Old Japanese (Vance, Miyashita & Irwin 2014). These prenasalized consonants contrast with
NC sequences and with N: (examples from Yu Tanaka, p.c.), as seen in (1). It is possible that
the moraic status of nasal consonants enhances this contrast; certainly this case merits further
study.

On the other hand, something of the opposite argument from inventory gaps is sometimes
made for unitary status. For example, Riehl (2008) takes the ABSENCE of plain nasals and/or
plain voiced stops as the clearest evidence for the unitary status of prenasalized stops. The
idea is that if a language lacks, e.g. /n/ and/or /d/, then [nd] cannot be the result of their
concatentation. Cases of this kind in addition to Fijian include Kikongo (Welmers 1973,
cited by Mwita 2007), San Miguel el Grande Mixtec (Iverson & Salmons 1996), and Tamabo
(Riehl & Jauncey’s 2005 Illustration of the IPA). In Tamabo the only voiced plosives are
prenasalized (though plain nasals occur); Riehl (2008) notes that this is a common pattern
in Oceanic languages, mentioning other languages with this distribution. Mixtec languages
also show this pattern. Nonetheless, inventories with gaps appear to be less common than
ones where prenasalized stops contrast with other stops (oral and nasal) (as can be seen in
Appendix A in Stanton 2015, where examples of inventories without gaps include Gbeya
(Samarin 1966) and Makaa (Heath 2003)).

More generally, prenasalized stops are often language-specific variants of voiced stop
phonemes, with prenasalization aiding in the initiation and maintenance of voicing in stops
(see e.g. Rothenberg 1968). Examples of prenasalized consonants alternating with voiced
stops include Taiwanese (Pan 1994, Hsu & Jun 1998) and Greek (Arvaniti 1999, Arvaniti
& Joseph 2000). Solé (2014) describes low-level but perceptible prenasalization in Spanish
voiced stops. Conversely, as already seen for Japanese, voiced consonants can be reflexes
of historical prenasalized consonants. Ratliff (2015) describes the various historical devel-
opments of original prenasalized consonants in the languages of Mainland South East Asia,
noting that across languages these consonants are now variably NC, NC, “C, N© or plain
voiced C. Overall, then, there is a possible argument from correspondences: prenasalized con-
sonants often correspond to voiced stops, which are clearly unitary segments. Similarly, they
may correspond to nasal stops: DiCanio et al. (2018) describe an alternation in Yoloxochitl
Mixtec where NC is an allophone of N before oral vowels. Since N is a unit, its allophone
NC is considered a unit as well.

In sum, prenasalized consonants in at least some languages behave phonetically and/or
phonologically like single segments rather than like sequences, with nasalization preceding
an oral interval, and they can contrast with nasals and/or voiced stops.

2.2 Preaspiration
Ladefoged & Maddieson (1996: 70) define preaspiration as ‘a period of voicelessness at the
end of the vowel, nasal or liquid preceding the onset of the stop closure’; similarly, Laver
(1994: 356), ‘early offset of normal voicing in the syllable-nuclear voiced segment, antici-
pating the voicelessness of the syllable-final voiceless segment’. Helgason (2002: iii) gives a
slightly different definition that stresses the noise component of preaspiration: ‘glottal fric-
tion at the juncture of a vowel and a consonant’. All of these definitions call attention to the
necessity of a sonorant sound (often a vowel) before the preaspirated consonant.
Preaspiration is relatively rare in languages, with ‘2 UPSID languages, perhaps two
dozen or so confirmed examples worldwide’ (Clayton 2010: 1);> see also Hejna (2015),

3 Though a search of UPSID-451 using Henning Reetz’s http://web.phonetik.uni-frankfurt.de/upsid.html
yields only one language with preaspiration.
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Clayton (2017). Postaspiration, in contrast, occurs in 26% of UPSID languages. Most of the
discussion of preaspiration in the literature has centered on Nordic and other languages of
northern Europe (Icelandic, Faroese, Swedish, Gaelic, Sami), but it occurs elsewhere as well
(see e.g. Silverman 2003 and Clayton 2017 for surveys). Silverman (2003) shows that what
is called preaspiration is often something perceptually more salient, e.g. oral frication; here
we will ignore this distinction.

2.2.1  Phonetics

While preaspirated fricatives occur (Hejna 2015), stops are more common and we focus on
those here. It is commonly argued that preaspirated stops are sequences of two phonetic seg-
ments, [h] plus a stop. Hoole & Bombien (2010), Clayton (2010) and Hejna (2015), among
others, review some arguments for this position: that the duration of the aspiration compo-
nent is as great as the stop closure component, i.e. about two segments’ total duration; that the
phonetic properties, including duration and articulator gestures, of the aspiration component
are like segmental [h]; and that the duration of the aspiration component is noticeably greater
than the duration of postaspiration, so that the single-segment status of postaspirated stops
does not carry over to preaspirated stops. Hoole & Bombien present evidence from Icelandic
against the first two of these arguments: in their study, preaspiration was shorter than oral
closure, and had different articulatory properties than [h]. NiChasaide (1985) and Ladefoged
& Maddieson (1996) presented similar duration results from Lewis Gaelic; indeed, Nance &
Stuart-Smith (2013) found systematic speaker variation, with younger Lewis speakers having
even shorter preaspiration than older speakers. Thus, preaspiration can be shorter than an [h]
segment and thus a preaspirated stop can be shorter than two segments.

With respect to comparisons of pre- and postaspiration, NiChasaide (1985) showed that
while preaspiration is generally longer than postaspiration, preaspiration duration is so vari-
able that in some languages/contexts the reverse is true (with the durations of preaspiration
and postaspiration inversely correlated). Recently, Nance & Stuart-Smith (2013) showed just
this pattern in Lewis Gaelic (see also Clayton 2010). While it is safe to say that the issue
remains unsettled, the weight of recent phonetic evidence seems against the two-segments
interpretation.

2.2.2 Phonology

The phonological status of preaspirated consonants as single vs. complex segments is mixed
across languages. One argument for phonological unit segments is the common correspon-
dence between preaspirated and postaspirated stops within a language. As Helgason (2002),
Silverman (2003), Clayton (2010: 63—65) and Nance & Stuart-Smith (2013), among others,
discuss, in many languages preaspirated consonants are positional allophones of an aspirated
series. Preaspirated stops typically occur in medial and final positions, while postaspirated
stops typically occur in initial position. Examples reviewed by Clayton include not only the
Germanic languages and Gaelic, but also Halh Mongolian, Tarascan, Bora, and O’odham
(where word-initial stops alternate depending on phrasal position). Since postaspirated stops
are uncontroversially single segments, preaspirated stops must be too. Similarly, DiCanio
(2012) describes preaspiration as a correlate of the fortis stops of Itunyoso Triqui, which are
uncontroversially single segments.

A more delicate argument (e.g. NiChasaide 1985) comes from the fact that, as noted
above, when a preaspirated stop follows a sonorant consonant, the sonorant is devoiced; there
is no separate /h/ interval between the sonorant and the stop closure.

Finally, some languages exhibit morphophonemic alternations between unaspirated and
preaspirated phonemes — alternations that, if the preaspirated consonants are not single
segments, would require /h/ infixation in contexts where otherwise infixation is not posited
(NiChasaide 1985, citing e.g. Arnason 1980).
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On the other hand, in favor of /hC/ sequence analyses is the fact that preaspirates often
pattern like (indeed, often derive from) geminates or CC sequences. (For a recent exam-
ple, see Stevens & Reubold 2014.) Their distribution, favoring medial and final positions,
is typical of geminates. One could argue that if geminates are sequences, then so are the
corresponding preaspirates. In some languages, [h] now freely occurs before a variety of con-
sonants as a result of phonological change, e.g. Spanish dialects with coda /s/ lenition (e.g.
Lipski 1984, 1994; Torreira 2012), and Mazatec (Ladefoged & Maddieson 1996). Although
the term preaspiration is often used for the resulting occurrences, most authors seem to
agree that these are phonological sequences. A final argument for sequence status is that
preaspirated stops never contrast completely minimally with either postaspirates or with CC
sequences.

In sum, preaspirated consonants in at least some languages behave phonetically and/or
phonologically more like single segments than like sequences, with aspiration preceding an
oral closure. They generally do not contrast with, but instead are allophones of, postaspirated
consonants.

2.3 Preglottalization
As Henton et al. (1992) note, the term ‘glottalized’ is ambiguous in the literature,® meaning
either ‘[using the vocal cords] as an airstream initiator, as in glottalic ejectives’ or ‘preceded
or followed by a glottal stop’. Here we exclude the glottalic meaning from consideration.
Esling et al. (2005: 389) define a preglottalized consonant simply as one which is ‘pre-
ceded by a glottal stop’. However, our usage here is perhaps broader, including laryngeal
constrictions which do not produce a full occlusion (though they might be perceived as such).
In UPSID, 9% of the languages have ‘laryngealization’, which includes any preceding
or simultaneous glottal stop or constriction in nonglottalic sonorants and obstruents. By
comparison, 15% of UPSID languages have ejective stops.

2.3.1  Phonetics

Ladefoged & Maddieson (1996: 55) usefully distinguish two dimensions along which glot-
talized consonants can vary. First, the glottalization (glottal constriction) itself can vary
from ‘modified voicing’ (e.g. creaky voice) to a full glottal stop.” Realizations along this
continuum are influenced by such factors as speech rate and style (e.g. Redi & Shattuck-
Hufnagel 2001, Pompino-Marschall & Zygis 2010) and prosody (e.g. Garellek 2014).
Second, the timing of the onset of this glottalization relative to the oral constriction can
vary from LEAD to SIMULTANEOUS to LAG, making glottalization different from nasaliza-
tion or aspiration. Esling et al. (2005) divide the first dimension into ‘laryngealized’ (creaky
voice) vs. ‘glottalized’ (full glottal stop, no creaky voice), and the second dimension into
‘pre’ vs. simultaneous. Thus they distinguish preglottalized, e.g. ['m], from preglottalized+
laryngealized, e.g. ['m], or prelaryngealized-+laryngealized, e.g. [ m], etc. An example of the
latter would be Trique, where ‘[g]lottalization always precedes and overlaps the initial portion
of the consonant’ (DiCanio 2010: 232). Here we are concerned with any glottal constriction
(whether full glottal stop or not) timed to fully or partially precede the oral constriction, i.e.
both preglottalization and prelaryngealization in Esling et al.’s usage. (We will not discuss
postglottalization here.)

Because glottalization can occur before, during, and after a primary articulation, its
timing cannot always be specified as exclusively pre, simultaneous or post, and thus the

% Also in Maddieson (2013).
7 Such a distinction goes back to Li’s (1943) ‘Type 2’ vs. ‘Type 1’ preglottalization, as cited by Esling
et al. (2005).
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situation with preglottalization is more complex than with prenasalization or preaspiration.
Nonetheless, clear phonetic sequences have been documented. Esling and colleagues have
used laryngoscopic imaging to demonstrate that in some languages a full glottal stop pre-
cedes an oral constriction. For example, Esling et al. (2005) show full (‘moderate’) glottal
stops in the preglottalized resonants of Nuuchahnulth (a Wakashan language, also called
Nootka), while Edmondson et al. (2004: 61) show that the preglottalized consonants of Sui
(Tai-Kadai) are ‘phonetically a moderate glottal stop followed by a voiced stop, a voiced
nasal, a voiced approximant or a voiced fricative’, without implosion or adjacent vowel laryn-
gealization. Esling et al. (2005: 397ff.) also provide duration measurements, and show that
Nuuchahnulth preglottalized resonants are almost twice as long as nonglottalized consonants
and glottal stop. These cases thus seem to involve two phonetic segments, though they are
treated as single segments phonologically (e.g. in the Carlson et al. (2001) Illustration of the
IPA).

In contrast, if its glottal constriction overlaps extensively either with its oral constric-
tion or with a preceding segment, a preglottalized consonant’s duration may be like that of a
simple single segment. For example, English voiceless stops often exhibit allophonic preglot-
talization, especially when in coda position. This is often called ‘glottal reinforcement’, e.g.
Roach (1973) and references cited by Esling et al. (2005), MacMahon (2006) and Garellek
(2010). Glottal reinforcement can be realized as laryngealization of the preceding vowel,
without any lengthening of the stop interval, e.g. Huffman (2005). In Lai, glottalized (usually
preglottalized) sonorants are much SHORTER than their plain counterparts (Roengpitya 1997,
Plauché et al. 1998). Thus some preglottalized segments have durations consistent with sin-
gle phonetic segments. It may be that when preglottalization involves a full glottal stop, then
the duration is that of a sequence, but when it involves modified voicing, segment duration
may be unaffected or even reduced.

Examples of languages where preglottalization varies between full glottal stop and laryn-
gealization include Hupa (Athabaskan), where the glottalization associated with sonorants
is often realized as creakiness rather than a full glottal stop, especially in the case of
preglottalized sonorants (Gordon 1996: 167), and Yurok (Blevins 2003).

2.3.2  Phonology

Preglottalized consonants contrast with plain consonants in at least some languages. Anonby
(2006), Baird (2002: 94) and DiCanio (2010) in their Illustrations of the IPA, give minimal
and near-minimal pairs. Anonby’s (near) minimal pair contrasts word-initial plain and pre-
glottalized [w] and [j]. Baird gives Kéo minimal pairs contrasting plain vs. preglottalized
(and prenasalized) versions of the same (obstruent) stops, for example /bala/ vs. /*bala/ vs.
/mbala/. Baird (2002: 93) also notes that Kéo, ‘a highly isolating language, with primarily
monosyllabic and disyllabic words with basic (C)V((C)V) syllable structure’, has no mor-
phophonemic alternations, and ‘very little allophony’; that is, the preglottalized consonants
seem to be consistently preglottalized, not variable. DiCanio includes contrasts of /n/ vs. /’n/,
/nd/ vs. /'nd/, /B/ vs. /°B/, and /j/ vs. /’j/, among others. Nonetheless, in many languages
preglottalized consonants are allophones of glottalized consonants that can also be postglot-
talized. Plauché et al. (1998) and Howe & Pulleyblank (2001) suggest that in languages with
glottalized sonorants, these are always preglottalized in onsets but mostly postglottalized
(sometimes preglottalized) in codas. Hupa (Gordon 1996) is another such a case, at least
underlyingly.

Arguments that preglottalized consonants (whether phonemes or allophones) are phono-
logically single segments are often parallel to those made for prenasalized consonants. For
example, Gordon (1996) argues for a single-segment analysis of the glottalized sonorants of
Hupa on distributional grounds. First, if treated as clusters, glottal-stop+sonorant+obstruent
sequences would be the only three-segment tautosyllabic clusters. Second, preglottalized
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sonorants frequently occur stem-finally, and stem-final tautomorphemic clusters are very rare
in Athabaskan. Similarly, Keller (2001) notes that in Brao-Krung, the preglottalized voiced
stops form clusters with liquids just like single segments do, e.g. [bl] contrasts with [?bl],
but there are no other three-segment clusters. DiCanio (2010) notes that, while preglottal-
ized consonants have been analyzed as clusters in related dialects, in Itunyoso Trique, the
distribution of preglottalized consonants is different from that of other clusters. For example,
clusters are generally word-initial, but the preglottalized consonants occur only in onsets of
word-final syllables, so generally word-medially. Stieng (Haupers 1969) and Halang (Cooper
& Cooper 1966) are other languages in which such distributional arguments can be made.®

Another kind of argument is correspondence with segments that are clearly unitary. For
example, in Kéo (Baird 2002), the preglottalized voiced stops ‘correspond to implosives in
cognate words’ in related languages. Similarly, Wedekind (1990) notes in passing that while
in Ethiopian languages the preglottalized sonorants tend to be analyzed as sequences, some-
times the preglottalized flap can be clearly related to implosive [d’]. In languages where
preglottalized SONORANTS form a series with ejective STOPS, which are clearly single
segments, the sonorants will likewise be considered unitary (e.g. Nuuchahnulth). And pre-
glottalized allophones of clearly unitary segments, such as voiceless stops (e.g. English, Thai,
Mah-Meri), will be considered unitary too.

Blevins (2003) gives several arguments for the unitary status of preglottalized sonorants
in Yurok from phonological rules of the language that treat them, together with ejectives, as
single segments (all, Blevins argues, with a glottal constriction feature). For example, if they
were analyzed as clusters, then their behavior in neutralizations with plain sonorants would
be unexpected: loss of glottalization would be the only case in the language of cluster sim-
plification, and addition of glottalization would be the only case in the language of segment
insertion.

In sum, preglottalized consonants in at least some languages behave phonetically
and/or phonologically like single segments rather than like sequences, with (the onset of)
glottalization preceding the primary oral constriction.

We have seen that the phenomena of prenasalization, preaspiration, and preglottalization
have received significant treatments in the phonetic and phonological literature. We now turn
to our proposals about how these can be represented within the [PA.

3 Proposal

3.1 Diacritics

The second principle of the IPA states that ‘[t]he IPA is intended to be a set of symbols for
representing all the possible sounds of the world’s languages’, and the fifth principle clarifies
this by noting that ‘the use of symbols in representing the sounds of a particular language
is usually guided by the principles of phonological contrast” (IPA 1999: 159-160). Taken
together, these principles make it clear that if a sound is both phonetically attested and plau-
sibly used as a phoneme in at least some languages, a standard symbol should be available
to represent it. Prenasalization, preglottalization and preaspiration are all attested in multiple
languages as properties of single unit phonemes, and in additional languages as allophones.
We believe that enough evidence has accumulated to justify providing a single-segment nota-
tion for these phenomena. While experienced phoneticians are comfortable extending and
innovating usage of existing diacritics and symbols, less experienced users appreciate greater

8 Though Cooper & Cooper (1966) decide on cluster analyses for preglottalization, postaspiration, and
voiceless nasals — a rare instance of a preference for a small phoneme inventory.
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coverage and exemplification on the chart. Below we provide suggestions for new diacritics
and how they might fit into the IPA chart.

We propose three (sets of) superscript diacritics preceding a base symbol. We have
seen that these are already commonly, though by no means universally, used by researchers,
including in JIPA. Such diacritics are clearly interpretable and easily deployed by users.

For two of these cases, prenasalization and preaspiration, we can extend the usage of
the existing diacritics for nasal release and aspiration, respectively, by explicitly endorsing
their use in a new location. The existing Aspirated diacritic is shown on the current chart as
[t d"], in Unicode the ‘modifier letter small h’, U+02B0. The proposal for preaspiration is to
use this same diacritic (the same Unicode character) BEFORE a base symbol. As there is no
evidence that preaspiration occurs with voiced stops, the proposal is to show it only before a
voiceless stop, e.g. ['t]. As noted in the ‘Introduction’ section above, this preaspiration dia-
critic is already part of the Extended IPA, and as such is listed in the ‘Symbols for disordered
speech’ section of Appendix 3 of the Handbook (IPA 199: 193). For clarity, it might also be
desirable to add the qualifier ‘(Post)’ to the name of the diacritic now titled ‘Aspirated’ (thus
distinguishing Preaspirated vs. (Post)aspirated).’

The existing Nasal release diacritic, introduced after the 1989 Kiel Convention, is shown
on the current chart as [d"], in Unicode the ‘superscript Latin small letter n’, U+207F.
Prenasalization would be shown as ["d]. There is then some ambiguity as to exactly how
many/which superscript nasal diacritics are allowed — should the diacritic agree in place of
articulation with the base symbol? This ambiguity already holds for the existing Nasal release
diacritic: Neither on the chart nor in the Handbook is it specified whether [™], [?], etc. may
be used to indicate homorganicity, though this is certainly common practice. We suggest that
such homorganic usage be explicitly recognized and officially endorsed, for both nasal release
and prenasalization, though not necessarily on the chart itself.!’ In Unicode, ‘modifier letter
small m’, ‘modifier letter small eng’ and other nasal diacritics are already available in the
Phonetic Extensions and Phonetic Extensions Supplement character sets.

In the case of preglottalization, there is no existing IPA glottal diacritic that can be re-
purposed. However, like a few other non-IPA diacritics, it is already available in Unicode:
‘modifier letter glottal stop’, U+02C0. It could appear on the chart as [*t] and [*n], making
clear that both obstruents and sonorants can be preglottalized. It would also be possible to
extend our proposal to encompass postglottalization, that is, the same diacritic following a
base symbol, though we will not pursue that possibility here.

3.2 Chart
As for how to fit these additions into the existing [PA Diacritics chart, we suggest that moving
a few existing diacritics within the chart can free up the needed space. These suggestions are
shown in the proposed chart in Figure 1. With these changes we not only create new space, but
we bring some related diacritics together. To make room for ‘Preaspirated’ under Aspirated,
we move the ‘Rhoticity’ diacritic with the other tongue blade diacritics. To make room for
‘Preglottalized’ under ‘Creaky voiced’, we move ‘Linguolabial” also with the other tongue
blade diacritics, under ‘Dental’. Even with these additions to the third column of diacritics,
‘Prenasalized’ fits between ‘Nasalized’ and ‘Nasal release’.

For maximum clarity, we have added throughout the Diacritics chart placeholders
(small dashed circles) for the base symbols for all diacritics. Such placeholders are now

% An alternative proposal re preaspiration, suggested by John Esling, is to have just one cell on the chart
for Aspiration (pre- or post-), showing as examples [Pt t"]. (He also suggests replacing [d"] in favor of
[df], thus adding a new diacritic [A]. We like this proposal, too, but for the sake of simplicity, at this
point we propose a minimum of new diacritics.)

19 This could be made explicit in the chart by adding, e.g. b™ and ™b, respectively.
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2 Voiceless 1;1 (Qi Breathy voiced b a 2 Dental E gl
¢ Voiced S E o Creaky voiced b a 2 Linguolabial L CMI
':,.’h (Post) Aspirated th d 2 Preglottalized ?t ?H o Apical E Cul
h_ . h w s woAqw . d
: Preaspirated t Labialized t o Laminal E d
g More rounded C)) ) Palatalized R U Rhoticity ov av
G Less rounded :() ¥ Velarized tYy dY "¢ Nasalized
+ Advanced 1} (i Pharyngealized t(; d(; e Prenasalized n d
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" . . 1 dl
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e Mid-centralized € 4 Retracted Tongue Root @ i No audible release d
Syllabic n o Raised € (1 = voiced alveolar fricative)
o Non-syllabic 9 o Lowered @ (ﬁ voiced bilabial approximant)

Figure 1 Proposed changes to IPA Diacritics chart.

commonly seen in online versions of the IPA chart, e.g. http://westonruter.github.io/ipa-
chart/keyboard/, https://en.wikipedia.org/wiki/International_Phonetic_Alphabet#Diacritics_
and_prosodic_notation, http://www.internationalphoneticalphabet.org/ipa-charts/diacritics/,
and the Association’s own clickable chart, currently at https://linguistics.ucla.edu/people/
keating/IPA/inter_chart_2018/IPA_2018.html. We do not mean to suggest that the place-
holder needs to be a dashed circle (a reviewer prefers a square), but we do suggest that using
some overt placeholder is helpful for making clear the intended locations not only of our new
diacritics, but of diacritics in general.

3.3 Discussion

Principle 4c includes the recommendation that diacritics be used ‘when the introduction of
a single diacritic obviates the necessity for designing a number of new symbols’ (IPA 1999:
160). Since many different sounds can be prenasalized, preglottalized or preaspirated, the
economy of diacritics is clearly preferable. It is true that use of a tie bar to represent these
sounds (nd ?t ht) is also economical, and is an appropriate notation which we do not oppose.
However, using the tie bar this way is itself also an informal extension of the IPA, as the
chart refers only to its use for ‘affricates and double articulations’. On balance, we believe
that superscript diacritics are a better choice in the modern word-processing context, since
tie bars often require special line-spacing adjustments in order to be legible.

We recognize that for prenasalization, the most common transcription in the literature
seems to be a simple sequence (without tie bar). However, we believe that this is because
of variation across languages in whether prenasalization forms a single segment or a clus-
ter. As Cohn & Riehl (2012) showed, these variants can be distinguished acoustically. For
clusters, NC sequence notation remains available, but for clear single segments, the diacritic
offers an unambiguous transcription. More generally, differences in usage of the TPA will
continue to arise from phonetic differences across languages, or from different interpreta-
tions of a given case, but our proposal extends the IPA options that are available for phonetic
and phonological characterizations.

Another alternative for preglottalization seen in published research (e.g. Gordon 1996,
Esling et al. 2005 for ‘prelaryngealization’) is an extension of the Creaky voiced combin-
ing diacritic into a free-standing diacritic that can precede the base symbol. When another
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segment precedes the preglottalized segment, then the diacritic docks under it. Thus a pre-
glottalized /t/ by itself could be notated as [ _t], and that segment after an [a] would be [at].
This notation represents the perceptual importance of the quality of voicing adjacent to a
glottalized consonant. However, it is visually awkward, and loses the potential distinction
between creaky voice on a vowel, and preglottalization of a consonant.

Finally, Blevins (2003) uses a preceding apostrophe for preglottalization (e.g. [’l], extend-
ing the use of this diacritic from ejectives. This notation represents in a clear way the
equivalence between ejective obstruents and glottalized sonorants, extending the common
orthographic use of apostrophe to represent glottal stop. (See also Carlson et al. 2001.)
However, as a phonetic diacritic, it removes, or makes unclear, the meaning of apostrophe
as involving not just glottal constriction but also a glottalic egressive airstream mechanism.
It might also be visually confusable with the diacritic for primary stress.

Our proposal for preceding superscripts extends the IPA diacritic system to a new loca-
tion. The Handbook (1999: 15) says only that ‘[d] iacritics are small letter-shaped symbols
or other marks which can be added to a vowel or consonant symbol to modify or refine
its meaning in various ways. A symbol and any diacritic or diacritics attached to it are
regarded as a single (complex) symbol’, without discussion of precisely where diacritics
can be added. Adding the upper-left position for diacritics is not extreme, since the other
three positions (above, below, upper-right) seem to form an incomplete set. However, some
potential concerns are worth addressing.

First, our proposal allows a ternary structure to segments that is not currently express-
ible. Aspiration, glottalization or nasalization could begin a segment, and something else
could end it. Our conclusion from the literature is that such notations are already in use;
for example, in their Illustration of the IPA, Riehl & Jauncey (2005) give /"b"/ as a single
segment.

Second, might there ever be a parsing ambiguity as to whether a given diacritic is fol-
lowing vs. preceding its base symbol? Currently in the IPA, all superscript diacritics follow
their base symbol, so there is no ambiguity. But under our proposal, could a sequence like
e.g. [p"p] arise, in which the affiliation of the [] is not clear because the language has both
postaspiration and preaspiration? We have seen no such cases for preaspiration or prenasal-
ization, but, for those researchers who use [*] for both preglottalization and postglottalization,
ambiguous sequences are indeed possible, due to the common pattern of preglottalization in
onsets but postglottalization in codas (e.g. Plauché et al. 1998). Word-medially, a [*] could
represent either of these allophones. For example, Plauché et al. (p. 385) list the Yowlumne
word [ts'ol?lol] as an example of coda glottalization ([1°]), but the sequence appears consistent
with onset glottalization ([*1]) as well (though all of their examples show onset consonants
following vowels, not consonants). However, for any such ambiguous cases, the [PA Syllable
boundary diacritic can be used to make the parse clear, e.g. [tsol’.lol]. It is also true that if
the inventory of the language is not known to a reader, the interpretation of a given diacritic
could be unclear. For example, Esling et al. (2005: 406) give a Nuuchahthulth word with the
sequence [m’j]. With the knowledge that this language has preglottalization but not postglot-
talization, the sequence is clear. Again, the syllable boundary diacritic could be used here for
maximum clarity.

Finally, if these new diacritics represent specifically initial events within a segment, are
the interpretations of existing diacritics implicitly changed? Must we now understand diacrit-
ics that follow their base symbol to refer exclusively to events at the end of a segment? In
our view, no: only diacritics with ‘pre’, ‘post’ or ‘release’ in their names would have a lim-
ited temporal interpretation. The other diacritics would remain ambiguous as they are now.
Indeed, no IPA transcription is intended to make detailed claims about timing, and all dia-
critics will continue to be used for a variety of articulations that are not necessarily clearly
limited to a specific short time interval. The addition of new diacritics to the chart simply
increases the resources available to the transcriber. It would of course be possible to re-define
other existing diacritics to have more specific temporal interpretations, making it desirable
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to distinguish ‘pre’ vs. ‘post’ uses for these as well. Such extensions are doubtless already
seen in the literature. However, such possibilities are well beyond our goal in this proposal,
which is to address these most common, seemingly almost standard, instances of preceding
diacritics.

4 Conclusion

In conclusion, we propose that the Association consider the introduction of three new
superscript diacritics preceding their base symbol to indicate preaspiration, preglottaliza-
tion, and prenasalization. The diacritic for preaspiration is already available in the ExtIPA
and is derived from the existing diacritic for postaspiration; the diacritic for prenasaliza-
tion is derived from the existing diacritic for nasal release; the diacritic for preglottalization
is new, derived from the glottal stop symbol. All three diacritics are already available in
Unicode-compliant character sets. We have suggested how the current chart of IPA diacritics
could be revised to accommodate these additions.

Acknowledgements

We thank John Esling, two anonymous reviewers, and members of the UCLA Phonetics Lab for
helpful comments, especially Yu Tanaka for pointing out the Japanese case and providing examples.

References

Anonby, Erik John. 2006. Mambay. Journal of the International Phonetic Association 36(2), 221-233.

Arnason, Kristjan. 1980. Quantity in historical phonology: Icelandic and related cases (Cambridge
Studies in Linguistics 30). Cambridge: Cambridge University Press.

Arnott, David W. 1969. Tiv. In Elizabeth Dunstan (ed.), Twelve Nigerian languages, 143—151. New York:
Africana Publishing Corporation.

Arvaniti, Amalia. 1999. Standard Modern Greek. Journal of the International Phonetic Association 29(2),
167-172.

Arvaniti, Amalia & Brian D. Joseph. 2000. Variation in voiced stop prenasalisation in Greek. Glossologia
11/12, 113-166.

Ashby, Patricia. 2011. Understanding phonetics. London & New York: Routledge.

Avram, Andrei A. 2010. The pre-nasalized consonants of Kriyol. Bucharest Working Papers in Linguistics
1,203-214.

Baird, Louise. 2002. Kéo. Journal of the International Phonetic Association 32(1), 93-97.

Ball, Martin John & Joan Rabhilly. 1999. Phonetics: The science of speech. London: Arnold.

Beddor, Patrice Speeter & Chutamanee Onsuwan. 2003. Perception of prenasalized stops. Proceedings of’
the 15th International Congress of Phonetic Sciences (ICPhS XV), vol. 1, Barcelona, 407—410.

Blevins, Juliette. 2003. The phonology of Yurok glottalized sonorants: Segmental fission under syllabifi-
cation. International Journal of American Linguistics 69(4), 371-396.

Brown, Jason, Henry Davis, Michael Schwan & Barbara Sennott. 2016. Gitksan. Journal of the
International Phonetic Association 46(3), 367-378.

Burton, Martha W., Sheila E. Blumstein & Kenneth N. Stevens. 1992. A phonetic analysis of prenasalized
stops in Moru. Journal of Phonetics 20(1), 127-142.

Carlson, Barry F.,, John H. Esling & Katie Fraser. 2001. Nuuchahnulth. Journal of the International
Phonetic Association 31(2), 275-279.

Catford, J. C. 1988. 4 practical introduction to phonetics. Oxford: Clarendon Press.

Chirkova, Katia & Yiya Chen. 2013. Lizu. Journal of the International Phonetic Association 43(1), 75-86.

Chirkova, Katia, Yiya Chen & Tanja Kocjanci¢ Antolik. 2013. Xumi (part 2): Upper Xumi, the variety
of the upper reaches of the Shuiluo river. Journal of the International Phonetic Association 43(3),
381-396.

https://doi.org/10.1017/50025100319000057 Published online by Cambridge University Press


https://doi.org/10.1017/S0025100319000057

88  Patricia Keating, Daniel Wymark & Ryan Sharif

Clayton, Ian D. 2010. On the natural history of preaspirated stops. Ph.D. dissertation, University of North
Carolina at Chapel Hill.

Clayton, Ian D. 2017. Preaspiration in Hebrides English. Journal of the International Phonetic Association
47(2), 155-181.

Cohn, Abigail C. & Anastasia K. Riehl. 2012. The internal structure of nasal-stop sequences: Evidence
from Austronesian. In Becky Butler & Margaret E. L. Renwick (eds.), Cornell Working Papers in
Phonetics and Phonology 3, 21-37.

Cooper, James & Nancy Cooper. 1966. Halang phonemes. Mon-Khmer Studies 2, 87-98.

Dawd, Abushush & Richard J. Hayward. 2002. Nara. Journal of the International Phonetic Association
32(2), 249-255.

DiCanio, Christian T. 2010. Itunyoso Trique. Journal of the International Phonetic Association 40(2),
227-238.

DiCanio, Christian T. 2012. The phonetics of fortis and lenis consonants in Itunyoso Trique. /nternational
Journal of American Linguistics 78(2), 239-272.

DiCanio, Christian T., Caicai Zhang, Douglas H. Whalen & Rey Castillo Garcia. 2018. Phonetic
structure in Yoloxochitl Mixtec consonants. Available at https://www.researchgate.net/publication/
326957243 _Phonetic_Structure_in_Yoloxochitl_Mixtec_Consonants (accessed 30 November 2018).

Donohue, Mark. 1999. Tukang Besi. In IPA (ed.), 151-153.

Edmondson, Jerold A., John H. Esling, Jimmy G. Harris & James Wei. 2004. A phonetic study of Sui
consonants and vowels. Mon-Khmer Studies 34, 47—66.

Elliott, A. Raymond, Jerold A. Edmondson & Fausto Sandoval Cruz. 2016. Chicahuaxtla Triqui. Journal
of the International Phonetic Association 46(3), 351-365.

Esling, John H., Katherine E. Fraser & Jimmy G. Harris. 2005. Glottal stop, glottalized resonants, and
pharyngeals: A reinterpretation with evidence from a laryngoscopic study of Nuuchahnulth (Nootka).
Journal of Phonetics 33(4), 383-410.

Evans, Nicholas & Julia Colleen Miller. 2016. Nen. Journal of the International Phonetic Association
46(3), 331-349.

Feinstein, Mark. 1979. Prenasalization and syllable structure. Linguistic Inquiry 10(2), 245-278.

Garellek, Marc. 2010. The acoustics of coarticulated non-modal phonation. MA thesis, UCLA.

Garellek, Marc. 2014. Voice quality strengthening and glottalization. Journal of Phonetics 45(1), 106—
113.

Geraghty, Paul A. 1983. The history of the Fijian languages (Oceanic Linguistics Special Publications
19). Honolulu, HI: University of Hawaii Press.

Gordon, Matthew. 1996. The phonetic structures of Hupa. UCLA Working Papers in Phonetics 93,
164-187.

Hamann, Silke & Nancy C. Kula. 2015. Bemba. Journal of the International Phonetic Association 45(1),
61-69.

Haupers, Ralph. 1969. Stieng phonemes. Mon-Khmer Studies 3, 131-137.

Heath, Teresa. 2003. Makaa. In Derek Nurse & Gérard Philippson (eds.), The Bantu languages, 335-348.
London: Routledge.

Hejna, Michaela. 2015. Pre-aspiration in Welsh English: A case study of Aberystwyth. Ph.D. dissertation,
University of Manchester.

Helgason, Pétur. 2002. Preaspiration in the Nordic languages: Synchronic and diachronic aspects. Ph.D.
dissertation, Stockholm University.

Henton, Caroline, Peter Ladefoged & Ian Maddieson. 1992. Stops in the world’s languages. Phonetica
49(2), 65-101.

Herbert, Robert K. 1976. Phonetic analysis in phonological description: Prenasalized consonants and
Meinhof’s Rule. Lingua 43, 339-373.

Herbert, Robert K. 1986. Language universals, markedness theory, and natural phonetic processes.
Berlin: Mouton de Gruyter.

Hinnebusch, Thomas J. & Sarah M. Mirza. 1998. Kiswahili, msingi wa kusema kusoma na kuandika
[Swahili: A foundation for speaking, reading and writing]. Lanham, MD: University Press of America.

https://doi.org/10.1017/50025100319000057 Published online by Cambridge University Press


https://www.researchgate.net/publication/326957243_Phonetic_Structure_in_Yoloxochitl_Mixtec_Consonants
https://www.researchgate.net/publication/326957243_Phonetic_Structure_in_Yoloxochitl_Mixtec_Consonants
https://doi.org/10.1017/S0025100319000057

Superscript diacritics for prenasalization, preglottalization and preaspiration 89

Hoole, Philip & Lasse Bombien. 2010. Velar and glottal activity in Icelandic. In Susanne Fuchs, Philip
Hoole, Christine Mooshammer & Marzena Zygis (eds.), Between the regular and the particular in
speech and language, 171-204. Frankfurt am Main & New York: Peter Lang.

Howe, Darin & Douglas Pulleyblank. 2001. Patterns and timing of glottalisation. Phonology 18(1), 45-80.

Hsu, Chai-Shune K. & Sun-Ah Jun. 1998. Prosodic strengthening in Taiwanese: Syntagmatic or
paradigmatic? UCLA Working Papers in Phonetics 96, 69—89.

Huffman, Marie K. 2005. Segmental and prosodic effects on coda glottalization. Journal of Phonetics
33(3), 335-362.

IPA [International Phonetic Association]. 1999. Handbook of the International Phonetic Association: A
guide to the use of the International Phonetic Alphabet. Cambridge: Cambridge University Press.

Iverson, Gregory K. & Joseph C. Salmons. 1996. Mixtec prenasalization as hypervoicing. International
Journal of American Linguistics 62(2), 165-175.

Jones, Daniel. 1950. The phoneme: Its nature and use. Cambridge: Heffer.

Karlsson, Anastasia & Jan-Olof Svantesson. 2011. Preaspiration in Mongolian dialects: Acoustic prop-
erties of contrastive stops. Proceedings of the 10th Seoul International Altaistic Conference (SIAC
2011), Sunchon National University, Korea, 125-140.

Keenan, Edward L. & Sandra Chung. 2017. The Austronesian languages by R. Blust (2013). Language
93(1), 220-239. [Review article]

Keller, Charles E. 2001. Brao-Krung phonology. Mon-Khmer Studies 31, 1-13.

Kruspe, Nicole & John Hajek. 2009. Mah Meri. Journal of the International Phonetic Association 39(2),
241-2438.

Ladefoged, Peter. 1975. A course in phonetics, 1st edn. New York: Harcourt Brace Jovanovich.

Ladefoged, Peter & lan Maddieson. 1996. The sounds of the world's languages. Oxford: Blackwell.

Laver, John. 1994. Principles of phonetics. Cambridge: Cambridge University Press.

Li, Fang Kuei. 1943. The hypothesis of a pre-glottalized series of consonants in primitive Tai. Bulletin of
the Institute of History and Philology 11, 177-188. [Peking: Academia Sinica]

Lipski, John M. 1984. On the weakening of /s/ in Latin American Spanish. Zeitschrift fiir Dialektologie
und Linguistik 51, 31-43.

Lipski, John M. 1994. Latin American Spanish. New York: Longman.

MacMahon, Michael K. C. 2006. English phonetics. In Bas Aarts & April McMahon (eds.), The handbook
of English linguistics, 359-381. Oxford: Blackwell.

Maddieson, lan. 1984. Patterns of sounds. Cambridge: Cambridge University Press.

Maddieson, Ian. 1989. Prenasalized stops and speech timing. Journal of the International Phonetic
Association 19(2), 57-66.

Maddieson, Ian. 2013. Glottalized consonants. In Matthew S. Dryer & Martin Haspelmath (eds.),
The world atlas of language structures online. Leipzig: Max Planck Institute for Evolutionary
Anthropology. Available at http://wals.info/chapter/7 (accessed 15 November 2016).

Maddieson, lan & Peter Ladefoged. 1993. Phonetics of partially nasal consonants. In Marie K. Huffman
& Rena A. Krakow (eds.), Nasals, nasalization and the velum (Phonetics and Phonology 5), 251-301.
San Diego, CA: Academic Press.

Makasso, Emmanuel-Moselly & Seunghun J. Lee. 2015. Basad. Journal of the International Phonetic
Association 45(1), 71-79.

Mwita, Leonard Chacha. 2007. Prenasalization and the IPA. UCLA Working Papers in Phonetics 106,
58-67.

Nabirye, Minah, Gilles-Maurice de Schryver & Jo Verhoeven. 2016. Lusoga (Lutenga). Journal of the
International Phonetic Association 46(2), 219-228.

Nance, Claire & Jane Stuart-Smith. 2013. Pre-aspiration and post-aspiration in Scottish Gaelic stop
consonants. Journal of the International Phonetic Association 43(2), 129—-152.

NiChasaide, Ailbhe. 1985. Preaspiration in phonological stop contrasts: An instrumental phonetic study.
Ph.D. dissertation, University College of North Wales.

Olson, Kenneth S. 2004. Mono. Journal of the International Phonetic Association 34(2), 233-238.

Pan, Ho-hsien. 1994. Phonetic variants of Taiwanese “voiced” stops. The Journal of the Acoustical Society
of America 95(5), 2875. [Abstract]

https://doi.org/10.1017/50025100319000057 Published online by Cambridge University Press


http://wals.info/chapter/7
https://doi.org/10.1017/S0025100319000057

90 Patricia Keating, Daniel Wymark & Ryan Sharif

Plauché, Madelaine C., Rosemary Beam de Aconza, Rungpat Roengpitya & William F. Weigel. 1998.
Glottalized sonorants: A phonetic universal? In Benjamin K. Bergen, Madelaine C. Plauché & Ashlee
C. Bailey (eds.), Proceedings of the Annual Meeting of the Berkeley Linguistics Society 24(1), 381—
390. Berkeley, CA: Berkeley Linguistics Society.

Pompino-Marschall, Bernd & Marzena Zygis. 2010. Glottal marking of vowel-initial words in German.
ZAS Papers in Linguistics 52, 1-17.

Ratliff, Martha. 2015. Word-initial prenasalization in Southeast Asia. In N. J. Enfield & Bernard Comrie
(eds.), Languages of mainland southeast Asia: the state of the art, 31-50. Berlin & Boston, MA: De
Gruyter Mouton.

Redi, Layra & Stefanie Shattuck-Hufnagel. 2001. Variation in the realization of glottalization in normal
speakers. Journal of Phonetics 29, 407-429.

Riehl, Anastasia K. 2008. The phonology and phonetics of nasal obstruent sequences. Ph.D. dissertation,
Cornell University.

Riehl, Anastasia K. & Dorothy Jauncey. 2005. Tamambo. Journal of the International Phonetic
Association 35(2), 255-259.

Rivera-Castillo, Yolanda. 2013. A monophonemic analysis of prenasalized consonants in Saramaccan.
Revista de Crioulos de Base Lexical Portuguesa e Espanhola 4, 1-25.

Roach, Peter J. 1973. Glottalization of English /p/, /t/, /k/ and /tf/: A re-examination. Journal of the
International Phonetic Association 3(1), 10-21.

Roengpitya, Rungpat. 1997. Glottal stop and glottalization in Lai (connected speech). Linguistics of the
Tibeto-Burman Area 20(2), 21-56.

Rogers, Henry. 2000. The sounds of language: An introduction to phonetics. London & New York:
Routledge.

Rothenberg, Martin. 1968. The breath-stream dynamics of simple-released-plosive production
(Bibliotheca Phonetica 6). Basel: Karger.

Samarin, William J. 1966. The Gbeya language: Grammar, texts, and vocabularies. Berkeley, CA:
University of California Press.

Silverman, Daniel. 2003. On the rarity of pre-aspirated stops. Journal of Linguistics 39(3), 575-598.

Solé, Maria-Josep. 2014. The perception of voice-initiating gestures. Laboratory Phonology 5(1), 37-68.

Stanton, Juliet. 2015. Predicting distributional restrictions on prenasalized stops. Natural Language &
Linguistic Theory 34(3), 1089-1133.

Stevens, Mary & Ulrich Reubold. 2014. Pre-aspiration, quantity, and sound change. Laboratory
Phonology 5(4), 455-488.

Sullivant, John Ryan. 2015. The phonology and inflectional korphology of Cha?knya, Tataltepec de Valdés
Chatino, a Zapotecan language. Ph.D. dissertation, The University of Texas at Austin.

Tench, Paul. 2007. Tera. Journal of the International Phonetic Association 37(2), 227-234.

Torreira, Francisco. 2012. Investigating the nature of aspirated stops in Western Andalusian Spanish.
Journal of the International Phonetic Association 42(1), 49-63.

Vance, Timothy, Mizuki Miyashita & Mark Irwin. 2014. Rendaku in Japanese dialects that retain pre-
nasalization. In Seungho Nam, Heejeong Ko & Jongho Jun (eds.), Japanese/Korean Linguistics 21,
33-42. Stanford, CA: CSLI Publications.

Watson, Kevin. 2007. Liverpool English. Journal of the International Phonetic Association 37(3),
351-360.

Wedekind, Klaus. 1990. Glottalization constraints and Ethiopian counter-evidence. Folia Linguistica
XXIV(1-2), 127-137.

Welmers, William E. 1973. African language structures. Berkeley, CA: University of California Press.

https://doi.org/10.1017/50025100319000057 Published online by Cambridge University Press


https://doi.org/10.1017/S0025100319000057

	Introduction
	Literature on the phonetics and phonology of these phenomena
	Proposal
	Conclusion

