Encoding Syllables in Zhangzhou Southern Min

Yishan Huang

Linguistics Department
The University of Sydney
yishan.huang@sydney.edu.au

Abstract

This study explores how syllables are
encoded in Zhangzhou Southern Min, a
Sinitic dialect spoken in the southern part of
Fujian province in mainland China. A
template of C(G)V(X) can be generalized
to characterise the internal structure of
synchronic Zhangzhou syllables, in which
onset (C) and nucleus (V) are obligatory,
while glide (G) and coda (X) are optional.
Prevocalic glides possess an independent
status, while the postvocalic glides are
assigned to be one type of syllable coda.
Nuclei incorporate oral vowels, nasalised
vowels, and syllabic nasals, while codas
comprise glides, nasal consonants, and
obstruent codas. Attentions are given to
discuss the phonetic property of syllable
components, as well as the phonological
treatment when there exist competing
solutions. The description substantially
expands our understanding of the phonetics
and phonology of the segmental system in
this dialect, while it is expected to serve as
a model for thorough investigation of how
syllable is encoded across Sinitic dialects
using modern linguistic theories and
analytical approaches. This study also
provides important empirical data to the
generalization of areal characteristics
within the Sino-Tibetan language family,
and to the typology of speech sounds and
patterns in the world’s natural languages.
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1 Introduction

Syllable, marked as small Greek sigma o, has been
considered a representational device encompassing
principles of segment sequencing (Zec, 2007),
although there is no universal agreement upon what
a syllable is (Roach, 2000; Laver, 1994; Gimson,
1980). Specifically, syllable is conventionally
defined as a complex unit made up of nuclear and
marginal element(s) where the nuclear refers to
vowel or other syllabic segment, and the marginal
element (s) refers to consonant or non-syllabic
segment (Laver, 1994). Syllable is also often seen
as a section between two successive points of low
sonority, and sequences of syllable display a
quasiperiodic rise and fall in sonority, and each
repeating portion may be viewed as a sonority
cycle (Zec, 2007; Clements, 1988; Szigetvari,
2010). Segments within a given syllable are thus
arranged in a predictable pattern: the most
sonorous occupies the nucleus position, while the
less sonorous occurs towards the margin.

As a linguistic universal, syllable can perform
several important functions in linguistics (Zec,
2007; Fudge, 1969; Blevins, 1995). For example, it
serves as a domain in which certain phonological
processes occur, such as, the feature of nasalization
may spread within a syllable. It can be referred to
as the anchor of suprasegmental phenomena like
stress and tone. Such as, in Sinitic languages and
many others in Asia, monosyllabic morphemes are
largely assigned with a tone to specify lexical
meanings. As well as this, human languages vary
considerably in how syllables are encoded in their
sound systems. For example, English language
allows a (C)(CO)(CO)V(IO)(CO)Y(CO)(C) structure, like
the words strengths /stienkOs/ and sixths /siksOs/
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have four segments occur at the coda position,
while in Fijian and Senufo languages, no coda can
be attested phonemically (Zec, 2007; Maddieson,
2013).

Given the importance of syllable in the linguistic
study of speech sounds, and the diversity of
syllable structures that human beings can exploit in
their mental grammar and encode in their language
practice, a detailed exploration into how syllables
are encoded appears to be the most essential step to
understand how a given natural language can be
used for communication purposes. This study is
thus designed to explore the encoding of syllables
in Zhangzhou Southern Min, a Sinitic dialect that
is spoken in the southern Fujian province of China.
Incorporating the modern phonological and
phonetic theories and traditional Sinitic linguistics,
this study particularly addresses three major issues:
(1) how syllable is constructed at the abstract level?
and (2) what constitutes the individual syllable
components: onsets, glides, nuclei, and codas? and
(3) how segments are realised in phonetics.
Attention is also given to explaining why certain
phonemes are posited when controversial solutions
exist. The exploration has sought to go beyond the
inconsistency and inadequacy of earlier studies and
is expected to serve as a model for thorough
investigations of the sound system across Sinitic
dialects using modern phonetic/phonological
theories and analytical approaches. It contributes
important language data to the generalisation of the
areal characteristics within the Sino-Tibetan
language family, but also to the typology of sound
patterns in world’s natural languages, while
shedding an important light on how human beings
encode syllables in their mental grammar and
decode syllables in their language practice.

2 Zhangzhou and syllables
2.1 Zhangzhou

Zhangzhou is a prefecture-level city situated in the
Southern Fujian province of mainland China. It
covers an area of approximately 12,600 square
kilometres and hosts a registered population of
about 5.10 million (Huang, 2018; 2020; 2022). The
colloquial language spoken by native Zhangzhou
people is predominantly Southern Min (ISO 639-3
[nan]), which is anglicized as Hokkien for its
colloquial pronunciation for Fujian and referred to
as Zhangzhou speech in this study. This speech is
mutually intelligible with Southern Min varieties of

Quanzhou, Xiamen and Taiwan; but is entirely
unintelligible with other Chinese dialects (e.g.,
Mandarin, Hakka, Cantonese, Wu, Xiang, and
Gan). Certain regional variations can be observed
among its eleven administrative areas that
incoporate Longwen, Xiangcheng, Changtai,
Longhai, Zhangpu, Yunxiao, Dongshan, Zhao’an,
Nanjing, Hua’an and Pinghe county (Huang, 2018;
2020). It is thus important to recognize the regional
variation and clarify the research locality before
any linguistic study of this dialect.

Given the regional variation, this study restricts
the analysis to the synchronic speech of the urban
area of Xiangcheng and Longwen districts, which
is conventionally considered to be historically-
socially-culturally-linguistically-and-
geographically representative of Zhangzhou as an
independent Southern Min variety.

2.2 Syllable structure

A template of C(G)V(X) can be generalized to
characterize the internal syllable structure of
synchronic Zhangzhou data, in which onset (C) and
nucleus (V) are obligatory while glide (G) and coda
(X) are optional (Huang, 2018; 2020). Prevocalic
glides possess an independent status (G), while the
postvocalic glides are assigned to be one type of
syllable coda (X). The components that constitute
nuclei are diverse, comprising oral vowels,
nasalized vowels, and syllabic nasals. Similarly,
the components that occupy the coda position are
also diverse, including post-vocalic glides, nasal
consonants, and obstruent codas. The whole
segmental inventory of Zhangzhou Southern Min
is consisting of 15 onsets, 2 prevocalic glides, 13
nuclei, and 8 codas, as summarized in Table 1. Four
syllable types, including CV, CGV, CVC and
CGVC, can be generalized, as illustrated in Table
2,1in which lexical tones are transcribed using Chao
(1930)’s notional system, with 5 representing the
highest pitch level and 1 the lowest.

Component Phoneme
C | onset p.p", 6.ttt Ak, k", d, ts, tsh, s, z, h,
?
glide J»w

i,e,g,e,2,6,u,1,& 8 5,m,q

G
V | nucleus
X

coda j,w,m,n,q,p,t,k

Table 1: Summary of Zhangzhou segments.



Type Example 1 Example 2
CV ti35 ‘sweet’ ku33 ‘worn’
CGV sje51 ‘write’ kwe35 ‘song’
CVC sim35 ‘heart’ kew41 ‘arrive’
CGVC | tsjep4l ‘juice’  kjem22 ‘salty’

Table 2: Examples of Zhangzhou syllable types

2.3 Linguistic data

The empirical data upon which this study is built
are collected by the author from multiple field trips
from 21 native speakers (9 males and 21 females)
from the urban districts of Longwen and
Xiangcheng. They are selected based on a set of
criteria including intellectual curiosity, physical
condition, linguistic environment at home, age,
education background, and competence of other
dialects and/or languages, with an average age of
56.5 for males, and 50 for females. The collected
data are acoustically processed to present their
acoustic property with respect to a particular
category. Specifically, the first three formant
patterns are extracted to demonstrate the
contrastive distribution of vowels, and to examine
the existence of obstruent codas in this dialect
(Huang, 2023). The values of voice onset time
(VOT) (Abramson & Whalen, 2017) are extracted
to examine the distribution of plosive sounds.
Normalization is conducted to reduce speaker-
dependent variation. For instance, the Lobanov
(1971)’s approach is used for vowel quality and
obstruent coda examination, as shown in (1).

FiN= (Fi-M))/ci (1

3 Zhangzhou Onsets

Onset is the consonant sound (s) that occur (s) at
the beginning of a syllable, typically before the
nucleus (Zec, 2007; Fudge, 1969; Blevins, 1995).
Zhangzhou possesses 15 onset phonemes (/p, p", b,
t, th, d, k, kh, d, ts, ts", s, z, h, ?/) that are contrastive
to distinguish lexical items, as illustrated in Table 3
with (near-) minimal pairs. The onsets can be
characterized in several different ways. As seen,
they can be classified into five categories in terms
of the place of articulation, including bilabial /p, p,
b/, alveolar /t, th, d; s, z, ts, ts"/, velar /k, kb, d'/,
pharyngeal /h/, and glottal /?/, and into three
categories in terms of the manner of articulation,
including plosive (/p, p", b, t, th, d, k, k", d, ?/),
fricative (/s, z, h/), and affricate (/ts, ts"/). The

alveolar sounds occupy more than 45% of the total
onsets, while the occlusive sounds occupy up to
67% of the onset inventory. Only two phonemes
(/ts, ts?/) are affricates that are exclusively alveolars
and contrasted in aspiration. Three fricatives (/s, z,
h/) can be identified over the alveolar and glottal
positions, with the two alveolars further differing
in voicing.

The voicing and aspiration are both have a
phonemic function in this dialect, which can
classify the nine supraglottal plosives into
voiceless unaspirated (/p, t, k/), voiceless aspirated
(/ph, th, kb/), and voiced categories (/b, d, d7). The
special airstream mechanism of ingressive
glottalic, known as implosive, is employed
phonemically (Huang, 2021; Huang & Hyslop,
2022). Three implosives (/b, d, d7), differing in the
place of articulation, can be identified for those
tokens that were previously transcribed as ordinary
egressive pulmonic consonants (/b, 1, g/) (Dong
1959; Lin 1992; Ma 1994; FIG 1998; ZZG 1999;
Zhou 2006).

C Example 1 Example 2

p/ pi51 ‘compare’ pin22 ‘“friend’
/p" | phiS1°scab’

16/ b6i51 ‘rice’

It ti51 ‘resist’

It/ thi51 ‘store’

/d7 di51 ‘you’

/k/ ki51 ‘point out’
/Kb | khi51 ‘tooth’

/d7 di51 ‘language’
/ts/ | tsi51 ‘cook’

/tsh/ | tshi51 ‘mouse’

/s/ si5S1 ‘die’

/z/ zi51 ‘a quantifier’
h/ hiS1 ‘happy’

12/ ?i51 ‘chair’

p'in22‘comment’
bin22 ‘bright’

tin22 ‘pavilion’
thin22 ‘stop; suspend’
din22 ‘zero’

kin22 ‘lift up; engine’
khin22 ‘jade’

din22 ‘welcome’
tsin22 ‘emotion’
tshin22 ‘banyan tree’
sin22 ‘complete’

zin 22 ‘people’

hin22 ‘shape’

?in22 ‘glory; honor’

Table 3: Examples of Zhangzhou onsets

The three-way contrast of supraglottal plosives
in Zhangzhou can be well distinguished in terms of
the voice onset time (VOT), which is defined as the
time between the release of the oral constriction for
plosive production and the onset of vocal fold
vibration (e.g., Abramson & Whalen, 2017). Figure
1 plots the VOT distribution of plosive sounds
which is derived from quantifying 1147 samples
(=6 tokens * 9 plosives * 21 speakers) based on the
empirical data that the first author collected in the
urban districts of Zhangzhou city in 2015. As seen,



the voiceless unaspirated plosives (/p, t, k/),
regardless of the place of articulation, consistently
show positive values slightly above zero from
0.013 ms to 0.024 ms, because the vocal folds
vibrate immediately after the oral constriction is
released. The voiceless aspirated stops (/p", t", kb/)
show steep positive values from 0.067 ms to 0.083
ms because, after the plosive constriction releases,
there is a period for the articulation of aspiration,
causing a delay in the onset of vocal fold vibration.
Contrastively, the implosives (/b, d, d/) present
steep negative values between -0.077 ms and -
0.064 ms because the vocal folds vibrate before the
oral constriction is released (Huang & Hslop 2022).

VOT OF ZHANGZHOU PLOSIVES

01
OILJ

0.05 0087 0086
0013 0dis 0.424

K/ B & E
ages 059

Figure 1: VOT of Zhangzhou onsets.

4 Zhangzhou Glides

Two prevocalic glides /j/ and /w/ are contrastively
used in the Zhangzhou speech, as illustrated in
Table 4. Phototactically, their occurrence is subject
to the OCP (obligatory contour principle) on the
place of articulation. Rhymes like /*we/ and /*wo/
are prohibited because of their sharing common
feature in [+labial], whilst thymes like /je/ and /we/
are attested. Phonetically, the gliding features
[+palatal] and [+labial] are continuous, which can
substantially affect the phonetics of preceding
onsets. For example, the implosives /6/ and /d/ are
realised as labialised and voiced fricatives [B¥] and
[y¥], respectively, before the labial glide /w/, while
the alveolar occlusives /t/, /t"/, and /d/ are
dentalised and become [t], [t"], and [d] before the
palatal glide /j/ (Huang & Hyslop, 2022; Huang,
2023).

Glide | Example 1
il kje41 ‘post’
/w/ kwe41 ‘hang’

Example 2
kj8 35 ‘capital city’
kw35 ‘liver’

Table 4: Examples of Zhangzhou glides.

S Zhangzhou Nuclei

Individual syllables are viewed containing crest
and trough (or peak and valley) of sonority because
of the opening and closing action of the jaw during
the production (Zec, 2007; Clements, 1988). The
segment occupying the crest/peak of the sonority is
called nucleus which is compulsory to occur in
speech sounds. In Zhangzhou Southern Min, the
segments that can fill in the nucleus position are
diverse, comprising seven oral vowels, four
nasalized vowels, and two nasal consonants.

5.1 Oral nuclei

Seven oral vowel phonemes (/i, u, ¢, €, ®, 8, 9/) can
be identified in the empirical speech, as illustrated
in Table 5 with minimal pairs. They present a three-
way contrast of High (/i, u/), Mid (/e, /), and Low
(/¢, e, 9/) in terms of tongue height, and also a three-
way contrast of Front (/i, e, €/), Central (/e, e/), and
Back (/u, 9/) in terms of the backness of tongue in
the oral cavity. Likewise, a two-way contrast of
rounded (/u, e, 9/) and unrounded (/i, e, €, ®/) can
be figured out as to the rounding status of tongue
lips over the articulation.

\% Example 1 Example 2

/il | ki35 ‘base’ si35 ‘poetry’

/el | ke35 ‘chicken’ se35 ‘comb’

/el | ke35 ‘family’ se35 ‘yarn; gauze’
rel/ | ke35 ‘glue’ se35 ‘grasp’

/a/ | k235 ‘mushroom’
/el | ke35 ‘cake’
fu/ | ku35 ‘tortoise’

s235 ‘crisp; biscuit’
se35 ‘rub; knead’
su35 ‘lose;

Table 5: Examples of Zhangzhou oral vowels.

The phonemic contrast of Zhangzhou oral
vowels can also be differentiated in their acoustic
distribution. Figure 2 plots their acoustic
distribution which is derived by Lobanov-
normalising (1971) 15876 (=6 tokens* 7vowels*9
sampling points*2 formants*21 speakers) values
based on the field data that Huang (2018) collected
from 21 native speakers. As seen, the front high
vowel [i] presents the largest the second formant
value (F2) but its first formant value (F1) is the
smallest, while the back high vowel [u] has a
similar F2 as the vowel [i], but its F1 is the largest.
In other words, the more front the vowel, the higher
the second formant (F2), while the lower the vowel,
the larger the first formant (F1).



Acoustic Distribution of Zhangzhou Oral Vowels
F2

Figure 2: Acoustics of Zhangzhou oral vowels.

5.2 Nasalised nuclei

The feature of nasality plays a contrastive function
in the nucleus system of Zhangzhou speech. Four
out of the seven oral vowels can be nasalised (17, €,
8, 3/) and used phonemically (e.g., /ti35/ ‘pig’/ vs.
/ti35/ ‘sweet’), as illustrated in Table 6. This
suggests a contrastive function between a lowered
velum and a raised velum in speech production of
this dialect. The number of contrastive nasal
vowels (four) is apparently much fewer than that of
oral vowels (seven), but it reflects a cross-linguistic
tendency about the distribution of nasalised vowels
in human languages. For example, Yoruba has
seven contrastive oral vowels, but only five
nasalised vowels are documented; Maba has
twelve oral vowels, but only one nasalised vowel
/ii/ is reported (Hajek 2005).

Nuclei | Example 1 Example 2
/-1l ti35 ‘pig’ ki35 ‘branch’
ti35 ‘sweet’ ki35 ‘alkali’
el-1€/ pe33 ‘father’ ke35 ‘home’
pé33 ‘disease’ k&35 ‘net’
lel-fe/ | phedl‘beat’ ke35 ‘glue’
p'e41 ‘puff’ k&35 ‘prison’
/ol-13/ | ko22 ‘paste’ hoS1 ‘tiger’
k322 ‘snore’ h351 ‘well’

Table 6: Examples of Zhangzhou nasalised nuclei.

The phonemic contrast between oral and
nasalised vowels in Zhangzhou can also be
justified in acoustics. Figure 3 shows the acoustic
distribution of the four oral-nasalised vowel pairs
(Huang 2022). As indicated, the nasalised vowels
tend to have larger values in both F1 and F2 than
their oral counterparts, except the nasalised vowel
[2] has a smaller F2 value than the oral vowel [e].
Such a manifestation suggests that, during the
articulation of related tokens, the tongues of native
speakers move to a more fronting but lower

position, reflecting the acoustic coupling between
oral cavity and nasal cavity that is evoked by the
lowering of the velum for the airstream to pass
through both cavities (Hawkins & Stevens 1985).

Acoustic chart of Zhangzhou oral and nasalised vowel pairs

1.00 0.50 0.00 -0.50 -1.00

@i
1D

Figure 3: Acoustics of oral vs. nasalized vowels.

5.3 Syllabic nasals

Apart from the oral and nasalised vowels, two nasal
consonants /m/ and /y/ can also occupy the nucleus
position in syllables and perform a distinctive
function in semantics in this dialect. For example,
the bilabial syllabic nasal /m/ can carry five
different pitch contours to differentiate five lexical
meanings, such as /?2m24/ ‘drink’, /?m22/ ‘flower
bud’, /?m51/ ‘aunt’, /?m41/ ‘affirmative’ and
/?m33/ ‘negative’. The velar nasal /i/ can follow
onset consonants of different places and manners
of articulation to construct lexical morphemes, e.g.,
/thn35/ ‘soup’, /tn22/ ‘long’, /sn51/ ‘play’, /kn4l/
‘steel’, /k'p35/ ‘bran’ and /tsn33/ ‘statement’. This
supports the cross-linguistic  syllabification
algorithm that syllable nucleus is not absolutely a
projection of vowel; instead, the nuclei can be
consonantal (Huang 2022).

However, the two nasals turn out to occur in the
place where present accidental gaps for nasalised
vowels /*0i/ and /*8&/, as reflected in Table 7. It thus
seems logically plausible to posit their underlying
forms as /ii/ and /8/. The reason to propose /m/ and
/n/ as contrastive phonemes is mainly because of
their high productivity in colloquial conversations.
For example, according to the calculating result on
Huang’s rhyme tables (Huang 2019), the velar
nasal /g/ can combine with 12 out of 15 onset
phonemes to create monosyllabic morphemes,
while being able to occur in 6 out of 8 lexical tones.
In contrast, no tokens have the nasalised vowels [1]
and [6]. Another important consideration is to
make this Southern Min variety comparable with
other Sinitic dialects, because the phonemic status
of syllabic nasals is conventionally acknowledged



as a typical feature of Southern Chinese dialects
(Huang 2022).

Oral Nasalised Syllabic nasal
i 1 *

u * m,

e %k %k

o %k

€ € *

e 3 *

o) 3 *

Table 7: Asymmetrical distribution of Zhangzhou
nucleus types.

6 Zhangzhou Codas

The coda, known as auslaut, comprises a principal
subpart of a syllable that follows a nucleus, and
forms a larger constituent of rhyme with the
nucleus (Zec 2007). In Zhangzhou Southern Min,
the codas can be consonantal that include nasals
and obstruent stopes, but also can be glides. They
are optional to occur but are prohibited from
forming consonantal clusters in syllables.

6.1 Glide codas

Two postvocalic glides /j/ and /w/ can contrast
lexical meanings in Zhangzhou, such as the
minimal pair of /kej41/ ‘boundary’ and /kew41/
‘enough’, as illustrated in Table 8. However,
phototactically, their occurrences are severely
constrained. They can only occur after /e/ and /#/,
so that the eight glide-ending rhymes of /ew/, /gw/,
rejl, Iejl, ljewl/, [jew/, /wej/, and /wej/ are attestable.
In the meanwhile, they are prohibited to occur after
the other nine nuclei, thus, rhymes like /*¢€j/, /*ew/,
I*ejl, I*ewl, [*aj/, /*ow/, [*€]j/, and /*3j/ are not
attested in the data.

Coda | Example 1
1jl kej41 ‘boundary’
wi kew41 ‘enough’

Example 2
?ej41 ‘love; like’

Pew4] ‘vexed’

Table 8: Examples of Zhangzhou glide codas.

Phonologically, they are considered as one type
of syllable coda (C) rather than as a part of the
nucleus (V) and as an independent syllable
component (G), because of two considerations.
First, as mentioned above, they are less productive
to create syllable rhymes and lexical items.

Additionally, this treatment can simplify the sub-
syllabic modelling for the tokens that only occupy
a small number of the vocabulary. Because, given
them an independent phonological status G, there
logically may have a maximal syllable template
C(G)V(G)(C), which contains as many as five
constituents. In the contrast, assuming them as one
type of syllable codas, the syllable template can be
simplified as C(G)V(C), with the types of CVG and
CGVG eliminated, enabling the phonological
analysis to be simple, economical, and elegant.
Therefore, positing them as one type of syllable
coda (X) not only respects the reality of their low
productivity but also can simplify the phonological
analysis.

6.2 Nasal codas

Zhangzhou has three nasal codas /m/, /n/, and /1/
that differ in the place of articulation to distinguish
lexical items, as illustrated in Table 9. They are
found to be productive in formulating syllables. On
the basis of the calculating result on the homonym
inventory (Huang, 2019), 421 syllables have the
CVN type, while 216 have the CGVN type, the
total of which occupy near 30% of the total of the
syllables that are colloquially attested.

Coda
/m/ kem41 ‘supervise’

Example 1 Example 2
?em41 ‘dim’

?en41 ‘file, proposal’

/n/ ken41 ‘separate’
n/ ken41 ‘descend’

?en41 ‘earthen jar’

Table 9: Examples of Zhangzhou nasal codas.

The three-way nasal contrast in the coda position
demonstrates Zhangzhou as a typical dialect
spoken in Southern China. Because many dialects
in the North are often reported either losing some
nasal codas or having them merged over their
diachronic development. For example, the bilabial
coda /m/ has been lost in Mandarin, Xiang and Gan
dialects, while other dialects like Jin, Wu, and
Eastern Min only preserve the vela coda /n/ (Chen
& Anderson, 2011).

6.3 Obstruent codas

Phonemically, this dialect possesses three obstruent
codas (/p, t, k/) that differ in the place of
articulation to distinguish lexical items, as
illustrated in Table 10. The codas pattern with their
nasal counterparts to classify Zhangzhou syllables
and tones into stopped and unstopped classes. The



stopped category refers to those syllables ending in
obstruent sounds, while the unstopped category
refers to those ending in sonorant segments.

Table 10: Examples of Zhangzhou obstruent codas.

X | Example 1 Example 2

/p/ | kep4l ‘pigeon’
/t/ | ketd] ‘tie; knot’
/k/ | kek41 ‘horn’

?ep41 ‘restrain;
?et41 ‘suppress’
?ek41 ‘irrigate;

Phonetically, the realisation of obstruent codas
appears to be contextually sensitive: they are not
realised in the utterance-final context but are
realised in the non-final context. The changing
formants for different obstruent coda articulation
can also be justified by quantifying 21 speaker’s
utterances, as plotted in Figures 4 and 5, each of
which is derived from Lobanov-normalising 5103
(=3 tokens * 9 sampling points * 3 formants * 3
obstruent codas * 21 speakers) formant values
(Huang, 2023).

Figure 4: The non-realisation of obstruent codas in
the utterance-final context.

Obstruent coda realisation in phrase-initial morphemes
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Figure 5: The realization of obstruent codas in the
non-utterance-final context.

In Figure 4, the monosyllabic samples share the
same tone 7 and same vowel /e/ at the underlying
level but differ in the type of obstruent codas. As
indicated, their normalized formant patterns are
consistently stable without significant change over
the major rhyme portions (/ep7/, /et7/, /ek7/),
regardless of the place of articulation for their
underlying obstruent codas. The manifestation
suggests that (a) the related vowel is a
monophthong, and (b) no obstruent coda is

articulated. In other words, during the articulation,
the related active articulator is not manipulated to
form a complete oral constriction with the passive
articulator at a particular point along the vocal tract
(Huang, 2023). This justifies the non-realisation of
obstruent codas in the utterance-final context.
Figure 5 models the normalized formant patterns
of the first morphemes of disyllabic samples,
which also share the same vowel /e/ and the same
tone 7 but differ in the type of obstruent codas. As
seen, the formant patterns are different across the
three rhymes, with the F2 curve transiting to three
different targets. In the phrase-initial thyme /ep7/,
the F2 curve shows a falling tendency to 0.5 s.d.
below the mid, indicating a postvocalic-bilabial
obstruent coda. In the phrase-initial thyme /et7/, the
F2 curve is raised up from -0.2 towards a point that
is 0.2 s.d. above the mid, indicating an alveolar
place of articulation for subsequent obstruent
sound. In the phrase-initial thyme /ek7/, the F2
curve noticeably increases while the F3 curve
abruptly drops, but the two curves tend to converge
at a point around 0.5 s.d., showing a characteristic
of velar pinch that indicates the production of a
velar obstruent coda. Thus, the changing formant
transitions toward different locus frequencies
sufficiently justify the existence of obstruent codas
of different places of articulation in this non-
utterance-final context (Huang, 2023).

6.4 Glottal stop

A contrastive glottal stop coda /?/ is documented in
prior studies of Zhangzhou (Lin 1992; Ma 1994;
77G 1999; Dong 1959; FJG 1998; Gao 1999),
which can follow different nuclei to form stopped
syllables. For example, Ma (1994) documents 24
glottal stop-ending rhymes that include /i?/, /u?/,
1€, [0/, /€21, Im?/, [a?/, /32, AR, 137/, /a2, [€%/,
m?/, ia?/, /id?/, /io?/, /ia?/, lua?/, lua?/, jue?/, /au?/,
/au?/, /iau?/, /idu?/, and /uadi?/. However,
contradicting prior convention, this study, in
accordance with Huang’s (2018; 2020) research,
declines a phonemic status of glottal stop coda. The
main reason for this treatment is that the glottal stop
tends to disappear synchronically, and the related
syllables become open without a stop coda that can
be perceived overtly. This disappearing of glottal
stop coda causes related syllables to have different
phonetic manifestations from those syllables that
are conventionally transcribed having the same
tones but ending in supra-glottal obstruent codas.
Specifically, for those obstruent-ending syllables,



they have a shorter duration and a depressed tonal
pitch, because of the laryngealisation that occur on
rhyme portions (Huang, 2023), which is also cross-
linguistically reported in tonal languages (Pan,
2017; Ladefoged & Maddieson, 1996; Garellek,
2013; Kuang, 2011). For those syllables whose
glottal stop has been deleted, they turn out to have
a longer duration and the related tonal pitch contour
is shown to be stable without any depressing effect.

Additionally, as a direct consequence of the
synchronic disappearance of the glottal stop, a new
tone (tone 8) emerges that gives rise to a system of
eight tones in the present-day Zhangzhou speech,
contradictory to a seven-tonal system in previous
documentations (Huang, 2018; 2020). Tone 8 is
associated with the historically assumed glottal
stop coda while tone 7 is related to obstruent codas.
In whichever the linguistic context: citation or
sandhi position, tone &8 presents different
manifestations from tone 7. Specifically, tone 8
presents a low level [22] with an extra-long
duration in citation, whereas tone 7 presents a low-
level with a falling trend [221]. Likewise, in the
non-rightmost position, which is also referred to as
sandhi position, tone 8 presents a low-falling [32]
contour with a medium duration, whereas tone 7
that are associated with obstruent codas shows a
low-falling [32] contour with an extra-short
duration. This can be seen in Figure 6 that plots the
normalized FO contours of tone 7 (left) and tone 8
(right) in both citation (up) and sandhi (bottom)
contexts (Huang, 2018; 2020).

Figure 6: The FO contours of tone7 and 7 in citation
and sandhi contexts.

On the contrary, if the glottal stop coda is posited
as being phonemic to maintain the historical
convention, the treatment not only could create
substantial redundancy in the construction of
rhyme inventory and dictionary but could result in
considerable number of unnecessary complexities
for phonotactic analyses and interpretations. For

example, more than 28% of the overall rhyme
inventory are documented ending in the glottal stop
in previous studies (Ma, 1994; FIG, 1998; ZZG,
1999). Thus, the proposal of declining a phonemic
status of glottal stop coda not only reflects and
respects the phonetic reality but also maintaining
the phonological analysis to be elegant, simple, and
economic.

7 Conclusion

This study explores how syllables are encoded in
Zhangzhou Southern Min, a Sinitic dialect spoken
in South Fujian of mainland China. This dialect
possesses a C(G)V(X) syllable structure, in which
onset and nucleus are compulsory while the
prevocalic glide and coda are optional to occur.
Prevocalic glides possess an independent status,
while the postvocalic glides are assigned to be one
type of syllable coda. Nuclei comprise oral vowels,
nasalized vowels, and syllabic nasals, while the
codas incorporate glides, nasal consonants, and
obstruent codas. A segmental system of 15 onsets,
2 prevocalic glides, 13 nuclei, and 6 codas can be
posited, whose components are contrastively used
to distinguish lexical items.

The study establishes a comprehensive picture
of the encoding of syllables in Zhangzhou Southern
Min, which substantially advances and stretches
our understanding of its segmental phonetic and
phonology. It is of both theoretical and empirical
significance to serve as a model for a thorough
investigation of the sound system in Sinitic dialects
from the perspectives of modern linguistic theory
and analytical approaches. The results go beyond
the inconsistence and inadequacy of prior studies
that are auditory-based and lack of scientific
support. The study sheds an important light on the
generalization of the areal characteristic of
syllables within the Sino-Tibetan language family.,
while contributing vital empirical data to the
typology of sound patterns in world’s natural
languages. It also enlightens our knowledge of how
human beings encode syllables in their mental
grammar and decode syllables in language
practices across different speech communities.

8 Limitations

This study mainly discusses the categorical
distinction of segments that can occur at different
positions within syllables. It presents an overall
profile of the segmental system of this dialect.



However, studies need to be conducted as to how
individual phonemes are realised at the phonetic
level and whether their realisations may be affected
by their subsequent sounds in connected speech.
Because the speech organs of human beings are
supposed to operate in a continuous motion, some
phonemes are expected to have allophonic variants
that may be in complementary distribution in real-
world utterances. Likewise, human beings may
initiate different laryngeal settings over the
articulation, thus, some sounds may be produced
with different voice quality or different airstream
mechanism. These are of linguistic significance to
understand the nature of speech sounds in a given
natural language, but they are not presented in this
study because of the layout issue and the
constriction of research scope.
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