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ABSTRACT

The distribution of tonal fundamental frequency is
determined on syllables differing with respect to semivowels
in their segmental structure for three of the contrasting tones
from the Chinese Wu dialect of Zhenhai. Comparison with
mean FO and duration measurements from CV syllables
demonstrates differential distribution of tonally relevant FO
with respect to the semivowel, conditioned by the absence or
presence of a syllable-initial consonant. A functional
explanation for the difference is proposed by relating it to a
previous finding on the relationship between syllable-initial
glides and intrinsic FO transitions. lmplications of the
finding are explored for the phonological integration of
semivowcls into metrical syllable structure.

1. INTRODUCTION

The most basic dichotomy in the production of speech exists
between the activity that occurs at the larynx and in the
supralaryngeal vocal tract. In the former, voicing (including
voicelessness), phonation types, and linguistic pitch for
“tone, intonation and stress arc generated: in the latter the

on the basis of compared duration that the fundamental
frequency (F0) on syllable-initial sonorants can be
discounted from the domain of phonetic realisation of tone.
This hypothesis is supported by the fact that FO transitions
between different tones on successive syllables take place
over the syllable-initial sonorants, or indeed any voiced
syllable-initial unit, like a glide or obstruent (Rosc 1989).

Up to now, only the status of syllable-initial sonorants has
been systematically investigated with respect to this feature.
Many tone languages also have other voiced segmental
constituents at svllable onset that are thus potentially
tonally relevant. This paper examines the role of prevocalic
semivowels (|j w ¢ ]), and asks whether they can be said to
constitute part of the material over which tonal FO is
distributed.

The tone language chosen for this investigation is Zhenhai
(Zhénhd1) - a variety of Wu dialect spoken in northern
Zhejiang province in China. In Zhenhai, as in most Wu
dialects, there is an indeterminacy with respect to number of
tonemes. This results from co-occurrence relationships
between the number of surface tonal contrasts possible and
both the segmental structure of the
rhyme, and the manner of the
syllable-initial consonant, which
in turn is related to a possible
depressor cffect (Rose 1994). For

the purposes of this paper, a 4

toneme solution will be assumed,
the citation allotones of which

have the following pitch shapes:
high falling (tone 1), mid concave

(tone 2). low convex (tonc 3), and
low rising (tonec 4). Figure |
shows mecan [0 shapes for the
allotones of these 4 tonemes on

syllables consisting of a voiceless
syllable-initial obstruent. followed
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Figure 1: FO values for 4 Zhenhai tonemes on syllables with voiceless initial obstruent

and monophthongal vowel.

plotted as a function of absolute
duration. Values arc from the
speaker used in this paper and are
taken from Rosc (1982:12-16). It

gestures that result in different vowel and
consonantal quality.  Speech sounds
result from the precise timing of
supralaryngeal and laryngeal events. This

syllable= (C)(G) V{G

can be seen from figurc 1 that the
V: tonal FO shapes rcsemble their
pitch shapes closely. except for abrupt falls at
the end of tones 2 and 4. These FO
perturbations arc caused by a prosodic

N syllable-final glottal stop which is part of the

paper examines one aspect of the
rclationship between the supralaryngeal
and laryngeal strands -- phonctic mapping
between tone and segmental material.
Previous studics of tone languages (Kratochvil 1968:36
Howic 1974, Sauvian 1977, Rose 1982:47.48) have claimed

Figure 2: Segmental structure of
Zhenhai syllablcs.

realisation of tones with rising pitch in
Zhenhai.

These four tonal pitch shapes can occur on syllables with the
segmental structurc shown in figure 2. That is, a Zhenhai
syllable can consist segmentally of an optional initial



consonant "C", followed by an optional semivowel (or glide)
"G", followed by cither a long monpththong "V:", or a short
vowel followed by either a glide "vG" or a velar nasal "vy".
Lxponents of the set C of initial consonants are (voiceless)
obstruents, or (voiced) sonorants. The prevocalic semivowel
G can be /i/ /w/ and / y /.

In order to investigate the way in which tonal FO is
distributed with respect to semivowels, the acoustical
correlates of tone (FO, duration) were determined on syllables
differing with respect to
semivowels in their scgmental

phonation offsct in tones 1 and 3, and FO peak in tone 4. The
boundary between syllable-initial sonorant and syllable
Rhyme in CgqqV syllables is shown by a vertical linc.

It can be seen from figure 3A that the mecan FO shapes of the
four tone 1 syllable types all show the same contour for a
duration of ca. 25 csec. before FO offset. The shared contour
consists of a short (ca. .3 csec.) rise, followed by a fall from an
FO peak located between 155 and 165 Hz to offsct within a
narrow 5 Hz range between 110 and 115 Hz. Over the first

part of the fall. the shapes of the

CobsV. GV. and CobsGV syllables are

structure, Four different syllable- | Tone  CobsV ~ CsonV  CobsV GV fairly tightly grouped, with the FO of
structures  were examined: 1 14 6 12 9 | the CsonV type lying slightly lower.
unaspirated voiceless obstruent 3 14 9 9 10 |'This duration over which the shared
and monophthongal vowel 4 11 18 11 12 contour distributes corresponds to
("CobsV") e.g. /ka 3/ eggplant; | Table 1: Number of tokens measured per syllablc { the Rhyme in CobsV, CobsGV and
unaspirated voiceless obstruent | typc. CsonV syllables. The 4 syllable types

followed by rising diphthong

("CobsGV"), e.g. /kwa 3/ bosom: rising diphthong ("GV")
c.g. /wa 1/ bad. and sonorant syllable-initial consonant and
monophthongal vowel ("CsonV") e.g. /y a 4/ outside.

2. PROCEDURE

Syllables with thc above four segmental structures were
selected from a list of some 300 Chinese characters recorded
at several sittings by a 25 year old male native speaker.
Recordings were made in the phonetics laboratory of the
Department of Linguistics at the University of Manchester.
Tone 2 morphemes with CsonV and GV structure are lexically
rare in Zhenhai. and there were too few recorded examples to
be of use. Tone 2 was thercfore not further analysed. The
number of tokens analysed is given in table 1. FO was
measured with the method described in Rose (1982:7-9),
which involved sampling at a rate high enough to resolve
details of its time course over the whole voiced portion of the
syllable.

3. RESULTS

Mean FO values for the four different syllable types on the
three tones are shown in figure 3. FO is plotted as a function
of absolute duration, and the FO shapes arc aligned at

can be seen to form 2 groups with
respect to duration of their FO shape: CobsV and CobsGV
syllables constitute one group, which is shorter by 5 - 10
csecs. than the CsonV and GV types. This is confirmed by a
90% significance level ANOVA on the duration values of
the 4 types followed by post-hoc Scheffé tests. which shows
no statistically significant diffcrence in duration between
CobsV and CobsGV syllables, or between GV and CsonV
syllables, but that GV type syllables are significantly longer
than CobsV syllables. During the extra duration of the
CsonV and GV types, the FO rises from an onset value some
20 Hz below peak FO value.

These data show that in tone | the presence of a prevocalic
semivowel makes no difference to the duration of the Rhyme
nor the FO shape if the secmivowel is preceded by an
obstruent consonant: CobsGV syllables are the samc as
CobsV syllables in this respect. In the absence of an initial
obstruent, however, the presence of a prevocalic semivowel
corrclates with a longer duration, and a lower 'O onset, so
that GV syllables resemble CsonV syllables in overall FO
and duration values.

A very similar pattern to tonc | can be scen in the
distribution of FO shapes for convex pitched tone 3 in f{igure
3B. The mean FO shapes of the 4 tone 3 syllables all show
the same convex contour for a
duration of ca. 30 csec. before FO

offset. This duration over which the
OCobv X CooGY oV sharcd  contour distributes
170 o 2OV . corresponds to the Rhyme in CobsV,
185 | CobsGV and CsonV sylilables.
160 o Effectively the same two groups as
155 A in tone | cmerge with respect to
150 o £, overall duration: CobsV and
~ 145 A CobsGV. vs. GV and CsonV
i 140 syllables.  ANOVA shows no
2 135 ./ significant durational diffcrence
130 between CobsV and CobsGV
125 syllables, both of which are
120 significantly shorter than the GV
Hg and CsonV syllables. lowever,
105 unlike in tonc 1, CsonV syllables
100 . . — . . . . . . . are significantly longer than GV
45 40 35 30 25 20 45 10 5 0 5 syllables.
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Figure 3: Mean F0 shapes for different syllable types in Zhenhai tone 1.



CsonV syllables can be seen once again for the concave
pitched torie¢ 4 data in figure 3C. ANOVA shows that
CobsV and CobsGV syllables do not differ significantly
in duration at 90%; neither do GV and CsonV syllables,
but the two groups of sonorant- and glide-initial types
and CobsV and CobsGV types remain significantly
different.

demonstrated above between CsonV and GV types that (1)
neither arc Syllable-initial semivowels, and (2) semivowels
behave differentially with respect to” phonctic mapping
depending on whether they are preceded by a syllable-initial
obstruent. (Syllables with CsonGV structure were not
analysed, so it is not possible to say if it is simply the
presence of a syllable-initial consonant, rather than an

obstruent consonant, which
determines this. For reasons to be
O CobV ® CsonV % CobGV d.iscusscd below, the latter is
oav likely.)
170
185 Why is the semivowel part of the
160 tonal FO carrier in syllables with an
158 — initial consonant, but not part of the
Eg D tonal FO carrier. in syllables without
~ one? The significant extra duration
T 140 e e
S 135 7 at lhe onset of g!lde-mltnal syllables
L 430 is itself phonctically unexpected.
125 since the typical closc articulation
120 - R of the glide should actually hinder a
115 AN quick restoration of the transglotial
110 \Y pressurc difference necessary for
105 - phonation (thc same rcason why
100 — ———t— T T T T v T VOT is often longer before high
-45 -40 3 30 -25 -20 15 -10 -5 0 5 vowels). A shortcr, not longer,
Duration from FO offset (csec.) duration for glide-initial syllables
should result. The problem of the
0 CobV o ® Csonv differential distribution of the glide
170 2 CooGV with respect to tonally relevant FO
165 can be answered by focusing first on
160 the glide-initial case, where the
155 behaviour of syllable-initial glides
150 € with respect to phonetic mapping of
o 145 tonal FO is one of the ways relevant
T 140 FO values are signalled.
£ 1% \\ ‘ .
125 When an FO contour realiscs
e' extrinsic tonal and intonational
120 {\ - (argets. intrinsic N i
115 o gets, intrinsic transitions must
110 . — occur on voiced segments betwecen
105 them. Rose (1984:61-79) uscd the
100 ¢ H } scgmental and suprasegmental
-45 -40 -35 -30 -25 -20 -15 -10 -5 0 5 acoustics of a minimal (Zhenhai)

Duration from FO peak (csec.)

Figure 3 (con't) : Mean F0 shapes for different syllable types in Zhenhai tone 3 (B),

and tone 4 (C).

4. DISCUSSION

It is the similarity of the IFO contour of CsonV syllables and
CobsV syllables over the duration of the Rhyme, together
with the fact that thc Rhymes of these two types do not differ
significantly in duration, which prompted the view
cxpressed by llowie (1974) and Kratochvil (1968:36) for
Modern Standard Chinese, Sauvain (1977) for Yangzhou and
Rose (1982:47,48) for Zhenhai that the FO on syllable-initial
sonorants is not tonally relevant. Despite its phonological
discreteness, there is, of course, no corresponding
acoustically discrete segment corresponding to the glide in
GV syllables that can be "discounted" from tonal relevance in
the same way as the syllable-initial sonorant. Neverthcless,
since it has been claimed that syllable-initial sonorants arc
not tonally relevant, it can be concluded from the parallel

tonal contrast between falling and
rising-falling pitch, where
intrinsic changes in tonal FO must
not be perccived as pitch, to show
that onc of the ways of signalling
an intrinsic FO change is to time it to overlap syllable-initial
consonants. For example, the contrast between Zh. [wei 'le 11
41] come back, and |wei 'le 11 131] will come, is signalled
by a falling vs. convex pitch on the sccond syllable (p.65).
Both words have very similar level-rising-falling FO shapes,
the small differences between which are not cnough to cue
the difference between falling and rising-falling pitch. The
difference in the falling vs. rising-falling pitch percept
depends in fact on where the rise in the F0 takes place. In the
[tevel-fall] example, it starts just before the onsct of the
second syllable-initial [l]. so that by the onsct of the vowel,
the FO has completed most of its intrinsic rise to its high
pitch target. In the {level-convex] example, the FO does not
start its extrinsic L H rise until just before the onset of the
vowel. Of relevance o this paper is the fact that in cases
with glide-initial syllables. thc glide. although not



acoustically discrete, behaves analogously to a syllable-
initial conSonant as a landmark for timing intrinsic FO
changes. This behaviour, which is part of the segmentally
mediated perception of FO as pitch, assures the minimal

contrast betwecn such Zhcnhai forms as [%ig 'jig 11 4i]
circumstances vs [UZ]IJ ]IIJ 11 131] to take shape.

This finding has relevance for the measurement of tonal
acoustics in connected speech. Maximum consistency in the
descriptive statistics of tonal and intonational FO will be
obtained if the short (ca. 10 cscc.) stretches of FO distributed
over syllable-initial glides are cxcluded from measurement, in
the same way as stretches over any other Onsct constituent.
This also guarantees a better correspondence between F( and

tonal pitch, since without such indications there is no wi ay

to dlstmgulsh from a visual inspection tonally and
intonationally relevant extrinsic FO changes from intrinsic
transiiions.

Caution is advised when drawing phonological inferences

from the productional side of phonetics in the absence of

supporting phonological arguments. However, the

demonstrated phonetic parallelism between syllable-initial

glides and sonorants naturally invites the phonological

analysis of a syllable-initial glide as one of the fillers of the
Ve and b | R S T T 27

\Jll\bl. \lUl Wll,ll LIHC g.lIUC oeing l)ll(}llUld\rlthll) LqulleCllL
to the other Onset consonants. Under this analysis, the
syllables in the Zhenhai morphemes [W& 1] bad, IjO 3]
shake [T.[,a' 4] distant have the same Onset-Rhyme metrical
structure as [M8& || mother, X0 3] tooth, []ﬁ 3] penis. or
indeed [18 1] belr. [t8 3] snake, [PF 3 tray.

5 ¢ owel sequence | in syllables with a
consonant in the Onset slot, e.g. in forms llke [Tt]'ll | noon,
[Byyn 3] skirt, [KWa 3] bosom, is not so clear. The
phonel‘ic parallelism with CobsV (or CsonV) syllables
suggests that the glide is part of the Rhyme. However,

angthar intarnrotatinn that ic narhane aven mare concictant
anoiner IMMEerpréation nat i1s pornaps evén morce Consisient

with the phonetics is that the glide is simply not there
phonologically as it can be predicted from the syllable-
initial consonant. (This approach has been proposed by Ian
Maddieson (pers. comm.) for Mandarin palatal glides). The
Zhenhai labial-velar glides in forms like [KW8& 3] would
then have to be part of an extra labial-velar stop series /kh%,
kW/ etc. Taken together, these proposals would obviate the
need for a scparate glide position in Zhenhai syllable

structure, resulting in an increasc in phonological
simplicity.
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