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ABSTRACT claimed on the basis of compared duration that the
fundamental frequency (FO) myllable-initial sonorants can

The distribution of tonal fundamental frequency is be discountedrom the domain ophonetic realisation of
determined on syllables differing with respectsemivowels tone. This hypothesis is supported bthe fact that FO
in their segmental structure for three of entrastingtones transitions betweenlifferenttones on successiveyllables
from the Chinese Wu dialect of Zhenhai. Comparisdth take place over theyllable-initial sonorants, dndeed any
mean FOand duration measurementfrom CV syllables voiced syllable-initial unit, like a glide or obstruen{Rose
demonstrates differentialistribution of tonallyrelevant FO 1989).
with respect to the semivowel, conditioned by the absence or
presence of asyllable-initial consonant. Afunctional Up to now, only the status efllable-initial sonorants has
explanation for thalifference isproposed by relating it to a been systematically investigated with respect to taeure.
previous finding on the relationship betwesyllable-initial Many tone languages also have other voiceggmental
glides and intrinsic FO transitions. Implications of the constituents at syllableonset thatare thus potentially
finding are explored for the phonological integration of tonally relevant.This paper examines the role pfevocalic

semivowels into metrical syllablstructure. semivowels ([j wee]), and asks whether they can be said to
constitute part of the material ovewhich tonal FO is
1. INTRODUCTION distributed.

The most basic dichotomy in th@oduction ofspeechexists Thetone language chosefor this investigation is Zhenhai
between theactivity that occurs athe larynx and in the (Zhénhdi) -- a variety of Wu dialect spoken inorthern
supralaryngeal vocal tract. In thiermer,voicing (including  Zhejiang province in China. In Zhenhai, as most Wu
voicelessness), phonatiotypes, andlinguistic pitch for dialects, there is an indeterminacy with respechumber of
tone, intonation and  stresare generated; in the latter the tonemes. Thisresults from co-occurrence relationships
between the number of surfatenal
contrasts possibleand both the

@ /tone 1/ M /tone 2/ A Jtone 3/ segmental structure of thehyme,

®/tone 4/ and the manner of thesyllable-
170 initial consonant, which in turn is
ﬁ related to apossible depressor
160 + effect (Rose 1994). For the
A purposes of thipaper, a 4 toneme

150 / solution will be assumed, the

§ 140 n_ citation allotones of whichhave
= - the following pitch shapeshigh
2 13 -.j‘ falling (tone 1),mid concave (tone
/ \ 2), low convex (toned), and low

120 / rising (tone4). Figure 1shows
&( \ mean FO shapefsr the allotones of

110 -~ > these 4 tonemes onsyllables

W consisting of a voicelessyllable-
100

T T T T T T T T initial obstruent, followed by a
0 5 10 15 20 25 30 35 40 long monophthong. FO iglotted
. _ Duration (csec,) . . o as a function of absoluteluration.
Figure 1: FO values for 4 Zhenhai tonemes on syllables with voiceless afisaluent Values are fronthe speaker used in
andmonophthongalowel. VO this paper andiretaken from Rose
- . (1982:12-16). Itcan be seeifrom
ggﬁ;ugﬁzntg’l‘t rgﬁ;ﬁt)'/n dggéi';th \g%"ﬁl dznd llable= (C)( G)D [l figure 1 that thetonal FO shapes resemble
result from  the precise  timing )fsy L] [Q:D their pitch shapes closelyexceptfor abrupt
supralaryngeal and laryngeadvents. falls at the end ofones 2 and 4.These FO
This paper examines onaspect of the perturbations are caused by aprosodic
Figure 2: Segmental structure of syllable-final glottal stop which is part of the

relationship betweerthe supralaryngeal . L . . ; :
and laryngeal strands  --phonetic Zhenhaisyllables. rzehaélr?ﬁgion of tones with rising pitch in

mapping between tone andegmental
material. Previous studies of tone languagéKratochvil
1968:36 Howie 1974, Sauvian 1977, Rose 1982:47hé8)e

These four tonal pitch shapes can occur on syllables with the
segmental structure shown figure 2. That is, aZhenhai



syllable can consist segmentally of an optionahitial of absolute durationand the FO shapeme aligned at
consonant "C", followed by an optional semivowel ¢tide) phonation offset in tones 1 and 3, and FO peak in tone 4. The
"G", followed by either dong monpththong"V:", or ashort boundary betweersyllable-initial sonorantand syllable
vowel followed by either a glidévG" or avelar nasal "M. Rhyme in GgpV syllables is shown by a vertichhe.
Exponents of the set C ofitial consonantsare (voiceless)
obstruents, or (voiced) sonorants. The prevocséimivowel |t can be seerfrom figure 3A that themean FOshapes of the
G can be /j/ /w/ and de/. four tone 1 syllable typesll show thesamecontour for a

) ] ) ) _ duration of ca. 25 csec. before Bffiset. Thesharedcontour
In order toinvestigate the way in which tonal FO isconsists of a short (ca. .3 csec.) rise, followed by afifadh an
distributed  with respect to semivowels, thacoustical FQ peak located between 155 and 165 Hoffsetwithin a

correlates of tone (FQjuration) narrow 5 Hz range between 110 and
were determined onsyllables 115 Hz. Over the first part of thall,
differing with  respect to|Tone CobsV CsonV CobsV GV| the shapes of the Cobs\GV, and
semivowels in theirsegmental 1 14 6 12 9 CobsGV syllablesare fairlytightly
structure. Four differensyllable- 3 14 9 9 10 | grouped, with the FO of th€sonV
structures were  examined: 4 11 18 11 12 | type lying slightly lower. This
unaspirated voicelessbstruent | Table 1: Number of tokens measured ggtable| duration over which the shared
and monophthongal vowel | type. contour distributes corresponds to
("CobsV") e.g./ka 3/ eggplant; the Rhyme in CobsV,CobsGV and

unaspirated voiceless obstruent followed byising  CsonV syllables. The 4yllable typescan be seen tiorm 2
diphthong ("CobsGV"), e.g. /kwa 3/ bosom; rising groups with respect to duration of their FO shape: CobsV and
diphthong ("GV") e.g./wa  1bad, and sonorant syllable-  CobhsGV syllables constitute one group, which is shorter by
initial consonantand monophthongal vowe("CsonV") e.g. 5 - 10 csecs. than the CsonV and GV types. This is confirmed
IN a 4/ outside. by a 90% significance level ANOVA on thduration values
of the 4types followed by post-hoc Scheffé tests, which
2. PROCEDURE shows no statistically significandifference in duration
) between CobsV and CobsCGa¥llables, or between GV and
Syllables with the abovefour segmental structuresvere CsonV syllables, but that GV type syllables aignificantly
selected from dist of some300 Chinese charactemscorded |onger than Cobs\syllables. Duringthe extraduration of
at severalsittings by a 25year old male native speaker. the CsonV and GV types, the FO riskem an onset value
Recordingswere made inthe phonetics laboratory of the some 20 Hz below peak R@lue.
Department oLinguistics atthe University of Manchester.
Tone 2 morphemes with CsonV and GV structurelexially  These datshow that in tone 1 the presence gravocalic
rare in Zhenhai, and there were tfew recorded examples to semivowel makes ndifference tothe duration ofthe Rhyme
be of use. Tone 2 was therefore not further analysed. TRgr the FO shape if the semivowel is preceded by an
number oftokens analysed is given in table 1. FO wagbstruent consonantCobsGV syllablesare the same as
measuredwith the method described in Ro48982:7-9), CobsV syllables in this respect. In the absence dhiial
which involved sampling at gate high enough toresolve opstruent, howeverthe presence of a prevocalsemivowel
details of its time course over the whole voiced portion of thegrrelates with a longer duration, and a lower FO onset, so
syllable. that GV syllablesresemble Cson\syllables in overall FO

3. RESULTS and durationvalues.

) A very similar pattern to tone 1 can be seen in the
Mean FO valuedor the four differentsyllable types on the (distribution of FO shapes for convepitchedtone 3 in figure
three tones are shown in figure 3. F(ietted as dunction 3B. Themean FOshapes of the 4
tone 3 syllablesall show thesame
convex contourfor aduration of ca.

D Cobv X CobGV ocv 30 csec. before FOoffset. This
170 ®Csonv duration over which the shared
165 contour distributes corresponds to
160 the Rhyme in CobsV,CobsGV and
155 A CsonV syllables. Effectively the
150 A same two groups as in toneefnerge
—~ 145 with respect to overallduration:
T 140 CobsV and CobsGV, vs. GV and
o 135 CsonV syllables. ANOVA shows
130 no significant durationaldifference
125 between CobsV and CobsGV
120 syllables, both of which are
115 significantly shorter thanthe GV
110
105 and CsonV syllables. However,
100 . . . . . . . . . . unlike in tone 1, CsonVsyllables
45 -40 .35 230 25 20 .15 -10 5 0 5 are significantly longer than GV

Duration from FO offset (csec.) syllables.
Figure 3: Mean FO shapes for different syllable types in Zhenhai tone 1.



The grouping of CobsV and CobsG\syllables against GV since it has been claimed thsyllable-initial sonorants are
and CsonV syllables can be seen once afmithe concave not tonally relevant, itcan beconcluded from the parallel
pitched tone 4 data idigure 3C. ANOVA shows that demonstrated above between CsonV and GV types that (1)
CobsV and CobsGV syllables do ndifer significantly —neither are syllable-initial semivowels, and (2semivowels

in duration at 90%; neither do GV and CsonV syllable$ehave differentially with respect to phonetic ppang

but the two groups of sonorant- and glide-initial typegependlng on whether they are preceded Byl&able-initial

and CobsV and CobsGV types remasignificantly opstruent. (Sy”ab'esar;”afg‘segsgg?t\gs ﬁgg;tgs"giebrg tlgxoéay

if it is simply the presence of a
syllable-initial consonant, rather

0 CobV ® Csonv % Cobcv than an obstruent consonantyhich
170 oGy determines this. For reasons to be
165 discussed below, the latter s
160 likely.)
155
150 B — Why is the semivowel part of the
= ﬂg tonal FO carrier irsyllables with an
< 135 /7 initial consonant, but not part of the
T 130 X tonal FO carrier irsyllables without
125 ) one? The significant extraduration
120 o R at the onset of glide-initiabyllables
115 N A\Y is itself phonetically unexpected,
110 AN X since the typical closearticulation
105 I of the glide should actually hinder a
100 T T ! T T T T T T T T quick restoration othe transglottal
-45 -40 -35 -30 -25 -20 -15 -10 -5 0 5 pressure difference necessary for
Duration from FO offset (csec.) phonation (the same reason why
VOT is often longer before high
& Cobv GV ® Csonv vowels). A shor%er, notlong%r,
170 . XSV duration for glide-initial syllables
165 should result. The problem of the
160 differential distribution ofthe glide
155 with respect to tonally relevant FO
150 c can be answered by focusing first on
= 145 the glide-initial case, where the
T 140 t behaviour of syllable-initialglides
° igg ! \\ with respect to phonetic mapping of
125 / \‘\I: tonal FO is one of the wayelevant
120 FO values arsignalled.
115 N AN o M )
110 — When an FO contour realises
105 extrinsic tonal and intonational
100 | | | targets, intrinsic transitions must
-45 -40 -35 -30 -25 -20 -15 -10 -5 0 5 occur on voiced segmentsetween
Duration from FO peak (csec.) them. Rose (1984:61-79) used
) . . ) . the segmental and
Figure 3 (con't) : Mean FO shapes for different syllable types in Zhenhai tone 3 (B), suprasegmental acoustics of a
and tone 4 (C). minimal (Zhenhai)tonal contrast
. between falling and rising-
different. falling pitch, where intrinsic changes in tonal FO must not be
perceived as pitch, to show that one of the waysigtialling
4. DISCUSSION an intrinsic FO change is to time it to overlapllable-initial

. o consonants. For example, the contrast between Zh. véil'l
It is the similarity of the FO contour of Csondyllables and 41] comeback,and [wei E 11 131] will come, issignalled
CobsV syllables over theduration ofthe Rhyme, together by a falling vs. convex pitch on the secosgllable (p.65).
with the fact that the Rhymes of these two types dodif@r  goth words have very simildevel-rising-falling FOshapes,
significantly in duration, which promptedthe view the small differencebetween whichare not enough to cue
expressed by Howie (1974) artratochvil (1968:36) for he differencebetween falling andising-falling pitch. The
Modern Standard Chinese, Sa_uvam (1977) for Yangz_h_ou aQfference in the falling vsrising-falling pitch percept
Rose (1982:47,48) for Zhenhai that the FOsyflable-initial  gepends in fact on where the rise in the FO takes place. In the
sonorants is not tonally relevant. Despite ptsonological [ievel-fall] example, itstarts just before theonset of the
discreteness, thereis, of course, naorresponding gecond syllable-initial [I], so that bthe onset of theowel,
acoustically discretsegmentcorresponding tdhe glide in he Fo has completed most of itstrinsic rise to its high
GV syllables that can be "discounted" from tonal relevance i;ﬁ\tch target. In the [level-convexdxamplethe FO does not
the same way as thgyllable-initial sonorant. Nevertheless, siart jts extrinsic L H risauntil just before theonset of the



vowel. Of relevance to this paper is tfect that in cases
with glide-initial syllables, the  glidealthough not
acoustically discrete, behavemnalogously to asyllable-
initial consonant as dandmark for timing intrinsic FO
changes. This behaviour, which is part of gegmentally
mediated perception of FO as pitch, assures mhiaimal

contrast between such ZhenHaims as [ IN JiN11 41
circumstances v§. IN 'JiN 11 131] to take shape.

This finding has relevancdor the measurement tdnal
acoustics in connected speedfiaximum consistency in the
descriptive statistics of tonadnd intonational FO will be
obtained if the short (ca. 10 csec.) stretches oflisributed
over syllable-initial glides are excluded from measurement, in
the same way astretches over any other Onsminstituent.

This also guarantees a better correspondence between FO and

tonal pitch, sincewithout suchindications there is no way
to distinguish from a visual inspection tonally and
intonationally relevant extrinsic FO changdem intrinsic
transitions.

Caution is advised when drawinghonological inferences
from the productional side of phonetics irthe absence of
supporting  phonological arguments. However, the
demonstrated phonetic parallelism betwesyilable-initial
glides andsonorants naturally inviteshe phonological
analysis of a syllable-initial glide ame of the fillers of the
Onset slot, with the glide beinghonotactically equivalent
to the other Onsettonsonants. Under this analysis, the

syllables inthe Zhenhai morpheme#&/@ 1] bad, jO 3]
shake Qefl$ distant have thesameOnset-Rhyme metrical
structure asfna 1] mother, N@] tooth, [flB] penis, or
indeed ta 1] belt, (SO 3] snake, pfl$ 3] tray.

The analysis of the glide-vowel sequencesyiables with a
consonant in the Onset slot, e.g.fanmslike [ JU 1] noon,
[ aeyN 3] skirt, [kwa 3] bosom, isnot soclear. The
phonetic parallelism withCobsV (or CsonV) syllables
suggests thathe glide is part of thRhyme. However,
anotherinterpretation that is perhapsven more consistent
with the phonetics is thatthe glide is simply natere
phonologically as itcan bepredicted from the syllable-
initial consonant.(This approach has begroposed by lan
Maddieson (pers.comm.) forMandarin palatal glides). The
Zhenhai labial-velar glides ifiorms like [kwa 3] would

then have to be part of an extebial-velar stop series /¥h

kW/ etc. Taken together, thepeoposals would obviate the
need for aseparate glideposition in Zhenhai syllable
structure, resulting in anincrease in phonological
simplicity.
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