
THE REALTSATION OF STOPPED.SYLLABLE TONES IN HUA SAI AND 
/:"

PAKPHANANG

phit Rose

Department ot Linguislics (Arts)
Australian National University

ABSTRACT - This paper examines the relationship between the acoustics of stopped and
unstopped lones in two Soulhern Thai dialects wilh a high number of contour lone
contrasls. lt is shown lhal the realisation of stopped lones does not conform to a simple
'truncation' model.

INTRODUCTION

Most ol the varieties ol the three maior tone languages of Easl and South East Asia -- Thai,
Vietnamese and Chinbse - show apparent allolony conditioned by the phonological structure of lhe
Rhyme. Most vafielies show conditioning by specifically the absence or presence of a stop in ihe
Coda. Some (e.9. varieties ot Canlonese and Thai) also show conditioning by the length-ot the
nuclear vowel. Stopped tones have not received much atiention, beause the usually more compex
unstopped tone system is considered nDre interesting and basic. This paper looks at the relationship
between the stopped and unstopped syllable tones in two closely related varieties of Southern Thai:
Hua Sai and Pakphanang. Pakphanang (PPN) is an old settlemenl dating from the 16th cenlury. lt is
situaled south ot the lsthmus ol Kra, about 25 kilometers E.S.E. of the provincial town ot Nakon
Sithammarat. Hua Sai (HS) is a medium sized town some 65 kilometers south o{ PPN. Both varieties
are notable lor having the large number of seven conlrasting lones, and are lhus members of the small
number -- 15% - of lhe world's tone languages wilh more than slx lones.

As in most varielies ol Tai, ihe number ol surtace tonal conlrasls on cilation rnonosyllables in PPI-I/HS
depends on the structure of the Rhyme - specilically the absence or presence ol a syllable{inal stop
(p, I, k) in the Coda. ln addilion to the seven-way contrasl on unslopped syllables with phonologically
at leasl lwo sonorants in the Rhyme, PPNI/HS conlrasls three tones on stopped syllables. The
unstopped tones, which are tairly cornplicated, will be deatt with first.

UNSTOPPED TONES

The auditory characierislics ot the seven PPN/HS unstopped citation tones are as follows. These are
based on my transcriplions of recorded utlerances ol one lemale PPN speaker, and one male HS
speaker. Both speakers have generally very similar pitch shapes. Ditterences are noted below. ln
the absence ot data trom many sp€akers ol both varieties, il is not possible to say whether these
differences retlect dialectalvariation between HS and PPN, or individual variation, or both.

Tone I has convex pitch very high in the speakefs pitch range. ln PPN the falling portion is a little
more salient than lhe rising - kha31 leg. The voice quality is otten talsetto, which is possibly a
consequence ol the very high pitch target. Tone 2 has level (PPN),or slightly lalling (HS) piich in the
upper-mid pitch range - khaaz kiil. Tone 3 has rising pitch in the lower haf ol the pitch range - kaag
ctow. ln an earlier recording of the same PPN speaker, this tone had a low convex pitch, which
suggests that the falling part is optional in PPN, and may also be in HS. Tone 4 has level (ppN) or
slightly talling (HS) pitch in mid pitch range - kaa4 mark Tone 5 has a relatively short level component
in mid pitch range followed by a lall -Rhaas thatch grass. Tone 6 has a fairly low dipping pitch rising iust
into the mid pitch range - khaao value. Tone 7 in PPN has talling pitch in the low pitch range, and
sounds longer than the other tones - khaaT trade. The corresponding HS tone differs slightly. lt is low
lalling, but has the same conlour as lhe high lalling tone 5, with an initial level component.

A resonable characterisation of the PPIVHS unslopped lonal system described above would be that it
comprises tour distinctive pitch contours - rising, level, talling and concave - lhe lirst lhree of which
each have a contrasting higher and lower value.
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Figure 1 a. Mean F0 shapes tor PPN unslopped tones
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Figure lb. Mean F0 shapesfor HS unstoppedtones

PPN/HS tones 1 and 3, and 2 and 4 are in complementary distribution with respect to syllable-initial
obstruents: tones 1 and 2 co-occur wilh voiceless aspiraled stops and lricatives, and tones 3 and 4
wilh voiceless unaspirated stops. There are, however, minimal and sub-minimal pairs on syllables with
the initial palatal glide y- to dernonslrate a tonemic contrast b€tween tones I and 3, and 2 and 4.

Figure 1 shows raw mean FO shapes lor the unsiopped PPN and HS tones plolted as a function ot
adsolute duration. These plots are based on recordirids made by Dr. Tony Dille'r in .l989 in Songklaa in
southem Thailand. The trio speakers - a 54 year old lemale PPN peaker, and an old male HS speaker

- were recorded at lhe same sitting. The corpus consisted of unstopped lones with CW slructure,
and stopped tones with CV(V)C structure, where v was /a/. lnitial C for both stopped and unstoppg-{
tones w'ab a grave /kh, k or pi. Final C was /p t or U. n was 6 in each case for HS, and genelally less (3)

for PPN. The PPN corpus also included an additional 2 unstopped T1 and 1 T2 tokens with -au. Rose
(1994, & torthcoming) iontain a detailed acoustic description bi the PPN lemale speakels unstopped
lones on -aa and -uu syllables from another re@rding made eight years previously.
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Table 1. Means ard standard deviations (X, sd) lor F0 (Hz) and durat'ron (D, csec.) in 7 unstopped and
4 slopped Hua Sai tones (male speaker). SP = ssmtllng point. DP = duralion to F0 peak.

UNSTOPPED TONES n=6
T1 T2 T4 T6 T7 T5 T3

5
10
20
30
40
50
60
70
80
90
'100

D

0
10
20
40
60
80
90
100
D

124 6
120 8
119 6
125 5
129 4
132 4
134 3
135 4
134 4
127 3
119 3
109 4
30.2 2.5

-35.6

106 3
105 4
106 5
104 4
102 3
993
963
91 3
882
862
81 6
32.2 0.8

T7

102

896
11.2 0.7

I
'I 11
110
113
112
110
106
101
94
87
83
81
32.0 3.

I
5
7
7
6
3

10
07
05
03
01

4
3
4
3
2
2
I
2
2
3
5

1.4

100
98
99
102
103
101
98
96
94
92
91
9l
36.3

88
89
91
95
99
104
'I 10
25.2
107
101
30.4

4
4
5
5
6
5
5

2.6
5
5

2.0

35
420
440
560
480
5 peak
5DP
450
5 100
4D
3
1

4943
5933
6924
6933
7943
8943
7943
6953
895 g
6954
6993

2.9 32.1 5.9

5
5
5
6

7
0.8

110
10.6

T2
STOPPED TONES n=6

T4 T6

124
127
r31
133

884
893
925
945
946
955
986
2'1.6 1.7

985
975
965
935

- 1.20
8 123
9 123
10 117
12 111

598
7 100
I 101
8 102
7 100

7
5
5
6
7

103

101
102
106
108

132 10 106 9 97 7
10.1 0.7 21.8 0.7 23.4 1.7

Measuremenl of F0 and duration was essentially the same as described in Rose (1994). The duration
of the Rhyme (unstopped syllables) and Nucleus (stopped syllables) u,as tirst determined from wide
band spectograms wilh their good time-domain resolution. F0 was lhen sampled at percentage
poinlg ol this duration trom aligned expanded narrow band spectrograms. A sampling lrequency was
used high enough to resolve the delails of lhe F0 time course. Slightly diftterent duration bases were
used tor tones 3 and 6. The mean values plotted in tigure I are given, logether with standard
deviaiions, in tables 1 and 2. ln table I it can b'e seen lor eiample tnat lne m-eariauration of Hs tonel
was 30.2 csec., and that at 60% ol du,alion (csec. 18.1), the mean F0 was 135 Hz, with 4 Hz standard
deviation.

The raw mean F0 curyes of the unslopped lones in ligure 1 show typical beh^reen-sex diflerences
conditioned presumably by sexualdimorphism in cord mass and lengrlh. There are large differences in
absolute range. The lemale range ol 105 Hz is almost twice that of the male (55 Hz). The HS
contiguration also lies amosl totally lower than the PPN: the ranges (80 - 135 Hz male, 120 - Z2S Hz,
female) barely overlap. Another, probably noi sex-linked diflerence is in duration, with the male tones
having about two-thirds lhe duration'ol the Jemale tones. Despite these differences, both
contigu.alions are conspicuous for a shared skewness in tonal F0 distribution, with all except the the
high convex tone 1 squashed inlo the lower part of the speakers' FO range. ln ihe lemale spbaker it is
the loxrer half of the range, lrom 120 Hz to ca. 180 Hz; ii the male lhe lower two-thirds, froin go Hz to
ca.l 15 Hz, which contains most of the tones.

STOPPED TONES

On syllables with linal slops, PPN/HS contrasts three tones. The pitch ot these tones is deperdent
on nuclear complexity. ln syllables wilh hng vowels, i.e. with two V's in the CV skelbton, the ialues ot
lhe three-way contrast are as lollows. Level pitch in the upper-mid pitch range - khaat2 b lrJanlevel
pitch in lhe mid pitch range - kaat4 mustard;and level, lhen slighfly rising pitch in low pitch range -
khaato fo guess. ln syllables with one V, the values of the lhree-way contrasi are: short rising pitch
high in the speake/s pitch range - khatlto pol,sh; short tevel (ppN) or fising (HS) pitch in mid pitch
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range - kap ir b,'fe ; short level ortalling pitch in low pitch range - khatT to seted'
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Figure 2a. Mean F0 shapes on PPN stopped tones (T1, 3, 7 -YC;T2,4, 6 -WC)
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Figure 2b. Mean F0 shapes on HS stopped ones (T1,3,7 -VC,T2,4,6 -WC)

On the basis ot similarity in pitch heighl and contour, il is clearthat the three long stopped.tones are
alloiones of tones /2, 4 and 6i/. On th-e basis ot plausibilily of allolonic conditioning by vowel length, at
leasl in two out ol three cases, the three shorl stopped tones can likewise be Uentilied as allolones of
tones /1, 3 and 71, since their pitch is phonelically similar to lhat on the initial parl of the long
unstopped tones. Note that this analysis is strengthened by the same complemenlary distribution
betwden tone and aspiration of the syllable-inilial cohsonanl as in the unstopped tones (ejKemplified in

the stopped tone eiamples above). From a structuralisl perspective, then, PPIVHS has seven
tonemes. All except /5/ can occur on both stopped and unstopped syllables. ln stopped syllables,
long vowels are in complementary distribution with short vowels, conditioned by lhe_toneme. ln
stopped syllabtes, lonem'es /1 3 and 7/ have Rhymes wilh shon vowels, and tonemes /2 4 and 6,/ have
Rhlines witn Ong vowels. For each of the tonames except /5/ the pitch shaFe occurring on stopped
sythbtes represents a presumably intrinsic allotone plausibly condilioned by the duration ot the
nucleus. This allows identiticalion ol the loneme involved.

Tables 1 and 2 also contain the means and slandard deviations for F0 and duration ol the PPN/HS
stopped tones. ll should be remembered that the duration values given are nol ol the Rhyme, as in
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the unstopped tones, bul ol lhe nucleus (V, W) only. The duration ot the linal stop could not be
measured since it is unreleased, and the citation forms were not elicited wilh any following matedal.

Table 2. Means and slandard deviations (X, sd) for F0 (Hz) and duration (D, csec.) in 7 unstopped and
4 stopped Pakphanang tones (lemale speaker). SP = sampling point. DP = duralion io F0 peak.

UNSToPPED TONES n = 7 (Tl),5 (T2), otherwise 3
T1 T2 T4 T6 T7 T5 T3

SP o/o sd sP Xsd
22 81 1

684
704
703
684
654
626
576
51 3
443
326
226
1.3 1.9

1

4

150 6
149 5
148 4
150 2
147 5
147 2
150 4
149 3
153 11
155 11
162 1l
175 14
60.2 3.0

0
5
t0
20
30
40
50
60
70
80
90
100
D

15
16
14
14
16

0.3

25
I
3
5
6
4

1.9

206
208
213
218
221
226
225
215
199
177
154
44.4

11 186 6
9 183 4
71778
7 175 11
I 175 11
12 't71 11
8 171 12
10 -169 12
21 169 11
20 168 8
8 173 12

4.O 63.2 3.9

153 5
140 6
141 2
136 3
13t 5
129 8
130 11
132 12
138 13
146 16
167 10
178 8
56.3 3.4

r59 3
156 11
153 13
149 13
141 15
135 14
130 14
128 13
126 13
121 12
121 13
121 13
54.6 2.6

00 152 2
10 143 5
20 149 8,
40 153 11
60 156 16
80 175 10
peak 184 1 0
DP 35.3-4.1
50 179 12
100 17.7 23
D 118.3 7.5

T3T1
STOPPED TONES n = 4 (T5,7), otheruise 3

T2 T4 T6 T7

10
20
40
60
80
100
D

190 12 161
198 10 188 12 157
198 10 185 10 150
201 14 183 I 151
212 11 180 8 154
219 14 180 7 155
12.1 0.2 30.2 0.7 27.8

140 6
13771599160
134 7 156 10 162
13361537162
134 5 147 5:163
15281392160
37.6 2.4 13.2 2.8 14,7

Figure 2 shows the mean F0 of the stopped tones ot the lwo speakers plotled as a tunclion ol
absolute duralion, as in ligure 1 . h tigure 2, the short stopped lones show three distinct high (Tl ) mid
(T3) and low (T7) F0 shapes ot about lhe same duration. The shapes tor lones 3 and 7 appear to
share the same origin, with T1 located higher. lf onsei perturbations are discounted, lhe high shape
(T1) is rising, the lowest (T7) is falling, and lhe middle (T3) difiers belween the two speakers: level
(PPN) and rising (HS). There are greater differences between HS and PPN in the F0 shapes ot the
long stopped tones.2, 4 and 6. Both varieties have three distinct upper (T2) middle (T4) and lower
fi6) shapes. ln PPN, the uppeltwo are level, and lhe lower is level, with a slight rise at the end. ln HS,
allhough the upper two, like PPN, are roughly parallel, their shape is mildly convex. Unlike PPN, the
shape ol HS tone 6 rises gradually, but, like PPN, it shows an increase in rate ol rise at the end. ln both
varielies, tones 6 and 4 have etfectively lhe same offset value.

RELATIONSHIP BETWEEN STOPPED AND UNSTOPPED TONES.

The relationship between the acoustics ot the stopped and unstopped tones is interesting, lor two
reasons. Firstly, it is ol interest to see to what extent the phonelics are consistent with the struclural
tonemic analysis above which claims allotony belween long slopped tones and unstopped tones 2, 4,
and 6, and between short slopped lones and unstopped tones 1 , 3, and 7. Secondly, the phonetic
realisation of the stopped tones is ol interest in the light ot a theorelical claim by Hombert et al. (1 979,
49) that a tonal contour can be truncated by a postvocalic voiceless consonant. ln iheir model (ibid.
fig. B) the lruncated portion is realised congruently wilh the tirst porlion of lhe contour representing
the 'underlying' tonal contour, or lhe tonal contour betore a voiced sonorant. However, there are
other realisational possibilities. The F0 conlour {ound in unstopped syllables could, for example, be
time-warped so as to be dislributed over the shorler duration ol the tone-bearing segment(s). This
question can only be examined where dynamic unstopped lones are involved, which, fortunalely,
applies to most of the cases in PPN/HS. For reasons of space, discussion will locus here on the PPN
tones, because they are somewhat less complex.
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Both allotones of the low dipping tone /6i have clearly congruent F0 contours over the lirst 30 csqc. of
duration. Atter lhis point, however, lhe F0 of the stopped tone diverges upwards kom lhat ol the
unslopped tone, but does not rise as high as the peak value in the unstopped tone. The rise in F0 on
the siopped tone is likely to be extrinsic, and nol a lunction of the tollowing consonant,.tor the
tollowing reasons. Firstly, no F0 perturbation is noled lor the other two long stopped tones, which do
clearly involve an unambiguously level target. Secondly, although small relalive to the speakefs
overail F0 range, the 20 Ht rise in F0 belore closure presumably signals the pitch rise audible on this
ailotone. HenCe il must be supposed that lhe F0 rise is part ot the tone target on the stopped syllable.
(ll is also possible that the small FO rise is perceived as a proportbnaiely greater pitch rise because ol
ine intrindic lruncatory etlect of the following consonant). ll is the case, therefore, that neither the
time-warp model nor the truncation model is appropriate on its.own for describing the relationshlp
between-the F0 shapes on these tone /6/ allotones. The tone on the stopped syllable is clearly not
truncaled in the Hombert et al. sense; nor yet is il fully realised: il does not reach lhe same peak value
as in the unslopped lone. However, because ol lhe rise on the slopped allotone, both allotones must

be understood'ds aiming tor the same tonal target (whether this is conceived of as a seguence ol LH

tones, or a low dipping 
-contour). 

The facl that the same peak target is nol reached in the stopped
tone is presumably due to the final stop.

As far as the short stopped tones are concemed, lhe acoustics are consisteni with allolony contracted
between the high, mid and low short stopped tones on the one hand and the unstopped tones /1 3
and 7/, as posit-ed above. This is indicaied by the high degree ol similarity between lhe F0 shapes of
the high and low short stopped tones and the contours ol ihe initial part ol the corresponding
unstopped allotones 1 and7. Assignment ol these short stopped shapes to unstopp_€d tones /2 and
6/ is also eftectively precluded on statislical grounds: t tests show them to be signilicantly ditferent.
Note, however, the assignment ol the middle shorl stopped tone is not clear lrom its F0 alone. The F0

of this lone lies aboui t2 Hz non-signilicantly higher than the F0 of both unslopped tones 4 and 3,
and on the basis ol its essentially level shape, too, it could be allotonically relaled to either tone /4/ or
tone /3/. This appears lo be a case, then, where the phonelics are ambiguous as to phonology, and
analysis rests oh'consideraiions ol patteming ot ihe unambiguous relations between unstopped and
stop-ped tones. Since each unstopped tone (except lone 5 whch doesn't have a stopped
counterpart) patterns wilh one stopped tone only, the mid short tone musl be assigned to the low
convex tone /3/, since tone /4/ akeady has a (long) stopped allotone.

The vowels on the short stopped tones have between 20Vo and 30% ot the duration ot lhe
corresponding unstopped tonei. The clear general similarity in contour between the short slopped
and unstopped lones during lhis period had been noled. There is evidence, however, as with the
stopped t6ne /6/ allotone lust disCussed, lhat lhe F0 contours on the high and lo!r, short slopped
tones are not simply truncated versions of lhe unstopped tones, but embody realisations of lonal
targets. This is mdsi clear on the high shorl tone, where the F0 parallels that on unstopped tone I tor
about the first 7 centiseconds, but tlien rises abruplly al a much higher rate. Not quite so salient, bul
consistent with the targeting ol a low ional value, is the fall at the the end ol the F0 on the low stopped
tone, which again is ai a greater rate than the corresponding unstopped tone 7. ll s€ems lhat, were
lhese tones to have a simply lruncated realisalion, lheir duration would be insufticiently long to
achieve an FO glide perceptially salient enough lo be perceived as a rise/fall in pitch. Hence lhe
grealer FO deritalive'than unstopped tones. lt is clear, however, lhat the high short siopped tone
aims at a rising pitch targel, whicli can be equated with the pitch target ol the lirst (rising) branch ol
tone 1, and the iowshort stopped tone aims at the same low falling pitch targel as unstopped low
falling tone 7. The case ot lhe short stopped mid tone 3 is not analogous, at least in PPN,.since its F0
does-not rise like that of its unstopped counterpart tone 3. Presumably it realises a non-dynamic low
target - the same targel as unslopped tone 3's onset.
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