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A Phonetic Study of Tsou

Richard Wright" and Peter Ladefoged™

This paper examines the phonetic characteristics of the Tfuea dialect of Tsou, an
Austronesian language spoken in Southern Taiwan. The authors employ both acoustic
and auditory analyses, as such it represents the first instrumental study of Tsou. As
the consonant and vowel inventories of the language are examined in phonetic detail,
several points of disagreement in previous descriptions of the language are cleared
up. The analyses include vowel formant measures, consonant voicing and VOT by
place of articulation, and intrinsic pitch of vowels. In addition to the segmental
description, there is a preliminary investigation of the consonant clusters many of
which are only rarely attested in the world’s languages.1
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Introduction

Tsou is an Austronesian language spoken by approximately 3000 people on
Mount Ali in Central Taiwan. Historically it was made up of four dialects, Tapangu,
Tfuea, Luhtu (Mamahavana) and Iimucu, the last of which is extinct (Tung, 1964). In
the three remaining dialects there is no significant grammatical and only marginal
phonological variation. Aspects of Tsou have been described in various forms in
several previous studies: Nevskij (1935), Ogawa & Asai (1935), Wei, Yu & Lin
(1952), Lin (1955), Tung (1964), Starosta (1974), Tsuchida (1972, 1976), Ho (1976),
Li (1979) and Szakos (1994). Of these Tung’s descriptive study is the most
comprehensive, but those by Li (1979), Tsuchida (1976) and Szakos (1994) provide
important additions and corrections to Tung’s description of the language. In a recent
dissertation, Wright (1996) investigates Tfuea consonant clusters in phonetic detail.

The present study is based on recordings made in 1993 of 13 speakers, 8 males
and 5 females, of the Tfuea, 'tfuja, dialect as spoken in Pnguu village. It reports on
the major phonetic characteristics of the Tsou language as determined by both
acoustic and auditory analysis, and as such represents the first instrumental study of

the phonetic structures of Tsou.

Phonological overview

Tsou has six vowels: i, e, #, u, 0, a. According to Tung (1964), there is some
dialectal variation associated with i, in that Tapangu i corresponds to z or iz in Tfuea
and Luhtu in certain environments. Another variation, Luhtu r corresponding to
Tapangu and Tfuea j may no longer be viable, since Li (1979) could find only one
Luhtu speaker, over 70, who still preserved it.

Tung describes long vowels as sequences of like vowels as most of the apparent

long vowels occur as a result of affixation, reduplication or vowel lengthening. He
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also describes long vowels as heterosyllabic and cites evidence from stress assignment
and reduplication. Szakos presents a list of minimal pairs illustrating length contrast
for the vowels 1, u, a. However, his examples contain long vowels that are the result of
morphological processes. In light of modern theories of metrical stress (eg Hayes,
1995) and morphophonology (McCarthy and Prince, ms), the reduplication and stress
assignment in Tsou can be seen as weight dependent processes that count morae rather
than syllables. One reason for viewing many of the ‘disyllabic’ vowels as long is that
there is no hiatus between adjacent homorganic vowels. The very processes that Tung
cites as evidence for treating long vowels as heterosyllabic can also be seen as
evidence in favor of long vowels being treated as tautosyllabic. In the end, Tung’s
observation that there is no phonemic length contrast appears accurate.

Tsou was described by Tung (1964) as having two ‘non-syllabic’ vowels that are
the counterparts of e and o. However, Ho (1976) and Li (1979) describe the ‘non-

syllabic’ vowels as the glides j and w, which seems to us a sensible proposal from a
phonological point of view, especially given the stress pattern and the process of
reduplication seen in the language. It should be noted, however, that w has a limited
distribution and that in the present study, there is no systematic data available for its
analysis. Tung’s analysis is reflected in the orthography which; along with a phonetic
transcription, will be used in this paper. Thus the orthographic version of the name of
the dialect is ‘Tfuea’ which in our transcription is tfuja.

In addition to the two glides, the Tfuea dialect has the following 15 consonant
sounds: 6, d, p, t, k, ?, ts, f, s, h, v, 2, n, m, 5. Tung (1964) notes that Luhtu has r
where Tfuea has j; however even at the time of his study, Luhtu speakers freely
substituted j for r. Tsuchida, and later Li, noted that at that time only the very elderly
speakers maintained the r. An additional consonant series, pulmonic ingressive
fricatives, has been said to occur in the Tfuea dialect spoken in Pnguu (Fuller 1990),
but Ladefoged and Zeitoun (1993) note that all of the 14 Pnguu speakers they

investigated used an egressive airstream to produce the fricatives described by Fuller.
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One of the most striking features of Tsou Phonology is the wide range of
combinatorial possibilities of the 15 consonant sounds. Sequences of more than two
consonants are forbidden, but a large number of unusual two consonant clusters do

occur. These clusters will be discussed below.

Vowels

For five of the six vowels the data consisted of two examples of each vowel in a
stressed syllable after a bilabial stop, and two further examples in a stressed syllable
after an alveolar stop. This was not possible for the sixth vowel, i, for which only two
examples from a stressed syllable following an alveolar stop were available in the data

which we had recorded. Examples of the vowels are given in Table 1

VOWEL ORTHOGRAPHY IPA GLOSS
i pitu pitu ‘seven’
e pepe pepe ‘sky, heaven’
a pa’ti pa?ti ‘to show’
o po’e po?e ‘to pray in making wine’
u tufku tufku ‘to wash clothes’
i ti su ti?si ‘arrow’

Table 1: Words illustrating the short vowels of Tsou

The word list used in making the recordings is given in the appendix. Each word was
produced once by each speaker. While minimal sets were difficult to find, the data
were selected to avoid consonant environments that would cause allophonic variation.
Formant and fundamental frequency measurements were taken in stressed syllables.
Measurements of the frequencies of the first, second and third formants (F1, F2, and

F3 respectively) were taken, using spectrographic displays and superimposed FFT and LPC
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spectra on the KAY CSL system. In order to maximize the accuracy of the spectral
analysis, speech sampled at 10 kHz was used in the instrumental analysis of vowels (see
Ladefoged, 1993). The LPC calculation used a 20 ms frame with pre-emphasis applied to
the signal prior to calculation to make it easier to see the higher formants. In general, a 14th
order filter was applied in analyzing the male speech and a 12th order filter was applied in
analyzing the female speech. When necessary the filter order was adjusted down to
accommodate the higher fundamental frequency of the speech in certain utterances for
some speakers. To insure the accuracy of the LPC measurements, a simultaneous 512 point
FFT calculation was made and the results were overlaid on the LPC results. These
measures were also checked against measures taken from a spectrogram and against

auditory impressions. The mean formant frequencies are shown in Table 2.

female speakers male speakers
vowel F1 F2 F3 F1 F2 F3
i 435 2599 3168 369 2157 2864
e 516 2328 2923 499 2032 2597
a 975 1581 2952 805 1385 2629
0 560 914 2963 539 983 2576
u 468 1118 3158 407 917 2464
i 501 1756 3012 429 1441 2454

Table 2: Mean formant frequencies for male and female speakers

Formant frequencies are plotted in Figure 1 (males) and Figure 2 (females). In the
figures F1, roughly equivalent to vowel height, is plotted against F2’ — F1 which is roughly
equivalent to the backness of the vowel. F2’ is a weighted average of F1, F2 and F3
calculated with the formula given by Fant (1973: 52): F2’ = F2+ (F3-F2)(F2-F1)/2
(F3 — F1). The axes are scaled using the Bark scale and labeled in Hz. The ellipses around

the points for each vowel have a radius of two standard deviations from the mean.
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Figure 1: Formant plot for male speakers F2’ — F1 by F1
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Figure 2: Formant plot for female speakers F2’ — F1
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Based on acoustic data and auditory impressions the following description of

Tsou vowels can be made:

i high front unrounded
€ midhigh front unrounded
i high central unrounded

u high back rounded

o midback rounded

a low back unrounded

The vowel e has been described by Tsuchida as ‘lower mid-front’ corresponding
to o. It is plain from the formant plots that the midfront e in Tsou is higher than what
is traditionally transcribed as o, and is much closer to i than to a. Tung describes i as
high central unrounded, but chooses to transcribe it as A because his impression is
that it is closer to u than to i and is slightly rounded. Observations of the speakers’ lips
during production revealed no evidence of rounding. It seems to us that it is a high
central vowel as described by Li and Tsuchida, and is more accurately transcribed as
1, in accord with Fuller (1990) and Szakos.

The most notable aspect of the vowel space in Tsou is the centralizing tendency,
particularly in the female speakers. The centralization was greatest when the vowel was
flanked by voiceless coronals and is most significant in the back vowels. There was a
short transition into the vowel and a longer schwa-like transition out of the vowel and
into the following consonant. This was particularly pronounced in productions of o by
one of the female speakers, as is reflected in the wide scatter in the formant plot.

In addition to formant measures, inherent pitch measures were taken for each
vowel. Fundamental frequency (FO) was measured from a narrow band spectrographic
display that was-linked to simultaneous wide band spectrographic, waveform and
amplitude contour displays. FO measurements were taken in a stressed syllable at the
point that corresponded to the FO peak for that syllable. The FO means are plotted

with standard deviations in Figure 3.
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Figure 3: Mean and standard deviations for male and female FO values-for vowels
Surprisingly, markedly higher FO values were found for the high central vowel
than for the other high vowels despite the fact that on the formant plots this vowel is
lower than either i or u. The males had larger differences in FO between vowels than
the females. Normalized FO and F1 were statistically correlated to determine the
reliability of the effect of vowel height on intrinsic pitch. The normalized values in the
correlation were the individual deviation from the overall mean for F1 and FO. As is
shown in Table 3, a highly significant but weak correlation was found between the
deviation from mean of F1 and FO. This result is in agreement with the general finding
that vowel height is correlated with fundamental frequency such that high vowels have

an intrinsic pitch that is higher than low vowels.

Correlation P-Value 95% Lower 95% Upper

-.333 <.0001 -.465 -.187

Table 3: Correlation of vowel height (F1) and F0
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Consonants

As was noted above, the Tfuea dialect of Tsou has the 17 consonants listed in
Table 4 below. Both auditory and acoustic analysis were used in arriving at the
following description of Tsou consonants. In the recordings there was one repetition
of each consonant in onset position before both i and a, except for the glides j, w.
Words containing the consonants were digitized at either 10 kHz (sonorants) or 20
kHz (obstruents) and analyzed using simultaneous waveform, amplitude and
spectrographic displays on the KAY CSL. The wordlist used to record the consonant

tokens is found in the appendix.

BILABIAL | LABIO- | ALVEOLAR | PALATAL | VELAR | GLOTTAL
DENTAL

PLOSIVE p t k ?
IMPLOSIVE b d
AFFRICATE ts
FRICATIVE f v |s z h
NASAL m n )
APPROXIMANT w J

Table 4: Chart of Tsou consonants

Plosives:

Aspiration is not contrastive in Tsou. While voiceless stops can appear aspirated,

Tung cites both distributional and morphophonemic evidence for treating these

surface forms as clusters. The strongest distributional evidence is the fact that h

clusters freely as either the first or the second member of a cluster but blocks further

clustering. Tsou permits maximal clusters of two consonants; clusters of h and two or
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more consonants are not permitted. Consonant clusters are discussed below. In certain

inflectional processes, the first member of a consonant-h cluster can change or in
other processes be removed leaving behind the h. The following example, the verb ‘to
trade’, is taken from Tung (1964:11):
mhino (actor focus), phini (benefactor focus).
Description of the voiceless plosives is straightforward: p is a voiceless
unaspirated bilabial, t is a voiceless unaspirated alveolar, k is a voiceless unaspirated

velar. The status of the glottal stop as a consonant is supported by distributional

evidence. Like the glottal fricative, h, it is found with the same distribution as the

other consonants. Both of these consonants can occur in intervocalic position, in
consonant clusters as the first or second member. Like h it blocks further clustering.
Moreover, Szakos (p. 22) presents some examples that provide evidence to corroborate
Tsuchida’s brief note describing a contrast between a word initial glottal stop and a
word initial onsetless vowel. Such examples further support the phonemic status of the
glottal stop in Tsou. As Szakos’s work was published subsequent to the data

collection for this study, no instrumental study of the contrast was undertaken.

The voiced bilabial stop has been described as a preglottalized voiced bilabial
plosive by Tung, Li, and Tsuchida, as a preglottalized voiced ejective by Szakos, and
as a voiced bilabial implosive by Fuller. Spectrographic analysis of 6 in word onset
shows no creakiness or glottalization during voiced closure or in the onset of the
vowel. Visual observations of lowering of the speaker’s larynx during closure
indicates that the voiced bilabial is in fact implosive. Inspection of the waveform and
spectrogram reveals that voicing during closure is characteristic of that seen in
implosives (Lindau, 1984) in that voicing is strong and there is an amplitude increase

in the latter part of the closure. An expanded view of the waveform showing voicing

during 6 closure is shown in F igure 4.
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0 Time (ms) 75

- Figure 4: Expanded waveform showing increase in amplitude during b closure
voicing characteristic of implosives.

The voiced alveolar stop has been described variously; Tung describes it as a
preglottalized alveolar lateral 1, Tsuchida describes it as a voiced alveolar stop d and

Fuller reports hearing it as an implosive d. Auditory impressions, acoustic measures

and observation of the speakers larynx indicate that it is implosive. Like b, it shows an

increase in amplitude during the closure voicing, as shown in Figure 5.

e N Vi WA

0 Time (ms) 49

Figure 5: Expanded waveform showing increase in amplitude during d closure
voicing characteristic of implosives.

Both 6 and d may be produced with preglottalization which is not unexpected in
implosives due to the nature of their articulation. However, it is worthy of note that
the glottal constriction is more marked than is usually seen in examples in the
literature and often results in a cessation of voicing prior to the stop’s voicing. The
preglottalization is not evident in word initial position, but in intervocalic position it
is clear as can be seen in Figure 6. What is unusual is that one third of the speakers
produce the voiced alveolar implosive with a lateral release and all of the speakers
produce a lateral approximant allophone 1 before the low vowel a. Between vowels the
lateral allophone is clearly accompanied by preglottalization. The lateral approximant
in word onset is shown in Figure 7 below. The lateral characteristics are probably the
source of some of the disagreement seen in past descriptions. Szakos points out that
there is a lateral flap before high and mid vowels in a very limited set of lexical items.
As all of the words which exhibit the lateral flap before high and mid vowels are fairly

recent loans from Japanese, they have been excluded from this study.

-997-



Richard Wright & Peter Ladefoged

8000

6000

4000

Freq. in Hz

2000

L 1 1 1 1 1 1 f
Oms 100 200 300 400 500 600 700 800
Figure 6: Spectrogram illustrating preglottalization of d'in the word te:d: ‘to arrive on time’
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Figure 7: Example spectrogram showing the lateral approximate allophone
of d'in the word dauja [lauja] ‘maple’
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In addition to the spectrographic analysis, voice onset time (VOT) measures were
taken for the voiceless unaspirated plosives. The interval between the release burst and the
first glottal pulse was measured on simultaneous waveform and spectrographic displays.
The measurements were submitted to an analysis of variance with VOT as the dependent
variable and consonant and speaker as independent variables. The results (F[2,211=47.15,
p<.0001) indicated that there was a significant difference in VOT between the consonants.
The mean VOT following the three voiceless plosives is shown in Figure 8 below plotted
with error bars. The results agree with the general observation that the further back a

consonant closure is made, the longer the duration of the VOT. (Fischer-Jorgensen, 1954).

85

30—

254

20

mean VOT (ms)

0 T T T
p t k
consonant

Figure 8: Mean VOT in ms following p, t, k

Affricates:

There is a single affricate in Tsou, the alveolar: ts, illustrated by a spectrogram in

Figure 9. Its frication is characterized by a concentration of energy between
approximately 5 kHz and 6 kHz It is palatalized before the front vowels i and €, being

realized as the palato-alveolar affricate tf, with a wider distribution of energy that

spreads between approximately 3.5 kHz and 5 kHz, illustrated by a spectrogram in
Figure 10. ts is a single phonological unit rather than a cluster of t + 8, as is shown by

its combinatorial possibilities, to be discussed below.

-999-



Richard Wright & Peter Ladefoged

8000

6000

B
o
o
o

Freq. in Hz

2000

O Wbl 38§ 85 8 8 dii &

L 1 1 1 1 1 1 1 ]
Oms 100 200 300 400 500 600 700 800
Figure 9: Spectrogram illustrating the alveolar affricate ts in the word tsa?i ‘dirty’
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Figure 10: Spectrogram illustrating the palatalized allophone t{ in the word tfej ‘dream’
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Fricatives:

There are five fricatives in the Tfuea dialect of Tsou: voiceless and voiced labiodental
f, v; alveolar s, z; and the glottal fricative h. The frication energy of the voiceless

labiodental fricative f has low intensity and is widely spread over the spectrum as is typical
in labiodentals, illustrated in Figure 11. Some speakers produce the frication with a more
concentrated energy particularly in a cluster, such as ft, illustrated in Figure 12.

The voiceless alveolar fricative, s, is illustrated in Figure 13. The voiceless alveolar
fricative is characterized by a high frequency concentration of energy. Like the alveolar

affricate, the alveolar fricatives are heavily palatalized before front vowels. The

palatalized form, {, is illustrated in the spectrogram in Figure 14.

Tsou h has been described by Tsuchida as a velar fricative and by Tung as a glottal
fricative which varies in quality depending on the environment. From a phonetic point of
view the data in this study, illustrated in Figure 15, support Tung’s description. As is
common to h, the glottal fricative in Tsou often shows concentration of energy in the region
of F2, and sometimes F3, of the following vowel, and takes on the qualities of its vocalic

environment. Tsuchida’s description may have been influenced by the fact that there is

significant coarticulation between h and the high central unrounded vowel, i. In this

environment h is often realized with spectral qualities that are characteristic of a velar

fricative, an example of which is shown in Figure 16. There may be phonological support
for the view that h is a velar fricative, or at least not a glottal one. Tsou has a prohibition

against two obstruents at the same place of articulation forming a cluster. But the clusters
h? and ?h do occur, as illustrated in Figure 15. However, as many phonologists regard

prohibitions against homorganic clusters as applying only to oral articulations, glottal

articulations should be exempted from such a prohibition. In addition, Wright (1996) and
Szakos (1995) have found hk clusters. It should be noted here that in the Luhtu dialect both

Li and Tsuchida analyze this fricative as phonetically a velar x, but phonologically as a

glottal fricative. As the acoustic analysis in this study is based exclusively on recordings of

the Tfuea dialect, the authors must defer to Li and Tsuchida's analysis of Luhtu.
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Figure 11: Example spectrogram: { with broad spectrum energy
during frication in fa?e ‘a man’s name’
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Figure 12: Example spectrogram: {in a cluster fluke ‘to slouch’
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Figure 13: Example spectrogram: s in saptfi ‘face’
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Figure 14: Example spectrogram: | in mewifi ‘large’
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Figure 15: Example spectrogram: h in haho ‘friends’
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Figure 16: Example spectrogram: h in tsaphi ‘palm, sole’
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Nasals:

The nasal consonants have three places of articulation paralleling those of the

voiceless unaspirated plosives: bilabial m, alveolar n, and velar . The most
remarkable thing about the nasals is that, with the possible exception of h and ?, if
these are both considered to be glottal consonants, they are the only segments that are

allowed to form homorganic clusters with a following obstruent.

Approximants:

Tung describes two ‘consonantal vowels’ which he transcribes & and & in his
discussion of vowels but which he fails to differentiate from e and o elsewhere in his

text. Ho and Li have suggested treating the consonantal vowels as j and w. The

rationale is that phonological processes such as stress assignment and reduplication
are systematic only if the segments in question are consonantal. For example, certain
inflectional processes involve reduplication of the onset and first vowel, or first mora,
of the base. The following examples of reduplication and stress assignment are taken

from Tung, using his transcription as the orthography.

Orthography IPA Gloss
ex: cofkoea tsofkoja ‘clean’
cocofkoea tsotsofkoja ‘very clean’

When € is found at the onset of a word, it is reduplicated as if it were a consonant.

ex: eosku joski ‘fish’
eoeosk# jojoski “fish’ pl.
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When € is found as part of a syllable preceded by a consonant and followed by a

vowel, it is treated as part of a consonant onset cluster and it is reduplicated together

with the preceding consonant and first vowel of the base.

ex: beahci bjahtfi “fruit’
beabeahci bjabjahtfi “fruits’

If € is treated as a syllabic vowel, the rules for reduplication become very complicated

indeed. If, on the other hand it is treated as a glide, rules for reduplication are
straightforward: reduplicate the onset and first vowel of the base. Stated in terms of

prosodic morphology, this is a process of light syllable reduplication. The syllabic

front midvowel e may itself form a syllable nucleus as is evident in forms such as

pepe ‘sky’. Furthermore, e is reduplicated in words in which it makes up the nucleus

of the first syllable:
ex: evi evi ‘tree’
eevi eevi ‘trees’

This type of evidence from reduplication is not available for &, but evidence from

stress assignment does point to treating both ¢ and & as glides, distinct from the front

and back midvowels. In Tsou, stress generally falls on the penultimate syllable.

ex:
éko 'oko ‘child’
okosi ok'osi ‘his child’
m 2im 2u 'mP?um?u ‘hair’
eam 2um Zia eam?u'm?ua ‘hair’
ia 'na ‘deer’
iunzéu iunz'ou ‘to burn’
ciuéi tfiv'ei ‘to pierce the ears’
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The first two pairs of examples show that stress is mobile and occurs on the
penultimate syllable; when a suffix is added to the word, the stress moves to the
syllable that was final in the non-suffixed form. The fact that stress is mobile in Tsou
is evidence in favor of an analysis, such as that by Tung, Li and Ho, in which Tsou
stress is quantity sensitive and not assigned underlyingly. The last four examples
above show that in a series of vowels, the stress falls on the second to last vowel. As

can be seen both o and e are treated as syllabic as far as these forms are concerned

since both receive stress. In other forms, however, what have been transcribed by

Tung as o and e are treated as non-syllabic.

ex:
kéeu 'koju ‘ear’
koetisi ko'jusi ‘his ear’
atieu a'uju ‘early’
auetihe au'juhe ‘earlier’
hioa 'hiwa . ‘work’
eahioda eahi'wa: ‘to have work’
fiienu 'fujpu “hill’
eplieu e'puju ‘to fall’
céoa 'tfewa ‘earth’
edu 'jou ‘big fish’
éou 'ewu ‘thief®

(Szakos transcribes the last two examples with word initial glottal stops)

Taken together, the examples above show that certain midvowels are treated as
syllabic, they receive stress and participate in morphophonemic processes such as
reduplication, while at the same time, what have been transcribed by Tung as midvowels
are treated as if they are non-syllabic as far as processes of stress and reduplication are
concerned. These facts are what led Tung to conclude that Tsou had both syllabic and

non-syllabic midvowels and led Li and Ho to propose the glides j and w. Tung’s

proposal is motivated by two factors. The first is that he finds it more parsimonious not
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to add glides to the phonemic inventory. The second reason is that, at least in the case of
J, following a consonant or following the front vowels i and e the glide sounds more like

e (Li, 1979). The change in quality does not change the glide’s inability to bear stress;
thus, the variation in the glide’s quality can be viewed as allophonic variation.
Elsewhere, in word initial and word final and intervocalic position the auditory
impression of both glides is similar to that of high vowels. From a phonological point of
view, a glide is essentially a non syllabic vowel, and therefore in some sense Tung, Li
and Ho are in agreement. The problem arises in Tung’s transcription in which he fails to
explicitly mark the difference between a syllabic and a non-syllabic vowel.

The wordlist used for making the recordings of consonants did not include

examples of j and w in positions that are equivalent to the other consonants. However,
several of the words in the wordlists do illustrate j word internally and in word initial
position. Therefore, a preliminary acoustic study of j can be made. By chance w did
not appear in word initial position with the exception of a single name. Therefore, it is
not possible to perform a comparable analysis of w. However, as can be seen in
Figure 14 above, its intervocalic characteristics are typical of a glide. Figure 17 below
illustrates the highfront glide in word initial position and Figure 18 illustrates the
allophonic midvowel characteristics of the front glide following a consonant.

When the front glide is in word initial or intervocalic position, it typically shows
no steady state. Furthermore its F2 and F1 transitions begin at points that are typical
of the high front vowel i. However, when the front glide is found in post consonantal
position, the maximum frequency for F2 is lower and the minimum frequency for F1 is
higher than in onset position. Altogether, the spectral characteristics for the front glide
in post vocalic position place it nearer the midhigh front vowel e rather than i. Further
study of the front glide is needed to determine the exact phonetic characteristics of the
front glide. But our preliminary investigation suggests that it is similar to the English

glide in ‘yellow, a yellow ball, unite, reunite’. Since the convention is to transcribe a

front glide as j in the absence of any height contrast, it is transcribed as such here.

-1008-



A Phonetic Study of Tsou

800

4000
3000
N
I
(f
. 2000
(on
o
L
1000
ols kb
J a p n i
1 1 1 1 1
Oms 100 200 300 400 500 600 700
Figure 17: Example spectrogram showing j in japneni ‘to sow’
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Figure 18: Spectrogram of htohjinsa [htoheptsa] ‘stone to death’ illustrating the

midvowel characteristics of the front glide in post consonantal position.
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Stress

With the exception of a handful of words, stress is predictable in Tsou. As was

seen in the examples above, stress tends to fall on the penultimate syllable.

ex: (From Tung)

ko 'oko ‘child’
okési ok'osi *his child’
mamespigi mames'pini ‘woman’

This, however, is not the full story. When a word ends in a long vowel, stress falls on
the last syllable.

ex: (From Tung)
emoo e'mo: ‘house’

eémo 'ermo ‘to build a house’

The full generalization, then, is that stress falls on the final syllable if it has a long
vowel, else on the penultimate syllable. This pattern is one of Tung’s motivations for
describing long vowels as disyllabic; he wanted to say that stress was always on the
penultimate syllable. Tung, however, was writing before the advent of metrical
theories of stress such as that described in detail in Hayes (1993) and thus lacked the
tools for analyzing this pattern as moraic stress. In a theory of moraic stress, a syllable
containing a long vowel is heavy and bears two morae. A syllable with a single vowel
is light and bears a single mora. The stress pattern in Tsou is characteristic of moraic
trochees: main stress falls on the final syllable if it is heavy, else on the penultimate
syllable. Because the main stress falls at the right edge of a word, stress is assigned

from right to left. The moraic trochee foot template is as follows:

(x ) (x)

(R or

Where U is a light syllable (i) and — is a heavy syllable (p)
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ex; x )

oko ‘child’
(x.)

okési ‘his child’
(%)

emoo ‘house’

(%)

eémo ‘to build a house’

Evidence for moraic trochees comes from the Luhtu dialect of Tsou which has a
productive process of vowel deletion described in Tsuchida. Alternating vowels preceding
the main stress are deleted. Vowel deletion does not occur if a cluster of three or more
consonants would occur, or if the vowel is in an onsetless word initial syllable or in word
final position. Vowel deletion also fails to occur if the vowel in question is long, i.e. if the
syllable is heavy. This pattern is also characteristic of moraic trochees. Every heavy
syllable receives stress, every other light syllable receives stress, all stressless syllables
excluding those mentioned above are deleted. Our data were collected without this point in
mind, and do not allow us to fully determine vowel deletion rules in the Tfuea dialect.
From what we have observed it is clear that vowel deletion is an active process in Tfuea,
and it seems likely that both dialects have the same stress pattern: main stress is on a final
heavy syllable else on the penultimate syllable.

ex: from Tsuchida

se?e- n9toh- a [s?en'tdha] ‘to cut off with a bolo’ (general focus)

X main stress
(0:¢ ) (X ) trochaic stress
U ] U U U
syllabic
/ / / moraic
S e e n 9 t 5 h a
S e n ta ha vowel deletion
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Consonant clusters

One of the most interesting aspects of Tsou is the wide array of consonant
clusters that are permissible in word initial position. In general a consonant cluster is
made up of two and only two consonants, and almost any two of the Tsou single

consonants may appear in either order. There are, however, a few exceptions to this

generalization. With the exception of h and ?, homorganic fricative-stop or stop-
fricative clusters do not occur. If h is regarded as not having a glottal place of
articulation, h? and ?h need not be considered exceptions. Strengthening the notion
that in the phonological definition of possible clusters h should be regarded as a velar
fricative is the fact that ph and th do occur as initial and medial clusters, but kh
occurs only in Japanese loans (but see Szakos, 1994 and Wright, 1996). Of the
consonants with oral constrictions only nasals precede homorganic stops or fricatives.
The preglottalized alveolar implosive d clusters only with the glottal stop. As most of
the data was compiled using Tung’s text where the glides are unmarked, no systematic
data was collected on the clustering patterns of j or w. Not all of the consonant
clusters that are possible in Tsou have been documented in word initial position.
Tung’s description is corpus based, and therefore any absence of a particular cluster
may very well be due to chance. The present study expands somewhat on Tung’s list
of initial consonant clusters, yet any absences may too be due to chance. Some time
was spent trying to elicit words that begin with the clusters that are listed but not
exemplified in Tung’s text. When this process failed it is an indication that the cluster
is at least dispreferred, but it does not rule out the possibility of such a cluster. Szakos
(1994) includes several clusters that are missing from the data in this study. The
Appendix contains a table which is an expanded version of that found in Tung. The
glosses have been corrected where necessary. The following table illustrates the

combinations of consonants found in our data.
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Clp|(f|v|b|[m[t]d[ts[s[z][n]|k]|p]2]|h
_)
C1 X Xl x|®] x| x| x| x| x
| f X X x| x| x| x
v X x) x| x
6 X | (x)
m| x| x (%) (x) X | x| x| x X | x
t ]l x| x| x|®] x X | x| x| x| x
d
ts | x [ x| x|®] x X | x| x| x| x
s | x X foxodnx X | x| x| x
z (x)
n | (x) X | X ®)| x | X x)
k x| x X 9]
] X x) | %) ®) ] x| x) (x) X
Pl x| (x| x X9k XX x) | (x) (x)
h | x X X% X[ ®X|®] x | x| x
Table 5: Consonant clusters attested in the data
x = clusters that appear in word initial and word internal position
(x) = clusters that appear only in word internal position
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Figure 19: Example spectrogram showing the characteristic voiceless
release of voiceless stop clusters in ptiveu ‘a kind of reed’
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Figure 20: Example spectrogram showing the characteristic vocalic release
in voiceless stop + nasal clusters in pna: ‘to shoot’

Both members of a stop-stop cluster are fully released in word onset position and
word internally. There is an audible burst that varies in amplitude, and almost
invariably no voicing between a voiceless stop and a following voiceless segment.
(One of the speakers in the study produced voicing forming a short epenthetic vowel
in this environment). When a voiceless stop precedes a nasal there is a small amount
of voicing, 3 to 5 glottal pulses, between the release of the stop and the closure of a
following nasal segment. During the brief period of voicing, what little formant
structure is discernible is highly dependent on the consonantal context. Figure 19
illustrates the characteristics of voiceless stop clusters and Figure 20 illustrates those
of voiceless stop plus nasal clusters.

Nasal-stop and nasal-nasal clusters vary between having a vocalic release and

having no vocalic release. The variation appears to be speaker dependent. Figures 20

and 21 illustrate the two possibilities.
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Figure 21: Example spectrogram with vocalic release in a nasal-nasal cluster
in mna?o ‘come to do one thing’
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Figure 22: Example spectrogram without vocalic release in a nasal-nasal cluster
in mna?o ‘come to do one thing’
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Some of the most unusual clusters involve h and ?. Clusters such as ph and th,
(but not, as we have observed, kh) occur, and are much like aspirated consonants in
other languages. What is, to the best of our knowledge, unknown in other languages
are initial clusters with h as the first member, such as ht, illustrated in Figures 23 and

24. For most of the speakers in the study the frication associated with the h has low

intensity and spreads widely across the spectrum, as illustrated in Figure 23. In Figure
24 the initial aspiration is somewhat stronger than that produced by the other speakers
(chosen so that the acoustic characteristics were clearly visible).

Before the alveolar stop there is a movement so that the acoustic structure becomes
more like that associated with the alveolar burst: the narrowing of the alveolar
constriction causes a concentration of the energy of the frication between 2000 and
5000 Hz. In Figure 24 the movement of the tongue towards the alveolar closure is

clear in the change in frequency of the formants within the frication.

Similarly, clusters such as p? and t? are sometimes sequences of a plosive and a
glottal stop, but are sometimes much like ejectives in other languages; and again what
is unknown in other languages are initial clusters such as ?p and ?t, illustrated with ?t
in Figure 25. Perhaps the most exceptional of all is the cluster h? illustrated in Figure 26.

In clusters of glottal stop and voiceless stop the glottal stop is usually released
before the closure of the following consonant is complete. Often this is visible on a
spectrogram as two or three creaky glottal pulses. Occasionally the creakiness persists

into the beginning of the vowel.

In the h? cluster, the formants visible in the frication show coarticulation with the

vowel following the glottal stop. In this case the concentration of energy around 1000

Hz with very little energy in higher frequencies indicates that there is lip rounding

throughout the production of the h.
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Figure 23: Spectrogram of htohjintsa [htoheingtsa] ‘stone to death’ illustrating the
typical low intensity, broad spectrum frication with concentration
of energy at the closure of the following stop.
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Figure 24: Example spectrogram of htohjigsa [htoheptsa) *stone to death’

illustrating stronger frication.
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Freq. in Hz

Figure 26: Example spectrogram of h?oni ‘liver’ showing h coarticulation
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Figure 25: Example spectrogram of ?tueva ‘the third month’

illustrating the characteristic glottal release .
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Conclusion

This paper has outlined the main phonetic characteristics of Tsou. But there are
many points of phonetic interest still to be investigated. In particular, further research
on the consonant clusters is needed. We are not completely certain whether there are
some consonant combinations that are possible but do not appear in our data. In
previous analyses, all syllables are said to have the form (C)(C)V so that there are no
codas in the language, regardless of the position of the syllable within the word. These
analyses are based in large part on the fact that there are no consonants at the ends of
words. Our data show that in medial position the first voiceless plosive in a cluster is
released which is a characteristic normally associated with onsets. We need to conduct
further investigations to establish the full range of consonant clusters in Tsou. In
addition, further investigation of the nature of unusual clusters like those in Tsou will
shed light on questions of the nature of the makeup of possible syllable onset clusters

and the role of saliency in determining ordering of articulations in speech.

(Accepted for publication 27 February 1997)
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Appendix

I: WORD LIST USED IN VOWEL RECORDINGS

IPA GLOSS IPA GLOSS

pak?i ‘bad, wicked’ pa?ti ‘to show, to let see’
pe:da ‘can, be able to’ pepe ‘sky, heaven’

pitu ‘seven’ pio ‘how many’

pohe ‘maize’ po?e ‘to pray making wine’
puzu “fire’ puitu ‘Chinese’

taso ‘strong’ taf?u ‘kind of skirt’
te:du ‘to arrive on time’ te:fi ‘rope, cord’

tim3i ‘to hold’ titha ‘to use’

tofi ‘gourd’ toti ‘kind of fungus’
tufku ‘to wash clothes’ tutu ‘seed, grain, ball’
tis?t ‘clear (of water)’ ti?si ‘arrow’

II: WORD LIST USED IN CONSONANT RECORDINGS

pa?mizi ‘to let pass’ pe?piti ‘eyebrow’

ba?i ‘grandmother’ bjahtfi “fruit, flesh’
ma?kuv?o ‘to surprise’ majo ‘to take’

meoifi ‘large, big’

fa?e ‘a man’s name’ fjago ‘body’

va?hi ‘stream’ vjovjo ‘kind of deer’
ta?tst ‘lamb’ te?i ‘to shit’

dauja ‘maple’ digki ‘mud’

navju ‘cooked rice’ ne?e ‘there (out of sight)’
tsa?i ‘dirty’ tfei ‘dream’
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saptfi ‘face’ feu ‘intestine’
Zomi ‘bird’

kadi ‘knee’ ke:i ‘eye secretion’
najo ‘mouth’ pe:i ‘hemp’
hah?o “friends’

III: CONSONANT CLUSTERS IN THE PRESENT DATA

CLUSTER INITIAL GLOSS MEDIAL GLOSS

pt ptiveu ‘a kind of reed’ sipti ‘four’

pk pkako ‘to escape’ 000 eemmem e

p? p?unu ‘body joint (knee)’ sop?0 ‘light (weight)’
pn pna: ‘to shoot’ japneni ‘to sow’

Py piji ‘pestle’ apgu ‘a basket’

pts ptsokni ‘tall bamboo’ optsoi “to kill’

ps psippa ‘to thrust into’ jopfi ‘dusk’

pz e pipza ‘mildew’

ph phipi ‘door’ tsaphi ‘palm, sole, paw’
tp tposi ‘drawing’ atpita ‘to win’

11 R ketbi ‘storage’

tk tkiti ‘miser’ kitkiti “wrist’

t? t?ano “foot’ at?iphi ‘but’

tm tmali ‘to hear’ matmomane ‘sing for a long time’
tn tniji ‘rain’ nitni ‘lung’

ty tgo: ‘pot’ botnoni ‘many’

tf tfuja ‘place name’ fitfi ‘edge’

tv tvo?husa ‘bamboo tube’ teakotva ‘narrow’

th thoepza ‘to elevate’ aothomi ‘to try’
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k

k?
kn
kts
ks

’p
i
d
%k
m
n
s
?f
v
s
?h

bk

mp
mb
mt

m?
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?tsonza

?voja
?sia

m?um?u

mna?o

‘to cheat’

‘burning charcoal’

‘monkey’
‘the 3rd month’

‘the 10th month’

‘the 1st month’

‘the 8th month’
‘the 9th month’

‘body hair’

‘come to do one thing’

ak?i
konakni
zotikci
ksiksi

pe?pi?i
aopa?to
ka?di
ko?ko
ma?mio
na?no
smuju?rtsu
tmau?fu
i?vaho
to?so

va?hi

tibkobkotsa

se?imba
aimti
am?uhu

imni

‘grandfather’
‘species of plant’
‘to press’

‘burning charcoal’

‘eyebrow’
‘to appear’
‘knee’
‘therefore’
‘to think’

3 ]

very
‘to pierce’
‘to stir’
‘again’
‘to throw’

‘small river’

‘therefore’

‘five hundred’
‘actually’

‘early, quickly
‘good’



mts
mf

ms

mh

np

nt

n?

nts
nv

ns

nh

nt
pk
g?
pm
nts
gv
ns
nz
ph

mtso:
mfei?si
msapie
mza:

mhino

3 2

eye
‘to cover’

‘put on shoe’

3 2

our

‘to buy’

mamtsino

nomso
omza

mimho

ainpinpi
t?uantihi
kunkunu
tan?e
anma
maintsa
sinvi
Zonso
?tsonza

inhe

hogtugtu
opko
an?osi
jopma
jigtsa
tugva
monsi
menzu
at?ighi

A Phonetic Study of Tsou

‘to bathe’

‘have enough room’
‘upper side’

‘to permit’

‘at will’

‘star’s name’

‘wooden water jar’
‘here’

‘sixth month’

‘to say (agent focus)’
‘to chew’

‘lie in wait for an animal’

“first month’

< 3

SOwW

‘to burn one end’
‘name’

‘gang up on’

‘to be in ambush’
‘mad’

‘to powder’

‘to cry’

‘lance’

‘only9
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ts
tsp tspitho ‘hip’ tsputspuhu  ‘arrival in the mountains’
tsb —— e etsbihi ‘to feel heavy’
tsk tskosi ‘to level’ putsku ‘navel’
ts? ts?ojha ‘stream’ jats?i ‘to stand’
tsm tsmoi ‘bear’ hutsma ‘day before, day after’
tsn tsnimi ‘banana’ aitsni ‘surely’
tsp tspuhu ‘chestnut’ atspihi ‘continuously’
tsf tsfuo ‘stomach’ teotsfuna  ‘convergence of streams’
tsv tsvo?ha ‘pierce’ tatsvoh?i ‘long’
tsh tshumu ‘water’ botshio ‘to know’”
f
ft ftuke ‘to slouch’ mofti?i ‘to flash’
fk fkoi ‘snake’ tsofkoja ‘clean’
1 fPue ‘sweet potato’ emuf?o ‘to bury’
fn —— e jofna ‘evening’
fiy fyu: ‘head’ emifii ‘to hide’
fis ftsuju ‘egg’ faftsuja ‘a castrated man’
v
Vo mmeeem e bivni ‘flower’
v? m—— e av?u ‘dog’
vts vtsoni ‘spouse’ tsivtsi ‘tail’
vh vhoni ‘lean’ tsovhi ‘distant’
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sp
sb
sk
s?
sm
sn
s
sV

z?

ht
hk
h?
hm
hn

hts
hv
hs
hz

spoja
sbuku
sko?a
s?oft
smu:
snifi
spispijo

SViji

hpihpingi

htoeunsa

h?0oni

hmuju

hnou

‘blanket’

‘bamboo shoot’

‘to hug while sleeping’
‘stick’

‘dew’

‘skin’

‘a place name’

‘earring’

‘world’

‘repeated’

‘liver’

‘blood’

‘small house’
‘hill’

‘enlarged genitals’

mamespini
joski
kos?0za
esmi
esnithi
aspitsi

majasvi

mahiz?o

sohpoi
ehti
kuhku
h?oh?0
tsohmo
smuhnu
oahgu
bjahtsi
etohva
bohsopi

tsohzona
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‘shrimp’
‘to pass by’
‘to cut and break’
‘constantly’

‘dance’

‘poisoning’

‘distressed’
‘branch’

‘fox’

‘a wound’

‘to pour in’

‘to dispatch’
‘relatives’
“fruit’
‘smoking pipe’
‘to stick in’

‘noon’
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