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ABSTRACT 

Indigenous Australian languages typically have small 
vowel inventories. In this paper we investigate the effects 
of prosodic structure in highlighting paradigmatic contrasts 
among vowels in  three languages: Kayardild, Dalabon, and 
Mayali (Bininj Gun-wok). Our results suggest that all three 
languages illustrate the principal of sufficient rather than 
maximal dispersion. However in some cases, vowel targets 
are sharpened in phrase-final position, suggesting that  this 
is  a prosodically prominent position in these languages. 

1. INTRODUCTION 

More than 50% of Australian indigenous languages have 
triangular vowel spaces, whereas only about 9% have 
inventories consisting of  five vowels [1],[5]. According to 
Johnson ([2]:1) among others, most notably Liljencrants 
and Lindblom [3] and Lindblom  [4], “the distinctive 
sounds of a language tend to be positioned in phonetic 
space so as to maximise perceptual contrast”.    

Furthermore, dispersion theory predicts that vowel 
contrasts are essentially systemic and relational, not 
absolute or local.   Dispersion theory (DT), or adaptive 
dispersion,  when applied to vowel inventories of languages, 

suggests that each vowel acts as a repeller in a dynamical 
system.  This is usually cited as the  reason why three vowel 
systems tend to consist of /i/ , /a/, /u/, and five vowel 
systems tend to consist of   /i/ , /e/, /a/, /o/, and /u/.  The 
original hypothesis of DT suggested that vowels are 
maximally dispersed through the vowel system, although 
this hypothesis has been modified to suggest that  vowels 
may be sufficiently, rather than maximally dispersed.  

Articulatory economy counterbalances the perceptual 
demands for a contrast.    

Butcher [5] analysed vowel formant patterns of  a number 
of Australian indigenous  languages, including Arrernte, 
Warlpiri,  and Burarra. These languages have  two, three, 
and five contrastive vowels, respectively. He found that 
rather than illustrating maximum dispersion relative to size 
of vowel inventory,  the acoustic vowel spaces of these 
languages tend to be “compact” compared to languages 
with large vowel inventories like English or Swedish, for 
example, thus illustrating the principle of sufficient 
dispersion, as opposed to maximum dispersion. 
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 current study, the acoustic vowel spaces of three 
rn Australian languages: Kayardild, Mayali, and 
on, were examined  The latter two languages are 
n in western Arnhem land, and Kayardild is spoken 
ntinck Island, in the Gulf of Carpentaria, as illustrated 
ure 1.  
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 1:  A map of Australia showing where Kayardild, 
on, and Mayali are still spoken. The map also shows 
cation of other indigenous languages that are still 
n in Australia. 

li and Dalabon belong to the same language family, 
are thus, closely related typologically, whereas 
dild belongs to a distinct family and is only remotely 
d to the other two languages.  Kayardild has a three 
 system, with an additional vowel length contrast.  
li is one of  the 5% of Australian languages that has a 
owel inventory. Dalabon has been analysed as a six 
 language.  The sixth vowel has been 
ssionistically described as close central or close 
l rounded.  

ir survey of UPSID, Schwartz et al. [6], found that if 
ges include at least one non-peripheral close vowel 
r vowel inventory, the favoured combination tends to 

.  DT predicts exactly this distribution, as these 
vowels are maximally contrastive in the close 
sion.  In a previous study [7], we set out to confirm if 
onetic identity of the sixth vowel of Dalabon is as DT 



would predict. Our results confirmed earlier 
impressionistic analyses [8], that this vowel occurs in both 
lexically stressed and unstressed syllables in Dalabon. The 
sixth vowel therefore has a different phonological status to  
“schwa” in languages like English, where  the central vowel 
only occurs in unstressed syllables.   

The aims of this paper were to extend this earlier study to 
investigate the effects of phrase position, as well as phrasal 
stress on vowel formant patterning in Mayali, Dalabon, and 
Kayardild.  All three have been analysed as stress accent 
languages, with post-lexically determined pitch events 
located on metrically strong syllables[7],[9].  Earlier 
research suggests that paradigmatic vowel contrasts are 
heightened in these prosodically prominent contexts in 
stress accent languages like English [10]. Our first aim 
therefore, was to see whether vowel contrasts are enhanced 
in syllables bearing intonational pitch accents in the three 
languages.  

Recent analysis of Creek vowels [11] also suggests that in 
other prosodic contexts, such as in intonational phrase-final 
position, there may be “positional reduction”, whereby 
paradigmatic contrasts  are less evident than in other 
non-final contexts. They also found that  short vowels in 
Creek are centralized relative to long vowels, reflecting a 
pattern observed in many languages with contrastive vowel 
length. Our second aim therefore was to see whether all 
three languages showed similar signs of  positional 
reduction. A related goal was to see whether short vowels 
in Kayardild are centralized relative to long vowels, in 
keeping with cross-linguistic phonetic trends documented 
for Creek[11]. 

2. METHOD AND MATERIALS 

The corpus consisted of approximately six minutes of 
spontaneous discourse from Dalabon and Mayali from two 
male speakers,  recorded in Northern Arnhem land.  The 
Kayardild corpus consisted of two separate narratives from 
a male and female speaker.  These narratives were nine and 
twelve minutes long, respectively.  Both Kayardild and 
Dalabon have fewer than ten remaining speakers, whereas 
Mayali has over a thousand speakers.  The field recordings 
were digitised at 22.05 kHz using ESPS/Waves + on a Sun 
Ultra 1-140 workstation.  Vowel and consonant segments 
were identified  from acoustic waveforms and wideband 
spectrograms, and labelled using  Emu[12]. A total of 2484 
vowel tokens were labelled in the corpus.  A fundamental 
frequency signal was also extracted, and the texts were 
annotated intonationally, using conventions outlined in 
previous studies [7],[9].  On the basis of  intonational 
analysis, syllables were identified as accented (i.e. where 
the syllable was associated with a post lexical pitch accent ), 
or unaccented, and final syllables were identified as  those 
which occurred at the end of an intonational phrase 
(irrespective of accentuation). For the most part, Mayali 
and Kayardild do not have final accentuation. The location 
of phrasal stress is usually on the penultimate syllable of an 
intonational constituent. Dalabon, however can have final 
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l targets (i.e. where there was evidence of  a 
-state in formants 1,2, & 3) were visually identified 

the spectrograms, and labelled separately. If a steady 
as not readily identifiable, the label was placed at the  

 midpoint.  F1 ,F2 , and F3 values were extracted at 
belled vowel target points for each vowel in the 
s using EMU (Cassidy and Harrington, 2001).  The 
 in Hz were converted to the auditory bark scale [13], 
the following formula (1) 

) FBark=13tan-1(0.0076fHz) + 3.5 tan-1(fHz2/7500) 

ses of variance  were applied to the measured data for 
language, with prosodic context (accented, 

ented, phrase-final) as the independent variable. In 
se of Kayardild, contrastive vowel length was an 

onal variable. 

3. RESULTS 

s 2-5  plot average formant frequencies of vowels in 
/F2 plane,  for the three languages. Separate plots are 
 for the male and female speaker of Kayardild. With 
t to Mayali and Dalabon, the vowel space in both 
ges is somewhat compact, with relatively little 

nce of post-lexical accent.   While accented vowels in 
li appear, on the basis of their mean formant values, to 
lightly more dispersed than their unaccented 
rparts,  the  differences  were  not  

 2: Average formant frequencies (bark) in Dalabon. 
nitial symbol of each label indicates whether the 
 is “a” accented, “u” unaccented, or “f” final. The 
” vowel of Dalabon is illustrated here using the 
l  “v”. 

statistically
 icant for  the most  part  (p>0.05).  Dalabon  



vowels also showed a pattern of dispersion for accented and 
unaccented vowels, except for the close front vowel, which 
had almost identical mean formant values in accented and 
unaccented contexts.  The vowel that showed clear 
statistical differences in accented and unaccented contexts 
in both  Dalabon and Mayali, however, was the low vowel 
/a/ (Dalabon: F1 t=2.21; p<0.05); Mayali, F1 t=2.83; 
p<0.05)   The vowel in both languages tended to be realized 
as a slightly more raised variant of [ ] in unaccented 
contexts,  largely due to the lowering of F1.    

Figure 3: Average formant frequencies (bark) in Dalabon. 
The initial symbol of each label indicates whether the 
vowel is “a” accented, “u” unaccented, or “f” final. 

Close front vowels in both languages were more dispersed 
when they occurred in intonational phrase final position 
(DAL F=4.157 p<0.02;  MAY : F=5.25; p<0.01).  This was 
particularly apparent in F1 in Dalabon, and F1 and F2 in 
Mayali.  Phrase-final  mid front vowels were slightly  more 
front (F=6.489; p<0.01), but the difference between phrase 
final and accented and unaccented  /e/ in Dalabon (Figure 
2), was not significant. There were only three intonational 
phrase-final tokens of /e/ in the corpus, so no meaningful 
statistical analysis was possible here.  The same  was true of  
mid back rounded vowels in both languages.  Open vowels  
were primarily affected by presence or absence of accent, 
although there was a significant difference in F2 between 
accented and final /a/ in Dalabon, with F2 slightly  higher in 
intonational phrase-final position.  By contrast, close  back 
rounded vowels in Dalabon were significantly centralized 
in intonational phrase-final syllables, with  F2 significantly 
higher (F=3.4.88; p<0.05).  In Mayali,  F2 was  
significantly lower (F=3.837; p<0.02) in intonational 
phrase-final syllables, resulting in a more peripheral 
realization of /u/.     

No significant effect of prosodic context was apparent in 
the case of the “sixth” vowel of Dalabon, represented in 
Figure 2 as “av”, “uv”, and “fv”.   The vowel is clearly 
located  towards the centre of the vowel space,  clustering 
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oduced by all of the remaining speakers of Dalabon 
ved to be less than ten).   Of note however, is that 

was no significant F1/F2 differences between 
-final  or  unaccented versions of  and /u/, yet the 
nce between accented productions of these vowels 

ached significance (p<0.06). 

 4: Average formant frequencies (bark) for  
dild – male speaker. The initial symbol of each label 
tes whether the vowel is “a” accented, “u” 
ented, or “f” final. Long vowels are followed by a “:”. 

respect to Kayardild (Figures 4 and 5),  prosodic 
t did not significantly affect F1 or F2 of close vowels 
her speaker, although vowel length was a significant 
le for the male speaker (F1, F=6.6756 p<0.05; F2, 

4 0.05), and there was a significant interaction 
en vowel length and prosodic context for the female 
er (F1,F=5.1731,p<0.001; F2, F=8.03, p<0.05). In 
words  short close vowels were more centralized in 
ented contexts and long close vowels more dispersed 
al contexts. With respect to back rounded vowels, 
dic context (F=4.06; p<0.01) and vowel length 
7, p<0.05) had a significant effect on F1 for the male 

dild speaker. Final long vowels were backer than all 
close back rounded vowels, with long accented back 
s slightly more dispersed than unaccented back 
s.  There were no significant effects of prosodic 
t or vowel length on back vowels for the female 

er, although long vowels tended to be more peripheral 
hort vowels. 

y, for the low central vowels, there was a clear effect 
sodic context on F1 for the male speaker (F=11.816, 
001) and for vowel length (F=35.97, p<0.0001) for 
le speaker. Figure 4 shows this very clearly with long 

owels clustered together below the short low vowels. 
 final contexts is the lowest, with unaccented /a/ being 
ost centralized of the low vowels.  This pattern is less 
t in Figure 5, although both prosodic context 



(F=5.497, p<0.01), and vowel length (F= 3.71, p<0.05) had 
a significant effect on F1.  Short vowels showed significant 
centralization relative to long vowels, although there was 
no significant difference between final and unaccented 
short vowels, although accented short vowels were lower.   

Figure 5: Average formant frequencies (bark) for  
Kayardild – female speaker. The initial symbol of each 
label indicates whether the vowel is “a” accented, “u” 
unaccented, or “f” final. Long vowels are followed by a “:”. 

4. CONCLUSIONS 

The acoustic vowel spaces of the three Australian 
languages examined here,  are not significantly expanded 
under conditions of accentuation, except in the case of the 
low central vowel, although Mayali shows greater tendency
for accented vowels to be more peripheral than unaccented 
vowels, compared to Dalabon or Kayardild. Vowel length 
in Kayardild is a more consistent predictor of 
“peripherality”, with phrase-final long vowels for the most 
part, occupying more extreme positions in the vowel space.  
There is also some evidence of final vowels being more 
peripheral in the other two languages although this is not 
consistent for all vowels. Phrase-final syllables in all three 
languages are lengthened relative to non-final syllables, 
and short vowels tended to be centralized in Kayardild, as 
in other quantity languages [4,11]. This suggests that a 
relatively simple model of  duration-related “expansion” is 
possibly in operation[4].However, intonational phrase-final 
position appears also to be a  prosodically salient position 
in all three languages. Whilst all three have been described 
as stress accent languages, the prosodic typology appears to 
be more “phrasal”, which is possibly why we observed no 
strong effect of positional reduction[11]. It is also well 
known that vowel spaces are less dispersed in 
non-laboratory  versus laboratory speech.  It could be 
argued that our results might have been different if a 
segmentally-controlled corpus of laboratory-style speech 
had been analysed. Earlier analyses of isolated words in  
Warlpiri, [5, 14] show acoustic dispersion of the  three 
vowels of that language, [   that is similar to the point 
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