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consonants of stressed and unstressed syllables were measured to see how 
this acoustic correlate behaves with respect to stress in Pirahii. 

3.2.1. Procedure 

Three durations were measured: duration of the vowels of stressed and 
unstressed syllables in penultimate and final positions, duration of the 
intervocalic consonantal onset of the final stressed and unstressed syllables, 
and the total duration of the stressed and unstressed syllables in final 
position. The durations of vowels in stressed and unstressed positions were 
measured from the onset to the offset of the first three formants of the vowels. 
The duration of the onsets of the second syllables were measured from the 
offset to the onset of formant structures of the vowels on either side of the 
consonants. Finally, the duration of the final syllable is the cumulative 
durations of the intervocalic consonant and final vowel. Figure 3 on the next 

gives wideband spectrograms with time-aligned waveforms sfiowmg 
consonants and vowels were measured. 

3.2.2. Results 

Duration of stressed and unstressed vowels 

The vowels of unstressed syllables have a significantly greater duration 
than the vowels of stressed syllables (F[l , 139)= 12.502, p=.0005). 

Mean 

stressed 85 
unstressed 93 

St.Dev. 

22 
22 

n 

143 
145 

F-value P-value 

12.502 .0005 

Table 7: Mean duration of vowels in stressed and unstressed syllables 

Duration of final syllables 

In the case of final syllables, the cumulative duration of the stressed 
syllables is significantly greater than unstressed syllables (F[l , 139)=14.811, 
p=.0002). In final position the initial consonant of the stressed syllable is 27 
ms greater in duration than the corresponding consonant in the unstressed 
syllable. The mean duration of the vowels of the unstressed final syllable, 
however, is 9 ms greater than the vowels of the stressed syllable. The 
difference in duration of the vowels is not as great as the difference in 
duration of the initial consonants. Consequently, the cumulative duration of 
the stressed syllable is greater than the cumulative duration of the unstressed 
syllable in final position. 
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/!pigi/ 'swift' 

-- /bo!gi! 'chest' 

\. 

Figure 3 
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Mean 

stressed 71 
unstressed 44 

St.Dev. 

16 
11 

n 

71 
72 

F-value 

148.325 

?-value 

.0001 

Table 8: Mean duration of onset consonants in stressed and unstressed 
syllables in final position. 

stressed 
unstressed 

Mean 

91 
100 

St.Dev. 

25 
18 

n 

71 
72 

F-value 

6.162 

?-value 

.0142 

Table 9: Mean duration of vowels in stressed and unstressed syllables in 
final position. 

stressed 

unstressed 

Mean 

161 

143 

St.Dev. 

35 

22 

n 

71 

72 

F-value 

14.811 

?-value 

.0002 

Table 10: Mean duration of stressed and unstressed syllables in final 
position. 

3.2.3. Discussion 

Increased duration is an acoustic correlate of stress in Pirahii. However, 
the increase in duration is not due to an increase in the vowel length. 
Stressed vowels are significantly shorter than unstressed. This contrasts 
with English and other European languages where length in stressed posi­
tions is carried mainly on the vowel. There are, however, other languages 
where the use of duration for distinguishing the stressed and unstressed 
positions is not done by vowel lengthening of the stressed vowel. Of special 
interest is the relation of stress and length in Estonian, a stress-accent 
language. There are three contrasting syllable lengths and these do not 
change their length when stressed. But there is a negative correlation of 
stress and length in that unstressed syllables are shortened (Raun and 
Saareste 1965). F6nogy (I 966) reports that many unstressed vowels are 
regularly longer than stressed vowels for Hungarian. The exact behavior of 
vowel length with respect to stress is quite varied depending on the language. 

Fry ( 1968) makes the general statement that stressed syllables regularly 
contain vowels of greater length than of corresponding unstressed syllables. 
For Pirahii this would need to be modified to include onsets in duration 
measurements as it is only when onsets are include that the stressed syllable 
is significantly longer than the unstressed syllable. Note, although it is not 
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necessary to include syllable onsets in Enligh to establish stressed syllables 
as longer than unstressed syllables, it is nontheless the case that stops have 
longer duration before a stressed vowel than before an unstressed vowel 
(Malecot 1968). 

3.3. Fundamental Frequency 
The most important acoustic correlate to be measured and discussed in 

this paper is fundamental frequency because of the ambiguity that arises due 
to its double use as a dominant correlate of stress and primary correlate of 
tone (See Section 1.2.). First, fundamental frequency is understood to be the 
dominant correlate of stress in stress-accent languages such as English 
(Liebrman 1960, Fry 1955; 1958, Moland Uhlenbeck 1956, Bolinger 1958, 
Hyman 1978), Polish (Jassem 1959) and French (Rigault 1962). It is also a 
dominant acoustic correlate of accent for the pitch-accent languages such as 
Japanese (Beckman 1986), Serbo-Croatian (Lehiste and Ivie' 1986), Swedish 
(Malmberg 1940) and Norwegian (Swadesh 193 7). The second use of FO is as 
the principle correlate of tone for all tone languages (Pike 1948). In order to 
better understand how this double use ofFO is handled in Pirahii, FO was 
measured for stressed and unstressed vowels, specifically noting the behav­
ior of lexical tones in these positions. 

3.3.1 . Procedure 

The fundamental frequency of stressed and unstressed syllables was 
taken at the point of greatest amplitude in the vowel. Figure 4 on the next 
page shows two contrasting words for stress placement, /!kaba/ 'not'. and I 
g~ba/ 'jacamar' with time-aligned FO and amplitude displays. The vertical 
lines in die displays indicate where FO measurements were recorded. 

3.3.2. Results 

The FO of the vowels of stressed syllables is not significantly different 
from the FO of the vowels of the unstressed syllables. 

Mean 

stressed 185 
unstressed 181 

St.Dev. 

45 
45 

n 

143 
145 

F-value ? -value 

.586 .4446 

Table 11: Mean FO of vowels in stressed and unstressed syllables. 

3.3.3. Discussion 

While FO is a major correlate of stress in both stress-accent and pitch­
accent languages, this is not the case for Pirahii. Pirahii shows no significant 
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E 
L 

/!kabit/ 

/ga!bit/ 

'not' 

'jacamar' 

;-~:--:-.. ~:~-:.::r-·:.::- ·-:~:-r- .... : ... -r: ":--' .... ..:-"·T~"-.. :----r---_-.;.-
:-_ • • *' •>4-• • • • ---- • • • • ... ·~ 
': - - - - -a!._t.._ 

Figure 4 
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changes in FO for stressed and unstressed positions. This contrasts with the 
stress-accent language of Estonian in which a rise in pitch characterizes the 
stressed syllable as distinct from the unstressed syllable (Raun and Saareste 
1965). In Swedish, a pitch accent language, high pitch occurs on the stressed 
syllable (Hadding-Koch 1961 ). In Japanese, another pitch-accent language, 
high pitch occurs on stressed syllables (Wenck 1966). It is important to note 
that the use of FO to indicate stress in stress-accent and pitch-accent lan­
guages is done mainly through the use of high pitch. Fry (1968:373) observes 
that there is a definite tendency for high relative pitch to carry an implication 
of greater stress. He extends this generalization to tone languages because, 
he notes, in a tone language a higher variant of a tone occurs when the 
syllable bearing the tone is stressed. Fry's inclusion of tone languages for 
this general tendency needs to be more carefully examined. The tone lan­
guages observed for this study showed no such tendency. It certainly is not 
the case for Piraha, where contrasting high and low tones remain unchanged 
for FO for stressed positions . And for all other tone languages observed for 
this study, there was no instance of contrasting tones favoring a higher pitch 
allotone when stressed. For example, in Chinese when a syllable is stressed a 
high tone become higher, a low tone becomes lower and the pitch range of 
contours become more exaggerated (Chao 1968, Xiao-nan 1984, Howie 1976, 
Tseng 198 1 ). According to Pike (1948) the correlation between high pitch and 
stress, as seen in stress-accent languages, does not occur in tone languages. 
(See 4.2 for further discussion.) 

3.4. Formant frequency 
Fry (1968) states that there is almost a universal tendency for vowel 

quality to be more open and more central in weaker syllables than in stressed 
ones. For English (Lindblom 1963, Tiffany 1959), British English (Holmes 
1962), French (Fry 1968), Russian (Avanesov 1956 ), and Estonian (Lehiste 
1964a) the set of vowels for unstressed positions is smaller than the set of 
vowels for stressed positions, partially due to this universal tendency. In 
Swedish (Lehiste 1970, Lindblom 1963, Fant 1962) and Serbo-Croatian (Lehiste 
and Ivie' 1986), pitch-accent languages, there is also vowel reduction in 
unstressed positions. Wenck ( 1966) explains that for Japanese, another pitch 
accent language, certain reduced syllables cannot carry stress. Since vowel 
quality is understood to be one of the possible acoustic correlates of stress in 
the world's languages, the values of the first and second formants, Fl and F2, 
were measured for stressed and unstressed vowels in Piraha. 

3.4.1. Procedure 

The following 4 disyllabic tokens, presented in Table 5, were chosen to 
measure formants one and two in stressed and unstressed positions. 
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1. !ka'ba 

2. ga!ba' 

3. !pi'gi 

5. !ti'gi 

'not' 

'jacamar' 

'swift' 

'hard' 

Table 12. Vowel quality and stress 

Frequencies for the first and second formants were measured for stressed 
and unstressed vowels in these words to determine if there were any quality 
changes associated with stress. 

Figure 5 illustrates a wideband spectrogram, ali ed with a waveform for 
th~word ga. Jacamar , s owmg w ere measurements were taken or 
formants one and two of each vowel. Measurements were made at the most 
steady point of the vowel. 

ga!ba 'jacamar' 

Figure 5 

Formant I 

Formant readings for first syllable 812Hz 

Formant readings for the second syllable 8 l 2Hz 

Formant 2 

1250Hz 

1250Hz 
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3.4.2. Results 

The formant frequencies of F 1 and F2 for the vowels of stressed syllables 
are not significantly different from the formant frequencies of the vowels of 
the unstressed syllables. 

Mean St.Dev. n F-value ?-value 

Fl , stressed [a} 85 1 124 24 .002 .9644 
Fl, unstressed [a} 853 105 24 

F2, stressed [a} 1528 259 24 .533 .4694 
F2, unstressed [a} 1578 261 24 

Fl, stressed [i} 344 33 12 .000 .9957 
Fl, unstressed {i} 343 42 12 

F2, stressed [i} 2469 193 12 .790 .3838 
F2, unstressed [i} 2541 209 12 

Table 13. Meanformantfrequenciesfor Fl and F2 of the vowels [a} and [i} 
in stressed and unstressed syllables 

3.4.3. Discussion 

For this set of words it is clear that in Pirahii. stress does not interact with 
vowel quality. Pike (1974) reports that the type of vowel quality changes that 
occur when high pitch accompanies stress in stress-accent and pitch-accent 
languages, are not as common for tone languages. Also, it is not likely that 
there would be a smaller set of vowels for unstressed positions in Pirahii. since 
it already has a small inventory of vowels. 

3.5. Summary 
.Jlle primacy acoustic correlates of stress in Pirahii. are amplitude and 

.%tratjon. The vowels of stressed syllables have significantly greater ampli­
tude. In addition, stressed syllables have a significantly greater duratioE· 
The greater duration of stressed syllables is the result of the greater duration 
of the onsets of stressed syllables. Finally, the FO and formant frequencies of 
Fl and F2 were not significantly different in the vowels of the stressed and 
unstressed syllables. 

When comparing the behavior of the acoustic correlates of stress in Pirahii. 
with the behavior of the same in stress and pitch-accent languages, there are a 
few clear observations to be made. First, it uses amplitude as do most stress­
accent systems, although its use of amplitude is more significant than that 
observed for the stress-accent systems in that the integral of the energy 
within the vowel does not need to be considered to establish significant 
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differences in amplitude for stressed and unstressed vowels. Second, Piraha 
uses duration differently than stress-accent languages such as English where 
higher pitch and longer vowels tend to be covariants for stress. Third, FO is 
not used to indicate stress as is the case for stress-accent and pitch-accent 
languages. And the final observation to be made is that vowel quality is not 
an indicator of stress in Pirahii as it is for most stress-accent and pitch-accent 
systems looked at in this study. 

4. Conclusion 

The results from this study document a language, Piraha, in which the 
phonetics of stress are amplitude and duration. The important theoretical 
issues raised by Pirahii facts are that lexical tone and predictable stress co­
occur, and stress does not use FO. These facts raise further questions not 
only as to possible phonetic typologies of stress but also as to possible 
phonetic typologies of tone for tone languages. 

4.1. Further research on the phonetics of stress 

l
,..--. Most phonetic typologies of stress have the underlying presupposition 

that the phonetics of stress are dependent on FO (See 1.2.). Pirahil presents a 
language whose phonetics of stress are amplitude and duration. Diuxi, 
another tone language, whose phonetics of stress are intensity and duration, 
also does not use FO for stress (Pike 1976). While there are many clear 
examples of stress-accent languages and pitch-accent languages where pitch, 
more specifically, high pitch, is strongly linked to stress, there are also 
examples, such as Pirahii and Diuxi, where the phonetics of stress may have 
combinations of acoustic correlates that do not include FO. More acoustical 
studies need to be done specifically of tone languages, investigating the 
behavior ofFO with respect to stress and tone, looking to see if there might be 
a combination of phonetic correlates of stress for tone languages that is 
different from the phonetics of stress for non-tone languages. 

4.2. Further research on the phonetics of tone 
Because Piraha is a tone language which also has predictable stress that 

does not use FO, it not only permits a close examination of what stress looks 
like phonetically in a situation where FO is not used, but it also permits a more 
controlled look at the phonetics of tone. Piraha's tone system, like other tone 
languages, is not only distinct from stress in its function, but the behavior of 
FO for tone when stressed is different from the behavior ofFO when it is used 
as the main acoustic correlate of stress in stress and pitch-accent languages 
(Pike, 1948). Not only does FO, when used to indicate stress, have a very high 
occurrence with high pitch within the stressed syllable, there is also a set of 
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possible segment changes that accompany the use of FO as an acoustic 
correlate of stress that does not occur when FO is used for lexical tone in a 
tone language. When FO is used as an acoustic correlate of stress, there is a 
dominant use of higher pitch in connection with greater amplitude, greater 
vowel length and a larger set of vowels. High pitch holds no such privileged 
spot in tone languages. As noted by Schuh ( 1986), tones in a tone language, 
whether they are high, mid, low or contour, tend to undergo predictable 
changes themselves when stressed. Further quantitative, acoustical studies 
of the behavior of FO in tone languages need to be done to help untangle the 
behavior of FO as a dominate acoustic correlate of stress from its use for 
lexical tone in tone languages. 
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Appendix 1 

The following is a list of the sentences that were used to collect the tokens 
used for this study. 
1. ?i-!kaba 

animal/classifier-gone 
'The meat is gone.' [The prefix ?i- cannot receive stress) 

2. ?ao-!?aaga ga!ba 
there/pron.-to be/temporary Jacamar 

'There are jacamar. ' 

3. !Illgi k6i 
swift really 

'It is really swift.' 

4. ?i-bo!gi ?ao-!?aaga-ha 
her/pron.-milk there/pron.-to be/temporary-declarative 
'The woman has milk.' [The prefix ?i- cannot receive stress) 

5. !!lg! koohoi !?aaga-ha 
saracura nest is-declarative 
'It is a saracura nest. ' 

6. too!too 
duck 
' It is a duck.' 

7. !ti'gi k6i 
hard really 
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!?aaga-ha 
to be/pennanent-declarative 

'It is really hard.' 

8. ?i-!sabi 
animal/classifier-mean 
'The animal is mean.' [The prefix ?i- cannot receive stress] 

9. bi!gi kao bi 
ground fall 
'It just now fell. ' 
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1 o. gi! ?a ?oo-! iiga boo!t6i' 1?aaga-ha 
you hand-back scar to be/pennanent-declarative 

'You have a scar on the back of your hand.' 

11. pi!kaagihi ?ao-!?aaga-ha 
goddess of the river there-to be/temporary-declarative 

'Pikaagihi exists.' 
Note: For token 11 , the antipenult and penult syllables are compared for 

measurement. 

12. pi!kaa'gihi ?ao- !?aa'ga-ha 
goddess of the river there/pron.-to be/temporary-declarative 

'Pikaagihi exists. ' 
Note: For token 12, the antepenult and the final syllables are compared for 

measurement. 

13. ?i!si ?ao-!?aaga-ha 
meat there/pron.-to be/temporary-declarative 

'There is meat.' 

14. ?ao-!?aaga-ha to!bai 
there/pron.-to be/ temporary-declarative sorva 

'There is sorva.' 

15. ?apa-!pa !gaiga-hoihai 
head-reflexive tie-future tense 

'You will tie your head.' [The suffix h6ihai cannot receive stress] 
Note: for token 15, antepenult and final syllables are compared for measure-

ment. 

16. ?apa-!pa !gaiga-hoihai 
head-reflexive tie-future tense 

'You will tie your head. ' 
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Note: for token 16, the penult and final syllables are compared for mea­
surement. 
17. !pii?ihi ?i-!saibaha 

Juruti animal/classifier-a lot 
'There are a lot of Juruti . 

Note: for token 17 the antepenult and penult syllables are compared for 
measurement. 

18. !pii?ihi ?i-!saibaha 
Juruti animal/classifier-a lot 

'There are a lot of Juruti.' 
Note: for token 18 the antepenult and final syllables are compared for mea­
surement. 

Appendix 2 

This appendix contains two sections. The first section contains all the 
measurements for vowel amplitude, frequency, duration and formant frequen­
cies. Duration and formant frequencies are not included for all tokens. The 
second section contains consonant measurements. 

Section 1: All vowel measurements 
Interpretation of columns: 

tok(ens): l=!kaba 'not' 

la=first repetition 

I b=second repetition 

2=ga!ba 'jacamar' 

2a=first repetition 

2b=second repetition 

3=!pigi 'swift' 

3a=first repetition 

3b=second repetition 

4=bo!gi 'chest' 

4a=first repetition 

4b=second repetition 

5=!ti'gi 'saracura' 

5a=first repetition 

5b=second repetition 

ACOUSTIC CORRELATES OF STRESS IN PIRAHA 

6=too!too 

7=!tigi 

'duck' 

'hard' 

7a=first repetition 

7b=second repetition 

8=!sabi 'mean' 

9=bi!gi ' ground' 

lO=gi!?a 'your' 

11 =(pi)!kaagi(hi) 'small fish' 

12=(pi)!kaa(gi)hi 'small fish' 

13=?i!si 'meat' 

14=to!bai 'sorva' (tree rubber) 

l 5=?a(pa)!pa 'head reflexive' 

16=(?a)pa!pa 'head reflexive' 

17=!pli?i(hi) 'juruti' (a type of bird) 

18=!pii(?i)hi 'juruti' (a type of bird) 

sub(ject): speaker number 

sex: l=male 

2=female 

129 

amp(litude): measurement for power of the vowel, (the power number is the 
mean of the squared values of amplitude) 

vow(el): a 

0 

aa 

n 

00 

a 

tone: 1 =high tone 

2=lowtone 

syl(lable): antip(enult) 

pen ult 

final 
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str(ess): I =stressed 

2=unstressed 

freq(uency): measurments in Hz for vowel 

dur(ation): measurements in milliseconds for vowel 

for 1: measurements in Hz for first formant 

for2 : 

for3: 

measurements in Hz for second formant 

measurements in Hz for third formant. 

sub sex tok amp mw tone syl str freq vdur for l for2 for3 

2 

3 

4 

5 

6 

7 2 

8 2 

9 2 

JO 2 

11 2 

12 2 

2 

3 

4 

5 

6 

7 2 

8 2 

9 2 

12.0 a 

4.7 a 

3.4 a 

2.4 a 

10.0 a 

2.5 a 

7.1 a 

4.0 a 

4.3 a 

1.6 a 

2.1 a 

4.4 a 

9.1 a 

2.8 a 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

1.0 a 2 

1.2 a 2 

5.8 a 2 

2.0 a 2 

3.1 a 

3.3 a 

3.5 a 

2 

2 

2 

pen ult 

pen ult 

pen ult 

pen ult 

pen ult 

pen ult 

pen ult 

pen ult 

pen ult 

penult 

penult 

pen ult 

final 2 

final 2 

final 2 

final 2 

final 2 

final 2 

final 2 

final 2 

final 2 

150 82 

125 86 

144 78 

126 96 

164 86 

136 58 

2(i) 64 

235 68 

238 78 

205 78 

236 94 

225 42 

149 102 

130 106 

134 108 

129 116 

165 108 

131 77 

148 113 

126 86 

233 112 

ACOUSTIC CORRELATES OF STRESS IN PIRAHA 

sub sex tok amp vow tone syl str freq vdur 

JO 2 

11 2 

12 2 

2 

3 

4 

5 

6 

1.3 a 2 

1.7 a 2 

3.6 a 2 

la 13.0 a 2 

la 3.3 a 2 

la 3.6 a 

la 14.0 a 

2 

2 

la 4.7 a 2 

la 2.8 a 2 

7 2 la 13.0 a 2 

8 2 la 4.0 a 2 

9 2 la 2.3 a 

10 2 la 14.0 a 

11 2 la 2.1 a 

2 

2 

2 

12 2 la 6.6 a 2 

2 

3 

4 

5 

6 

la 8.0 a 2 

la 1.2 a 2 

la 1.1 a 2 

la 5.1 a 

la 2.1 a 

2 

2 

la 1.9 a 2 

7 2 la 9.0 a 2 

8 2 la 1.7 a 2 

9 2 la 1.8 a 2 

10 2 la 9.8 a 2 

11 2 la 1.7 a 2 

12 2 la 4.1 a 2 

final 2 

final 2 

final 2 

penult 1 

penult l 

penult 1 

penult 1 

penult 1 

penult 1 

penult 1 

penult 1 

penult 1 

penult 1 

penult 1 

penult 1 

final 2 

final 2 

final 2 

final 2 

final 2 

final 2 

196 J08 

236 117 

229 74 

148 66 

121 56 

151 70 

120 82 

167 67 

133 63 

263 <x) 

230 80 

232 78 

202 78 

236 96 

212 92 

150 70 

122 67 

142 94 

121 120 

165 78 

133 84 

final 2 256 102 

final 2 230 86 

final 2 237 114 

final 2 

final 2 

final 2 

202 98 

231 110 

201 138 

131 
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sub sex tok amp ww tone syl str freq vdur forl for2 for3 

lb 7.3 a 2 penult 149 92 750 1250 2375 

2 lb 6.0 a 2 penult 128 95 812 1625 2312 

3 1 lb 7.1 a 2 penult 150 00 875 1500 2562 

4 l 1 b 11.1 a 2 penult 122 93 786 1500 2500 

5 lb 6.1 a 2 penult 164 82 718 1468 2343 

6 lb 7.5 a 2 penult 147 52 625 1375 2437 

7 2 lb 3.3 a 2 penult 265 64 812 1625 3312 

8 2 lb 2.5 a 2 penult 230 62 812 1312 3312 

9 2 lb 3.l a 2 penult 231 75 1000 1625 3125 

10 2 lb 82 a 2 penult 258 83 937 1437 3000 

11 2 lb 6.0 a 2 penult 236 94 875 1625 3187 

12 2 lb 6.3 a 2 penult 2CB 46 685 1375 3312 

lb 4.5 a 2 final 2 154 108 750 1250 2437 

2 

3 

4 

5 

6 

lb 4.7 a 2 final 2 127 107 812 1523 2187 

lb 4.9 a 2 final 2 151 96 875 1500 2562 

lb 5.1 a 2 final 2 114 114 786 1500 2500 

lb 3.6 a 2 final 2 164 JOO 718 1468 2343 

lb 32 a 2 final 2 147 73 812 1375 2625 

7 2 lb 0.9 a 2 final 2 261 86 812 1750 2937 

8 2 1 b 1.0 a 2 final 2 232 78 812 1312 3312 

9 2 lb 22 a 2 final 2 226 llO 1000 1625 3125 

10 2 lb 3.6 a 2 final 2 251 105 1062 1375 3000 

11 2 l b 4.5 a 2 final 2 231 112 875 1625 3187 

12 2 lb 2.7 a 2 final 2 207 72 937 1375 3312 

2 

3 

2 4.5 a 2 final 

2 3.0 a 2 final 

2 8.2 a 2 final 

146 72 

137 56 

141 86 

ACOUSTIC CORRELATES OF STRESS IN PlRAHA 

sub sex tok amp WW' tone syl str freq vdur 

4 

5 

2 2.8 a 2 final 

2 10.0 a 2 final 

6 2 13.0 a 2 final 

7 2 2 14.0 a 2 final 

8 2 2 120 a 2 final 

9 2 2 2.2 a 2 final 

10 2 2 2.0 a 2 final 

11 2 2 6.0 a 2 final 

12 2 2 4.0 a 2 final 

133 (ii 

165 58 

118 82 

243 78 

246 78 

225 56 

214 72 

215 98 

225 00 

2 3.9 a 2 penult 2 146 108 

2 

3 

4 

2 l.5 a 2 penult 2 

2 3.1 a 2 penult 2 

2 l.4 a 2 penult 2 

131 98 

134 128 

127 103 

5 2 8.0 a 2 penult 2 156 79 

6 2 8.0 a 2 penult 2 118 102 

7 2 2 8.3 a 2 penult 2 243 120 

8 2 2 9.4 a 2 penult 2 242 104 

9 2 2 0.9 a 2 penult 2 225 102 

10 2 2 l.5 a 2 penult 2 203 106 

11 2 2 3.5 a 2 penult 2 207 110 

12 2 2 3.0 a 2 penult 2 212 119 

2 

3 

4 

5 

6 

2a 9.7 a 2 final 

2a 12.0 a 2 final 

2a 12.0 a 2 final 

2a 2.4 a 2 final 

2a 3.7 a 2 final 

2a 2.5 a 2 final 

141 74 

137 (:Q 

177 64 

124 SX) 

l(:Q (:Q 

137 70 

133 
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sub sex tok amp ww tone syl str freq vdur forl for2 

7 2 2a 2.3 a 2 final 

8 2 2a 1.5 a 2 final 

9 2 2a 2.0 a 2 final 

10 2 2a 12.0 a 2 

11 2 2a 4.6 a 2 

12 2 2a 4.3 a 2 

final 

final 

final 

2a 3.6 a 2 penult 2 

2 

3 

4 

5 

6 

7 2 

8 2 

2a 5.2 a 

2a 7.9 a 

2a 1.0 a 

2a 1.4 a 

2a 1.9 a 

2a .9 a 

2a .9 a 

2 

2 

2 

2 

2 

2 

2 

penult 2 

penult 2 

penult 2 

penult 2 

penult 2 

penult 2 

penult 2 

231 84 

221 74 

233 72 

204 62 

224 102 

225 % 

137 108 

131 ~ 

176 ~ 

125 122 

158 65 

141 110 

219 132 

217 85 

9 2 2a .6 a 2 penult 2 216 110 

10 2 

11 2 

12 2 

2 

3 

4 

5 

6 

7 2 

8 2 

9 2 

2a 3.0 a 

2a 1.6 a 

2a 3.3 a 

2b 6.6 a 

2b 3.9 a 

2b 6.6 a 

2b 10.1 a 

2b 14.1 a 

2b 12.l a 

2b 1.7 a 

2b 8.9 a 

2b 7.4 a 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

penult 2 

penult 2 

penult 2 

final 

final 

final 

final 

final 

final 

final 

final 

final 

202 74 

222 126 

211 174 

148 125 937 2562 

125 ~ 812 1625 

141 116 812 1562 

114 110 812 1500 

165 80 1000 1500 

157 104 687 1375 

244 100 875 1750 

220 88 875 1250 

206 100 1000 1250 

for3 

3500 

3687 

4625 

3562 

3625 

2500 

3437 

2687 

3312 

ACOUSTIC CORRELATES OF STRESS IN PIRAHA 

sub sex tok amp ww tone syl str freq 

10 2 2b 2.5 a 2 final 226 

11 2 

12 2 

2 

3 

4 

5 

6 

7 2 

8 2 

9 2 

10 2 

11 2 

12 2 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

2b 3.5 a 

2b 2.8 a 

2b 5.6 a 

2b 3.1 a 

2b 5.0 a 

2b 8.2 a 

2b 6.4 a 

2b 6.2 a 

2b 1.0 a 

2b 6.2 a 

2b 7.4 a 

2b 1.0 a 

2b 2.5 a 

2b 2.1 a 

3 4.5 

3 6.4 

3 4.3 

3 5.0 

3 3.0 

3 4.6 

3 8.9 

3 14.0 

3 12.0 

3 6.2 

3 4.7 

3 2.2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

final 

final 

penult 2 

penult 2 

penult 2 

penult 2 

penult 2 

penult 2 

penult 2 

penult 2 

penult 2 

penult 2 

penult 2 

penult 2 

pen ult 

pen ult 

pen ult 

pen ult 

pen ult 

pen ult 

pen ult 

penult 1 

pen ult 

252 

206 

148 

125 

143 

120 

161 

152 

237 

217 

202 

220 

251 

207 

134 

138 

143 

139 

141 

150 

200 

207 

199 

pen ult 228 

pen ult 195 

final 2 202 

vdur forl for2 

94 1187 1500 

124 812 1562 

131 937 1437 

86 1125 2562 

72 812 1625 

86 812 1562 

92 750 1625 

68 870 1500 

72 750 1375 

84 812 1750 

70 1000 1437 

56 812 1937 

78 912 1625 

102 812 1562 

~ 750 1625 

70 

86 

92 

110 

~ 

84 

67 

74 

42 

88 

72 

80 

135 

for3 

2687 

3062 

3520 

3500 

3697 

4375 

3562 

3525 

2500 

3437 

2687 

3812 

2687 

3062 

3520 



136 JOURNAL OF AMAZONIAN LINGUISTICS 

sub sex tok amp ww tone syl str freq vdur 

3 3.9 

2 3 4.8 

3 3 2.7 

4 3 3.6 

5 3 2.0 

6 3 3.0 

7 2 3 4.3 

8 2 3 8.3 

9 2 3 6.9 

10 2 3 3.1 

11 2 3 4.1 

12 2 3 1.4 

3a 2.6 

2 3a 9.0 

3 3a 4.9 

4 3a 10.0 

5 

6 

7 2 

8 2 

9 2 

10 2 

11 2 

12 2 

2 

3 

3a 5.0 

3a 5.2 

3a 1.4 

3a 7.2 

3a 12.0 

3a 5.2 

3a 7.4 

3a 4.0 

3a .50 

3a 2.0 

3a 1.9 

2 final 2 133 70 

2 final 2 133 102 

2 final 2 131 106 

2 final 2 141 136 

2 final 2 139 114 

2 final 2 148 89 

2 final 2 206 120 

2 final 2 213 94 

2 final 2 200 77 

2 final 2 230 128 

2 final 2 200 87 

2 final 2 210 88 

2 pen ult 

2 pen ult 

2 penult 

2 pen ult 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

pen ult 

pen ult 

pen ult 

pen ult 

pen ult 

pen ult 

pen ult 

pen ult 

final 2 

final 2 

final 2 

143 58 

136 00 

155 ro 
134 53 

153 78 

235 62 

210 77 

244 00 

200 76 

238 82 

197 90 

203 120 

135 00 

122 100 

141 78 
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sub sex tok amp ww tone syl str freq vdur forl for2 

84 

for3 

4 3a 6.0 2 final 2 126 

5 3a 2.3 2 final 2 149 88 

6 3a 3.2 2 final 2 149 00 

7 2 3a 12 2 final 2 210 104 

8 2 3a 6.8 2 final 2 248 96 

9 2 3a 4.2 2 final 2 200 92 

10 2 3a 4.2 2 final 2 243 116 

11 2 3a 4.0 2 final 2 199 120 

12 2 3a 2.4 2 final 2 206 150 

3b 2.1 2 p en ult 143 

118 

86 312 2375 3000 

3000 2 3b 2.5 

3 3b 8.0 

4 3b 7.3 

5 3b 10.0 

6 3b 2.1 

7 2 3b 1.8 

8 2 3b 1.7 

9 2 3b 9.2 

10 2 3b 3.7 

11 2 3b 1.7 

12 2 3b 3.0 

3b 1.2 

2 3b 1.7 

3 3b 3.2 

4 3b 4.3 

5 3b 6.1 

6 2 3b 1.3 

2 pen ult 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

pen ult 

pen ult 

pen ult 

pen ult 

pen ult 

pen ult 

pen ult 

pen ult 

pen ult 

pen ult 

final 2 

final 2 

final 2 

final 2 

final 2 

final 2 

90 312 2125 

154 76 375 2250 3062 

120 84 312 2437 3125 

163 88 375 2375 2875 

134 76 375 2250 2875 

227 66 375 2625 3187 

226 86 312 2625 3187 

199 74 375 2687 3125 

227 92 312 2562 2812 

238 96 375 2687 3178 

202 76 312 2625 3000 

139 99 312 2375 3000 

112 122 312 2125 3000 

148 100 375 2375 2937 

117 118 312 2437 3125 

153 110 375 2500 3000 

138 00 312 2437 3000 
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sub sex tok amp mw tone syl 

7 2 

8 2 

9 2 

IO 2 

II 2 

12 2 

2 

3 

4 

5 

6 

7 2 

8 2 

9 2 

IO 2 

11 2 

12 2 

2 

3 

4 

5 

6 

7 2 

8 2 

9 2 

3b 1.0 

3b 1.1 

3b 3.0 

3b 2.5 

3b I.I 

3b 2.2 

4 4.1 

4 7.4 

4 1.4 

4 14.1 

4 8.1 

4 7.1 

4 7.9 

4 7.9 

4 2.4 

4 2.4 

4 1.4 

4 8.7 

4 2.0 0 

4 4.9 0 

4 I.I 0 

4 6.1 0 

4 3.7 0 

4 4.7 0 

4 4.5 0 

4 4.5 0 

4 1.6 0 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

final 

final 

final 

final 

final 

final 

final 

final 

final 

final 

final 

final 

final 

final 

final 

final 

final 

final 

penult 2 

penult 2 

penult 2 

penult 2 

penult 2 

penult 2 

penult 2 

penult 2 

penult 2 

str freq vdur forl for2 

2 230 93 437 2625 

2 230 106 312 2625 

2 206 ~ 375 2687 

2 229 114 312 2812 

2 243 !IO 375 2875 

2 203 84 312 2625 

164 72 

137 106 

142 120 

119 114 

147 94 

137 84 

232 107 

243 70 

240 79 

213 98 

227 112 

197 117 

165 66 

135 86 

140 100 

118 75 

143 70 

135 63 

230 87 

240 72 

244 66 

for3 

3187 

3250 

3125 

3187 

3312 

3125 

ACOUSTIC CORRELATES OF STRESS IN PIRAH A 

sub sex tok amp mw tone syl str freq vdur 

IO 2 4 .24 o 2 penult 2 203 86 

112 41.30 2 

12 2 4 6.4 0 2 

4a 8.1 2 

2 4a 8.6 2 

3 4a 3.6 2 

4 

5 

6 

7 2 

8 2 

9 2 

IO 2 

11 2 

12 2 

2 

3 

4 

5 

6 

7 2 

8 2 

9 2 

IO 2 

11 2 

12 2 

4a 1.9 

4a 1.7 

4a 9.3 

4a 2.1 

4a 4.5 

4a 18.0 

4a 4.2 

4a 3.0 

4a 4.6 

4a 6.4 o 

4a 4.2 o 

4a 2.7 o 

4a 1.6 o 

4a .8 o 

4a 1.1 o 

4a 1.1 o 

4a 3.2 o 

4a 4.2 o 

4a 1.5 o 

4a 1.0 o 

4a 1.8 o 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

penult 2 

penult 2 

final 

final 

final 

final 

final 

final 

final 

final 

final 

final 

final 

final 

penult 2 

penult 2 

penult 2 

penult 2 

penult 2 

penult 2 

penult 2 

penult 2 

penult 2 

penult 2 

penult 2 

penult 2 

232 104 

194 89 

165 142 

123 94 

173 74 

131 

160 

144 

263 

233 

253 

247 

215 

251 

166 

129 

169 

128 

160 

142 

260 

238 

253 

233 

216 

187 

113 

70 

94 

78 

77 

73 

92 

180 

117 

~ 

80 

62 

92 

50 

70 

62 

71 

54 

66 

116 

98 

139 
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sub sex tok amp mw tone syl str freq vdur fort for2 for3 

4b 17.0 2 final 170 

136 

160 

120 

160 

176 

234 

217 

240 

265 

215 

20S 

134 

82 

% 

70 

70 

82 

87 

102 

83 

65 

180 

83 

CJ7 

76 

67 

70 

50 

62 

SS 

98 

60 

2 

3 

4 

5 

6 

7 2 

8 2 

9 2 

10 2 

11 2 

12 2 

4b 6.2 

4b 2.5 

4b 1.7 

4b 3.8 

4b 2.2 

4b 11.0 

4b 3.7 

4b 13.0 l 

4b 2.2 

4b 2.2 

4b 2.3 l 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

4b 8 0 2 

2 4b 4.9 0 2 

3 4b 1.9 0 2 

4 4b 1.1 0 2 

5 4b 1.2 0 2 

6 4b 1.5 0 2 

7 2 4b 1.2 0 2 

8 2 4b 2.3 0 2 

9 2 4b 3.4 0 2 

10 2 

11 2 

12 2 

2 

3 

4b 1.3 0 

4b 1.6 0 

4b 1.9 0 

5 3.3 

5 2.5 

5 5.4 

2 

2 

2 

final 

final 

fmal 

fmal 

final 

final 

final 

final 

final 

fmal 

final 

penult 2 166 

penult 2 130 

penult 2 158 

penult 2 120 

penult 2 150 

penult 2 167 

penult 2 224 

penult 2 222 

penult 2 240 

penult 2 

penult 2 

penult 2 

pen ult 

pen ult 

pen ult 

26S 65 

259 106 

200 50 

170 46 437 2125 281S 

180 Sl 437 1937 2500 

173 72 437 2062 287S 

ACOUSTIC CORRELATES OF STRESS IN PIRAHA 

sub sex tok amp mw tone syl 

4 S 6.7 penult 

5 

6 

7 2 

8 2 

9 2 

5 4.7 

5 S.9 l 

5 7.4 l 

5 4.3 

s S.I 

10 2 5 2.4 

11 2 5 1.4 

12 2 5 3.2 

5 2.3 

2 5 1.8 

3 s 3.5 

4 s 4.0 

s 5 3.7 

6 s 2.3 

7 2 s 3.3 

8 2 s 2.9 

9 2 s 3.2 

10 2 s 2.0 

112 s 1.1 

12 2 s 2.6 

Sa 6.4 

2 

3 

4 

s 
6 

Sa 1.3 

Sa 9.8 

Sa S.6 

5a 3.2 

5a S.4 

pen ult 

penult 

pen ult 

pen ult 

penult 

pen ult 

pen ult 

pen ult 

final 

fmal 

final 

final 

final 

final 

final 

final 

final 

final 

final 

final 

pen ult 

pen ult 

pen ult 

pen ult 

pen ult 

pen ult 

str freq 

162 

163 

177 

348 

252 

277 

240 

305 

253 

2 180 

2 176 

2 180 

2 160 

2 169 

2 170 

2 347 

2 250 

2 277 

2 238 

2 308 

2 249 

154 

177 

lSS 

1S9 

167 

lSl 

vdur forl 

81 375 

54 437 

44 375 

51 soo 
73 soo 
S2 437 

92 500 

72 500 

<X) 500 

64 437 

81 437 

86 437 

95 375 

88 437 

67 37S 

88 500 

85 soo 
68 437 

126 soo 
93 soo 
121 500 

for2 

2250 

2187 

22SO 

2687 

2500 

262S 

2312 

2437 

2437 

212S 

1937 

2312 

2375 

2187 

237S 

2687 

2SOO 

2635 

2312 

2437 

2437 

141 

for3 

3500 

2875 

27SO 

3375 

3000 

337S 

2937 

312S 

3000 

2812 

3000 

3000 

3625 

2750 

2750 

3375 

3000 

337 

2937 

3125 

3000 
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sub sex tok amp mw tone syl str freq 

7 2 Sa 2.6 penult 336 

286 

296 

29S 

297 

270 

8 2 Sa 4.7 penult 

9 2 Sa S.7 

10 2 Sa 2.1 

11 2 Sa 4.2 

12 2 Sa 4.8 

Sa S.2 

2 Sa 1.0 

3 

4 

s 
6 

7 2 

8 2 

9 2 

10 2 

11 2 

12 2 

2 

3 

4 

5 

6 

7 2 

8 2 

9 2 

5a 6.7 

Sa 4.0 

Sa 2.2 

Sa 3.8 

5a 1.4 

5a 3.7 

5a 4.6 

5a 1.5 

Sa 3.8 

5a 4.4 

5b 4.0 

Sb 2.0 

Sb 1.8 

Sb S.5 

Sb 3.6 

Sb 1.4 

5b 3.3 

5b 4.7 

5b S.7 

pen ult 

penult 

pen ult 

pen ult 

final 

final 

2 lSS 

2 181 

final 2 

final 2 

final 2 

final 2 

final 2 

final 2 

final 2 

final 2 

final 2 

final 2 

pen ult 

pen ult 

pen ult 

pen ult 

pen ult 

pen ult 

pen ult 

pen ult 

pen ult 

1S7 

158 

170 

153 

325 

300 

294 

28S 

308 

280 

163 

200 

179 

l(j) 

171 

150 

324 

313 

277 

~ 
I 

ACOUSTIC CORRELATES OF STRESS IN PIRAHA 143 

sub sex tok amp mw tone syl str freq 

10 2 Sb 2.4 penult 294 

253 12 2 Sb 4.5 penult 

Sb 2.7 final 2 158 

2 Sb 1.7 final 2 200 

3 Sb .9 final 2 177 

4 

s 
6 

7 2 

8 2 

9 2 

10 2 

12 2 

2 

3 

4 

s 
6 

7 2 

8 2 

9 2 

10 2 

11 2 

12 2 

2 

Sb 2.8 

Sb 3.0 

Sb 1.1 

Sb 1.6 

Sb 3.7 

Sb 4.3 

Sb 1.4 

Sb 4.2 

6 7.2 00 2 

6 1.7 00 2 

6 12.1 00 2 

6 7.4 00 2 

6 9.2 00 2 

6 3.6 00 2 

6 3.S 00 2 

6 10.0 00 2 

6 3.8 00 2 

6 3.S 00 2 

6 1.2 00 2 

6 5.1 00 2 

6 3.4 00 2 

6 1.0 00 2 

final 

final 

final 

2 l(j) 

2 J(j) 

2 145 

final 2 

final 2 

final 2 

final 2 

final 2 

final 

final 

final 

final 

final 

final 

final 

final 

final 

final 

final 

final 

penult 2 

penult 2 

306 

306 

276 

285 

247 

169 

194 

167 

166 

170 

170 

289 

269 

285 

274 

250 

239 

172 

187 

vdur forl for2 for3 

500 937 237S 

500 87S 237S 

500 1000 2S62 

500 1125 2500 

562 1000 22SO 

437 l 12S 262S 

soo 112S 262S 

500 1000 32SO 

500 875 2875 

soo 1125 3062 

soo 112S 2937 

437 1125 3000 

soo 112S 27SO 

soo 1187 2687 



r 
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sub sex tok amp mw tone syl str freq vdur forl 

3 6 8.6 oo 2 penult 2 163 500 

4 6 6.7 oo 2 penult 2 165 500 

5 6 8.1 oo 2 penult 2 165 562 

6 6 2.9 oo 2 penult 2 169 437 

7 2 

8 2 

9 2 

10 2 

11 2 

12 2 

6 2.8 00 2 

6 6.1 00 2 

6 2.2 00 2 

6 2.6 00 2 

6 1.2 00 2 

6 3.6 00 2 

penult 2 

penult 2 

penult 2 

penult 2 

penult 2 

penult 2 

7 3.6 

2 7 2.7 

3 7 3.8 

4 7 5.9 

5 7 6.1 

6 7 3.8 

7 2 7 5.9 

8 2 7 4.3 

9 2 7 6.1 

10 2 

11 2 

12 2 

2 

3 

4 

5 

7 2.5 

7 2.5 

7 2.6 

7 3.1 

7 2.3 

7 3.2 

7 3.4 

7 4.3 

2 pen ult 

2 pen ult 

2 pen ult 

2 pen ult 

2 pen ult 

2 pen ult 

2 pen ult 

2 pen ult 

2 pen ult 

2 

2 

2 

2 

2 

2 

2 

2 

penult 

pen ult 

pen ult 

final 2 

final 2 

final 2 

final 2 

final 2 

286 

266 

275 

2()() 

250 

232 

163 72 

125 76 

153 80 

125 78 

100 74 

163 73 

253 66 

250 ()() 

208 84 

500 

500 

500 

500 

500 

500 

500 

437 

500 

375 

500 

437 

437 

437 

375 

240 65 500 

240 53 437 

215 97 375 

167 116 500 

126 HXi 437 

154 104 500 

117 104 375 

156 116 500 

for2 

1000 

1125 

1125 

1125 

1125 

1000 

1250 

1437 

1125 

1125 

1875 

2500 

2312 

2437 

2312 

1937 

2437 

3062 

2625 

2625 

2437 

2625 

1875 

2500 

2312 

2437 

2312 

for3 

2562 

2500 

2562 

2625 

3125 

3250 

3000 

3187 

2937 

3000 

2625 

3062 

3187 

3125 

2937 

2625 

3062 

3500 

3187 

3125 

3187 

3187 

2625 

3062 

3187 

3125 

2937 

ACOUSTIC CORRELATES OF STRESS IN PIRAHA 

sub sex tok amp ww tone syl 

6 7 3.1 2 final 

7 2 7 3.8 2 final 

8 2 7 2.8 2 final 

9 2 7 4.7 2 final 

10 2 7 2.1 2 final 

11 2 7 1.0 2 final 

12 2 7 2.0 2 final 

2 

3 

4 

5 

6 

7 2 

8 2 

9 2 

10 2 

11 2 

12 2 

2 

3 

4 

5 

6 

7 2 

8 2 

7a 4.8 

7a 3.1 

7a 3.0 1 

7a 3.2 1 

7a 6.0 

7a 7.5 

7a 2.2 

7a 1.9 1 

7a 1.5 

7a 2.7 

7a 3.7 

7a 1.8 

7a 4.9 

7a 2.2 

7a 2.1 

7a 2.1 

7a 4.2 

7a 5.2 

7a 1.9 

7a .9 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

pen ult 

pen ult 

pen ult 

pen ult 

pen ult 

pen ult 

pen ult 

pen ult 

pen ult 

pen ult 

pen ult 

pen ult 

final 

final 

final 

final 

final 

final 

final 

final 

str freq 

2 168 

2 252 

2 250 

2 208 

2 238 

2 239 

2 216 

152 

114 

144 

120 

159 

137 

240 

250 

256 

219 

208 

195 

2 130 

2 107 

2 145 

2 127 

2 155 

2 142 

2 239 

2 253 

vdur forl 

115 437 

80 437 

88 437 

104 375 

118 500 

96 437 

118 375 

for2 

1937 

2437 

3062 

2625 

2625 

2437 

2625 

145 

for3 

2625 

3062 

3500 

3187 

3125 

3187 

3187 
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sub sex tok amp ~ tone syl str freq 

9 2 7a .8 2 final 2 252 

10 2 7a 2.0 2 final 2 210 

11 2 7a 2.7 2 final 2 200 

12 2 

2 

3 

4 

5 

6 

7 2 

8 2 

10 2 

11 2 

12 2 

2 

3 

4 

5 

6 

7 2 

8 2 

10 2 

11 2 

12 2 

7a 2.4 

7b 10.0 

7b 2.7 

7b 8.6 

7b 2.7 

7b 3.3 

7b 2.6 

7b 5.0 

7b 3.6 

7b 8.7 

7b 2.2 

7b 2.9 

7b 1.0 

7b 2.3 

7b 7.9 

7b 1.7 

7b 2.4 

7b 2.2 

7b 3.8 

7b 2.1 

7b 5.9 

7b 1.6 

7b 1.3 

8 3.1 a 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

final 2 199 

pen ult 

pen ult 

pen ult 

pen ult 

pen ult 

pen ult 

pen ult 

pen ult 

pen ult 

pen ult 

pen ult 

final 

final 

final 

final 

final 

2 

2 

2 

2 

2 

final 2 

final 2 

final 2 

final 2 

final 2 

final 2 

pen ult 

139 

112 

138 

123 

150 

137 

242 

228 

251 

202 

197 

149 

llO 

132 

112 

142 

141 

242 

229 

249 

192 

195 

132 

I 
I; 

ACOUSTIC CORRELATES OF STRESS IN PIRAHA 

sub sex tok amp ~ tone syl 

2 8 5.4 a 2 penult 

3 8 1.8 a 2 penult 

4 

5 

6 

7 2 

8 2 

9 2 

10 2 

11 2 

12 2 

2 

3 

4 

5 

6 

7 2 

8 2 

9 2 

10 2 

11 2 

12 2 

2 

3 

4 

8 12.0 a 2 

8 3.4 a 2 

8 1.8 a 2 

8 10.0 a 

8 7.0 a 

8 3.4 a 

8 3.1 a 

8 1.9 a 

8 2.2 a 

8 2.3 

8 .78 

8 .90 

8 2.1 

8 2.9 

8 .71 

8 4.6 

8 5.0 

8 .69 

8 1.6 

8 1.3 

8 1.4 

9 3.2 

9 3.3 

9 3.6 

9 2.2 l 

2 

2 

2 

2 

2 

2 

1 

pen ult 

pen ult 

pen ult 

pen ult 

pen ult 

pen ult 

pen ult 

pen ult 

pen ult 

final 

final 

final 

final 

final 

final 

final 

final 

final 

final 

final 

final 

final 

final 

final 

final 

str freq vdur 

116 

124 

116 

131 

ll8 

203 

213 

182 

189 

189 

181 

2 172 

2 146 

2 152 

2 161 

2 175 

2 145 

2 301 

2 333 

2 242 

2 

2 

2 

282 

282 

250 

2(f) 

161 

205 

155 

124 

70 

~ 

102 

147 
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sub sex tok amp ww tone syl str freq vdur 

5 9 6.4 final 2(:/J 68 

6 

7 2 

8 2 

9 2 

10 2 

11 2 

12 2 

2 

3 

4 

5 

9 2.6 

9 1.8 

9 4.7 

9 1.8 

9 2.4 

9 2.4 

9 6.7 

9 2.2 

9 1.7 

9 2.8 

9 .65 

9 3.6 

6 9 1.9 

7 2 9 1.3 

8 2 9 2.0 

9 2 9 1.4 

10 2 9 1.0 

11 2 9 .80 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

12 2 9 4.4 2 

10 8.8 a 2 

2 10 3.4 a 2 

3 10 2.2 a 2 

fmal 

final 

final 

final 

final 

final 

final 

penult 2 

penult 2 

penult 2 

penult 2 

penult 2 

penult 2 

penult 2 

penult 2 

penult 2 

penult 2 

penult 2 

penult 2 

final 

final 

final 

4 10 4.2 a 2 final 

5 10 1.7 a 2 final 

6 10 7.0 a 2 final 

7 2 10 5.7 a 2 final 

174 116 

327 ~ 

369 94 

310 130 

327 65 

325 170 

258 124 

l(fJ 94 

124 52 

167 74 

123 82 

182 42 

145 94 

288 64 

262 (fJ 

259 102 

243 40 

225 92 

198 96 

162 

123 

184 

136 

197 

132 

269 

ACOUSTIC CORRELATES OF STRESS IN PIRAHA 

sub sex tok amp ww tone syl str freq 

8 2 10 5.7 a 2 final 258 

253 

240 

195 

240 

9 2 10 1.8 a 2 final 

10 2 10 1.3 a 2 final 

11 2 

12 2 

10 2.8 a 

10 5.6 a 

10 2.1 

2 10 2.6 

3 10 .20 

4 10 2.0 

5 10 .15 

6 10 .21 

7 2 10 2.0 

8 2 10 3.9 

9 2 10 .50 

10 2 10 .51 

11 2 10 1.4 

12 2 10 3.2 

11 9.7 aa 

2 11 4.9 aa 

3 

4 

5 

6 

11 5.8 aa 

11 4.1 aa 

11 5.8 aa 

11 3.3 aa 

7 2 11 2.3 aa 

8 2 11 1.5 aa 

9 2 11 1.2 aa 

10 2 11 1.4 aa 

2 

2 

final 

final 

penult 2 192 

penult 2 145 

penult 2 200 

penult 2 155 

penult 2 2(:/J 

penult 2 152 

penult 2 333 

penult 2 '307 

penult 2 

penult 2 

penult 2 

penult 2 

an tip 

an tip 

an tip 

an tip 

an tip 

an tip 

an tip 

an tip 

an tip 

an tip 

300 

286 

242 

200 

175 

174 

185 

137 

185 

138 

241 

240 

229 

255 

149 
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sub sex tok amp '°"' tone syl str freq 

11 2 11 1.8 aa antip 243 

230 12 2 11 9.6 aa antip 

11 1.7 

2 11 l.7 

3 11 .50 

4 11 .14 

5 II .58 

6 11 1.0 

7 2 11 1.9 

8 2 11 .30 

9 2 II .30 

10 2 ll .40 

ll 2 ]] 1.5 

12 2 11 1.4 

12 9.7 aa 

2 12 4.9 aa 

3 12 5.8 aa 

4 12 4.1 aa 

5 12 5.8 aa 

6 12 3.3 aa 

7 2 12 2.3 aa 

8 2 12 1.5 aa 

9 2 12 1.2 aa 

JO 2 12 1.4 aa 

11 2 12 1.8 aa 

12 2 12 9.6 aa 

12 .7 

penult 2 179 

penult 2 181 

penult 2 189 

penult 2 134 

penult 2 181 

penult 2 146 

penult 2 248 

penult 2 232 

penult 2 238 

penult 2 258 

penult 2 248 

penult 2 249 

antip 175 

an tip 125 

an tip 185 

an tip 135 

an tip 185 

an tip 138 

antip 241 

an tip 240 

an tip 229 

antip 255 

an tip 243 

an tip 230 

final 2 176 

ACOUSTIC CORRELATES OF STRESS IN PIRAHA 

sub sex tok amp '°'" tone syl str freq 

2 133 2 

3 

12 12 

12 .40 

4 12 .10 

5 12 .41 

6 12 .50 

7 2 12 1.5 

8 2 12.30 

9 2 12 .30 

10 2 12 .20 

11 2 12 1.3 

12 2 12 1.4 

13 10.0 

2 

3 

4 

5 

6 

7 2 

8 2 

9 2 

IO 2 

11 2 

12 2 

2 

3 

4 

13 1.4 

13 4.2 

13 2.0 

13 10.0 

13 6.7 

13 2.6 

13 3.2 

13 3.4 

13 2.4 

13 12.1 

13 9.1 

13 1.6 

13 1.1 

13 3.7 

13 1.6 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

final 

final 2 180 

final 2 131 

fmal 2 192 

fmal 2 134 

fmal 2 237 

fmal 2 248 

final 2 234 

fmal 2 259 

final 2 243 

final 2 249 

final 

final 

final 

final 

final 

fmal 

fuial 1 

final 

final 

final 

fmal 

final 

penult 2 

penult 2 

penult 2 

penult 2 

133 

115 

120 

125 

130 

133 

239 

241 

241 

240 

228 

143 

153 

135 

158 

156 

151 
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sub sex tok amp mw tone syl str freq 

5 

6 

7 2 

8 2 

9 2 

13 4.1 I 

13 1.0 

13 1.7 

13 1.5 

13 1.5 I 

penult 2 

penult 2 

penult 2 

penult 2 

penult 2 

151 

159 

311 

280 

280 

10 2 13 1.6 penult 2 311 

11 2 13 9.2 penult 2 291 

12 2 13 6.1 penult 2 237 

14 13.0 al 2 

2 14 4.4 al 2 

3 14 12.0 al 2 

4 14 6.8 al 2 

5 14 2.5 ai 2 

6 14 8.6 al 2 

7 2 14 13.0 ai 2 

final 

final 

final 

final 

final 

final 

final 

8 2 14 3.0 al 2 final 

9 2 14 13.0 ai 2 final 

10 2 14 15.0 al 2 final 

11 2 14 2.4 m 2 final 

12 2 14 4.0 a1 2 final 

14 8.0 o 2 penult 2 

2 14 2.8 o 2 penult 2 

3 14 6.3 o 2 penult 2 

4 14 3.4 o 2 penult 2 

5 14 1.2 o 2 penult 2 

6 14 5.8 o 2 penult 2 

7 2 14 6.5 o 2 penult 2 

154 

125 

131 

131 

189 

160 

275 

221 

225 

237 

210 

215 

146 

130 

131 

125 

195 

160 

279 

ACOUSTIC CORRELATES OF STRESS IN PlRAHA 

sub sex tok amp mw tone syl str freq 

8 2 14 2.5 o 2 penult 2 230 

9 2 

10 2 

11 2 

12 2 

2 

3 

4 

5 

6 

7 2 

8 2 

9 2 

10 2 

11 2 

12 2 

2 

3 

4 

5 

6 

7 2 

8 2 

9 2 

10 2 

14 8.7 0 

14 12.0 0 

14 2.0 0 

14 2.4 0 

2 

2 

2 

2 

15 3.2 a 2 

15 4.0 a 2 

15 3.5 a 2 

15 11.0 a 

15 12.0 a 

15 12.0 a 

15 8.3 a 

15 6.8 a 

15 12.1 a 

15 5.3 a 

15 6.1 a 

15 15.0 a 

15 1.4 a 

15 1.7 a 

15 1.5 a 

15 3.7 a 

15 5.5 a 

15 5.6 a 

15 3.7 a 

15 3.8 a 

15 5.4 a 

15 3.5 a 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

penult 2 

penult 2 

penult 2 

penult 2 

final 

final 

final 

final 

final 

final 

final 

final 

final 

final 

final 

final 

antip 2 

antip 2 

antip 2 

antip 2 

antip 2 

antip 2 

antip 2 

antip 2 

antip 2 

antip 2 

239 

250 

2ff) 

217 

139 

lff) 

130 

120 

140 

135 

240 

224 

190 

217 

232 

1% 

134 

110 

138 

107 

157 

133 

237 

216 

177 

202 

153 
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sub sex tok amp \OW tone syl str freq vdur 

11 2 15 2.5 a 2 antip 2 228 

12 2 15 5.6 a 2 antip 2 197 

16 32 a 2 final 

2 16 4.0 a 2 final 

3 16 3.5 a 2 final 

4 

5 

6 

7 2 

8 2 

9 2 

10 2 

11 2 

12 2 

2 

3 

4 

5 

6 

7 2 

8 2 

9 2 

10 2 

11 2 

12 2 

16 11.0 a 

16 12.0 a 

16 12.0 a 

16 8.3 a 

16 6.8 a 

16 12.l a 

16 5.3 a 

16 6.1 a 

16 15.0 a 

16 2.8 a 

16 2.1 a 

16 2.8 a 

16 6.8 a 

16 8.8 a 

16 8.0 a 

16 4.4 a 

16 52 a 

16 6.6 a 

16 1.9 a 

16 2.5 a 

16 9.6 a 

17 5.0 n 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

final 

final 

final 

final 

final 

final 

final 

final 

final 

penult 2 

penult 2 

penult 2 

penult 2 

penult 2 

penult 2 

penult 2 

penult 2 

penult 2 

penult 2 

penult 2 

penult 2 

an tip 

139 (i) 

1()1) 104 

130 108 

120 98 

140 98 

135 74 

240 79 

224 76 

190 (f) 

217 74 

232 78 

196 64 

133 42 

1()1) 80 

136 72 

121 88 

142 76 

137 56 

236 57 

220 30 

185 73 

223 (i) 

224 61 

197 (i) 

148 

ACOUSTIC CORRELATES OF STRESS IN PIRAHA 

sub sex tok amp mw tone syl str freq 

2 17 2.9 n 2 antip 

3 17 7.9 n 2 antip 

4 17 3.8 u 2 antip 

5 17 2.2 n 2 antip 

6 17 15.4 n 2 antip 

7 2 17 15.0 11 2 antip 

8 2 17 5.0 n 2 antip 

9 2 17 7.6 n 2 antip 

10 2 

II 2 

12 2 

2 

3 

4 

5 

6 

7 2 

8 2 

9 2 

10 2 

11 2 

12 2 

2 

3 

4 

17 4.0 11 

17 2.9 11 

17 3.3 n 

17 2.8 

17 1.7 

17 2.6 I 

17 1.7 

17 I.I 

17 1.2 

17 6.8 

17 2.2 

17 5.0 

17 2.0 

17 1.8 

17 2.1 

18 5.0 n 

18 2.9 n 

18 7.9 n 

18 3.8 n 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

antip 

antip 

an tip 

penult 2 

penult 2 

penult 2 

penult 2 

penult 2 

penult 2 

penult 2 

penult 2 

penult 2 

penult 2 

penult 2 

penult 2 

an tip 

an tip 

an tip 

an tip 

116 

146 

105 

170 

170 

275 

205 

255 

232 

224 

223 

152 

117 

144 

104 

161 

167 

283 

205 

262 

235 

235 

227 

148 

116 

146 

105 

155 
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sub sex tok amp mw tone syl str freq vdur forl for2 for3 2b= second repetition 
3=pi'gi 'swift' 

5 18 2.2 n 2 an tip 170 3a=first repetition 

6 18 15.4 2 an tip 170 3b=second repetition n 
4=bogi' 'chest' 

7 2 18 15.0 n 2 an tip 275 4a=first repetition 

8 2 18 5.0 ii 2 an tip 205 4b=second repetition 
sub(ject): speaker number 

9 2 18 7.6 n 2 an tip 255 sex: !=male; 

10 2 18 4.0 2 an tip 232 2=female n 
con(sonant): lb!; lg/ . . . 

11 2 18 2.9 ii 2 an tip 224 cdur: consonant duration; measurements m m1lhseconds 

12 2 18 3.3 n 2 an tip 223 str(ess): 1 =stressed 
2=unstressed 

18 1.5 2 final 2 145 sub sex tok con cdur str 
2 18 1.4 1 2 final 2 124 b 32 2 

3 18 4.0 2 final 2 145 2 b 34 2 
4 18 2.2 2 final 2 113 3 b 55 2 
5 18 .40 2 final 2 175 4 b 30 2 
6 18 LO 2 final 2 173 5 b 34 2 
7 2 18 6.3 2 final 2 295 6 b 36 2 

8 2 18 2.5 2 final 2 213 7 2 b 68 2 
9 2 18 5.0 2 final 2 276 8 2 b 52 2 
10 2 18 LO 2 final 2 241 9 2 b 48 2 
11 2 18 1.6 2 final 2 236 10 2 b 47 2 

12 2 18 L9 2 final 2 232 11 2 b 36 2 

Section 2: Duration of intervocalic consonants /b/ and 12 2 b ({) 2 

lg/ in stressed and unstressed positions la b 38 2 

Interpretation of columns: 2 la b 55 2 
tok(en): words used for measuring intervocalic consonant length 

3 la b 34 2 1 =ka'ba 'not' 
1 a=first repetition 4 la b 25 2 
1 b=second repetition 

5 la b 35 2 2=gaba' 'Jacamar' 
2a=first repetition 
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sub sex tok con cdur str 

6 

7 2 

8 2 

9 2 

JO 2 

11 2 

12 2 

2 

3 

4 

5 

6 2 

7 2 

8 2 

9 2 

JO 2 

11 2 

12 2 

2 

3 

4 

5 

6 

7 2 

8 2 

la b 

la b 

la b 

la b 

la b 

la b 

la b 

lb b 

lb b 

lb b 

lb b 

lb b 

lb b 

lb b 

lb b 

lb b 

lb b 

lb b 

lb b 

2 b 

2 b 

2 b 

2 b 

2 b 

2 b 

2 b 

2 b 

30 2 

43 2 

58 2 

41 2 

28 2 

44 2 

44 2 

36 2 

40 2 

20 2 

30 2 

20 2 

58 2 

38 2 

34 2 

23 2 

52 2 

29 2 

32 2 

(i) 

64 

61 

48 

48 

62 

50 

62 

ACOUSTIC CORRELATES OF STRESS IN PIRAHA 

sub sex tok con cdur str 

9 2 

10 2 

11 2 

12 2 

2 

3 

4 

5 

6 

7 2 

8 2 

9 2 

JO 2 

11 2 

12 2 

2 

3 

5 

6 

7 

8 2 

9 2 

10 2 

11 2 

12 2 

2 b 

2 b 

2 b 

2 b 

2a b 

2a b 

2a b 

2a b 

2a b 

2a b 

2a b 

2a b 

2a b 

2a b 

2a b 

2a b 

2b b 

2b b 

2b b 

2b b 

2b b 

2b b 

2b b 

2b b 

2b b 

2b b 

2b b 

58 

48 

70 

76 

(i) 

62 

56 

(i) 

50 

70 

62 

54 

88 

(i) 

66 

74 

68 

66 

'irl 

58 

84 

(i) 

82 

84 

(i) 

68 

86 
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sub sex tok con cdur str 

3 g 

2 3 g 

3 3 g 

4 3 g 

5 3 g 

6 3 g 

7 2 3 g 

8 2 3 g 

9 2 3 g 

10 2 3 g 

11 2 

12 2 

2 

3 

4 

5 

6 

7 2 

8 2 

9 2 

10 2 

11 2 

12 2 

2 

3 

3 g 

3 g 

3a g 

3a g 

3a g 

3a g 

3a g 

3a g 

3a g 

3a g 

3a g 

3a g 

3a g 

3a g 

3b g 

3b g 

3b g 

54 2 

57 2 

44 2 

64 2 

52 2 

52 2 

46 2 

50 2 

42 2 

80 2 

50 2 

48 2 

46 2 

42 2 

56 2 

48 2 

38 2 

49 2 

45 2 

34 2 

50 2 

40 2 

54 2 

ro 2 

34 2 

48 2 

40 2 
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sub sex tok con cdur str 

4 3b g 

5 3b g 

6 3b g 

7 2 3b g 

8 2 3b g 

9 2 3b g 

10 2 3b g 

11 2 3b g 

12 2 3b g 

2 

3 

4 

5 

6 

7 2 

8 2 

9 2 

10 2 

11 2 

12 2 

2 

3 

4 

5 

6 

4 g 

4 g 

4 g 

4 g 

4 g 

4 g 

4 g 

4 g 

4 g 

4 g 

4 g 

4 g 

4a g 

4a g 

4a g 

4a g 

4a g 

4a g 

42 2 

39 2 

38 2 

50 2 

46 2 

42 2 

42 2 

56 2 

ro 2 

87 

68 

55 

66 

52 

66 

80 

86 

'X) 

83 

78 

117 

ro 
70 

61 

70 

58 

84 
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sub sex tok con cdur str 

7 2 4a g 61 

8 2 4a g 6'1-

9 2 4a g 73 

10 2 4a g 6'1-

11 2 4a g 108 

12 2 4a g 128 

4b g 00 

2 4b g 74 

3 4b g 68 

4 4b g 76 

5 4b g 82 

6 4b g 72 

7 2 4b g 51 

8 2 4b g 73 

9 2 4b g 70 

10 2 4b g 77 

11 2 4b g 94 

12 2 4b g 113 1 

i 


