
for people engaged in such research, so it is also hoped that departments of Anthropology and Linguis
tics around the world will recognize the scientific urgency and unique value of the study of Amazonian 
languages in their hiring decisions. 

Amazonian languages have increased our understanding of universal phonetics, phonology, morphol
ogy, syntax, semantics, and pragmatics. Our debt as scientists to these languages is already large and 
growing annually. However, the impact of Amazonian languages on linguistic theorizing has been less 
than might have been expected. The reason for this falls partially under what Tony Kroch (p.c.) once 
referred to as the 'data-purification' problem. When data are discovered which could alter the develop
ment of linguistic theory, the immediate questions to ask are, 'Are the data reliable?' and 'Is the analysis 
accurate and well-argued?' When few, if any, other people have access to the data, claims are extremely 
difficult to evaluate. So, unlike, say, work on European languages where the data can be verified with 
relative ease, and thus the data are in principle more able to be evaluated, the 'purity' of the Amazonian 
data can be less reliable. Another reason that studies of Amazonian languages have had a relatively small 
impact on linguistic theory (at least in Europe and North America) is that the bulk of studies of these 
languages has appeared in relatively obscure publication outlets, in languages less widely spoken or read 
(at least by theoretical linguists). 

JAL cannot solve all of these problems. But it can help. By providing rigorous review, readers can at 
least be assured that the quality of argumentation in all JAL articles will be high and that authors will 
have had to answer probing questions about the nature of the data used in their studies. By providing a 
North American financial and editorial base, it is hoped that important work by researchers outside of 
North America will receive greater attention from the international linguistics community. At least as 
other linguists become aware of the data and analyses of these languages, they can decide how and 
whether it needs further testing. 

Perhaps, all Amazonian languages are endangered for one of two reasons. The first is a common one, 
namely, that speakers of some languages are ceasing to speak an indigenous language and switching to 
the national language. The second is less common and more serious - although some of these languages 
are spoken by all members of relatively monolingual populations, these populations are themselves in 
danger of extinction. Groups such as the Juma (eight living speakers), the Maimande (less than sixty 
speakers), the Banawa (less than eighty speakers), and the Piraha (around two hundred speakers) all may 
have died out in the next few decades unless they receive significant outside assistance, at the very least 
in securing their land rights and preventing further incursions of outside settlers. To be realistic, in light 
of these facts, as sad as it sounds, one of the most important goals of JAL is to contribute to the historical 
record of these languages for posterity, as studies conducted in the next few years may be the last oppor
tunity available to document the structures of these languages. More positively, it is hoped that JAL will 
as a forum for articles on language preservation in Amazonia. 

I would be very grateful to readers for suggestions on improving both the form and content of the 
journal. Also, the journal can only succeed if fieldworkers and others submit resources for review, so I do 
hope that the excellent articles of this first number will serve to attract other submissions. 

A final note: each of the articles in this first issue is the result of original field work by (at least one of) the 
authors. 
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WARI' PHONETIC STRUCTURES 
Margaret R. MacEachern, Barbara Kern and Peter Ladefoged 

This paper describes the phonetic characteristics of Wari', an endangered language spoken in Brazil. 
Wari' has an otherwise unattested vowel inventory (i, y, e, ~.a, o). The qualities of stressed and stress
less vowels are described in tenns of their formant frequencies; variation in the production of these 
vowels, both within and across speakers, is discussed. Voice onset time values for the stop consonants 
are given, and various unusual phenomena such as the presence of contrastive glottalization, and the 
realization of two sounds - roughly characterized as alveolar tap and post-alveolar fricative - which 
vary considerably across speakers). The location of main phrasal stress is briefly discussed. 

The Wari' language is spoken along the Pacaas Novas river in Western Rondonia, Brazil (see Figure 
I). Everett and Kem (in press) state that there are about 1,300 speakers of the language; a 1986 Summer 
Institute of Linguistics survey places the number at between 990 and 114 7 (Grimes 1988). Voe gel in and 
Voegelin 1978 place Wari' (Pacas Novas) in their Arawakan: Chapacura-Wanhaman: Guapore: Madeira 
grouping, along with the extinct languages Jaru and Tora(z), and extant Urupa (Txapacura). Grimes 
1988 categorizes Wari' (Oro Wari, Pakaasnovos, Jaru, Uomo, Pakaanovas, Pacaas-Novos, Pakaanova, 
Pacahanovo) as a Chapacura: Madeira language, and describes it as isolated. (Note also that Grimes lists 
Jaru as an alternate name for Wari', rather than as a distinct language.) Everett and Kem (in press) and 
Ladefoged and Everett (in press), which are the only other publications on this language', point out that 
another Chapacuran language, Oro Win, was spoken in an adjacent area, but there are now only five 
living speakers in Brazil and perhaps a few more in Bolivia. They note that the only other living Chapacuran 
language is More, which is spoken by a single elderly speaker. 

• Manaus 

• Porto Velho 

Central 
South 
America 

Figure 1. The location of the Wari' language. 
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The data for this study consist principally of recordings of 6 male and 6 female speakers made in 
Guajara Mirim in July 1995. The words and phrases were elicited by the second author, who is a fluent 
speaker of Wari'. The recordings were made on a DAT recorder, using a close-talking, noise-canceling 
microphone for each speaker individually. The frequency response was substantially flat throughout the 
audible range, and the signal/noise ratio was nearly always greater than 45 dB. (The exceptions were 
due to occasional uncontrollable outside noise, and the fact that two of the women spoke very quietly; 
nevertheless, the recordings analyzed always had a signal/noise ratio better than 40 dB.) All recordings 
were made at 48,000 samples/second; these were then down-sampled to 8,000 samples/second for acoustic 
analysis, so as to provide greater precision in the frequency scale (see Ladefoged 1996: 177 for an expla
nation of this technique). 

VOWELS 
In this section, we discuss several topics: the qualities of stressed vowels, the existence of contextu

ally-determined allophones of stressed vowels, the qualities of stressless vowels, and the occurrence of 
vowel sequences in the language. 

The vowel inventory ofWari' is large for a lowland Amazonian language (Everett and Kern [in press]), 
and Wari' vowels are unevenly distributed in the vowel space. Wari' has five vowels, i, e, a, o, y, plus an 
additional vowel, ti, which is comparatively uncommon and occurs only after a limited range of conso
nants. (The front rounded vowel y is transcribed ii in Everett and Kern [in press].) This inventory is 
exceptional in two respects. First, a study of several large typological surveys (Ruhlen 1975, Crothers 
1978, and Maddieson 1984) indicates that the vowel inventory of Wari' has not been reported for any 
other language. Crothers 1978 reports the most common six-vowel inventories to be { i, e, £, u, o, J} and 
{ i, £, 1, a, u, J}. Typologically, the existence of even one front rounded vowel in a six-vowel system is 
unexpected; the existence of two is remarkable. 

Second, the Wari' vowel inventory seems to ignore the principle of dispersion argued for by Crothers 
1978, Lindblom 1986, 1990, and others. This principle is differently formulated by different authors, 
but essentially it says that vowels will be widely and evenly distributed in the vowel space. For example, 
Lindblom 1990 provides a model for determining the optimal vowel system, given an inventory of a 
particular size. Lindblom's model projects {i, a, u, £, J, a} as the favored six-vowel inventory; again, 
note the lack of front rounded vowels. 

It is true that the vowel ti is limited in its occurrence and distribution within the language; however, 
even the remaining five vowels, if considered as a group, are unexpected on typological and theoretical 
grounds. This is largely because of the inclusion of y. 

STRESSED VOWELS 
Table I gives examples of the five vowels of Wari' that can occur after each of the possible syllable 

onsets. Wherever possible, the vowel is in a final open syllable, where it is stressed. Asterisks denote 
places in which a particular vowel does not occur after a certain consonant in stressed position. Table 2 
exemplifies the sixth Wari' vowel, 0, which occurs only after t, k, 1, m, h, j. Many (but not all) of these 
words appear to have an onomatopoeic basis. 

Formant charts showing the qualities of these vowels are given in Figures 2 and 3. The formant values 
were recorded with the aid of linear predictive coding (LPC) and fast Fourier transform (FFT) spectra 
from a Kay Elemetrics Computer Speech Laboratory (CSL). Formant measurements were taken in the 
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middle of the steady-state portion of the vowel, or simply in the middle of the vowel itself, if no steady
state portion was present. The filter order was set to 10 poles for analyzing the speech of the female 
consultants, and 12 poles for analyzing the speech of the male consultants. In these and all other charts 
in this paper, the vowels are plotted using the UCLA program PlotFormants; the axes on these charts 
represent Hz on a Bark scale. Figures 2 and 3 show Fl vs. F2; the points plotted r~present the mean 
formant values for that vowel for each speaker. Ellipses around the mean are drawn with axes on the first 
two principal components, enclosing all points within two standard deviations of the mean. 

Table 1. Vowels in final, stressed, syllables of words. 

e a 0 y 

p no pi 1an pe papa pokpok kopy 

bee (sp.) to put down stingray to boil my manioc 

* kote ka pita kawoto1 * t 
his father fish (sp.) clay pot 

k koki Jike1 koka koko koky 

its thigh shell corn fish (sp.) basket type my blood 

kw tokwi tokwe tokwa * * 
its seed Brazil nut corn drink 

1 1i1 ma1e ka1a to1o 1a1y 

to tear OK (fem.) bird (sp.) feminine name feminine name 

m komi teme hyma kamo fymy 

its water ant (sp.) lizard bird (sp.) my heart 

n pe ni mene win a wino myny 

to be separate my thing my head cashew my belly 

f kafi1 ?ofe kafa1 nafo1 kyfy 

to be sick fruit (sp.) single man's bed fish (sp.) my machete 

h hi hi hebe to ha maho oro kohy 

owl (sp.) to hesitate to shine vulture cedar tree 

Met A\llp * * M 
to approach to be fast 

r nari k"ere 1ara noro nyry 

to be related my body to do to look to blow 

w tawi to we kawa kowo 1awy 

honey to be fat toy arrow frog (sp.) toucan 

j maji 1je ?je1 mija wajo kyjy 

let's go hawk (sp.) to be much hawk (sp.) bird (sp.) 

Table 2. Words illustrating the sixth Wari' vowel, P. 

t k 1 m j h 

tokorom mao t0 k0k ko10k kam0 j0k 10h0 

masculine name fish (sp.) fish (sp.) water rodent (sp.) to push to cough 
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In the typical case, the speaker means were calculated on the basis of six tokens (two tokens of three 
words) for the vowels a, e, i, o, y and twelve tokens (two tokens of six words) for the vowel 0. (The 
words used for measurements of a, e, i, o, y are those in Table I that illustrate the vowel after p, k, and 1 
; the words used for measurements of 0 are those in Table 2.) However, one female speaker provided 
only one token of each word, and there were also 9 unanalyzable or mjspronounced tokens from other 
speakers. A word was considered to have been mispronounced if its vowel was located in the Fl-F2 
space at a point more than three standarad deviations away from the mean of other tokens of this vowel 
as spoken by this speaker. This happened on 6 occasions, presumably because the speaker misunder
stood the word that was required. 

The distribution of vowels in the Wari' vowel space is surprising. Both y and JJ are definitely front 
vowels. As a result, instead of being evenly distributed, four of the six vowels cluster about the upper 
front regions of the vowel space. A symmetric distribution would have required the high rounded vowel 
to be back rather than front. Clearly, the Wari' data we have presented here are at variance both with the 
findings of crosslinguistic surveys such as those reported above, and with the theoretical models pro
posed to account for such data. 

Crowded inventories raise the problem of maintaining distinctions among vowels of different quali
ties. Figures 2 and 3 show that a and o are distinct from i, y, e, and 0, for all speakers. 0 is also distinct 
from i for all speakers. However, i and y overlap, as do e and 0 in the F 1 vs F2 plots for male speakers, 
and y also overlaps with 0 and (very slightly) withe. Among the female speakers, y overlaps with 0, e 
and i. There is also a slight overlap between e and i. 

The vowel y was observed during recording to involve lip-rounding, which has a significant effect on 
F3 in high front vowels. Figures 4 and 5 show Fl vs. F3 plots for male and female speakers, respec
tively. The tokens shown are the same as those reported above, except that there was one additional 
token for which it was not possible to locate a value of F3. It may be seen that i and y are clearly 
distinguished by the location of F3. Note that there is still a considerable amount of overlap between e 
and 0 for the male speakers. This may be related to the low functional load borne by the 0 vowel. (We 
have omitted o from consideration in these F3 plots, as this vowel is well distinguished from the other 
five vowels in terms of its Fl and F2 values). 
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Figure 2. Fl vs. F2 of stressed vowels as produced by 6 male speakers. See text for a description of 
the scaling procedures. 
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Figure 3. Fl vs. F2 of stressed vowels as produced by 6 fem ale speakers. 
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Figure 4. Fl vs. F3 of stressed vowels as produced by 6 male speakers. 
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Figure 5. Fl vs. F3 of stressed vowels as produced by 6 female speakers. 
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The amount of variation in vowel quality was found to differ greatly across speakers. The most 
conservative of our twelve consultants kept all stressed vowels distinct, even on an Fl vs. F2 chart, as 
illustrated in Figure 6. The speaker who showed the most variation provided several sets of overlapping 
vowels. When the values were plotted on an Fl vs. F2 plot, i and 0 intersected, as did 0, y, and e, as 
shown in Figure 7. In Figures 6 and 7, each point plotted represents a single measurement. All values 
(six tokens for each of the vowels a, e, i, o, and y, and twelve tokens for the vowel 0) are present for the 
speaker represented by Figure 6; one token of 0 is missing for the speaker represented by Figure 7. 
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Figure 6. Fl vs. F2 of Wari' vowels in stressed syllables as produced by one (male) speaker. 
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Figure 7. Fl vs. F2 of Wari' vowels in stressed syllables as produced by one (female) speaker. 

There are also large differences in the size of the ellipses for the different vowels pooled across speak
ers (see Figures 2-5). We will now compare the relative amounts of variation in the realization of 
stressed vowels of different qualities, both within and across speakers, in a quantitative manner. One 
way of describing this variation is to consider the area of the ellipses. (The reader will recall that these 
ellipses include all points within two standard deviations of the mean.) Tables 3 and 4 provide rectangles 
describing this variation; the long and short sides of the rectangles represent the principle axes of the 
ellipses. 

Table 3. Variation in Fl and F2 of stressed vowels produced by male speakers. 

e a 0 y 

PO - • • • GO - - - - -JO • - -OR - - - • • 
SL - - -
00 - • -

JO 

.. --
-

The vowel 0 stands out as being the most variable of the vowels of Wari'. 

ALLOPHONES OF STRESSED VOWELS 
Our auditory impression was that some Wari' stressed vowels have centering glides in open syllables. 

In order to test this hypothesis, first and second formant measurements were made at the midpoints and 
ends of stressed vowels in 62 tokens. The tokens were produced by three male and three female speak
ers, randomly chosen, and included representations of each of the six stressed vowels. The direction of 
formant movement of centralized vowels differs depending on where the uncentralized vowel is located 
in the vowel space. For the purposes of this test, we use simple formant indices: we assume that raising 
is inversely proportional to Fl, and fronting is inversely proportional to F2. 

Centralized a will have a lower Fl frequency; the vowel is already central, so we would not expect F2 
movement. Centralized i and y will have both higher Fl and lower F2, as the vowels are lowering and 
backing. Centralized e and 0 will have just a lowered F2. Centralized o will have just a higher F2. 

Paired samples t-tests were conducted on the values of Fl at the midpoints and endpoints of a, i, and 
y. In addition, paired samples t-tests were conducted on values of F2 at the midpoints and endpoints of 
o, i, y, e, and 0. Each vowel quality was represented by from 7 to 13 tokens. The results of these tests 
give some support to the hypothesis that stressed vowels center in the front-back dimension in open 
syllables; they do not support the hypothesis that these vowels center in the height dimension. 

The difference in Fl measurements for a was probably significant, but in the wrong direction: we 
found mean formant values of 842 Hz at the midpoint, versus 902 Hz at the endpoint (t=2.20, p<.05) . 
The vowel a appears to be lowering somewhat in open stressed syllables, rather than raising. The 
difference in Fl measurements for i and y was nonsignificant, whether the data was considered in the 
aggregate or separated by vowel quality (in all tests, p>.05). We conclude that the high front vowels do 
not manifest lowering glides in open syllables. 

The only F2 measurements that were even probably significant were those for i, in which the mean 
was 2516 Hz at the midpoint versus 2407 Hz at the endpoint (t=2.23, p < .05). The midpoint mean of F2 
for o was 967 Hz, while the endpoint mean was l 091 Hz. This difference is in the expected direction, but 
it was not statistically significant (p>.05). The F2 measurements for y, e, and 0 also showed nonsignifi-
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cant differences (in all cases, p>.05). However, as for o, the midpoint and endpoint means all showed 
movement in the centering (in this case, backing) direction: mean midpoint F2 for y = 2245 Hz; end
point F2 = 2156 Hz; mean midpoint F2 fore= 2305 Hz; endpoint F2 = 2248 Hz; mean midpoint F2 for 
0 = 2249 Hz; endpoint F2 = 2238 Hz. Finally, the aggregate test showed a significant difference in 
mean F2 values when the data sets for i, y, e, and 0 were combined (2333 Hz at midpoint versus 2260 
Hz, t=2.02, p<.005). We conclude that it is possible that all front and back vowels undergo centering 
glides in stressed open syllables, but more data would be needed to establish this statistically. 

Another stressed vowel for which allophones have been proposed is e. Everett and Kem (in press) 
suggest that this vowel is somewhat higher and more front (i.e. 1) before nasals and somewhat lower (i.e. 
e) before oral stops than it is in open syllables and before 1 (where it is e). The words in Table 5 illustrate 
these contexts. Formant charts are shown in Figures 8 and 9. In the typical case, each speaker provided 
two tokens of each word representing what we might ca!J the m tokens (illustrating phonological e 
before an m), the k tokens (e before k), and thee tokens (e in open syllables and before glottal stop). 
One female speaker, however, provided only one token of each word, and one token from a female 
speaker was unanalyzable. 

Table 5. Stressed e in various environments. The symbol at the top of each column indicates the 
quality of the allophone proposed by Everett and Kern (in press) for this context. 

1 e e e E 
komem ?an pe ma?e Jike? Jek 
deer (sp.) to put down OK (fem.) sbe!J com day 
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Figure 8. Variation in e as produced by 6 male speakers. e represents the vowel in open syllables 
and before glottal stop; m represents the production of the vowel before m, and k represents the 
vowel before k. 
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Figure 9. Variation in e as produced by 6 female speakers. 
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For the male speakers, two-samples t-tests assuming unequal variances showed that e is significantly 
higher and fronter in open syllables and before 1 (mean Fl 466 Hz) than it is before oral stops (mean Fl 
521 Hz, t= 2.04, p<.005). The Fl of thee tokens was not significantly lower than that of them tokens 
(p>.05), but the difference between the means was in the expected direction (the mean Fl of the m 
tokens was 498 Hz). The F2 values for thee tokens (mean=l 980 Hz) were very significantly higher than 
those of both the k tokens (mean=1844 Hz; t=2.12, p<.001) and them tokens (mean=l833 Hz, t=2.12, 
p<.001). 

For the female speakers, the results are similar. The differences between the Fl of the e tokens 
(mean=546 Hz) and that of both the k tokens (mean=613 Hz, t=2.02) and them tokens (mean=613 Hz, 
1=2.03) were only probably significant (p<.05). The F2 values for thee tokens (mean=2525 Hz) were 
very significantly higher than those of both the k tokens (mean=2307 Hz, t=2.09, p<.001) and them 
tokens (mean=2351 Hz; t=2.12, p<.005). 

No significant differences were found between the k and m tokens, either for Fl or F2 values. Thus, 
we can say that lowered, backed allophones of e tend to be produced before nasals and oral stops. 
Everett and Kern's observation on the allophonic realization of e is borne out by the analyses performed 
here, although not in its smallest details. 
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STRESSLESS VOWELS 
Unstressed vowels (in the first syllable of each word) are illustrated in Table 6. Formant charts show

ing the qualities of these vowels are given in Figures 10 and 11. In the typical case, each speaker 
contributed two values per vowel (one from each token of one word). A total of 17 values (I 0 for 
women, 7 for men) were missing in this analysis: one female speaker provided only one token of each 
word, several vowels were so faint as to be unanalyzable, and two tokens involved mispronunciations. 

Table 6. Words illustrating stressless vowels. 

i e a 0 

pikirim kerek mar am kokorok 
to rock to see soft to shake 
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Figure 10. Fl vs. F2 of stressless vowels as produced by 6 male speakers. 
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y 
kykyryp 
grub worm (sp.) 
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Figure 11. Fl vs. F2 of stressless vowels as produced by 6 female speakers. 
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Comparison of Figures 10 and 11 to Figures 2 and 3 indicates, as expected, that unstressed vowels are 
subject to greater variability in formant values, and are more centralized than stressed vowels. 

The stressless vowels can also be compared to the stressed vowels in terms of rounding. Formant 
plots illustrating Fl vs. F3 are shown in Figures 12 and 13. Again, o has been omitted to make these 
figures easier to read. 
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Figure 12. Fl vs. F3 of stress
less vowels for 6 male speak-
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Comparison of Figures 10-13 to Figures 2-5 illustrates the reduced effect of F3 in distinguishing 
among the stressless versions of front vowels, when compared to the effect of this same formant in 
distinguishing among stressed versions of front vowels. For example, stressless i and y overlap for both 
male and female speakers on both Fl vs. F2 and Fl vs. F3 plots. The similarity in F3 values for i and y, 
evident in Figures 12 and 13, indicates that y unrounds somewhat under reduction. 
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Figure 13. Fl vs. F3 of stress
less vowels for 6 female speak-
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16 

As illustrated in Table 7, various sequences of the vowels i, e, a, o can occur in Wari ', but like vowels 
do not occur in the same syllable. The vowel y can be followed only by i, and~ does not occur in any 
sequences, further demonstrating the unusual nature of these two vowels. 

Table 7. Words illustrating sequences of vowels. 

ao 
Jao 
to pound 
kao7 
to eat 

eo 
Jeo 
to be agreeable 
jeo? 
my grandfather 

CONSONANTS 

io 
Jio 
to be cold 
7io7 
louse 

The consonants of Wari' are shown in Table 8. 

Table 8. Wari' consonants. 

ai 
Jai 
to be hot 
pain? 
to toast 

Bilabial Dental Post-alveolar 
Stop p t 
Nasal m n 
Fricative I 
Tap f 

Approximant j 

ei oi yi 
wijei toi Jyin? 
its blossom to fly (pl.) snail 
wijein? noin? 
to be bitter navel 

Velar Labialized velar Glottal 
k kw 7 

M 

w h 

There is in addition a special consonant, transcribed tP by Everett and Kern (in press), and ij by 
Ladefoged and Everett ([in press]) which has been observed in only about 25 words in the language. We 
discuss this sound briefly at the end of this section. 

There are no voicing contrasts in Wari'. As is common in such circumstances, the stops, p, t, k, and 
kw, are typically voiceless unaspirated and may become partially voiced when intervocalic. The voice 
onset time (VOT) was measured between the beginning of the release burst and the onset of periodic 
voicing. Mean values for each stop in intervocalic position are shown in Table I 0. These values are 
based on ten speakers' productions of two tokens each of 10 words. Missing values for two speakers -
one male and one female - reduced our subject pool to ten speakers for this investigation. The words 
used for VOT measurements are listed in Table 9. 

Table 9. Words illustrating stop consonants in intervocalic position. 
a e 

p papa ?anpe 
stingray to put down 
pita kote ka 
fish (sp.) his father 

k koka Jike? 
fish (sp.) shell com 
tokwa tokwe 
corn drink Brazil nut 
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The measurements were submitted to a repeated-measures analysis of variance test with VOT as the 
dependent variable and consonant (p, t, k or kw), token (first or second), quality of following vowel (a or 
e), and speaker gender as the independent variables. The test revealed a highly significant difference in 
VOT by consonant (F=37.98; p<.00 I). Other effects investigated (gender, quality of following vowel [a 
or e], token number, quality of following vowel by token, and consonant by quality of following vowel 
by token) were not significant. Accordingly, the values shown in Table 10 are the mean VOTs pooled 
across all variables except place of articulation. These VOT values vary much like those in other lan
guages (see Cho and Ladefoged, forthcoming, for a survey of the effects of place of articulation on VOT 
in some similar languages). 

Table 10. Mean VOT (ms) of Wari' stops for 5 male and 5 female speakers. 

P t k kw 
VOT 19 26 50 58 

Only the nasals and non-labialized stops can occur in final position, as shown by the examples in 
Table 11. Final stops are usually unreleased. 

Table 11. Words illustrating the complete set offlnal consonants. 

p t k 1 m n 
kap ?at wak pa? Mam nan 
grub worm bone to cut to kill fish wound 

The status of glottal stop is somewhat different from that of the other consonants of Wari', principally 
in its anomalous distribution. Like the other stops, it occurs word-initially and word-finally, as shown in 
Tables 1 and 11. It is clearly phonemic, as shown by the phrases in Table 12. Spectrograms of the first 
pair of phrases are shown in Figure 14. The glottalization is quite subtle, but speakers and listeners can 
regularly distinguish these phrases. 

Table 12. Phrases establishing the phonemic status of glottal stop. 

we?na 
she is vomiting 
mi?namemem 
he gives fruit 

wenam 
she calls her 'my older sister' 
minamemem 
the fruit tree is producing 
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Figure 14. Spectrograms of the phrases we? na, 'she is vomiting' and we nam 'she calls her ''my 
older sister"' as produced by one male speaker. 

The anomalous facet of the distribution of the glottal stop is that it can occur after a nasal and before 
a word boundary. In so doing it violates the normal Wari ' syllable structure, which is CV(V)(C). On 
many (perhaps all) of the occasions when 1 occurs after a consonant at the end of a word, it forms a 
separate morpheme. Everett and Kem (in press), noting the occurrence of 1 after m and n, decided that 
m7 and n7 were single phonemes, and thus that words ending in these sounds did not violate Wari ' 
syllable structure. The disadvantage of this analysis is that it posits two phonemes that differ from all 
other consonants in being restricted to appearance in word-final position. The contrasts involved are 
illustrated in Table 12. Spectrograms illustrating these contrasts are shown in Figure 15. 

Table 12. The contrast between plain and glottalized nasals. 

m hwam fish m1 
n nan wound n1 
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mam? 
tan? 

to find 
to arrive (pl.) 
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Figure 15. Spectrograms of the words hwam 'fish' and mam? 'to find' as produced by one male 
speaker. 

We also looked at the acoustic characteristics of intervocalic glottal stop in the words ka?a 'bird (sp.)' 
and ma?e 'OK (fem.)'. In many cases, voicing was continuous, although of low amplitude and often 
heavily glottalized as well. In other cases, we observed rather long silent intervals (in one case as high 
as 130 ms). The typical intervocalic glottal stop, however, fell in between these two extremes, and 
consisted of short stretches of irregular voicing separated by brief periods of silence or very low-ampli
tude non-periodic noise. 

The distribution of the tap r is also anomalous, in that it can occur only intervocalically. We do not 
know the historical origin of this sound. It is similar to American English r in words such as pui, 'pity', 
except that it has a dental articulation. This sound is subject to variation within and across speakers; we 
have noted three variants. It may be realized as a voiceless dental stop, a tap, or as a partially voiced 
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dental stop. Each of these three variants is represented in the spectrograms in Figure 16. 
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Figure 16. A spectrogram of the word ?ara 'to do' as produced by three speakers. From top to 
bottom: male, male, female. 
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A post-alveolar fricativef (represented by x in the orthography used by Barbara Kem) was listed in the 
consonant chart, but neither the symbol f nor the post-alveolar fricative designation are entirely appro
priate. This sound varies considerably from speaker to speaker, and from one phonetic context to an
other. We have noted s, ts,f, tf, and (rarely) productions that we have characterized as sts. None of the 
sts variants of x that we observed exhibited a release burst following the silent interval. The only strong 
distributional tendency we observed for this sound is that it is overwhelmingly (but not exclusively) the 
fricative exponent which occurs in intervocalic position. Spectrograms of various realizations of this 
sound appear in Figures 17-20. 
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Figure 17. 1\vo tokens of the orthographic word xowi' 'rain', produced by a single female speaker, 
illustrating s and ts variants oh. 
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Figure 18. One token of the orthographic word xuin' 'snail', produced by a male speaker, illustratingf 
variant of~ 
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Figure 19. One token of the orthographic word xique' 'shell corn', produced by a male speaker, 
illustrating tf variant of!· 
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Figure 20. One token of the orthographic word cainaxi' 'our daughter (spoken by a woman)', 
produced by a female speaker, illustrating sts variant of!· 
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Finally in this account of the consonants we will consider the sound ij, which occurs in a limited 
number of words, some of which are shown in Table 13. This sound, which is discussed in more detail by 
Ladefoged and Everett (in press), is a voiceless dental plosive which is released in such a way as to form 
a labial trill. It contrasts with t (and all other consonants), and has to be considered as a single sound. 
The articulation is not a combination of any two of the other consonants in Wari', and Wari' has no 
consonant clusters. 

Table 13. Words contrasting ij and t. 

fiiofiio 
' ' 

to be pleasant to to to paint 
ijoijoowe7 chicken to we to be fat 
fiiowem fiiowem 
' 0 

dragonfly 
ijym to be green tom to burn 

The articulation of ij may be seen from the palatogram and linguagram of ijym 'to be green' in 
Figure 21. The palatogram on the left shows that there was full lingual contact on the upper teeth and the 
front part of the alveolar ridge. The linguagram on the right shows the part of the blade of the tongue that 
makes this contact. There is only light contact in the midline near the tip of the tongue, which can be seen 
more clearly on the original photograph in the area between the dashed white lines. The part of the 
tongue in the midline further back on the blade did not contact the roof of the mouth. The shaping of the 
tongue blade and tip forms a narrow jet of air when the closure is released. 

Figure 21. Palatogram and linguagram of Wari' [ijym] 'to be green'. 
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Spectrographic analyses of this sound are shown in Figure 22. In example (a) on the left of the figure, 
the lips were slightly apart when the t closure was released at what has been marked as time 0. They were 
sucked together at the time marked by the arrow at the top of the picture, and then blown apart, forming 
a bilabial fricative. By the time of the second arrow at the top of the picture they had been drawn together 
again so that a complete closure was formed. Almost instantly they were blown apart and sucked to
gether again at the time of the third arrow, and released a little later into a very fricative vowel. There 
were thus three taps in this tri II. Example (b) on the right of the figure illustrates the more common form 
of this sound as produced by our speakers (all of whom were thoroughly familiar with this sound). The 
lips vibrate but with not sufficient magnitude to cause a series of closures followed by releases; instead 
the lips are moving only slightly while in a bilabial fricative position. 
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(a) (b) 
Figure 22. Spectrograms of the Wari' word [ijym], 'to be green' (a) pronounced with an observ
able trill; (b) the more usual form in which the tremors of the lips form a bilabial fricative rather 
than a trill. 

STRESS 
The major stress in a Wari' phrase is on the last syllable of the verb or verbal compound; secondary 

stresses appear on other syllables. The following examples show the location of main stress, indicated by 
underlining, moving steadily away from the beginning of the sentence as the verbal compound is length
ened in various constructions. In the final example, kep kep ?araJirapa? is an embedded sentence; na 
'consent' is the verb, so it is na that bears main stress. 

kw Jirapa? kam kwa? 
'touch' - 3 sg. irr.,l sg. - f. - 'this' m. or f. 
She should touch me. 
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kep .!@ Jirapa? kam kwa? 
'touch' -'touch' - 3 sg. irr., I sg. - f. - 'this ' m. or f. 
She should continually touch me. 

kep kep ?ar_g Jirapa? kam kwa? 
'touch' -'touch' - 'not' - 3 sg. irr.,1 sg. - f. - 'this ' m. or f. 
She should not continually touch me. 

kep kep ?ara Jiralill? ?inam kam kwa? 
'touch'-'touch' - 'not' - 3 sg. irr. ,l sg. -verbal infl. - f. - 'this' m. or f. 
'She should not continually touch me' I (say) of her. 

kep kep ?ara Jirapa? na ?inam kam kwa? me 
'touch' -'touch' - 'not' - 3 sg. irr. ,1 sg. - 'consent' - verbal infl. - f. - 'this' m. or f. - emph. 
'She should not continually touch me' consenting, I (say) of her. 

The first three speakers did not record this set of examples, and some of the remaining 9 speakers did 
not produce the complete set of sentences in a fluent way, with just the stresses as shown here. It was, 
however, clear that the general pattern was as indicated. Figure 23 shows the analysis of one speaker 
producing the first, third and fourth of these sentences (the fourth is reproduced in truncated form). It 
may be seen that the largest peak in the intensity record and a peak in the pitch record occur on the 
stressed syllables; these points are marked with arrows in the figure. 
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Figure 23. The waveforms, fundamental frequency and intensity in three sentences of Wari' (see 
text), indicating the major sentence stress. 
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NOUN CLASSIFICATION AND ETHNOZOOLOGICAL 
CLASSIFICATION IN MACHIGUENGA, AN 

ARAWAKAN 
LANGUAGE OF THE PERUVIAN AMAZON 1 

Glenn Shepard Jr. 

A system of noun classification (numeral classification) is described in the Machiguenga language as 
spoken on the upper Manu river, southern Peru. Since the same numeral classifier may occur with both 
the animate and the inanimate affix for many numerals, there exist animate and inanimate forms for 
many numeral classifiers. Animate forms refer mostly to groups of animals, while inanimate forms refer 
mostly to plants and plant parts. Numeral classifiers for animals create an analogy between some 
distinctive aspect of the animal's form and some inanimate object: the classifier for 'small animals' 
(mice, small birds, flies) is the animate form of the classifier for 'seeds and other small, round, numerous 
objects'; the classifier for 'monkeys with non-prehensile tails' (tamarins, squirrel monkeys, etc.) is the 
animate form of the classifier for 'vines, strings and veins'. The relationship between the cognitive 
processes of noun classification and ethnobiological classification is explored. 

1. INTRODUCTION 
Noun classification is a characteristic of some languages in which nouns and their associated elements 

are grouped into a number of linguistically marked categories based on salient semantic features such as 
gender, animate/inanimate status, size, shape, texture, number, flexibility, solidity, fluidity, body parts 
and so on. Systems of noun classification occur in widely separated and historically unrelated languages 
and show similar features in cross-linguistic comparisons (Allan 1977:301 ). Ethnobiological classification, 
the classification of plants and animals as found in indigenous and folk cultures, is based on salient 
morphological features of biological organisms, and shows remarkable similarity in cross-cultural 
comparisons (Berlin 1992:27). In this paper, noun classification in the Machiguenga language of Peru is 
discussed in the light of linguistic, cognitive and ethnobiological theory. Since a large proportion of 
Machiguenga noun classifiers are concerned with plants, animals and their constituent parts (leaves, 
stems, flowers, bones, skin, teeth and so on), the Machiguenga language provides an excellent opportunity 
to study the similarities and differences between noun classification and ethnobiological classification. 

With the exception of a few illustrative examples drawn from personal communications (see Doris 
Payne 1987; Derbyshire and Payne 1990), this paper represents the first published account of noun 
classification in Machiguenga. It is also the most thorough treatment of noun classification yet pub
lished for any language in the Arawakan language family, and represents a significant contribution to the 
study of classification in Amazonian languages and worldwide. By drawing on both ethnobiological and 
linguistic theories, new insights are provided for understanding the cognitive processes behind the unique 
human capacity for labeling and categorizing the world of things. 

Following a brief introduction to Machiguenga language and culture (Sections 1.2 and 1.3), this paper 
presents an overview of cross-linguistic definitions of classification (Section 2), emphasizing how 
Machiguenga both fits and defies the accepted models. A theoretical framework is established using 

29 




