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Central vowels in Kamu and Larrakia

The vowel inventories of Kamu and Larrakia each consist of peripheral /i/-/u/-/e/-/a/-
/o/ and another non-low vowel that has not been phonetically characterized.
Descriptions of similar six-vowel systems in Western Top End languages offer
inconsistent accounts of the non-peripheral vowel, but no instrumental analysis has yet
been conducted. Acoustic and phonological analysis reveals that the sixth vowel is best
characterized as /&/ in Kamu and /#/ in Larrakia. Height and backness are the critical
phonetic properties that differentiate the non-peripheral vowel from the other vowel
phonemes in each language. These results enhance our understanding of the structure
and properties of higher cardinality vowel systems in Australian languages, and the
typology of six-vowel systems more generally.
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1 Introduction

The vowel systems of Australian languages show limited variation. Nearly all vowel
inventories involve /a/-/i/-/u/ and most of the variation between individual language
inventories lies in the presence vs absence of either or both of the mid vowels /e, o/ (Busby,
1980; Fletcher & Butcher, 2014; Round, 2023). Beyond the variation involving the mid
vowels, Round (2023, p. 102) notes that “the presence or absence of non-low central vowels
such as /9, #/” 1s an important parameter in variation and therefore an important factor in the

typological analysis of Australian vowel systems.

In this paper, we expand the database for the evaluation of phonetic, phonological
and typological analyses by examining two languages, Kamu and Larrakia, whose vowel
inventories include a non-low vowel that contrasts with both /i/ and /u/. To date there has
been no systematic phonetic analysis of the vowel inventory of either language. These two
languages form part of a contiguous block of six languages in the Western Top End (Map 1),

whose inventories include a similar vowel (Table 1).
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Map 1: Western Top End languages with a non-low vowel contrasting with /i, u/



Table 1: Western Top End languages with a non-low vowel contrasting with /i, e/

Language Known dialects

Bachamal Bachamal (also known as Wadjiginy), PunguPungu

Kamu

Larrakia

MalakMalak MalakMalak, Tyeraity
Marranj Emmi, Marranunggu, Mendhe
Matngele

In his survey of the languages of the Daly River region, which includes all the languages in
Table 1 other than Larrakia!, Tryon (1974) uses the symbol <6> to represent this phoneme,
suggesting a mid front rounded vowel. However, across the materials on these languages,
there is considerable variation in the descriptions and representations of these non-peripheral

vowels (Table 2). Notably, these descriptions are not founded on quantitative analysis.

Table 2: Descriptions of [-back, -low] vowels in languages of the Western Top End

Language Representation  Description in source materials

Bachamal o front, rounded (Ford, 1990, pp. 35-39)

Emmi o close-mid, central, rounded (Ford, 2011, pp. 35-39)

Larrakia H, 0 centralized (Capell, 1984, pp. 56-57)

MalakMalak 6 mid, close, retracted, front, unrounded (Birk, 1976, pp. 10—
12)

Kamu 0, oe unrounded, resembling [v] (Harvey, 1989, p. 22)

Marranunggu ce mid, central, neutral (Tryon, 1970, p. 6)

The phonetic characteristics associated with these different representations vary

considerably, most importantly in backness, height and rounding (Table 3).

"' Tryon (1974, p. 95) includes Marri Tjevin in the set of languages with an <6> vowel. However, none of the
subsequent fieldwork with Marri Tjevin speakers reports this vowel (John Mansfield p.c.). Marri Tjevin forms
part of a dialect grouping including Marrithiyel, Marridan, and Marri Amu, and there is very limited variation
between the four varieties (Green, 1989, pp. 8-9). Marrithiyel is the most extensively described variety and it
does not have an <6> vowel. Consequently, we do not include Marri Tjevin in the areal grouping of languages
with a similar vowel.



Table 3: Phonetic characterization of vowel representations in Table 2

Symbol Backness Height Rounding
i central high unrounded
u central high rounded
0 central high-mid rounded
3 central mid unrounded
0 front high-mid rounded
® front low-mid rounded

There is evidently some uncertainty about the phonetic and phonological characterization of
these vowels in these languages. In this study, we examine the vowel systems of Kamu and
Larrakia to clarify their phonetic properties. We undertake a quantitative analysis of Kamu
and Larrakia to determine how these vowels are best described, and how they pattern with
respect to the other vowels in each language. The results have implications for the
phonological structure of Australian languages with larger vowel inventories. We seek to
answer two primary research questions:

1. What are the acoustic properties of the Kamu and Larrakia vowel systems?

2. What phonetic properties best describe the contrastive features of these systems?

To investigate these research questions, we first review previous analyses of central vowels
in Australian Languages (Section 2), and provide background information on Kamu and
Larrakia (Section 3). Section 4 explains the methods used in this study, and results are
presented in Section 5. Section 6 discusses the findings with particular reference to the
phonological characterization of the vowel systems of these languages and how best to

represent the vowel phonemes.

2 Quantitative research on central vowels in Australian languages

Research into phonemically contrastive non-low central vowels in Australian languages has
been limited. Quantitative phonetic studies have been conducted in four languages: Central
Arrernte (Tabain & Breen, 2011), Dalabon (Fletcher & Butcher, 2002, 2003), Kaytetye
(Harvey et al., 2023), and Wunambal (Loakes et al., 2015).



Central Arrernte

Tabain & Breen (2011, pp. 69-70) propose that Central Arrernte has a three-vowel system
/i/-/a/-/al. Acoustic phonetic analysis of data from four speakers revealed that /o/ was higher
than /a/ and characterized by greater variation in realization. Because /i/ is considered a
marginal phoneme, the /i/—/o/ opposition was not analyzed, so it is not clear exactly how the

non-low vowels are phonetically differentiated in Central Arrernte.

Dalabon

Fletcher & Butcher (2002, 2003) demonstrate that there are six distinct vowels /i, e, a, o, u,
¥/ in conservative varieties of Dalabon. The sixth vowel /4#/ is realized at a high, central
position in the F1-F2 plane in all prosodic contexts. Phrase-finally, high back /u/ merges with
/1/, and this merger is complete for some Dalabon speakers who use a five-vowel inventory

/i, e, a, o, u/.

Kaytetye

Harvey et al. (2023) propose that Kaytetye has a four-vowel inventory /i, a, 9, u/. The non-
low central vowel is produced with considerable allophony, but is described as /o/ because
all realizations are clustered in the middle of the F1-F2 acoustic plane, central to the /i—u/

continuum and higher than /a/.

Wunambal
Loakes et al. (2015) examine data from three male speakers of the northern dialects of
Wunambal, which use a six-vowel system /i, e, a, o, u, #/. Realizations of /#/ were consistently

central, but varied in height from mid [9] to high [i] across words and speakers.

These studies provide important insights into the phonetic properties of non-low central
vowels in Australian languages, and the ways that they pattern within different vowel
systems. In each language, this additional vowel is central, but variable in height. However,
an important property for the phonetic and phonological characterization of these central

vowels which has not been addressed systematically in these studies is rounding.
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3 Kamu and Larrakia

3.1 Language background

Kamu (ISO-639-3 xmu) is an Eastern Daly Non-Pama-Nyungan language associated with
the area between the Daly River Crossing and the upper Reynolds River. Larrakia (ISO-639-

3 Irg) is a Non-Pama-Nyungan language spoken in the Darwin area.

Neither Kamu nor Larrakia were spoken regularly after World War 2, and no first-
language speakers of either language remain. Consequently, the materials available on both
languages are limited. The Kamu data comes from recordings made with a first-language
speaker, Elsie O’Brien, in 1989-1992 (Harvey, 1989). The Larrakia data comes from

recordings made with a first-language speaker, Topsy Secretary, in the 1990s (Harvey, MS).

Both sets of recordings formed part of community-led language documentation and
description projects. The Dak Milng Corporation has facilitated and managed ongoing Kamu
community input into Kamu language revitalization programs. Larrakia Nation Aboriginal
Corporation and the Larrakia Development Corporation have facilitated and managed
ongoing Larrakia community input into Larrakia language revitalization programs. The
Kamu language project was managed through the University of Newcastle (Ethics approval
H-2022-0293). The Larrakia language project was managed by Larrakia Nation Aboriginal

Corporation.

Kamu resources include a lexicon of approximately 900 roots and materials covering
basic morphological and syntactic structures. For Larrakia, a lexicon of approximately 650
roots and materials provides a limited coverage of the basic morphological and syntactic
structures. The limitations of the Larrakia materials are such that it is not possible to evaluate
all potential analyses of these materials. We discuss situations where these limitations bear

on analyses presented in this paper.

Previous work on Kamu has focused on basic linguistic description (Harvey, 1989;
Tryon, 1974, pp. 62—69) and historical relations (Harvey, 2003b, 2003a). Previous work on
Larrakia has focused on basic linguistic description (Capell, 1984; Harvey, MS), the kinship



terminology (Harvey, 2023), and historical linguistics (Black, 2016).

3.2 Kamu and Larrakia vowel phonologies

Kamu has a six-vowel inventory, including five peripheral vowels /i, e, a, o, u/ whose
phonemic status is demonstrated and phonetic properties are described in Harvey (1989). The
sixth vowel — represented as V because its phonetic properties and representation are the
points at issue — is attested in at least 40 lexical items in the Kamu lexicon, including two
grammatical morphemes: the pronominal prefix allomorph /pV-/ ‘3 Augmented Subject’; and
the verb root /wVAe/ which appears only as an auxiliary. Minimal and subminimal pairs

illustrating the contrast between V and the other five vowels of Kamu are illustrated in (1).

(1) Kamu minimal pairs illustrating vowel contrasts

/NI vs. [i/ /pVn/ ‘black plum’ /pin/  ‘holey’

/NI vs. Je/ /wVrVr/ ‘leaf’ /werer/ ‘to spoil’
/NI vs. /a/ /tVt/ ‘to sit’ /tat/  ‘to die’

/NI vs. /o/ /yVr/ ‘nail, shell’ /yor/  ‘to sharpen’
/NI vs. lu/ /tVn/ ‘to thunder’ /tun/  ‘moon’

Larrakia also has a six-vowel inventory, including the same five peripheral vowels /i, e, a, o,
u/ (Harvey, MS). The sixth vowel V is attested in at least 55 lexical items in the Larrakia
lexicon, including in the grammatical morpheme /gVIV/ ‘not’. Minimal and subminimal pairs

illustrating the contrast between V and the other five vowels of Larrakia are illustrated in (2).

(2) Larrakia near-minimal pairs illustrating vowel contrasts

/NI vs. i/ 'tVtVt ‘to tie up’ ‘titit-ma ‘peewee-11I
/NI vs. /el pVippVl ‘to nod’ ‘pelppe-la ‘stone-II’

/N vs. /a/ ‘mVr-ma ‘lung-11I’ ‘mar-ma ‘boat-11I"
/N/vs. /o/ mV ' mVIkkin ‘full up’ mi-'n-olkka  ‘III-MIN-lots’
/N vs. lu/ ‘pVippVl ‘to nod’ ‘pulppu-la ‘passionfruit-1I’

Larrakia also distinguishes length in the low vowel, but because long /a:/ is attested in only

a few roots, this phonemic contrast is marginal. The /a/-/e/ contrast is problematic.
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Phonetically, [&] realizations are very common and difficult to distinguish from [e]
realizations; however, it appears that there is a phonemic opposition in which [&] is an
allophone of /a/ and [€] an allophone of /e/ (Harvey, MS). This is one issue where more

extensive materials would inform a better supported analysis.

In both Kamu and Larrakia, /o/ is a quantitatively marginal vowel. In both languages, it
is found only in lexical roots and usually in the syllable bearing primary stress. However, the
diachronies of /o/ appear to be distinct between the two languages. In Kamu, /o/ is almost
certainly a recent innovation introduced through loans from Wagiman and Warray, which
border on Kamu to the north and east. In both Wagiman and Warray, /o/ is quantitatively
well attested. By contrast, in Larrakia, the /o/ vowel appears in roots in closed paradigms and

appears to be of some antiquity.

The prosodic structure of Kamu resembles that of many other Australian languages
(Harvey, 1989), and appears to be governed by the two principles (3) and (4) (Baker, 2014,
pp. 153—-160; Dixon, 2002, pp. 557-558; Fletcher & Butcher, 2014, pp. 113-115).

(3) All polysyllabic morphemes have a (metrical) prosodic prominence aligned with their
left boundary.
(4) All lexical morphemes have a (metrical) prosodic prominence aligned with their left

boundary.

Consequently, the only morphemes which lack a prosodic prominence in Kamu are
grammatical morphemes which are not polysyllabic. Prosodic prominences of this kind in
Australian languages are usually analysed as stress prominences (Baker, 2014, pp. 153-160).
Under this approach, stress placement predictable in Kamu, so we do not indicate metrical
structure in the Kamu data. In Larrakia, the principles in (3) and (4) account for most stress
placements. However, there is a substantial minority of cases where stress placement does
not align with the left boundary. The stress placements in these cases do not appear to be

fully phonologically predictable.



4 Methods

4.1 Source Materials and Database Construction

The original audio materials for Kamu and Larrakia were recorded on audio cassette in
comparatively quiet environments. The Kamu audio was recorded in 1989 — 1992 and the
Larrakia audio was recorded in the 1990s. Audio data were digitized and transcripts aligned
in ELAN. Lexical items in which each of the six vowels /i, e, a, 0, u, V/ appears in tonic
position were identified in each dataset, from which word forms appearing with high
frequency within the overall digital audio and text corpus were selected for Kamu (Appendix
1) and Larrakia (Appendix 2). Tokens of each word form were extracted manually from the
corpus and compiled to create a database of each language for analysis. Because the digitized
data were acquired in sub-optimal acoustic recording conditions more than thirty years prior
to this analysis, complementary methods of analysis and data validation were developed to
extract the most robust metrics appropriate for the goals of the study from as much data as

possible.

4.2 Formant analysis

Acoustic boundaries of target vowels were manually located by inspecting time aligned
speech waveforms and spectrograms in Praat (Fmax = 6,000 kHz, Gaussian windows, Window
width = 5 ms, Dynamic range = 70 dB). Duration, pitch and formant trajectories were tracked
over each vowel interval using a Praat script adapted from Garcia (2017). Four formants were
tracked using 14-order LPC analysis of overlapping 30 ms windows with a time step of 10
ms, up to a ceiling of 4,600 kHz. Although formant tracking parameters were dynamically
optimized for each dataset, intrinsically low signal-to-noise ratios resulted in less consistent
tracking — of higher formants in particular — for some tokens. To reduce errors arising from
automatic formant mis-tracking, fundamental frequency and formant estimates (F1 to F4)
were calculated from the mean values of the formant trajectories over the central 30 ms of

the total vowel duration.
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4.3 Data validation

Formant estimates extracted from of all tokens of each vowel were compiled in R (R Core
Team, 2024). Outliers were successively removed from the analysis dataset using two

methods.

(i)  Tokens with a third formant frequency beyond two standard deviations from mean F3
for each category were removed.

(1) Distributions of first and second formant frequencies in the remaining tokens were
analyzed to identify extreme acoustic outliers. Mean F1 and mean F2 were calculated
for each vowel category. The Mahalanobis distance in the acoustic plane of each
exemplar to the category mean was calculated using the nipnTK package (Myatt &
Guevarra, 2020). Distances for each token were compared against a chi-square
distribution (two degrees of freedom), and tokens where the chi-square statistic of the

Mahalanobis distance was less than 0.05 were removed.

An example of a token removed in the data validation is given in Figure 1. This token was
excluded because the estimated mean F1 (1063 Hz) and F2 (2189 Hz) values exceed
acceptable limits from the means for that vowel category (i.e. the chi-square statistic of the
Mahalanobis distance was less than 0.05). Inaccuracies in automatic formant tracking in this
token and others excluded from the analysis data set according to these criteria are primarily

due to the low SNR of the digitized recordings.
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Figure 1: Spectrogram of example /u/ token excluded from
analysis. Vertical dashed lines demarcate initial and final vowel
boundaries; superimposed red dots indicate automatically-tracked
formant trajectories.

After validation and filtering of the original dataset using these methods, 1,449 Kamu vowel

tokens and 841 Larrakia vowel tokens remained for analysis (Table 4).

%) Table 4: Number of vowel tokens analyzed (excluded)

Vowel Kamu Larrakia
fi/ 272 (35) 81 (9

e/ 289 (32) 150 (18)
/al 269 (40) 234 (24)
lo/ 187 (24) 93 (9

a/ 256 27 143 (14)
/V/ 176 (22) 140 (17)
Total 1,449 (180) 841 (91)

4.4  Statistical modelling

Statistical modelling was conducted to examine relationships between formant frequencies
and phonemic identity. In order to investigate the acoustic distribution of vowels in each
language, we examined distributions of formants. Vowel height was analyzed using F1, and
vowel backness was analyzed using F2 frequencies. For rounding, we consider two measures:

F3 and F3—F2, the latter of which is typically the most robust acoustic correlate of rounding
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in vowels (Stevens, 2000). Each of these measures were analysed using linear mixed-effects
models (LMM) in R (Bates et al., 2015; Kuznetsova et al., 2017). Specifically, vowel token
formant frequencies (6) and durations (7) were modelled as a function of phonemic category

with random effects of word.

(6) Fi  ~Vowel + (1|Word)

(7) Dur ~ Vowel + (1|Word)

LMMs were estimated using REML and the nloptwrap optimizer. 95% Confidence Intervals

and p-values were computed using Wald #-distribution approximations.

5 Results

5.1 Acoustic vowel distributions

First and second formant frequencies of the 1,449 Kamu vowel tokens are plotted in the
acoustic vowel space shown in Figure 2. Formant frequencies of the 841 Larrakia vowel
tokens are plotted in Figure 3. Ellipses delimiting 95% confidence intervals are centred on
mean F1 and F2 frequencies for each vowel phoneme. Mean formant frequencies for the six

vowels of Kamu and Larrakia vowels are summarized in Table 5 and Table 6, respectively.
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Figure 2: Distribution of Kamu vowels in the F2-F1 plane. Ellipses centred on mean
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Table 5: Formant frequencies of Kamu vowels

Vowel Mean (Hz) Median (Hz) Std. Deviation (Hz)
F1 F2 F3 F1 F2 F3 F1 F2 F3
i 481 2287 3103 478 2293 3121 44 296 293
le/ 666 2046 2937 667 2055 2901 64 175 326
lal 770 1480 2984 766 1484 2998 83 148 302
o/ 648 1167 3019 645 1165 3042 56 131 257
/ 544 1221 2921 540 1154 2952 52 255 263
Vv 484 1549 3064 486 1566 3070 36 248 195

14



400

500

F1 (Hz)

600

700

2200 1800 1400 1000
F2 (Hz)

Figure 3: Distribution of Larrakia vowels in F2-F1 plane. Ellipses centred
on mean formant frequencies delimit 95% confidence intervals.

Table 6: Formant frequencies of Larrakia vowels

Vowel Mean (Hz) Median (Hz) Std. Deviation (Hz)
F1 F2 F3 F1 F2 F3 F1 F2 F3
i/ 415 1723 2616 417 1765 2599 36 196 196

/el 559 1712 2681 558 1692 2674 52 160 161
/a/ 599 1483 2627 608 1486 2638 73 179 188
lo/ 566 1286 2699 554 1279 2714 75 113 197
/a/ 441 1227 2560 438 1231 2564 46 199 146
Vv 423 1526 2627 423 1519 2626 35 151 155

5.2 Vowel Duration

Boxplots showing the distribution of duration for each vowel type are given in Figure 4
(Kamu) and Figure 5 (Larrakia). In Kamu, V is longer than /i/ ( =24 ms; t(1,410)=3.4;p <
0.01) and /u/ (B = 16 ms; t(1,410) =2.3; p = 0.02), but does not differ significantly in duration
from /a, e, o/. In Larrakia, V is shorter than /o/ (f = 29 ms; t(833) = 3.0; p = 0.003), but does

not differ significantly in duration from any other vowels.
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Figure 4: Boxplots of duration (ms) for the six vowel phonemes of Kamu
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Figure 5: Boxplots of duration (ms) for the six vowel phonemes of Larrakia
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5.3 Vowel Height

We analyzed the vertical organization of vowels in each language by modelling the
relationship between F1 and vowel category. Boxplots of F1 for Kamu (Figure 6) reveal that
/i-u-V/ are produced with the lowest first formant frequencies. A linear mixed model of F1
by phoneme with Word as a random effect found no significant difference between V and /i/,

but F1 differences between V and all other vowels (Table 7).

1000 -

800 -

F1 (Hz)
0 o

600 -

IFI

1
i e a o) u V

400 -

Figure 6: Boxplots of F1 (Hz) for the six vowel phonemes of Kamu

Boxplots of F1 for Larrakia (Figure 7) reveal that /i-u-V/ are produced with the lowest first
formant frequencies. A linear mixed model of F1 by phoneme with Word as a random effect
found no significant difference between V, /i/ and /u/, but F1 differences between V and all

other vowels (Table 7).
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Figure 7: Boxplots of F1 (Hz) for the six vowel phonemes of Larrakia

Table 7: LMM results: F1 by phoneme

Parameter beta SE df t p
Kamu Intercept (V) 485.7 8.1 137.2 59.9 <.001 ***
/i/ 1.9 10.8 1240 0.2 0.860
/el 182.3 109 113.7 16.7 <.001 ***
/a/ 285.8 10.7 122.6 26.6 <.001 ***
/o/ 161.3 11.5 123.6 140 <.001 ***
fu/ 5777  10.8 124.0 5.5 <.00] k=
Larrakia Intercept (V) 428.8 17.6 48.1 243 <.001 ***
/i/ -16.4 268 459 -0.61 0.547
/el 137.9 30.0 393 459 <.001 ***
/a/ 1583 22.6 43.1 7.01 <.001 ***
/o/ 1279 19.7 529 649 <.001 ***
fu/ 22.1 232 472 095 0.345

5.4 Vowel Backness

We analyzed the horizontal organization of vowels in each language by modelling the
relationship between F2 and vowel category. Boxplots of F2 for Kamu (Figure 8) reveal that
/i-e/ are produced with the highest F2, /o-u/ have the lowest F2, and /V-a/ are produced with
second formant frequencies intermediate to those of the other vowels. A linear mixed model

of F2 by phoneme with Word as a random effect found V to be significantly more backed
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than /i/ and /e/, significantly less backed than /o/ and /u/, with no significant difference in

backness between /a/ and V (Table 8).

Similarly in Larrakia, /i-e/ are produced with the highest F2, followed by /V-a/, and
then /u-o/ which have the lowest F2 (Figure 9). A linear mixed model of F2 by phoneme with
Word as a random effect found V to be significantly more backed than /i/ and /e/, significantly
less backed than /o/ and /u/ , with no significant difference in backness between /a/ and V

(Table 8).
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Figure 8: Boxplots of F2 (Hz) for the six vowels of Kamu
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Figure 9: Boxplots of F2 (Hz) for the six vowels of Larrakia
Table 8: LMM results: F2 by phoneme
Parameter  beta SE  df t p
Kamu Intercept (V) 1507.0 38.6 139.1 39.0 <.001 ***
/al —-19.8 524 1269 -0.4 0.706
i/ 738.7 51.8 134.0 143 <.001 ***
/el 5377 542 121.0 99 <.001 ***
/o/ —355.1 56.1 1284 —-6.3 <.001 ***
/u/ —338.6 52.7 128.8 —6.4 <.001 ***
Larrakia Intercept (V) 1473.1 46.2 593 319 <.001 ***

/al —-12.3 58.8 528 —0.2 0.834
i/ 2549 699 565 3.6 <.001 ***
/el 2333 77.8 475 3.0 0.004 **
/o/ —193.5 51.9 66.6 3.7 <.001 ***
/u/ —242.6 60.7 58.5 —4.0 <.001 ***

5.5 Vowel Rounding

We analyzed vowel rounding in each language using two methods: by modelling the
relationship between F3 and vowel category; and by modelling the relationship of the F3—F2
differential and vowel category. Boxplots of F3 for Kamu high vowels (Figure 10 left) reveal
a lowered third formant frequency for /u/, relative to /i-V/, and a lower F3—F2 difference for

/1/, relative to /V-u/ (Figure 10 right).
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Figure 10: Boxplots of F3 (Hz) (left) and F3—F2 (Hz) (right): Kamu high vowels

Boxplots of F3 for Larrakia high vowels (Figure 11 left) reveal little difference between third

formant frequencies for /i-V-u/. The F3—F2 frequency difference for V is intermediate to /i-

u/ (Figure 11 right).
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Figure 11: Boxplots of F3 (Hz) (left) and F3—F2 (Hz) (right): Larrakia high vowels
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For Kamu, a linear mixed model of F3 by phoneme with Word as a random effect found /u/
to be significantly lower, but no significant difference in F3 between V and /i/ (Table 9). A
linear mixed model of F3—F2 by phoneme with Word as a random effect found V to be

significantly higher than /i/ and marginally higher than /u/ (Table 10).

For Larrakia, a linear mixed model of F3 by phoneme with Word as a random effect
found no significant differences in third formant frequency between high vowels (Table 9).
A linear mixed model of F3—F2 by phoneme with Word as a random effect found V to be
significantly higher than both /i/and /u/ (Table 10). Mid vowels also differ in rounding in
both languages: F3—F2 for /o/ is significantly higher than /e/ in both Kamu ( = 941 Hz), and
Larrakia (B = 419 Hz) (Table 10).

Table 9: LMM results: F3 by phoneme

Parameter beta SE df t p
Kamu Intercept (V) 3095.4 333 129.1 929 <.001 ***

/i/ -5.6 44.0 121.0 -0.1 0.900

/e/ —151.4 44.0 1059 —3.5 <.001 ***

/a/ —118.1 43.6 116.7 —2.7 0.008 **

/o/ -89.2 46.8 117.1 —1.9 0.059 .

/u/ —184.3 44.0 117.5 -42 <.001 ***
Larrakia Intercept (V) 2589.5 34.7 239 74.6 <.001 ***

/i/ 50.0 52.0 23.0 1.0 0.347

/e/ 99.9 548 174 1.8 0.085

/a/ 38.1 43.0 21.3 0.9 0.385

/o/ 100.7 40.7 324 25 0.019 *

h/ —24.8 45.7 247 0.5 0.592
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Table 10: LMM results: F3-F2 by phoneme

Parameter beta SE df t p
Kamu Intercept (V) 1596.1 49.2 134.0 324 <.001 ***
/i/ —755.4 65.6 127.6 —11.5 <.001 ***
/e/ —691.5 67.3 111.9 —10.3 <.001 ***
/a/ —-110.6 65.6 120.0 —1.7 0.095
/o/ 2499 70.5 121.1 35 <.001 k=
fu/ 126.3 662 121.6 1.9  0.059 .
Larrakia Intercept (V) 1099.2 56.1 42.6 19.6 <.001 ***
i/ —-181.9 84.7 40.5 -2.1 0.038 *
/e/ -112.9 92.7 329 -12 0.232
/a/ 652 708 37.6 09  0.363
/o/ 305.7 63.8 50.1 4.8  <.001 ***
v/ 2343 73.8 425 32  0.003 **

6 Discussion

6.1 Segmental oppositions and typological characterization

These data provide clear insights into the acoustic distribution of vowels in Kamu and
Larrakia, and the relative positioning of the sixth vowel in each language. Formant analysis
reveals a clear three-way distinction in backness in each language, with a pair of front vowels
/i-e/, a pair of back vowels /u-o/, and another pair of central vowels /V-a/ characterized by
intermediate F2 frequencies. The vowels in each pair differ in F1 frequency, characteristic of
horizontally-organized six vowel systems consisting of three degrees of backness with a

height contrast at each degree.

This can be succinctly captured using three contrastive features, [front], [back], and
[high], shown in Table 11 for Kamu and Larrakia, which reflects the acoustic distribution

found by the data for F1 and F2 in both languages.

Table 11: Vowel inventory of Kamu and Larrakia

[+front]  [—front] [—front]

[-back] [—back] [+back]
[+high] i Vv u
[~high] e a 0
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Typologically, six-vowel systems organized with similar geometries are relatively common
(Crothers, 1978). The majority of the 71 languages in the UPSID database (Maddieson, 1991)
that use six vowel phonemes conform to this same basic structure: five symmetrically-
distributed peripheral vowels plus a sixth central vowel, most commonly /o/ followed by /#/
(Schwartz et al., 1997). Less commonly, five peripheral vowels are accompanied by a sixth
vowel contrasting primarily in rounding, e.g. {/y/, /@/, /s/, /w/}. Acoustic analysis of these
Kamu and Larrakia data demonstrate that the sixth vowel is neither /o/ nor co-located with
any of the other peripheral vowels in either language, but produced at the same height as and
central to /i/ and /u/. Therefore, the vowel inventories of both languages consist of five
symmetrical peripheral vowels and a high central vowel. In the taxonomy of Schwartz et al.
(1997), this inventory type is classified structurally as ims, an arrangement attested in eight
of the 60 six-vowel inventories analyzed. Languages using vowel systems with a similar
structure include Teduray (Austronesian: Blust, 1992), Wanano (Eastern Tukano: Stenzel,

2013), and Tol (Hokan: Fleming & Dennis, 1977).

6.2 Rounding

While backness and height distinctions suffice to describe the Kamu and Larrakia vowel
inventories, rounding must also be considered, as analyses of Australian vowel phonologies
have proposed that only height and rounding are phonologically active, omitting the need for
backness as a contrastive feature (Breen, 2001, p. 48; Harvey & Mailhammer, 2024, pp. 83—
90). In both Kamu and Larrakia, rounding is contrastive for the other [-low] vowels in and
so an analysis utilising height and rounding would also be sufficient for both Kamu and
Larrakia, if V were excluded from consideration: the five-way /i, e, a, o, u/ opposition can be
analysed using either [back, high, low] or [high, low, round]. However, since is V clearly

[+high], the most succinct phonological analysis will make use of backness features.

The acoustic data do not provide a clear characterization of rounding for V in either
language. In Kamu, F3 differs from /u/ but not from /i/, while F3—F2 differs more from /i/.

These data suggest that V may be realized with different degrees of labialization depending
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on context, lexical item, register and other factors. Nevertheless, because F3—F2 is typically
the most robust acoustic correlate of rounding in vowels (Stevens, 2000), the data suggest
that most of the vowels in the Kamu dataset are realized with some degree of labial

protrusion, i.e. [4].

We can also briefly consider non-acoustic evidence for rounding. When conducting
fieldwork on Kamu, the second author — a speaker of Australian English — frequently
confounded V with /u/, but not with /i/, which also suggests that V is realized with some
degree of rounding, consistent with the characterization as /4/. However, when asked to
illustrate the difference between the high vowels, the informant Elsie sometimes produced
hyperarticulated realizations of V with observable lip spreading, which would be more

consistent with a characterization of V as [].

The Larrakia acoustic data are particularly inconclusive about rounding, as F3—F2
frequencies for V pattern between /i/ and /u/ and differ significantly from both peripheral high
vowels; however, the F3—F2 differential for V is closer to that of the high front vowel /i/ than
the high back vowel /u/ (Table 10).In summary, both languages appear to exhibit variable
labialization in the articulation of V. In Kamu, the evidence suggests that V involves some
degree of lip protrusion; whereas in Larrakia the evidence is less conclusive, but patterns

more closely with the acoustic correlates of lip spreading.

6.3 Phonological Characterization and Representation

Our analysis suggests that backness and height features are sufficient to describe the Kamu
and Larrakia vowel inventories. Additionally, incorporating [round] into this phonological
system decreases the feature economy by introducing gaps into the paradigms (Clements,
2003). If V is specified as [-back, -front, +high] in Kamu and Larrakia, this raises interesting
questions about phonemic representation, as the only available IPA symbols for a vowel of

this quality are /# and /&/, which are both inherently specified for rounding.

Following general principles of aligning phonological representation as closely as

possible with phonetic form, we represent Kamu V as /#/, given that the most common
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acoustic realization involves some rounding. Following the same general principles, we
represent Larrakia V as /1/, given that the most common acoustic realization involves minimal
rounding. However, though the phonetic ranges of V in Kamu and Larrakia differ sufficiently
to motivate distinct IPA representations, in neither language does the overall acoustic and
articulatory data suggest that V has a clear characterization with respect to rounding. Indeed,
these data suggest that V is variably realized with allophony in the range [t - &]. The
difference in representation follows from the limitations of the IPA orthography and not from
a difference in phonological specification between the two languages. Rather, the available
evidence supports the Kamu and Larrakia V vowels as having identical phonological

specifications.

7 Conclusion

Acoustic and phonological analysis of the vowels of Kamu and Larrakia has revealed that
both languages use a six-vowel system involving three backness distinctions, with height
contrasts at each place. Formant analysis demonstrates that the non-low central vowel in each
language shares the same height as /i/ and /u/ but differs in backness from each. The vowel
inventory of each language is organized into a typologically common structure for six-vowel
systems, which can be described using only backness and height features. Phonetic correlates
of rounding for the high central vowel are inconclusive in both languages, suggesting that
rounding may not be phonologically specified; nevertheless, based on the data available, the
most appropriate representation of the non-low central vowel in Kamu is /&/ and in Larrakia

1s /4/.
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9 Appendices

9.1 Appendix 1 Database overview

The database used in this study consists of words derived from lexical roots, which can be

categorized into four major classes in both Kamu and Larrakia.

9.1.1 Root part-of-speech classes

Modification Predication Reference

Coverbs Yes Yes No
Nominals Yes Yes Yes
Particles Yes No No
Verbs No Yes No

Morphological properties of words in Kamu and Larrakia differ between parts-of-speech.

9.1.2 Kamu root classes

O Affixation Substantive affixation

Coverbs  Yes Suffixes for Imperative mood and Indicative Imperfective
Nominals Yes Case and number suffixation

Particles  Yes No

Verbs Marginal Verbs standardly have substantive prefixation for Subject

and Future Tense and suffixation for Tense/Aspect/Mood
The Kamu database includes only one verbal form bu-mu ‘3S-HIT.PP’. Coverbs, nominals
and particles are generally bare stems, but the database includes some inflected coverbs and
nominals (Appendix 2 Kamu words).
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9.1.3 Larrakia root classes

O Affixation Substantive affixation

Coverbs  Yes No

Nominals Some Most nominals require affixation for class and cannot appear

in @ from in citation. There is both prefixation and
suffixation for class.

Particles  Yes No

Verbs No Verbs require substantive prefixation for Subject, Object,
Irrealis Mood and Future Tense. Most verb forms involve

suffixation for Tense/Aspect/Mood
The Larrakia database includes some bare stem coverbs and nominals, but most nominal
forms are inflected (Appendix 3 Larrakia words). The vowel /o/ has a limited distribution in
Larrakia, and because many /o/ exemplars appear in inflected forms of o/ma ‘throw’, the
paradigm for this verb is provided separately.
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9.2 Appendix 2 Kamu words

Kamu English gloss
Balpmuru two
Bamgun woman
Barrang spirit

Battu maybe
Bawar stone

Beng break
Berderr river

Bik rope

Bilp hit

Bilp-ma hit-IMPF
Bilppurr-ma red-IMPF
Binya animal/meat
Binya-ni animal/meat-ERG
Birrk-bwoy be up-go
Birrk-ka be up-come
Birrkmaru upriver
Bitjjirriny twist
Bitjjirriny-am twist-IMP
Bitjjirriny-ma twist-IMPF
Bodan darwin
Boengger knee

Boerr dream
Boerrkket jump
Boerr-wut dream-lie
Bukkurnung tomorrow
Bu-mu 3MS-HIT.PP
Burrng bubble
Butjja head

Dak camp

Dala tree
Dangarr wind

Darrp hang
Deberr shoulder
Dek run
Dettoem back
Dingding sweet
Dingding-ma sweet-IMPF
Dinkirrk sick

Ditj return
Ditj-ka return-come
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Kamu English gloss
Doen thunder
Doen-ma thunder-IMPF
Doenmoe monsoon forest
Doerr show
Doerrbet tell off
Doet sit
Doet-miyi sit-impf
Doet-tam sit-imp

Dolp light fire
Dondon-am thunder-1mp
Dorrng line_up
Dorrng-ma line up-IMPF
Duk burst

Durritj descend
Durrk drink
Elungu big

Jal road

Jalk fall

Jamarr dog
Jerrerek old man
Jerri thigh

Jirrk enter
Joelppoerr dive
Joenoer leech
Jonbolk rotten
Jottoyh-ma limp-IMPF
Jukku cook

Jut kick

Kakkak far

Kappi wife

Karlarl climb

Kart laugh
Keleng grandmother
Kenderr stringybark
Kerrerre shin

Kilang mother
Kilany mother
Kilany-ngu mother-1st
Koerr drag

Kop hammer
Kop-ma hammer-IMPF
Korrp upright



Kamu English gloss
Korrp-ma upright-IMPF
Kuguk not yet

Kul recount
Kuluwur bird
Kunbiritj good
Kurnak belly
Kurnunuk dangerous
Lagiyi man
Lelerrk old woman
Lerr bite

Lobo butcherbird
Lorrh sift

Lot cover

Mat language
Memek hand
Menwuyuk hungry
Milnginy hill
Mirrngh be hot
Mirrngh~mirrng RED ~be_hot
Moel fat
Moenguy tears
Moerrmoerr chest
Mottikka car

Mundu short
Murrp grab
Nambiny nephew
Nembeyu one

Nembu other

Ngak eat
Ngambatj saltwater
Ngang give
Ngeldiny long time
Ngoerrngoerr asleep
Ngorr sharpen
Ngorrngom ribs
Ngorr-ngorr-ma RED~sharpen- IMPF
Ngudettu billabong
Ngun-ma there- PRM
Ngunyjiba behind
Nguru 1, me

Nini ask about

Nini-ma

ask about-IMPF



Kamu English gloss
Noemboerroem lower back
Noerrngh-noerrng RED-snort
Noerrngh~noerrng-ma RED~snort-IMPF
Nunggurr you

Wil swim

Wirn whistle

Woeng rain
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9.3 Appendix 3 Larrakia words

9.3.1 Coverbs and nominals

Larrakia word Gloss
Bappa father
Belppe-la rock-II
Birridlirra hair
Boerroeppoerroe  rash
Boettoem-ba sea_ eagle-I
Boedla bloke

Buk light fire
Bulppu-la passionfruit-II
Dal-ba kid-I
Deleny-gwa ironwood
Damoe-ra eye-I1
Damugu-la mussel-II
Dana-la dillybag-11
Dadlawa frill neck lizard
Dem-de mosquito-II
Dinberrgi tooth
Doedoet tie
Doemitjji-la smoke-1I
Dudu-ba brolga-1
Duni-rra string-II
Duriya-rra moon-II
Galaguk one

Gap quiet
Gudang mother
Guligi big
Gulk-kwa high-1v
Militjjil small
Mindilng-gwa shoulder-1v
Minimid-la echidna-11
Moedoel-ma mangrove_forest-III
Molinya leader
Munkkarrak-kwa  front-1v
Nerri old woman
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9.3.2 Verbs

Primary stress is on the first syllable of the verb root.

Verb inflection

Larrakia form

Gloss

Past Perfective

Nga-tb-olma-ng
D-i-yolma-ng
M-a-rr-olma-ng
Mi-j-olma-ng
Mu-gu-rr-olma-ng
M-i-yolma-ng
M-i-rr-olma-ng
G-a-wolma-ng
G-a-rr-olma-ng
Gu-j-olma-ng
Gu-gu-rr-olma-ng

10-3E-throw-pP
1-3S-throw-pPP
11I-1S-A-throw-pP
1-2MS-throw-Pp
II-2AS-A-throw-PP
I1-3S-throw-pPP
111-3S-A-throw-PP
IvV-1S-throw-ppP
IvV-1S-A-throw-pPP
IvV-2MS-throw-PP
IV-2AS-A-throw-PP

Past Imperfective

D-i-yolma-ni
D-i-rr-olma-ni
M-i-yolma-ni

1-3S-throw-PI
1-3S-A-throw-PI
[11-3S-throw-PI

Past Irrealis

M-a-w-olma
M-oe-rr-olma
G-a-w-olma
G-oe-w-olma

III-1S-IRR-thrwo
I1I-3S.IRR-A-throw
IV-1S-IRR-throw
IV-3S-IRR-throw

Present Du-gu-rr-olma-m  11-2AS-A-throw-PR
D-i-yolma-m 11-3S-throw-PR
D-i-rr-olma-m 11-3S-A-throw-PR
Mu-gu-rr-olma-m  1-2AS-A-throw-PR

Future Nga-ny-olma 10-2MS.FU-throw
Ni-ni-g-olma 2MO-3E-FU-throw
Di-ny-olma I-2MS.FU-throw
Du-gu-rr-olma I-2AS-A-throw
M-a-g-olma 11-18-FU-throw
M-a-rr-olma 11-1S-A-throw
Mi-ny-olma 11-2MS.FU-throw
Mu-gu-rr-olma -2 AS-A-throw
Gu-mu-g-olma IV-1+2MS-FU-throw
Gu-ny-olma IV-2MS.FU-throw
G-a-rr-olma IV-18-A-throw
Gu-gu-rr-olma IV-2AS-A-throw

Conditional Ni-n-olma 2MO-3E-throw
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