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ABSTRACT

Phonological analyses of long-distance nasal
harmony (LDNH) processes classify segments as
triggers, undergoers, blockers, or transparent, based
primarily on researchers’ subjective judgments of
nasality. Using novel field instrumental data from
Piaroa (a Jodi-Saliban language with LDNH), we
investigate stop duration, voice onset time (VOT),
and nasal and oral airflow during the Piaroa voiceless
stops in all-oral environments and continuous nasal
harmony spans. We find that nasal harmony has no
effect on stop duration and VOT, but voiceless stops
in nasal contexts exhibit nasal airflow above an oral
baseline at the onset of closure, suggesting that
voiceless stops in nasal spans are partial undergoers
of LDNH. This partial undergoer behavior is
consistent with a model of coactivation of
antagonistic gestural specifications for velum activity
of the voiceless stop undergoer and the nasal harmony
span. Similar voiceless obstruent pre-nasalization is
likely widespread cross-linguistically but vastly
underreported due to its subtle acoustic effects.

Keywords: nasal harmony; voiceless stops; voice
onset time; nasal airflow; Piaroa

1. INTRODUCTION

Piaroa (Glottocode: piar1243; ISO 639-3: pid) is a
Jodi-Saliban language spoken along the Middle
Orinoco River and its tributaries in an area that
straddles the border between Colombia and
Venezuela. Like numerous other South American
languages [1, p. 268], Piaroa exhibits long-distance
nasal harmony (LDNH). In this paper, we investigate
the effect of LDNH on Piaroa voiceless stops,
specifically examining their overall duration and their
voice onset time (VOT), as well as the rate of nasal
and oral airflow during stop production.'

1.1. Nasal harmony and consonants

In nasal harmony systems, segments can act either as
triggers, spreading their nasality to other segments;
undergoers, undergoing nasalization; blockers,
stopping the spread of nasality; or transparent,
neither impeding the spread of nasality nor being
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(phonologically) affected by it. Which (classes of)
segments will exhibit which behaviors is, to some
degree, language-dependent. The behavior of
voiceless obstruents in particular tends to vary
between blocking and transparency. For example,
voiceless stops are blockers in Warao [2], but have
been characterized as (phonologically) transparent in
Paraguayan Guarani [3].

However, there is some evidence that /p t k/ are
affected by nasal spreading in Paraguayan Guarani
and are not fully phonetically transparent. Walker [3]
finds that the extent of carryover voicing in
intervocalic voiceless stops can be affected: the VOT
of /p/ and /t/, but not /k/, is significantly longer in
nasal harmony spans. These effects could be caused
by carryover nasal airflow into the stop closure as
demonstrated for Guarani in [4].

1.2. Piaroa consonants and Piaroa nasal harmony

The consonant inventory for Piaroa consists of 14 oral
stops /ptk kv phthkhp’ t’ k> K’V ?b °d ?/, two affricates
/ts’ {f/, three fricatives /s h h*/, two nasal stops /m n/,
two glides /w j/, and one rhotic /t/ [5], [6]. Krute [5,
p. 62] describes a process of LDNH in Piaroa, which
is triggered by phonemically nasal vowels in
classifier suffixes and targets preceding vowels and
voiced consonants (i.e., voiced stops, glides, and the
tap). He argues that nasality spreads leftward to these
undergoers, which are realized as their corresponding
nasalized allophones, up to the first voiceless
consonant preceding the trigger. That is, Piaroa
voiceless consonants are blockers according to this
account.

Recently collected primary fieldwork data,
however, shows that Piaroa voiceless stops do not act
as blockers, but rather appear to be phonologically
transparent. In particular, in verb forms with a
masculine classifier /-d/ or with the durative suffix /-
&r/ [7], voiceless stops do not impede the leftward
spread of nasalization and they appear to be
unaffected in their phonetic realization. To test the
behavior of all segments (both consonants and
vowels) in nasal harmony spans, instrumental
phonetic data was collected in May 2022 with 10
Piaroa speakers from the community of Babel (Atures
municipality, Amazonas state, Venezuela).
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1.3. Research questions and hypothesis

In this paper, we focus on the behavior of Piaroa’s
plain voiceless stops /p t k k¥, comparing their
realization in nasal harmony spans with that outside
such spans in an oral, non-nasal harmony
environment, with an eye towards comparison with
previous findings on Paraguayan Guarani [3], [4]. We
first consider the effects of nasality on overall
voiceless stop duration and VOT duration In addition,
we examine nasal and oral airflow trajectories to
evaluate the timing of the velum-raising gesture for
voiceless stops and whether voiceless stops behave as
transparent segments or undergoers of LDNH. Our
research questions are the following:

1. Is there a difference in stop duration or VOT for
voiceless stops in a nasal harmony span vs. in an
oral environment?

2. During the production of plain voiceless stops in
anasal harmony span, is the level of nasal airflow

above that within an oral, non-LDNH
environment?
2. METHODOLOGY

The data reported here is from two speakers (1F,
speaker JPP; 1M, speaker ROS) and was recorded in
a quiet room in Puerto Carrefio, Colombia.

2.1. Stimuli and data collection

A wordlist that included two target verbs containing
each consonant in the inventory was created by the
first author with help from Piaroa native speakers.
The male future tense conjugation employs a male
classifier suffix,” which contains a phonemic nasal
vowel /-@/ and triggers leftward LDNH; while the
female future tense form of the verb has the female
classifier suffix /-ahu/, which contains only oral
segments and does not trigger LDNH [7]. All target
productions were thus future-tense verb forms, which
allowed us to record stimulus pairs with the target
segments occurring in similar segmental and prosodic
contexts but differing in nasality, as illustrated by
contrasting the forms in Table 1.

Oral and nasal airflow were collected using a
modified Laryngograph® D-800 electroglottograph
and a Glottal Enterprises oro-nasal mask. Stimuli
were presented in a different random order for each
speaker. Speakers were verbally prompted in Spanish
by the first author to provide the Piaroa masculine or
feminine present-tense of a given verb (to confirm
that the intended root had been identified); they then
produced five repetitions of the target future-tense
form. This resulted in 10 tokens per verb: 5 in the
masculine form (i.e. nasal context) and 5 in the
feminine form (i.e. oral context). The 10 words
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selected for this study (Table 1) yielded 420 tokens
(210 per speaker, Table 2). The absence of word-
medial /k/ in the data is due to an apparent lexical gap.

Target

Inflected FUT forms

Root gloss

p-, -kv-

p-, -kv-

-p-, -kv-

t-, -kv-

f.

m.

f.

m.

f.

m.

f.

m.

f.

m.

f.

m.

f.

m.

f.

m.

f.

m.

f.

m.

pa-*d-ek"-ehu-s&
pa-"n-&k"-d-s&
V-1SG-FUT-CLE-1
pae-'d-ek¥-ahu-se
p&-"n-&kv-a-s&
V-1SG-FUT-CLE-1
he-’d-ep-aek“-ahu-se
h&-"n-Ep-aekv-d-se
V-1SG-SUFF-FUT-CLE-1
te-"d-a’d-ek“-a&hu-sae
té-n-&’n-&kv-a-s&
V-1SG-SUFF-FUT-CLE-1
Eﬁ—teh—aekw—eehu—sae
t[i-t€h-a&k¥-a-s&
1SG-V-FUT-CLF-1
t[-a’dit-eek“-eehu-sa
t[-a’nit-&kv-a-s&
1SG-V-FUT-CLEF-1
ke-?d-a’d-a&kv-a&hu-sa
ké-n-&’n-&k"-a-s&
V-1SG-SUFF-FUT-CLE-1
kae-*d-ep-aek“-chu-sa&
kae-"n-€p-&kv-a-s&
V-1SG-SUFF-FUT-CLE-1
kve-*d-ekv-ehu-sa
kvae-n-&ekv-a-s&
V-1SG-FUT-CLE-1
kvo-*d-ek¥-ehu-sa
kvo-"n-&kv-a-s&
V-1SG-SUFF-FUT-CLE-1

‘sing, pray’
‘Say’

‘ask for’

‘open
(hand)’

‘shine

(light)’

‘work’

“finish’

‘lift’

‘kill/hit®

‘swim’

Table 1: Target words and segments analyzed here
(V = verb root, f. = female form, m. = male form).
All tokens translate to “T will V.

Segment Word-initial Word-medial
/p/ 40 40

1t/ 25 35

/k/ 40 0

/kv/ 40 200

Table 2: Number of tokens of each segment by

word position and place of articulation.
2.2. Data processing and analysis

Data were segmented manually in Praat [8]. Start of
closure and end of release were located using the drop
(or rise) in the amplitude of low-frequency audio
signal components. In the case of word-initial stops,
speaker JPP did not pause between repetitions of
stimuli, leading to a clearly identifiable closure






