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ABSTRACT

This dissertation explores the phonetics and phonology of intervocalic consonants
in Lheidli, a dialect of Dakelh (Carrier) Athapaskan spoken in the interior of British
Columbia. Through a series of studies on Lheidli, I show quantitatively what has
previously been noted impressionistically in the Athapaskan literature: intervocalic
consonants are remarkably long.

The implication of these consonants for the structure of Lheidli is approached
from two perspectives. First, I investigate their role from a purely phonetic approach,
focusing on their effect on the perceived rhythmic structure of Lheidli. I propose a new
model of rhythm, the Enhancement/Inhibition model, in which the perception of rhythm
is created by the interplay between primary and secondary correlates of rhythm. Within
the proposed model, the Lheidli data show that one of the important secondary correlates
is inherent segmental duration, an element that has not yet been considered in the
literature.

Second, I investigate the role of intervocalic consonants from a phonological
approach, focusing on their effect on syllabification. I present the results of a series of
studies on the distribution of vowel duration and quality, the distribution of consonant
duration, native speaker syllabification intuitions, and the interaction between stress
placement and intervocalic consonant duration. Together these studies lead me to analyze
Lheidli intervocalic consonants as non-contrastive, moraic geminates.

I conclude by discussing the implications of the Lheidli data for phonetic and

phonological theory. I argue the duration of intervocalic consonants is encoded in the
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Lheidli grammar as part of the language-specific phonetics. Furthermore, because this
duration interacts with syllabification, it is encoded in the phonology as weight. Although
in Lheidli the phonetic duration of intervocalic consonants is encoded in the phonology
as well as the grammar, I propose that not all language-specific phonetic properties are
specified in the grammar. This is the case for rhythm, for example, which is an effect of
other phonetic and phonological factors of the language rather than being a linguistic

primitive itself.



She lunched on papaya poo poo or mango mu mu or some
other fruity foo foo bursting with overripe tropical vowels.
In hot climates, A provides a shady arch, O is a siphon
through which to suck liquids, U a cool cave or tub to slide
into; A stands like a surfer with its legs apart, O hangs like
a citrus from a bough, U rolls its hula hips - and / and £
mimic the cries of monkeys and jungle birds from which
they were derived. Consonants, like fair-skinned men, do
not thrive in torrid zones. Vowels are built for the southern
comfort, consonants for northern speed. But O how the
natives do bOOGIE-wOOgIE while the planters WaLTZ.

Tom Robbins, Still life with woodpecker (p.79)
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CHAPTER1  INTRODUCTION

The goal of this dissertation is to explore the nature of intervocalic consonants in
Lheidli and, through analyses of the phonetic and phonological properties of Lheidli
intervocalic consonants, to gain a better undsertanding of the relationship between the
phonetics and phonology in language.

I start by investigating the phonetic nature of intervocalic consonants, and go on
to discuss their implications for the structure of Lheidli. From a phonetic perspective, I
argue that these consonants play a crucial role in establishing the perception of rhythm in
Lheidli. From a phonological perspective, I propose that intervocalic consonants are non-
contrastive, moraic geminates which behave as coda consonants to the preceding syllable
as well as onsets to the following one. Merging the phonetic and phonological analyses of
Lheidli intervocalic consonants, I propose that the remarkable duration of intervocalic
consonants in Lheidli must be encoded in the grammar as part of language-specific
phonetics, as well as being encoded in the phonology as weight. In contrast to this, the
rhythm of Lheidli - another phonetic property of this language - need not be encoded at
all since it falls out from other phonetic and phonological properties of the language,
including segmental duration.

In this chapter I begin by presenting the reader with an overview of the Lheidli
language, and an introduction to the unusual length of its intervocalic consonants (1.1). I
then provide a discussion of the notions phonetics, grammar, and phonology - notions

that are relevant throughout this dissertation (1.2). I continue with an introduction of the



21

primary topics covered this dissertation (1.3), and of the research methodology used in
studies throughout this dissertation (1.4). Finally, I outline the general organization of the

dissertation (1.5).

1.1 Lheidli language background

This dissertation is based on data collected in the summers of 2000 and 2001 with
one of the last four speakers of Lheidli, a dialect of Dakelh (Carrier) spoken in the Prince
George area, in British Columbia, Canada. In this section, I introduce the Lheidli
language, and provide the reader with a first glimpse of the sounds which form the focus

of my doctoral work: intervocalic consonants.

1.1.1 The language situation

Lheidli is a dialect of Dakelh (Carrier), an Athapaskan language spoken in the
central interior of British Columbia, Canada. Although Carrier is sometimes used to talk
about both Dakelh and the Bukley Valley Lake District language (BVLD), it is now
accepted that these are two separate - though closely related - languages. Dakelh consists
of several dialects, which are more or less closely related. The following tree illustrates
the hierarchical relationships between the various dialects of Dakelh, and between Dakelh

and BVLD'.

! This tree is taken from the Yinka Dene Language Institute (YDLI) website (YDLI, 2002).



22

Carrier (broad sense)
BVLD Dakelh (Carrier - narrow sense)
Nak’ulbun/Dzinghubun Southern
Binche
Dzitl*ainli N
K’uzche Fraser/Nechako Blackwater
Witsuwit’en Babine Nak’azdli Lhtakoh
Tache Saik’uz Nazkoh
Yokooche Nadleh Lhoosk’us
Stelakoh Lhk’acho
Cheslatta

Figure 1.1 The Carrier languages

Like most native languages of North America, Dakelh is rapidly being lost. In total, there
are approximately 1,000 speakers of Dakelh, but many of the dialects are at present
spoken by only a handful of elders.

Lheidli, the dialect of Dakelh considered in this dissertation, is spoken around the
area of Prince George. At present, there are under five fluent speakers, and approximately
10 semi-fluent speakers. Hardly any written material exists for this dialect, and only
recently has there been a push to document it. The situation of Lheidli - and Dakelh - is
typical of languages spoken in British Columbia, and more generally across North
America. Its rapid decline is rooted in a trend towards the loss of multi-culturalism and
multi-lingualism, of which governement-run residential (boarding) schools were the first

manifestation. Very few children who attended residential schools retained enough



23

knowledge of their heritage language to teach it to their children. Thus, within only two
generations maﬁy languages were almost entirely wiped out.

My work on Lheidli will contribute to the field of linguistics by presenting new
data bearing on current phonetic and phonological theory. My hope is that it will also
contribute to the preservation of Lheidli, and more generally increase awareness of

endangered languages in North America.

1.1.2 Lheidli intervocalic consonants

One of the most striking features of the (intervocalic) consonants in Lheidli - and
in Athapaskan languages in general - is their unusually long duration. The following

waveform illustrates the relative length of different segments in Lheidli.
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Figure 1.2 Waveform of kw ‘usul [k*’Asal] (‘beads’).
Durations are in milliseconds.
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The first thing to notice is the duration of /s/ (330 ms) relative to the length of its
surrounding vowels (86 ms and 114 ms): /s/ is between 2 and 3 times longer than the
vowels. This is typical of Athabaskan languages, and very different from languages like
English, in which the vowels constitute a much larger proportion of words. As a
comparison, Figure 1.3 gives the waveform of English ‘bustle’. Whereas /s/ is 3.8 times
longer than the preceding vowel in Lheidli ‘kw’usul’ (Figure 1.2), it is only 1.6 times

longer than the preceding vowel in English ‘bustle’ (Figure 1.3).

n snnr

18 101 166 142

Figure 1.3 Waveform of bustle [bas]].
Durations are in milliseconds.

The second thing to note about the Lheidli words kw ‘usul (Figure 1.2) is the
difference in length between the /s/ on the one hand, and /kw’/ on the other. The duration
of intervocalic consonants, and the variability in the duration of consonants in different

positions form the focus of this dissertation. Lheidli intervocalic consonants are of



25

particular interest because of their implications for phonetic (thythm) and phonological

(syllabification) timing in Lheidli, and consequently of other Athapaskan languages.

1.2 Phonetics, grammar, and phonology

Before introducing the topics covered in this dissertation, I start by defining the
terms phonetic, grammatical, and phonological. These terms appear throughout Chapters
3 through 6, and understanding the distinctions between them is crucial to following the

main ideas presented in this dissertation. Let us start with the term phonetic.

Phonetic
A phonetic property is a property of the acoustic signal or of the patterns

of articulation involved in speech’.

For example, segmental duration is considered a phonetic property, because it is
phonetically measurable from the acoustic signal. Other phonetic properties include the
fluctuations in pitch and amplitude related to prominence, and fluctuations in sonority
related consonant-vowel alternations (the CV alternation corresponds in the acoustic
signal to the alternation between low and high amplitude segments of the waveform - see
Galves et al. (2002) for details). All of these properties are measurable on the acoustic

signal, using speech analysis software.

21 will not discuss articulation further in this dissertation, but rather focus on the acoustic signal.
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Grammatical
A grammatical property is a language-specific property, i.e. a property

which a speaker must know in order to speak that language.

Systematic differences between languages are encoded in the grammar, since they are
what make languages distinct. Following recent literature on phonetic knowledge, I argue
that language-specific phonetics is encoded in the grammar (Keating, 1985,
Pierrehumbert and Beckman, 1988, Kingston and Diehl, 1994, Cohn, 1998, etc.). For
example, inherent segmental duration is encoded in the grammar: one of the reasons we
know Lheidli is Lheidli and not English is because of its long consonants. Another
phonetic feature encoded in the grammar is the realization in stress. Languages differ in
how they realize stress: through manipulations of pitch, of amplitude, of duration, or of a
combination .of all three. For this reason, how a particular language realizes stress must

be encoded in the grammar®,

Phonological
A phonological property is a language-specific (grammatical) property,
which affects other sounds and sound patterns within a particular

language.

3 The precise location in which phonetic information is encoded within the grammar is not discussed
further here. What is important is that this location is separate from that of ‘phonology’, defined below.
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For example, syllable structure is a phonological property in that it affects the manner in
which consonants and vowels can alternate. A language allowing CV syllables will have
very different consonant-vowel sequences than one allowing CV, CVC, CCCVCCC, etc.
Furthermore, the syllable structure of a language determines in part how the language
deals with unsyllabifiable strings (through epenthesis vs. deletion, for example).

The distinction between the grammatical and phonological components of
language involves the role that these components play within languages. I propose that
elements of phonetic implementation which differ across languages, but which do not
play an active role within a language, are in the grammar but not the phonology. Take for
example voice onset time (VOT) in French and English*. Both languages use VOT
contrastively, to distinguish between two sets of stops, transcribed as /ptk/and /b d g/. In
French, the two sets of stops correspond to ‘prevoiced’ vs. ‘voiceless unaspirated’. In
English, the two sets correspond to ‘voiceless unaspirated’ vs. ‘voiceless aspirated’. The
VOT boundary between the two sets of stops is much lower in French than in English

(Ladefoged, 2001, p.128):

French English  French English
/bdg bdg  /ptk ptk/

H

] i
Oms VOT continuum

Figure 1.4 VOT in French vs. English

* Voice across languages is discussed in Keating (1984), Kingston and Diehl (1994).
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Although English and French differ in the placement of the VOT boundary which
distinguishes /p t k/ from /b d g/, within each language these sounds are used in the same
way. Because the phonetic implementation of these sounds differs in English and French,
it must be encoded in the grammar. More specifically, the placement of the VOT
boundary must be in the grammar. However, because these sounds behave the same
phonologically within each language, the placement of the VOT boundary need not be
encoded in the phonology of each language.

Inherent consonantal duration (in Lheidli) differs from VOT in that it plays an
active role within the phonology of Lheidli (see section 1.3.3 below). As we shall see in
Chapter 5, phonetic duration interacts with constraints on syllable well-formedness
(albeit indirectly through phonological weight): long consonants can only occur
intervocalically, and must belong to both preceding and following syllables. If long
consonants could occur in.any position in Lheidli, and had no effect on syllabification
(i.e. were syllabified as simple onsets), they would not have to be encoded in the
phonology®. Because Lheidli’s long consonants interact with syllable structure, I argue
that their inherent duration must be encoded in the phonology of Lheidli as well as in its
grammar.

While some properties of a language’s sound system are encoded in the grammar,
and others in the phonology, I propose that some properties are not encoded anywhere,

but simply fall out from other facts of the language. This is the case for rhythm, for

5 They would still be encoded in the grammar, since their duration differs from consonants in other
languages.
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example. In Chapter 4, I argue that rhythm is not a primitive property of language: there
is no stipulated rule, or constraint, which specifies what the rhythm should be in
language. Rather, rhythm is a phonetic pattern in language that results from other
specified properties: presence vs. absence of alternating stresses, segmental duration,
syllable complexity, etc. Rhythm is a function of both non-phonological (phonetic) and
phonological elements. This is perhaps why it has been so hard thus far to pinpoint its
nature.

The following diagram illustrates the relationship between phonetics, phonology,
and grammar, as it is understood in this dissertation. Of the phonetic properties of
language, some are grammatical (grammatical c phonetic). Of the grammatical

properties, some are phonological (phonological c grammatical).

Phonetics

e o e e e o
—— —
——

o VOT: /p/-/b/

// boundary \\\
/ Phonology =~ \
{ o Inherent consonantal ““ '
\ { duration (Lheidli) 3 /

(Y .j
o Syllablestructure .~ / /

o
......................
R S RE——

~—
-~ -
aal 2 S ——

Figure 1.5 Phonetics, grammar, and phonology in language
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Figure 1.5 assumes that all phonology falls within the realm of phonetics - an
issue that deserves some discussion here. It is arguably the case that phonology
sometimes distinguishes between forms with different formal representations, but for
which the phonetic implementation is the same. For example, take trisyllabic strings with

only one stress, such as in the word Canada ['kaenada]. There are at least two possible
ways of assigning foot structure to this word: (a) (‘Ca.na)(da), or (b) ('Ca.na)da. In (a),

the word ends in a degenerate foot, i.e. a foot containing only one light syllable - (da)
(Hayes, 1995). In (b), the word ends with an extrametrical syllable - da (Hayes, 1995).
Within Optimality Theory (McCarthy and Prince, 1993, Prince and Smolensky, 1993),
the winning candidate will be a function of the relative ranking of a constraint banning
degenerate feet (e.g. FTBIN) and a constraint banning unfooted syllables (e.g.
PARSESYLL).

Although forms (a) and (b) differ formally in terms of foot structure, it is not clear
that this difference has any effect on the phonetic implementation of these forms. This is
one case in which phonological structure does not fall within the realm of phonetics, i.e.
it is not implemented phonetically. Given this example, perhaps a better representation of

the relationship between phonetics, phonology, and grammar is Figure 1.6:
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Phonetics

------ ~_Grammar
~ \\
_.Phonology ">
,,,,,,,,,, \
o Foot ™. \
[ consonantal structure |
| . duration Vs )
| (I.gheidli) e y /
LY ...,«.--»"”‘ /

- -
-
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N i cenn s e b e e e S

Figure 1.6 Phonetics, grammar, and phonology in language - alternative approach

I'leave open the question of whether all phonology falls within the realm of
phonetics or not, i.e whether the relationship between phonetics, phonology, and
grammar is best represented by Figure 1.5 or 1.6. In this dissertation, the focus is on the
elements of phonology which do fall within the realm of phonetics, illustrated by Figure
1.5 and the shaded area of Figure 1.6.

The distinction between phonetic, grammatical, and phonological properties is
made throughout this dissertation, and discussed in detail in Chapter 6. These properties
reflect different levels of linguistic knowledge corresponding to the domains of
phonetics, grammar, and phonology. Table 1.1 summarizes the topics covered in this
dissertation and the levels of linguistic knowledge involved in each topic (phonetics,

grammar, phonology).
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Table 1.1 Topics covered and linguistic property involved

Chapter | Topic covered Level of linguistic
knowledge involved
2 Lheidli sounds, syllables, and stress Phonology
3 Lheidli intervocalic consonants Phonetics
(durational properties) Grammar
4 Rhythm (in Lheidli and other Phonetics
languages)
5 Syllabification of intervocalic Grammar
consonants in Lheidli Phonology
6 Phonetics - Phonology interface Phonetics
Grammar
Phonology

1.3 Research questions and background literature

In sections 1.3.1 through 1.3.4, I outline the 4 main topics which will be covered
in this dissertation: the nature of Lheidli intervocalic consonants (1.3.1), their phonetic
and phonological implications (1.3.2 and 1.3.3), and the relationship between phonetics
and phonology, with respect to Lheidli intervocalic consonants (1.3.4). Since each topic
involves a different body of background literature, this literature is presented in detail in
the relevant chapters (3, 4, 5, and 6 respectively). In this chapter, I limit the discussion of
the literature to a brief overview for each topic.

Sections 1.3.1 through 1.3.4 correspond to Chapters 3 through 6 respectively.
Chapter 2 consists of a general introduction to Lheidli phonology. In this chapter I
discuss (a) the vowel and consonant inventories, (b) the basic syllabification, and (c) the
stress system. Chapter 2 provides the reader with an overview of Lheidli phonology,

which serves as background information for Chapters 3 - 6. Furthermore, it provides the
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Lheidli community with written documentation of the sounds and sound patterns of their

language.

1.3.1 The phonetic nature of Lheidli intervocalic consonants

The unusual length of intervocalic consonants has been noted for other
Athapaskan languages, primarily Navajo. Sapir and Hoijer (1967) and Young and
Morgan (1987) have both commented on Navajo intervocalic consonants, referring to
“consonant lengthening” and ‘“‘consonant doubling” respectively. However, these sounds
have not yet been studied phonetically in any detail. Therefore, I begin the discussion of
intervocalic consonants (Chapter 3) with an in-depth analysis of their durational
properties, since they are characteristic not only of Lheidli, but of Athapaskan languages
in general. In this chapter, I show experimentally what has been previously been noted
impressionistically: intervocalic consonants are indeed extremely long with respect to (a)
consonants in other positions, (b) their surrounding vowels, and (c) consonants in other
languages. In comparing the duration of Lheidli intervocalic consonants to that of
consonants in other languages, I conclude that their duration constitutes a phonetic
property that is language-specific and therefore must be encoded in the grammar of
Lheidli.

It is important to note that throughout the discussion of Lheidli’s intervocalic
consonants in Chapter 3, no assumptions are made regarding the phonological

representation of intervocalic consonants. Determining how to best characterize them



34

formally (as ambisyllabic consonants, as geminates, or as simple onset consonants with a

unique phonetic implementation) is undertaken in Chapter 5.

1.3.2  The contribution of intervocalic consonants to rhythm in Lheidli

Having presented the phonetic nature of intervocalic consonants (focusing on
duration), I go on in Chapter 4 to their effect on the perceived rhythm of the language.
This chapter is based on a large body of literature on rhythm in language, which is
outlined below and discussed in detail in Chapter 4.

Traditionally, languages are said to fall into rhythm classes, which are based on
isochronous (recurring regularly) units of speech (Pike, 1945, Abercrombie, 1965, 1967).
In stress-timed languages, the isochronous unit is the foot, in syllable-timed languages it
is the syllable, and in mora-timed languages it is the mora. Recent literature has shown
very little evidence for isochrony in speech, and as a result a push has begun to determine
the phonetic and phonological factors which lead to the perception of rhythm in language
(Roach, 1982, Dauer, 1983, 1987, Miller, 1984, Nespor, 1990, Ramus et al., 1999, Galves
et al., 2002, Grabe and Low, in press). The work on Lheidli presented in Chapter 4 is
based primarily on Ramus et al’s (1999) work on durational correlates to rhythm classes.

Ramus et al. propose that perceived rhythm is a function of the following
primitives: (a) %V: the percentage of the duration of vocalic material in an utterance,

relative to the duration of the whole utterance, and (b) AC: the variation in the duration of

consonantal intervals within an utterance. Ramus et al. assume that %V and AC are

related to syllable structure: languages which allow only CV syllables will tend to have a
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higher %V and lower AC, since the amount of consonantal material will not vary much
(there will always be at most one C for every V). Languages with more complex syllable
structure will tend to have a lower %V, since syllables may contain coda consonants and
clusters. Furthermore, languages allowing complex syllables will have a higher AC, the
variability resulting from the bigger range of possible syllables in terms of how much
consonantal material they contain (singletons vs. clusters).

When plotted according to %V and AC, the languages studied by Ramus et al. fall
naturally into clusters (though Ramus et al. claim they don’t have to). These clusters
correspond to the traditional rhythm classes: English, Dutch and Polish form one group
(stress-timed languages), Spanish, Italian, French and Catalan form a second group
(syllable-timed). Japanese is isolated from the other groups, reflecting its status as mora-

timed. The traditional rhythm classes correspond to the following %V and AC values:

(1)  Language classification according to %V and AC
a. high %V and low AC: mora-timed
b. low %V and high AC: stress-timed

c. moderate %V and AC: syllable-timed

The Lheidli data presented in Chapter 4 provide a reaction to Ramus et al.’s
model of rhythm, and illustrate two shortcomings of this model. First, the data show that
Ramus et al.’s %V and AC are not solely a function of syllable complexity. Indeed,

Lheidli has a very low %V and a very high AC, even though its syllable structure is
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relatively simple. Therefore, %V and AC must be a function of several properties of the
language, of which syllable structure is only one. In Lheidli, the unusual values for %V
and AC result from inherent segmental (consonantal) duration rather than syllable
complexity.

The second shortcoming of Ramus et al.’s model involves its placement of
languages like Lheidli on the rhythm continuum. Lheidli falls at the extreme stress-timed
end of Ramus et al.’s rhythm continuum. However, it cannot be a stress-timed language,
since it does not have alternating stresses (discussed in Chapter 2). Based on this finding,
I argue that Ramus et al.’s %V and AC are not sufficient parameters for placing
languages along the rhythm continuum. I propose a new model of rhythm - the
Enhancement/Inhibition model, which includes Ramus et al’s %V and AC among a larger
set of correlates of rhythm. Within this model, rhythm is the result of the interplay
between primary and secondary correlates of thythm. The primary correlate of thythm
consists of alternating stresses in languages which have them, and syllables otherwise.
Secondary correlates of rthythm are other phonetic and phonological facts of language
which either enhance or inhibit the salience of the primary correlate.

This model is supported by the Lheidli data, which show that segmental duration
is one of the secondary correlates of rhythm. Other secondary correlates include
ambisyllabicity, lexical stress, pitch, amplitude, sonority, syllable complexity, vowel
reduction, contrastive duration, etc. The model solves the problem mentioned above with
Ramus et al’s model regarding the placement of Lheidli at the stress-timed extreme of the

rhythm continuum. Within the Enhancement/Inhibition model, Ramus et al.’s %V and
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AC are taken as two of many secondary correlates to rhythm. It is their combination with
other secondary correlates, and with the absence of alternating stress, that place Lheidli in
a different space from both stress-timed and Isyllable-timed languages.

Within this model, rhythm falls out naturally from other phonetic and
phonological properties of language. For this reason, it need not be encoded in the
grammar (or in the phonology). Rhythm therefore provides an example of a pattern in

language that is not specified in any domain of linguistic knowledge.

1.3.3 The phonological role of Lheidli intervocalic consonants

The third topic covered in this dissertation (Chapter 5) is the phonological role of
intervocalic consonants, i.e. what effect they have on syllabification and how they should
be represented formally. I begin this chapter by reporting on a series of experiments
involving (a) vowel durations and distributions, (b) consonant distributions, (c) native
speaker intuitions, and (d) the effect of stress on the duration of intervocalic consonants.
Results of these experiments show that intervocalic consonants belong to both the
preceding syllable (as codas) and the following syllable (as onsets). Having established
that intervocalic consonants are syllabified as codas as well as onsets (5.1 - 5.4), I go on
to a discussion of their formal representation (5.5). Based on their phonetic duration and
on their syllabification, I argue that Lheidli intervocalic consonants are non-contrastive
geminates. Intervocalic consonants are not simply unusually long onsets, but rather are

syllabified as part of both preceding and following syllables. For this reason, I argue that
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segmental duration in Lheidli is a phonological property: phonetic duration is mirrored in
the phonology as weight, which is associated to the coda position.

The primary theoretical contribution of Chapter 5 is in clarifying the difference
between the terms ‘ambisyllabic’ and ‘geminate’, as used both descriptively and
formally. Descriptively, these two terms are used in reference to different phenomena.
The term ‘ambisyllabic’ is generally used in discussions of syllable structure, to indicate
than an intervocalic consonant belongs to both the preceding and the following syllable
(Kahn, 1976, Borowsky et al., 1984, Hammond, 1999, Jensen, 2000). The term
‘geminate’ is generally used in discussions of consonant duration. More specifically, it
refers to (phonetically) long consonants, when they contrast with short ones (Pickett and
Decker, 1960, Lahiri and Hankamer, 1988, Giovanardi and di Benedetto, 1998, Aoyama,

2000, Kraehenmann, 2001).

Table 1.2 Descriptive terms and their uses

Descriptive term Context of use
Ambisyllabic Syllable structure
Geminate Consonant duration

In sections 5.1 - 5.4, in which the syllabification of Lheidli intervocalic consonants is
explored, I refer to intervocalic consonants as ‘ambisyllabic’ (in the descriptive sense) to
indicate that they belong to both the preceding and following syllable. The reason
‘ambisyllabic’ is used rather than ‘geminate’ is because in all of the studies reported in

sections 5.1 - 5.4, the focus is on the syllabic role of intervocalic consonants rather than
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on their duration (which is discussed in Chapter 3). The definition I assume for

‘ambisyllabic’, in the descriptive sense of the term, is given below:

Ambisyllabic (descriptive definition)
The property of intervocalic consonants whereby they belong both to the

preceding syllable and the following syllable.

Having ascertained in sections 5.1 - 5.4 that Lheidli intervocalic consonants are
descriptively ambisyllabic, I then move to a discussion of which formal term -
ambisyllabic or geminate - best characterizes these consonants (section 5.5). In this
section I tie together the discussions of their remarkable duration (Chapter 3) and their
syllabification (sections 5.1 - 5.4).

Researchers differ in how they formalize the difference between ambisyllabic
consonants and geminates (Kahn, 1976, Borowsky, 1984, Hayes, 1989, Tranel, 1991,
Hume, 1997a, 1997b, Davis, 1999, Jensen, 2000). Borowsky et al. (1984) argue that
ambisyllabic consonants and geminates are the formally identical. They differ only in
phonetic implementation. Others provide different structures for ambisyllabic and
geminate consonants (Hammond, 1999, Jensen, 2000). The literature on ambisyllabicity
and gemination is discussed in detail in Chapter 5, section 5.5. Based on this literature, I

take the difference between ambisyllabic and geminate consonants to be in terms of
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phonological weight®. Both ambisyllabic and geminate consonants belong to the
preceding and following syllables. They differ in that ambisyllabic consonants are not
associated with extra phonological length or weight, whereas geminates are. The formal

definitions I assume for ‘ambisyllabic’ and ‘geminate’ are given below.

Ambisyllabic (formal definition)
The formal property of intervocalic consonants whereby they behave as a non-
moraic coda to the preceding syllable, as well as an onset to the following

syllable.

That ambisyllabic consonants are non-moraic (in their coda position) is assumed to be
reflected in the phonetics by the fact that ambisyllabic consonants are not lengthened
relative to consonants in other positions (Kahn, 1976, Borowsky, 1984, Jensen, 2000).
These are contrasted with geminate consonants, which are associated with an extra mora

in the coda position:

8 Or possibly phonological length (rather than weight). The difference between phonological length and
weight is discussed in Chapter 5, section 5.5. See also Hume et al. (1997a, 1997b) and Tranel (1991).



Geminate (formal definition)
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The formal property of intervocalic consonants whereby they behave as a coda to

the preceding syllable, as well as an onset to the following syllable, and whereby

they are associated to extra phonological weight.

Geminates differ from ambisyllabic consonants only in that they provide a mora to the

preceding syllable. This is reflected in the phonetics by the fact that, unlike ambisyllabic

consonants, geminates are lengthened relative to their singleton counterparts.

Table 1.3 Formal terms and their defining property

Formal term Defining property
Ambisyllabic Not associated with phonological length or weight
Geminate Associated with phonological length and/or weight

Because Lheidli intervocalic consonants are extremely long (Chapter 3) and

belong to both preceding and following syllables (Chapter 5, sections 5.1 - 5.4), I argue

that formally these are geminates. More specifically, they are non-contrastive, moraic

geminates; non-contrastive because they do not contrast with singletons, and moraic

because they occur only in positions licensing morae. This last property ‘moraic’, is

contrasted to phonologically long, non-moraic geminates, which are said to occur in

Selkup (Tranel, 1991) and Leti (Hume et al. 1997a, 1997b). Non-moraic geminates are

said to be phonologically long, i.e. associated with two X-slots (Kaye and Lowenstamm,

1984, Levin, 1985), even though they are not heavy (moraic).
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1.3.4 Lheidli and the phonetics/phonology interface

I conclude this dissertation with an investigation of the phonetics-phonology
interface, as exhibited in Lheidli (Chapter 6). More specifically, I weave together the
phonetic and phonological properties of Lheidli intervocalic consonants and their effects
on phonetic timing (rhythm) and phonological timing (syllable structure). The
contribution of this last chapter is in enriching our understanding of the interaction
between phonetics and phonology, as well as our understanding of where various pieces
of linguistic infc;rmation are encoded.

We shall see that in Lheidli, inherent consonantal duration must be encoded in the
grammar as part of a native speaker’s phonetic knowledge (Kingston and Diehl, 1994).
Furthermore, inherent consonantal duration is mirrored in the phonology as weight.

Whereas inherent consonantal duration is encoded in the grammar of Lheidli -
more specifically in its phonology - I argue that not all properties of Lheidli (or any
language) must be specified in the grammar, Rhythm, for example, need not be specified
in the phonology (or, more generally, in the grammar), because it falls out from other

properties of the language.

1.4  General methodology

In the following chapters, analyses of vowel and consonant durations are analyzed
and compared across various conditions. The methodology for eliciting and analyzing
speech was the same across all studies, as was the set of words used for analysis. For this

reason, a general methodology section is included here in which I outline the overall
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research question (1.4.1), the subject (1.4.2), the materials (1.4.3), the methodology used
in segmenting the speech (1.4.4), and the overall predictions (1.4.5). The statistical tests
used vary from study to study, and for this reason are not discussed here, but rather in the

relevant sections of subsequent chapters.

1.4.1 Overall research question

The overall goal of the studies reported in the following chapters is to investigate
the duration and syllabic role of intervocalic consonants. This is achieved through a series
of studies relating to different aspects of the nature of intervocalic consonants and their
surrounding vowels. Chapter 3 focuses on their durational properties. The studies
reported on in Chapter 3 therefore compare durations of various segments: (a) Lheidli
consonants across positions, (b) Lheidli intervocalic consonants and vowels, and (c)
consonants in Lheidli vs. in other languages. Chapter 5 focuses on the role in
syllabification of intervocalic consonants, which is investigated through several studies
exclusively on Lheidli sounds: (a) the duration and distribution of vowels, (b) the
distribution of consonants, (c) the syllabification intuitions of a native Lheidli speaker,
and finally (d) the distribution of long intervocalic consonants with respect to stress
placement. All of these studies involve the same basic methodology, which is outlined in

the following sections.
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1.4.2  Subject
Data for this dissertation were collected in the field in the summers of 2000 and
2001 from one of the four remaining speakers of the Lheidli dialect of Dakelh. The

speaker is female, over 75 years old, and is also a fluent speaker of English.

1.4.3 Materials
The data used in all of the studies reported in subsequent chapters consists of a set
of 342 bisyllabic words, each exhibiting one of four different types of syllable structure

(the only possible types in Lheidli)”:

Table 1.4 Syllable types in Lheidli bisyllabic words

Syllable type Example | IPA English
a. (C)vV.CvV dune [dane] man
{ b.(C)V.CVC | nawus | [mawas] | soap berry
c.(C)vC.CvV bunda [bAnda] morning
d. (C)VC.CVC gombilh | [gombii] rabbit snare

The first word type (a) has two open syllables®; the second (b) has an open first syllable
and a closed second syllable; the third (c) has a closed first syllable and open second
syllable; and the fourth (d) has two closed syllables. Only bisyllabic words were used in
order to control for word length effects. The four different word types listed in Table 1.4

were chosen for comparing vowels and consonants in closed vs. open syllables in non-

? Please see Appendix A for the complete word list used.

# We shall see that word-medial open syllables do not in fact exist, as intervocalic consonants close the
preceding syllable. ‘Open’ is used here to refer to these syllables since, prior to investigation, they are
assumed to be open given universal syllabification rules (It6, 1986).
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final (initial) position (CV.CV(C) vs. CVC.CV(C), as well as in final position
(CV(C).CV vs. CV(C).CVO).

These data form a subset of a larger database of words recordqfl with the purpose
of determining the nature of Lheidli sounds in various phonological and morphological
contexts. For example, one list focused on words borrowed from French, another focused
on morphologically complex words, another on words contrasting word-final vowels with
word-final vowel-[h] sequences, etc. Although the original database was comprised of
word lists designed to study specific phenomena, it constitutes a resource which can be
used for many purposes. In this case, I extracted all of the bisyllabic words and compiled
them into a new dataset. Because of this, the words were not controlled for number of
items in various conditions of each study. For example, a total of 217 words analyzed had
final codas (...CVC#) compared to 125 which did not (...CV#). This means that in a
study of the effect of position on vowel duration (see section 5.1.1), there was an uneven
number of items in the two ‘word-final’ conditions: open ( V# - 125 items) vs. closed
(VCi# - 217 items). Words were also not controlled for segmental content. These two

issues deserve some discussion here.

1.4.3.1 Number of items used

The number of words analyzed depended on the specific study. In total,
recordings were made of 402 bisyllabic words. Each recording consisted of 3 repetitions
of the word in question. Only the second repetition was used for analysis, in order to

avoid any list effect. Of the 402 recordings made, 238 were of distinct words; the rest of
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the items (164) were additional recordings of certain words. In order to avoid biasing the
data with too many recordings of the same word, only the first and second recordings of
words were analyzed. In total, there were 342 of these.

The precise number of items in each condition varied depending on the study.
These numbers are therefore reported in the relevant sections of the following chapters. A
common characteristic of the studies is that there were different numbers of items in each
condition. Again, this is a result of using a pre-recorded set of words, something that is
typical in fieldwork. Using large numbers of loosely controlled items, rather than small
numbers of strictly controlled items is commonly used in computational work on large
corpora. The idea is that with sufficiently larger numbers, it is not necessary to control
each condition in a detailed manner. In the phonetic literature, researchers such as
Campbell also adopt this approach (Campbell, 1992). In a study on timing in Japanese
speech for example, Campbell compares durations across segments, where the number of
tokens per segment depends on its frequency - the more common sounds having larger
numbers of tokens. In a study of vowel durations, numbers vary from 1426 tokens (for
/u/) to 3380 tokens (for /a/). The studies reported here involve fewer tokens than in
Campbell’s study. However, I follow his approach in using different numbers of tokens

for different conditions, in order to include the maximum possible amount of data.

1.4.3.2 Segmental content
The words recorded and analyzed were, for the most part, not chosen for their

segmental content. This means that in comparing consonant durations, for example, it
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was not the case that the environments were the same for each item (e.g. [a_a]).
However, the environments varied in similar manners for each segment, and the number
of items was relatively large. In all of the studies, comparability across conditions was
achieved through using consistently variable data, rather than through using strictly

controlled data (Campbell, 1992).

1.4.4 Method

1.4.4.1 Data collection and digitization

Word lists were elicited from the subject by having her read words from various
word lists, repeating each word 3 times. Data was recorded using a Sony MZR37 mini-
disk recorder’. Data was recorded in the dining extension of the subject’s kitchen using a
Sony ECM-T115 lapel microphone so as to minimize background noise such as that from
the refrigerator and the clock in the kitchen. The data was digitized at.a sampling rate of
22,050 Hz, and analyzed using Praat, a speech analysis program created by Paul

Boersma.

1.4.4.2 Speech segmentation
Speech was segmented with reference to the waveform of each word, using a
spectrogram and sound as additional references. Segment onsets and offsets were labeled,

and the duration of each segment was calculated by subtracting onset time from offset

% It has sometimes been noted that mini-disk recorders may create problems related to compression
(Maddieson, 2002). However, the problems are minimal, and are important only for very detailed phonetic
analysis. For durational measurements of the type taken in the current work, compression is not a problem
(TIan Maddieson, personal communication).
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time. As mentioned above, only the second of the three repetitions of each recording was
analyzed.

In segmenting the data, several guidelines were used. Word-initially, the onset of
voiceless stops was defined as the onset of release frication; the onset of voiced stops was
defined as the onset of voicing (prevoicing). With voiced stops there was sometimes an
irregular pulse at the beginning of stop; this was not considered part of the stop. In the
case of word-initial /V/, there was also often one irregular pulse preceding the onset of
regular glottal pulses. This was not counted as part of the /I/. In some cases of word-

initial /w/, there is a small epenthetic [u] preceding /w/. In these cases, [u] was considered

part of the consonant. In cases where a word-initial vowel was aspirated at its onset, the
aspiration was considered part of the vowel (the vowel onset was defined as the point in
which aspiration began).

Word-medially, in voiceless stop - vowel sequences, the voiceless stop was often
associated with quite a long period of aspiration, particular in the case of alveolars

(Figure 1.7). Vowel onset was taken as the onset of voicing.
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Figure 1.7 Spectrogram of ‘utun [2at"an] (‘freezer’).
Solid lines indicate the /t" and /a/ segment boundaries; the dotted line indicates the
beginning of aspiration.

In gjective - vowel sequences, the first irregular glottal pulse leading into the vowel was
considered part of the consonant. Vowel onset was taken as the onset of regular glottal
pulses. In vowel-voiced stop sequences, there was often significant closure voicing at the
beginning of the stop consonant (Figure 1.8). In such cases, the offset of the vowel was
defined as the point at which the amplitude of the formants (and F0) decreased

dramatically (solid line in Figure 1.8), not at the end of vibration.
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Figure 1.8 Spectrogram of ‘udun [?adan] (‘another’).
The solid line indicates the end of vowel; dotted line indicates end of closure voicing.

In glottal stop - vowel sequences, if there was a clear glottal release (pulse), vowel onset
was taken as following the release pulse. If there was no clear release pulse, the vowel

was taken to start at the onset of the signal. In /kwa/ and /ja/ sequences, the w-4 and j-a

boundaries were placed at the middle point in the formant transition. In vowel-/s/
sequences, the boundary was placed at the point where the amplitude of the signal was
lowest. In vowel-/l/ sequences, there was sometimes a period of aspiration between the
two sounds ([V(h)1]). In such cases, the boundary was placed at the point where the
amplitude of the signal was lowest. When there was no such aspiration, the boundary was
placed at the change in formant structure. In fricative-stop sequences, the offset of the

fricative was taken as the point where the amplitude of the fricative noise decreased
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dramatically. In /lhw/ and /thy/ sequences, if there was a period of silence between the

two segments, it was counted as part of /ll/ (Figure 1.9).

i 1.07704
Time (s)

Figure 1.9 Spectrogram of sulhwus [satwas] (‘he is tickling me’).
Solid lines indicate /#/ and /w/ segment boundaries; the dotted line indicates the period of
silence between /¥/ and /w/.

In /h/-consonant sequences, if there was a period of silence between the two segments, it
was counted as part of /b/. In /gl/ sequences, there was an odd voiceless /I/-like release of
/g/ preceding /V/. This was considered as part of /g/, which was itself generally at least

partially devoiced (Figure 1.10).
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Figure 1.10 Spectrogram of [lugliz [1agliz] (‘church’).
Solid lines indicate /g/ and /I/ segment boundaries; the dotted line indicates the /g/

release.
In /nl/ and /sV/ sequences, there was often an epenthetic [d] between /n/ or /s/ and the /U/. It
was counted as part of /I/ (Figure 1.11). In all cases, the boundary in /nl/ or /sl/ was taken

as the point where the amplitude of the signal was lowest.
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Figure 1.11 Spectrogram of ‘usloo [aslu] (‘my mother’).
Solid lines indicate /s/ and /1/ segment boundaries; the dotted line indicates

the end of the epenthetic [d].

In word-final segments, the offset of the segment was taken as the point at which
the formant structure disappeared (voiced segments), or the amplitude of the waveform
decreased to noise level. In words ending in a vowel, word-final aspiration (devoicing)
was considered part of the vowel.

Finally the acoustic distinctions between certain segments and segment sequences

were sometimes difficult to make. For example, word-final [v] and [vh] were acoustically

very similar. As for medial consonants, in some cases the spelling would indicate
voicing, even though acoustically the consonants were devoiced. Figure 1.12 illustrates

this with the word st/ esja [stl’esdza] (‘I quit’). In the Lheidli practical orthography, the
letter “j is used to represent the sound /d3/. However, Figure 1.12 shows that this sound

is completely voiceless in this word.
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Figure 1.12 Spectrogram of st! ‘esja [stI’esdza] (‘I quit’). Solid lines indicate the
boundaries of /d3/, which surfaces as voiceless in this word.

-

In all words, the labels used corresponded to those used in the transcriptions and practical
orthography of Lheidli. The only time the practical orthography was not followed was in
the case of missing sounds, which were omitted (in cases where the spelling of a word

included a letter which did not correspond to anything in the acoustic signal).

1.4.5 Overall predictions

The predictions found throughout this dissertation vary from study to study, and
are therefore discussed in the relevant sections. The starting observation, on which all
studies are based, is that intervocalic consonants are extremely long, something that is

auditorily obvious. The overall prediction is that this duration will be reflected in the
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phonetic structure (thythm) as well as the phonological structure (syllabification) of

Lheidli.

1.5  Organization of the dissertation

The general organization of this dissertation is as follows. I begin in Chapter 2 by
introducing the sounds, syllables, and stress facts of Lheidli. This will serve as
background information for discussion in the following sections. It will also provide the
Lheidli community with written documentation on the basic phonological facts of their
language.

Chapter 3 introduces the sounds which form the focus of the remainder of the
dissertation: intervocalic consonants. I provide a detailed phonetic analysis of these
consonants, comparing them to other sounds in Lheidli as well as to similar sounds across
different languages. Based on these comparisons, I show that Lheidli intervocalic
consonants are remarkably long.

Having determined the precise phonetic nature of intervocalic consonants, I go on
in chapters 4 and 5 to investigate what role they play in the language. Chapter 4
investigates their phonetic role. More specifically, I look at their effect on the perceived
rhythm of the language. I propose a new model of rhythm: the Enhancement/Inhibition
model, in which the perception of rhythm in language is created by the interplay between
primary and secondary cues. Based on the Lheidli data, I argue that one of the secondary

cues to rhythm not yet considered in the literature is inherent segmental duration.
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Chapter 5 focuses on the phonological role of intervocalic consonants, in terms of
their effect on syllabification. I propose that intervocalic consonants in Lheidli are non-
contrastive moraic geminates., and provide a formal representation for these sounds.

Finally, Chapter 6 concludes with a discussion of the relationship between
phonetics and phonology. As mentioned above (section 1.2), I argue that some phonetic
components of language must be encoded in the grammar (segmental duration and the
realization of stress) as part of the language-specific phonetics. In Lheidli segmental
duration is also encoded in the phonology as weight. In contrast to segmental duration
and the realization of stress, other phonetic properties of language need not be encoded

anywhere; one such property is rhythm.
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CHAPTER 2  LHEIDLI SOUNDS, SYLLABLES, AND STRESS

Recall from Chapter 1 that the goal of this dissertation is to gain a better
understanding of the phonetic and phonological nature of intervocalic consonants in
Lheidli. In order to do this, I start here by introducing the basic facts of the language with
respect to: () the vowel inventory, (b) the consonant inventory, (c) the basic syllable
structure, and (d) the stress system of Lheidli. Discussion provides the background
necessary to explore the role of intervocalic consonants in the language. Furthermore, it
serves as a written resource of the sounds of Lheidli, useful for the Lheidli community as

well as for future research in the field.

2.1  The vowel inventory

Compared to other Athapaskan languages like Navajo, Lheidli has a relatively
simple vowel inventory, at least phonologically. Navajo, for example, uses nasalization,
length, and tone contrasts productively. Lheidli has no contrastive nasalization, and cases
of contrastive length and tone are marginal at best. In this section, I introduce the vowels

of Lheidli and discuss the salient properties of the system.

2.1.1 The phonemic inventory

Phonemically speaking, Dakelh has 6 vowels: /i, €, a, A, o, W/. Descriptions of

these vowels are given in (1) and follow Poser (2001).
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(1)  Vowels in Dakelh

Description IPA  Orthography
a. Low back unrounded fal a
b. Mid front unrounded lel e
c. High front unrounded hi/ i
d. Mid back rounded lo/ o
e. High back rounded /. oo
f. Mid central unrounded /ANl u

In closed syllables, /i/ surfaces as [1] and /e/ surfaces as [€]. These tense/lax allophones

are discussed in section 2.1.2.
The following examples illustrate the use of the vowels listed in (1)'. In all cases

the vowels are full (there is no vowel reduction in Lheidli).

(2)  Examples of Vowels in Dakelh

Lheidli IPA English Gloss
it [thi] road

whusdli [wasdli] I took care of her
lel ke (k"] foot

dune [dane] man

! In the examples below, Lheidli words are written using the official practical orthography for the language.
The sequence ‘oo’ is used for [u]; ‘u’ is used for [A].



la/

fo/

h/

I

tagih
tada
tsambayo
yoh

foo

sloo

sus

[t"agih]
[t"ada]
[tsambayo]
[joh]

[t"u]

[slu]

[sAs]

[kw"an]
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three (locative)

three (generic)
bathroom
building, house
water

my mother

black bear

fire

In addition to the monophthongs illustrated above, Lheidli has 3 diphthongs. The

following examples illustrate the use of the diphthong /ai/:

©)

The diphthong /ai/
Lheidli

lait’oh

lacholbai

dut’ai

IPA

[lait’oh]
[latfolbai]

[datai]

English gloss
he is stupid, useless

yarrow

bird

Lheidli also has the diphthong /Ai/, which occurs most often following a velar

consonant (though not always):



(4)  The diphthong /Ai/

Lheidli
a. skui
b. k’ui
c. khui
d sugui

1PA
[skai]
[k’Ai]
[XAi]

[sagai]
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English gloss

my husband
paper birch
winter

dried (up)

Because of its limited distribution - occurring primarily after velar consonants - Poser

assumes that [Ai] is an allophone of /i/, surfacing following velar consonants (Poser,

2001). However, there are words in which a velar is followed by [i] or [1], for example

tagih (‘day’). Such words argue against Poser’s view. Another possibility is that [Ai] is an

allophone of [ai]. However, [ai] also occurs following velars, as in nulgaih (‘he runs’).

Although [Ai] occurs mostly after velar consonants, it also occurs in words which include

the verb stem -£sui [tsai] (‘to be bad’), which also underlies the verb ‘to love’ (Poser,

2001). For example:

(5)  [ai] following a non-velar consonant

Lheidli
a, ntsui
b. nintsui

IP4

[ntsai]

[nintsai]

English gloss

it is bad

you are bad
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c. nk’ehintsui [gk’ehmtSAi]2 they love you (sg)

d k’enadutsui [k’enadatsai] he loves himself

These words appear to be the only ones in which [Ai] does not follow a velar consonant.
Despite its limited distribution, /Al/ is analyzed here as a separate phoneme because it is

not in complementary distribution with any other sound in the language.

Finally, Lheidli has the diphthong /aw/, although this sound is relatively rare:

(6)  The diphthong /aw/

Lheidli IPA English gloss
a. dawneltsuk hont’oh  [dawneltsak] how many are there?
b. toonawtesgus [tunawtesgas] I am going to wash

This diphthong is not discussed further in this dissertation, since no occurrences were
found in the set of data used for the experiments reported in later chapters.

All of the diphthongs presented here could be interpreted as vowel + glide
sequences as well. If this were the case, a word such as Jait ‘ok (he is stupid) would be
contain a word-medial cluster: [laj.t’oh]. In the word-set used here, there are no instances

of CaiCCV, CuiCCV, or CawCCV in which so-called diphthong is followed by a

2 Note /e/ surfaces as [¢] here although it does not seem to occur in a closed syllable. We shall see in
Chapter 5 that word-medially, all syllables are closed. Hence /e/ surfaces as [€].






