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Abstract

This study investigates acoustic correlates of prominence in Lizu (Tibeto-Burman). Lizu has been argued to have a
hybrid prosodic system combining lexical tone on monosyllabic words and prominence patterns with stress-like and
tonal characteristics on polysyllabic words, although empirical evidence is lacking. This study presents an acoustic
investigation of the pitch patterns on disyllabic words in the Kala variety of Lizu (HL, HH, LH). Using the parameters
of duration, intensity, and f0, it attempts to sort out different forms of prominence, and to explore their interaction with
lexical tone. The measurements are taken from experimental data with eight Lizu speakers (4 male and 4 female). The
acoustic results and statistical analyses suggest that the first syllable in Kala Lizu is the position of prominence in all
three pitch patterns. Our results are consistent with interpreting the pitch pattern HL as more stress-like (with intensity
as an acoustic correlate of stress) and the pitch patterns HH and LH as more tone-like (with stress cued by full
realization of lexical tone). This study contributes to a better understanding of the prosodic organization of Kala Lizu
and it also suggests methodology for further exploration of other Lizu varieties.
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1. Introduction

This study examines the prosodic organization of Lizu (ISO-639 code ers), an underdescribed Tibeto-Burman
(Southern Qiangic) language. Lizu is a continuum of closely related linguistic varieties which are spoken in three
counties of Sichuan Province in the People’s Republic of China: Jiulong (/L ¢ &, Written Tibetan [WT] brgyad zur),
Muli Tibetan Autonomous County (A Bk H G5, WT smi li rang skyong rdzong, hereafter Muli), and Mianning
(%7 8). Lizu is a tonal language, in which morphemes are generally monosyllabic, but words are mostly disyllabic
and composite. Pioneering descriptions of various Lizu varieties (Huang & Renzeng 1991; Ikeda 2009; Yu 2012;
Chirkova & Chen 2013) suggest that they are very similar and differ mainly in terms of word-level prosody. All
reported varieties have simple tone systems, consisting of a high-low contrast (H vs. L) on monosyllabic words and a
limited number of possible surface pitch patterns over polysyllabic words (see Yu 2012, 6-11 for discussion). These
patterns represent various combinations of high and low tones (e.g., HH, HL, LH, HHH, HHL, LHL, etc.) and show
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complex correspondences between varieties. This is illustrated in Table 1 with data from two varieties of Lizu, spoken
in Kala <47 Township, Muli County (Muli Lizu 1 & Muli Lizu 2); a variety of He’ai #1%Z Township in Mianning
county (Mianning Lizu); and a variety of Naiqu J3%E Township in Jiulong county (Jiulong Lizu).! Examples in Table
1 are limited to disyllabic words because they represent the most common type of polysyllables.

Table 1 Surface pitch patterns on disyllabic words uttered in isolation in four varieties of Lizu

Gloss Muli Lizu 1 Muli Lizu 2 Mianning Lizu Jiulong Lizu
head wuli HL wuli LH vuli HH [HH~HL]? wuli LH
eye(ball) Ndosas HL nduose LH 3dosi LL [LH] doswi LH
nail ledzo HL letsa LH lidza ‘claw’ HH [HH~HL] letsa LH

thin bibje HH bibi HH bibi HH [HH~HL] bibi LH

year dzut/*e HH dzutshw HL dzits"y LL [LH] titeho HH
rabbit midzo HH mitso LH nidzi HH [HH~HL]

ear nepi LH napi HH napi HH [HH~HL] napu LH
tree sepu LH sepu LH sipa LL [LH] sopu LH
long Jefe LH sasa HH sisa LL [LH] sasa LH

The sample in Table 1, albeit limited, illustrates the three main differences in surface pitch patterns on disyllabic words
in various varieties of Lizu. First, different number of pitch patterns per variety, e.g., three in Muli Lizu (HL, HH, LH)
versus two in Mianning and Jiulong Lizu (HH, LH). Second, different ratios of pitch patterns per variety. For example,
the three pitch patterns in Muli Lizu 1 are relatively evenly distributed across the lexicon (see Section 2.1), whereas
the majority of disyllabic words in Jiulong Lizu (as provided in Ikeda 2009) appear to have the pitch pattern LH. Third,
complex correspondences between pitch patterns across varieties. The three surface pitch patterns in disyllabic words
in Muli Lizu 1 correspond rather irregularly to the three surface pitch patterns in Muli Lizu 2, and the two surface pitch
patterns in Mianning Lizu and Jiulong Lizu.

In their work on the [®te"opee HHH variety of Lizu (Muli Lizu 1 in Table 1) (hereafter Kala Lizu), Chirkova &
Chen (2013) observe that syllables in disyllabic words differ in prominence, manifested with pitch and durational cues.
In their analysis, the three surface pitch patterns HL, HH, and LH in that variety are described, respectively, as “left-
prominent”, “equally-prominent”, and “right-prominent”. They further suggest that Kala Lizu may have a hybrid
prosodic system that combines lexical tone on monosyllabic words and prominence patterns with stress-like and tonal
characteristics on polysyllabic words. This proposal is of interest in the context of differences in the pitch patterns on
disyllabic words among Lizu varieties, because it may provide a possible explanation for these differences. Namely,
recognition of stress in addition to tone opens up the possibility that the complex correspondences among Lizu varieties
are due to differences in the structure and realization of prominence relations, as common among dialects of the same
language and among related languages (see Smith, Erickson, and Savariaux 2019; Smith and Rathcke 2020 for recent
accounts). However, such an explanation cannot be directly applied, for the prosodic organization of different Lizu
varieties remains little studied, and even in relation to Kala Lizu, for which a hybrid prosodic system has been proposed,
the proposal is based on auditory impressions and has not been experimentally tested. Furthermore, given that
supporting evidence for the proposal in Chirkova & Chen (2013) was limited to words spoken in isolation, a context
that potentially confounds word- and phrase-level phenomena (Gordon 2014; Roettger & Gordon 2017), surface pitch
patterns on polysyllabic words in Kala Lizu likely represent complex interactions between lexical tone, possibly, word-
level stress, and post-lexical tonal events associated with prominent syllables (pitch accents or phrase-level stress) and
prosodic boundaries (boundary tones).

The goal of this study is to empirically examine the previous claims of stress in Kala Lizu. To that end, we
explore a small corpus of disyllabic words in two contexts: citation (where the word is both phrase-final and bears the
main stress of the phrase) and phrasal (where the word is both preceded and followed by other words so that it is
shielded from edges of the phrase). We consider three cross-linguistically common acoustic correlates of prominence,
that is, duration, (overall) intensity, and fundamental frequency (f0). On that basis, we attempt to sort out possible



forms of prominence at a word level (word-level stress) and at a phrase level (phrase-level stress and boundary tones),
and to assess their interaction with lexical tone. Our acoustic investigation reveals differences between the two contexts
examined and among the three pitch patterns in each context. The observed differences between the contexts are likely
due to the addition in citation context of post-lexical tonal events associated with prominent syllables (phrase-level
stress) and prosodic boundaries. The main differences among the three pitch patterns include an opposition between
the pitch pattern HL, on the one hand, and the pitch patterns HH and LH, on the other hand. For both types of patterns,
we suggest that the first syllable is the position of prominence, albeit manifested through different acoustic parameters.
These include intensity in the case of HL and full lexical tone realization in the case of HH and LH. It can therefore be
suggested that Lizu has fixed stress on the first syllable in disyllabic words, and two types of words: with more stress-
like characteristics (words with the surface pitch pattern HL) and with more tone-like characteristics (words with the
surface pitch pattern HH and LH).

Our study contributes to a better understanding of the prosodic organization of Lizu and thereby to a more
precise description of that language. It also has implications for the study of prosody of other Lizu varieties and
suggests methodology for their further exploration. This study also contributes novel data and insights into hybrid
prosodic systems that combine lexical tone and prosodic prominence.

The structure of this paper is as follows. The next section serves as the general background. It details some of
the linguistic particulars of Kala Lizu and its prosody, including an overview of word stress claims in that variety
(Section 2.1). Given the understudied nature of Lizu, a priori it is difficult to predict which correlates could be
particularly indicative of word- and phrase-level in that language. For that reason, the next section also provides an
overview of acoustic correlates of prominence in a cross-linguistic context (Section 2.2). Section 2 is concluded by
this study’s research questions and predictions formulated on the basis of sections 2.1 and 2.2 (Section 2.3). Section 3
describes the experimental methods of the study reported on in this paper. Section 4 presents the results, which are
further discussed in Section 5. A conclusion (Section 6) rounds off the paper.

2. Tone and prominence in Kala Lizu and in a cross-linguistic context
2.1. Linguistic particulars of Kala Lizu and its prosody

Kala Lizu is an isolating (analytic) language with no inflectional morphology and little productive derivational
morphology. It is phonologically and morphologically monosyllabic and tonal, with the majority of words being
disyllabic and composite.> Compounding, affixation, and reduplication are the three main word formation processes.
Kala Lizu is mostly suffixing on nouns and prefixing on verbs. Verbal prefixes are synchronically productive, whereas
nominal affixes are not. Reduplication is part productive and part lexically idiosyncratic. In disyllabic words, full
reduplication is found (that is, repetition of an entire root without phoneme changes or additions).

The syllable structure is (N)(C1)(C2)VT, where N is nasal (homorganic to the following consonant); C1 can be
any initial consonant (that is, p p* bt thd kk"g q "G ts ts" dz tf tfr d3 te te" dzmnpy sz [5czx y hw.ajl1); C2 can
be one of the following set: j w.tz z¢ /; V can be any vowel (that is, i y u e 2 0 e ©); T is tone; and parentheses indicate
optional consonants (see Table 2 for examples). Vowels do not contrast in length. Most syllables have a simple
structure C1VT.

On monosyllabic words, Kala Lizu distinguishes two lexical tones, which in citation form, are realized as low
rising, followed by a short fall; and high falling. This is a robust opposition, supported by many minimal pairs. Tones
are fully independent, that is to say that any vowel may bear any tone and all consonants, including sonorants and
voiced obstruents, can be associated with both tones. Table 2 provides some illustrative examples, organized by vowel
frontness and height.

Table 2 Minimal pairs for the two lexical tones on monosyllabic words in Kala Lizu



Low Rising High Falling
ne ‘two’ ne ‘you, thou’
tee ‘mule’ tee ‘tendon’

tfo ‘frost’ tfo ‘to bite’

nu ‘to weep’ nu ‘cow’

mo ‘again’ mo ‘tomb’
Ndze ‘drum’ Ndze ‘Chinese’

The mean pitch tracks for the two contrastive tones on monosyllabic words are plotted in Figure 1 on the basis of 26
tokens (words in citation form, with a mix of onsets in terms of voicing and sonority), with 2 repetitions for each lexical
item.*
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Figure 1 Mean tone tracks for the two contrastive tones on monosyllabic words, as uttered in isolation: (1) low rising
(in gray), 11 tokens; (2) high falling (in black), 15 tokens. Plotted as relative time versus Hz. Normalized for duration
and mean low rising pitch

In running speech, the two tones are realized as level, and even in citation form, realizations without a
perceptually salient f0 fall or rise are also acceptable for native speakers. For these reasons, Kala Lizu can be analyzed
as having two basic tonal categories H and L, so that the surface contour tones on monosyllabic words in citation form
can be decomposed into the lexical tones H and L, followed by a post-lexical (boundary) tone with a surface high
falling contour (HL%).> The processes involved can be presented as follows: (1) H+HL% > [HL] for the high tone,
and (2) L+HL% > [LHL] for the low tone.

In disyllabic words in citation form three word-level surface pitch patterns (hereafter pitch patterns) are
observed. In the analysis of Chirkova & Chen (2013), these three pitch patterns are described as follows:



(1) Equally-prominent pattern: Both syllables have a high, slightly falling pitch contour, and the second syllable has a
high falling pattern. Both syllables sound equally prominent and no special lengthening is observed on either syllable
(despite the presence of final lengthening due to the fact that these words were elicited in isolation as an utterance on
its own).

(2) Left-prominent pattern: The f0 peak is typically realized before the end of the first syllable, where the pitch starts
to fall and continues to fall in the second syllable. The duration of the second syllable, despite final lengthening, is
relatively shorter and the syllable also sounds less prominent.

(3) Right-prominent pattern: Within the first syllable, there is a low-level pitch contour with a slight rise. The {0 peak
is realized within the second syllable where there is also a clear fall. The duration of the second syllable is relatively
longer than that of the first syllable.

Chirkova & Chen (2013) also note that Kala Lizu does not exhibit vowel reduction in non-prominent positions. Based
on the location of the fO peak within the word, the three pitch patterns will hereafter be referred to as HH, HL, and LH,
respectively.

A three-way contrast can be observed in Figure 2 over the words midzo HH ‘rabbit’, midzo HL ‘pepper’, and
mutso LH ‘cat’, which have a comparable segmental composition.

midzo HH ‘rabbit’ midzo HL ‘pepper’ mutss LH ‘cat’

Figure 2 Waveform, spectrogram and fO contour for the three-way pitch pattern contrast over the disyllabic words
midzo HH ‘rabbit’ (left), midzo HL ‘pepper’ (middle), and mutso LH ‘cat’ (right) by a female speaker

The three pitch patterns on disyllabic words are distributed relatively evenly throughout the lexicon. In our
corpus of basic lexical items containing 1,855 disyllabic words: 610 words (or 33%) have the pitch pattern HH, 610
words (or 33%) have the pitch pattern HL, and 635 words (or 34%) have the pitch pattern LH. At the same time, no
minimal three-way contrast for the pitch patterns has been attested.® Attested contrasts are binary and they vary slightly
depending on word-formation type. Over nouns, contrasts between the HH and LH patterns are slightly more common.
Examples include: tshomo HH person-old ‘old man’ vs. ts"omo LH person-grave ‘tomb’. Over verbs, contrasts between
the pitch patterns HL and LH are slightly more common. Examples include: ne-ko HL downward-wither ‘to wither,
shrivel’ vs. ne-ko LH downward-put ‘to put inside’.

These tendencies can be further correlated with the productive sandhi rules in Kala Lizu. The first rule applies
when monosyllabic morphemes are combined into words or compounds. According to this sandhi rule, (i) the tones on
non-initial syllables are neutralized, and (ii) the tone of the initial syllable spreads onto the non-initial syllables.” Table
3 provides some illustrative examples.



Table 3 Examples of compounds composed of two monosyllabic words

Nd3zo L ‘skin’ mu H ‘animal hair’
gu H ‘cow’ nuNd3o HH ‘cow hide’ gumu HH ‘cow hair’
awe L ‘chicken’ awaNd3o LH ‘chicken skin’ awamu LH ‘chicken feathers’

Application of this sandhi rule provides a possible explanation for a somewhat more common occurrence of the contrast
between the pitch patterns HH and LH over disyllabic nouns.

The second sandhi rule applies to verbs formed through prefixation.® If the verb root carries the low tone, the
resulting tone of the prefixed verb is LH, as in dzo LH ‘eat’ > ne-dzo LH ‘eat up; have eaten’. If the verb root carries
the high tone, the resulting pitch pattern of the prefixed verb is HL, as in dzo H ‘give birth’ > de-dzo HL ‘give birth;
have given birth’. Application of this sandhi rule on verbs formed through prefixation provides a possible explanation
for a somewhat more common occurrence of the contrast between the pitch patterns HL and LH over disyllabic verbs.

While the pitch patterns on some disyllabic words can be linked to the etymological tones of their constituent
morphemes through the two sandhi rules above, in many cases, pitch patterns on disyllabic words are lexicalized and
opaque (as in mjee-mu HL eye-animal.hair ‘eyelash’, formed through compounding; based on the productive tone
sandhi rule above, the expected pitch pattern for this word would be LH). All three pitch patterns are equally attested
on words formed through compounding, affixation, and reduplication, as well as on monomorphemic disyllabic words.
Put differently, none of the attested disyllabic word types in Kala Lizu is associated exclusively with only one pitch
pattern or a subset of the three possible pitch patterns.” This is illustrated in Table 4, which provides contrastive sets
for all possible types of pitch pattern contrasts (that is, HL vs. HH, HL vs. LH, and HH vs. LH), as attested in all
possible disyllabic word types (that is, monomorphemic words and words formed through compounding, affixation,
and reduplication).

Table 4 Pitch pattern contrasts on disyllabic words

Word formation | HL HH LH
type
Monomorphemic midzo ‘pepper’ midzo ‘rabbit’
keaelae ‘hardship’ kaelae ‘butterfly’
Compounding mje-mu ‘eyelash’ (< mjee L | wo-mu ‘pig bristles’ (< wo H ‘pig’, | no-dzu ‘lambswool’ (< po L
‘eye’, mu L ‘animal hair”) mu L ‘animal hair’) ‘sheep’, d3u L ‘wool’)
Affixation no-ma ‘ewe’ (<o L ‘sheep’) | wo-me ‘sow’ (< wo H ‘pig’) pu-mea ‘cow’ (<ygu H ‘cow’)

(with the female
gender suffix -ma)

(lexicalized) nima ‘sun’ nimea ‘living room’
Reduplication te-te ‘to chew’ te-te ‘to hold in one’s arms’
be-be ‘to climb’ be-be ‘to crawl’

2.2. Acoustic correlates of prominence in a cross-linguistic context

In this study we explore the proposal that in addition to tone, that is, a featural property referring to contrastive
relative pitch (e.g., Hyman 2001; Yip 2002), Kala Lizu has contrastive differences in the relative prominence of



syllables in polysyllabic domains. The notion of prominence integrates discreteness, relative patterning, and
hierarchical ordering; and it can be applied at different levels of linguistic analysis (see Cangemi & Baumann 2020 for
a recent overview). These levels canonically include, on the one hand, the relative strength of syllables within a word
(word-level stress), and, on the other hand, the relative strength of syllables within a breath group (or stress group, or
phonological phrase) (phrase-level stress). Word-level stress is obligatory and culminative (Hyman 2006, 231; 2009,
216, 231), and it has a semantic or grammatical role. Phrase-level stress also has a culminative function; and it has a
pragmatic role, relating to the focus and information structure of a sentence. Two more aspects of phrasal prominence
that are of relevance in relation to the evidence in Chirkova & Chen (2013) (words in citation context, where the word
constitutes an utterance of its own and is phrase-final) include: (i) the lengthening effects found at phrase edges, and
(i1) boundary tones. Both have a delimitative function and, together with prominent syllables at a phrase level, are
phonetic manifestations of the prosodic structure (e.g., Klatt 1975; Beckman & Pierrehumbert 1986; Hayes 1989; Byrd,
Krivokapi¢ & Lee 2006; Cho 2016).

The main acoustic correlate of tone is pitch (fO as perceptual correlate). The acoustic correlates of prominence
are more diverse and include duration, (overall) intensity, {0, spectral tilt, and vowel formant frequencies (especially
F1 and F2) (e.g., Ladd 1996; Sluijter & van Heuven 1996; Sluijter et al. 1997; Crosswhite 2004; de Jong 2004; Hintz
2006; Fletcher 2010; Gordon 2011, 2014; Gordon & Roettger 2017). Of these, duration, intensity, and fundamental
frequency have been recognized as acoustic correlates of prominence since pioneering work by Fry (1955, 1958), and
have been extensively researched in various languages. The same set of physical properties (duration, intensity, f0) is
also used for prominence effects found at phrase edges. Given this overlap in the use of acoustic correlates for
prominence effects at the word- and the phrase- levels, the acoustic definition of word stress is heavily dependent on
how these correlates are used on other levels of prosody in a given language.

A recent survey of 110 studies of 75 languages (Gordon & Roettger 2017) suggests duration as the most
consistent correlate of word-level stress across languages. In most cases, the lengthening effect of stress is most
consistently seen in the rhyme portion of the syllable (see Shen 1993; Sluijter & van Heuven 1995; de Jong and
Zawaydeh 2002; Remijsen 2002; Chavez-Peon 2008). The effect of stress on intensity and f0, on the other hand, is
less straightforward. At least in some languages, overall intensity and f0 are more correlated with phrase-level stress
than with word-level stress (e.g., Bolinger 1958; Sluijter & van Heuven 1996; Campbell & Beckman 1997; Hintz 2006;
see van Heuven 2018 for discussion).!? Therefore, the combined effect of duration, intensity, and f0 may be a better
way of capturing the perceptual prominence of stressed syllables than the latter two cues taken separately.

The acoustic definition of word-level stress also critically depends on the system of linguistic contrasts
operating within a given language. For example, languages with phonemic length contrast in vowels tend to be less
reliant on duration as acoustic correlate of stress. Finnish is a case in point, as its unstressed vowels may be phonetically
longer than stressed vowels (see Suomi et al. 2001, 2003). Languages that combine lexical tone with word-level stress,
such as Thai (Potisuk, Gandour & Harper 1996) and Piraha (Everett 1998), tend to be less reliant on pitch for the
realization of stress, because pitch is primarily used in the realization of lexical tone contrasts. Therefore, in tone
languages with stress, prominence (at the word- and phrase- levels) is rather associated with segmental duration and
intensity (e.g., Remijsen & van Heuven 2005; Chavez-Peon 2008; Hyman 2009; Guion et al. 2010; Caballero & Carroll
2015; Gordon & Roettger 2017).

In tone languages with word-level stress, tone and stress systems often interact. In many languages with sparse
tonal specifications (that is, languages in which not every syllable has its own lexical tone), tonal distribution is
dependent on word-level stress (see Pike & Oram 1976; Kristoffersen 2000; Gussenhoven 2004; Lahiri et al. 2005;
Sun 2005, 2008; Chavez-Peon 2008; Lin 2009, 2012; Downing 2010; Caballero & Carroll 2015). Tonal specification
is typically found only in stressed syllables, while unstressed syllables are unspecified for tone. In languages with
dense tonal specification (that is, languages in which each syllable has its own lexical tone), interaction of tone and
word-level stress may take more complex forms. Tonal languages canonically display full tone realization in stressed
syllables; with tones also having wider {0 range. (The same strategy is also used at a phrase level to signal the difference
between words in and out of focus, e.g., Shih 1988; Xu 1999; Chen & Gussenhoven 2008; Brunelle 2017). Unstressed
syllables, on the other hand, may either maintain tonal contrasts (as in Thai, Potisuk, Gandour, & Harper 1996) or
neutralize them (as in Burmese, Gruber 2011); and they may be additionally characterized by shortened duration, lesser
intensity, and reduced vowel quality.



Finally, in some tonal languages with dense tonal specification, only some words can be analyzed as having
stress. Beijing Mandarin is a case in point. It has a large number of words with neutral tone syllables, which are reduced
in their segmental articulation (neutral tone, shortened duration, lesser intensity, centralized vowel). These words are
commonly analyzed as having trochaic stress (Lin & Yan 1980). At the same time, the issue of whether disyllabic
words, in which both syllables are specified for tone, also have stress is unsettled. Existing proposals include both
trochaic and iambic stress patterns (e.g., Kratochvil 1964; Wang & Feng 2006).

2.3. Research goals, corpus, and predictions

Research goals: In this study, we experimentally explore the previous prominence claims in Lizu, as proposed
in Chirkova & Chen (2013) in relation to words in isolation. We expect that surface pitch patterns on words in isolation
(where the word is both phrase-final and bears the main stress of the phrase) represent complex interactions between
lexical tone, possibly, word-level stress, and post-lexical tonal events associated with prominent syllables (phrase-level
stress) and prosodic boundaries (boundary tones). To tease these factors apart, we compare the realization of words in
isolation with the realization of the same words in frame sentences (in phrase-medial position, where the target word
is both preceded and followed by other words so that it is shielded from edges of the phrase). Phrasal context is also
expected to provide more straightforward evidence on word-level stress.

Corpus: One key consideration in constructing a corpus for this study was not to obscure the acoustic correlates
of prominence duration and intensity by differences in the segmental make-up of the syllables. Specifically, the
relatively complex syllable structure of Kala Lizu (with the possibility of syllable-initial clusters, (N)(C1)(C2), e.g.,
mb, b, mbi, see Section 2.1) can potentially affect segment duration, because segments tend to be shorter in complex
versus simple syllables (Fletcher 2010, 525). Vowel duration may also be influenced by vowel height (e.g. open vowels
have inherently longer duration and greater intensity than close vowels) (e.g., Lehiste & Peterson 1959; Peterson &
Lehiste 1960; Klatt 1975; van Santen 1992; Fletcher 2010).!! For these reasons, we opted for words that would contain,
on the one hand, same syllable onsets in both syllables (either simplex or cluster of a similar segmental composition,
as in qete HH ‘knot’ or NdzuNdzu HH ‘button’) and, on the other hand, same vowels in both syllables (see examples
above), while relying as much as possible on attested minimal pairs in this language. Within these constraints, and
given that different word classes do not affect tone patterns or tone sandhi rules (see Section 2.1), nominal and verbal
reduplicated forms stood out as most suitable for our study, because they naturally present the advantage of the
segmental control that facilitates obtaining acoustic evidence of asymmetrical prominence relations. The resulting
corpus includes a total of 32 disyllabic lexical words (see Appendix). Of these, 25 are reduplicated verbs (including
adjectives or intransitive stative verbs, e.g., be-be HL ‘to climb’, te-te HH ‘to hold in one’s arms’, be-be LH ‘to crawl’);
and 7 are nous, of which 3 are reduplicated (NdzuNdzu HH ‘button’, tffutftu LH ‘mouth harp’, t/*et/"e LH ‘magpie’)
and 4 are non-reduplicated, but have the same syllabic onsets and the same vowel in both syllables (qete HH ‘knot’,
kaelee HH ‘harship’, keelee LH ‘butterfly’, jete LH ‘left’).

Predictions: In our study, we examine three cross-linguistically common acoustic cues to prominence, that is,
duration, intensity, and fO (see section 2.2). Given that Kala Lizu has contrastive lexical tones on monosyllabic words,
in line with the cross-linguistic tendencies discussed in Section 2.2, we assume that fundamental frequency, being the
primary correlate of tone, is less readily available for conveying word-level stress distinctions, so that word-level
prominence is more likely associated with duration and intensity.

If there is word-level stress in Kala Lizu, following again the cross-linguistic tendencies discussed in Section
2.2, it should be expected that (i) there are significant asymmetries in duration and intensity between the two syllables
of the word; and (ii) there may also be asymmetry in the realization of tone contrasts between the two syllables of the
word. In particular, tone contrasts in unstressed syllables may be reduced.

3. Methodology



This section describes the data collection procedure and the acoustic analysis carried out on Kala Lizu speech
data.

3.1. Data collection procedure

We recorded the target words in two contexts: (i) citation and (ii) phrasal (phrase-medial). For the phrasal
context, we used a number of frame sentences, (i) where the target words could be pronounced in the most natural way
possible (see Appendix for details), and (ii) where the target word would not trigger special emphasis (contrastive
focus). In sentence with verbs (including intransitive stative verbs), that was done by placing the target word in an
utterance which contains a word that is explicitly focused (e.g., the adverb ‘extremely’). It proved more difficult to
ensure that the target word does not trigger special emphasis in sentences with nouns. Frame sentences for nouns
included broad focus statements of the type 1SG Vi(e.g,eH khe-Ndo=e LH ‘I saw ’). However,
given that the targets in such phrases represent new information, they can possibly attract post-lexical prominence (cf.
Roettger & Gordon 2017). To minimize the potential influence of post-lexical prosody, sentences with nouns were
randomized so that broad focus sentences that are minimally different are not listed next to each other.

Words on the word list were presented to the subjects to produce in response to an oral prompt (the meaning of
the target word or sentence in Mandarin Chinese) in randomized order in the two contexts above. In each context, the
target words were read each three to five times (with an average of four times).

Recordings were made in Qiaowa Town, the administrative seat of Muli county in December 2018. Speakers
were recorded in a quiet room, using a Zoom H6 recorder (with a sampling rate of 16-bit at 48 kHz) and an AKG C520
headset microphone (which allowed to ensure a constant distance between the mouth of the speaker and the microphone
so as to warrant the reliability of intensity as a correlate of stress, cf. Heuven 2018, 24; Kaland 2019, 58).'?

The data were collected with the assistance of eight native speakers of Kala Lizu, of whom four were women
(ages 40-65) and four were men (ages 32-69). Our language consultants were all fluent speakers of Lizu, using it in
their daily lives, and who had spent most of their lives in Muli County. They had no reported history of speech or
hearing problems. All language consultants recorded for this study received financial recompense for their time.

All data were recorded mono in uncompressed Waveform Audio File Format (.wav). The first author supervised
the entire recording procedure. The duration of the collected recordings ranged between 15 and 22 minutes.

3.2. Data processing

The corpus was segmented manually in Praat (Boersma & Weenink 2020) with the assistance of a time-aligned
spectrogram. For each target word, we marked the boundaries of its two vowels (as determined by the onset and offset
of F2). An example is shown in Figure 3.



Figure 3 Spectrogram and pitch contours (top), intensity contours (mid), and annotation panel (bottom) for a sample
word te-te HL ‘to chew’ by a female speaker

An example of a sample sentence with different annotation levels, from which acoustic measurements were
taken, is provided in Figure 4.

Figure 4 Spectrogram and pitch contours (top), intensity contours (mid), and different annotation levels (bottom) for
a sample sentence ne H kut"e HH te-te HL & L=p"a HL ‘[Addressing an old person: ‘Do you have good teeth,] can
you chew this [it’s not too hard for you]?’ by a female speaker

After manual segmentation of the target words, all measurements were conducted using an automated Praat
script. 4234 tokens were analyzed (8 speakers * 32 words * 2 vowels * 3 to 5 repetitions * 2 contexts). The following
measurements were made for each vowel:



(i) duration (in ms)
(i1) mean intensity (in dB)

(iii) f0 (in Hz)

The number of measurements varied per parameter, one for duration and mean intensity vs. three for f0: we extracted
f0 values at the beginning (1/3), mid-point (2/3), and end of the vowel (3/3) so as to reflect differences in both pitch
height and pitch contour (cf., Ladd & Silverman 1984; Johnson et al. 1993). Given cross-gender differences in mean
f0 and O range (see Wu & Childers 1991; Childers & Wu 1991 for an overview), female and male speakers were
analyzed separately.

3.3. Statistical analysis

After segmentation and extraction of measurements, resulting data were subjected to statistical analysis using
linear mixed models (Baayen, Davidson, & Bates 2008), implemented in the /mer function in the /me4 package
(https://cran.r-project.org/web/packages/Ilme4/Ime4.pdf, Bates, Maechler, Bolker, & Walker 2015) in R (R
Development Core Team 2020). The acoustic measurements of duration, intensity, and fO were included as dependent
variables. The fixed effects, along with their levels, were:

pitch pattern: HL, HH, LH

syllable position: 1st, 2nd syllable of the word
context: citation, phrasal (phrase-medial)

all relevant interactions

The model for f0 had an additional fixed effect time, which reflects changes of f0 at three different points over the
duration of the vowel.

The random effects included in all models were speakers and words. Random intercepts and random slopes for
speakers and words were included as maximally as permitted by the data (Barr, Levy, Scheepers, & Tily 2013).
Maximal models were selected by assessing their Akaike information criterion (AIC) scores, dropping interactions
before dropping main effects. Main effects were not dropped, if they contributed to a significant interaction. For post-
hoc pairwise comparisons, Bonferroni tests were conducted to compare the respective effects of the three pitch patterns
on the first and the second syllable of the word.

4. Results
4.1. Summary of acoustic results

Figures 5-7 present a summary of acoustic results for duration (Figure 5), intensity (Figure 6), and fO (Figure
7) in the two contexts examined. They reveal considerable differences between the two contexts (citation and phrasal),



and between the three pitch patterns in each context. Summarized separately for duration and intensity, on the one
hand, and f0, on the other hand, these differences are as follows. !>

Duration and intensity

Figure 5 Mean vowel duration in the first and second syllable of the word in the three pitch patterns, averaged over
all speakers, in citation form (“ctt”) and in phrasal context (“phr”)

Figure 6 Mean intensity in the first and second syllable of the word in the three pitch patterns, averaged over all
speakers, in citation form (“ctt”) and in phrasal context (“phr”)

As shown in Figures 5-6, in citation context, there appears to be a potentially significant difference in duration
and intensity between the first and the second syllable of the word in the pitch patterns HL and LH. Specifically, the
pitch pattern HL has longer duration and higher intensity on the first syllable, whereas the pitch pattern LH has longer
duration on the first syllable, but higher intensity on the second syllable. By contrast, the pitch pattern HH displays
marginal differences between the two syllables of the word, with the first syllable being marginally longer and having
marginally higher intensity than the second syllable.

In phrase-medial position, durational differences between the two syllables of the word appear insignificant in
all pitch patterns. On the other hand, intensity differences appear insignificant in the pitch patterns HH and LH, but
potentially significant in the pitch pattern HL.

FO



As shown in Figure 7, {0 trends are similar for both female and male speakers. The f0 moving trends over the
first syllable are broadly similar in all pitch patterns and in both contexts (level or slightly rising). By contrast, fO over
the second syllable shows greater fluctuations in citation context (falling contour in all three pitch patterns) than in
phrase-medial position (level tone in the pitch patterns HH and LH, and a less steep falling contour in the pitch pattern
HL). In phrase-medial position, the pitch patterns HH and LH show broadly comparable f0 values over the two
syllables of the word. By contrast, the pitch pattern HL maintains a clear difference in fO values between the two
syllables, with higher fO values on the first syllable and lower f0 values on the second syllable, as in citation context.

Figure 7 FO at the 1/3, 2/3, and 3/3 of the vowel duration in the first and second syllable of the word in the three pitch
patterns in citation form (top) and in phrase-medial position (bottom), averaged over female speakers (left) and over
male speakers (right).

4.2. Results of statistical analysis

This section presents results for the dependent variables duration, intensity, and f0. For each of these dependent
variables, we first report results of linear mixed modeling to test main effects of each independent variable (that is,
pitch pattern, syllable position, context, and for {0, also time) and the interactions between the independent variables
(see section 3.3). Then, in order to explore the results in greater detail for asymmetry in duration and intensity between
the two syllables of the word, for each pitch pattern (HL, HH, LH) and each context (citation, phrase) we perform
multiple comparisons on syllable position using Bonferroni method. Finally, in order to explore the results for possible
reduction of tonal contrasts on either syllable of the word in both contexts examined, we also perform multiple
comparisons on the three pitch patterns using Bonferroni method.

4.2.1. Duration

The results of linear mixed modeling for duration in Table 5 reveal significant effects of all independent
variables and all of their interactions.

Table 5 Estimates of fixed effects on duration (R’=.48). Reference categories: PitchPattern#HL, Syl#2,
Context#Citation



Estimate

(ms) SE df t value Pr(>|t)
(Intercept) 118.18 8.77 12.04 13.47 <.001
PitchPattern#HH 32.06 4.87 1893.32 6.58 <.001
PitchPattern#LH 27.32 4.66 2398.55 5.86 <.001
Syl#1 59.84 423 4180.61 14.16 <.001
Context#Phrase -34.86 5.54 1988.97 -6.3 <.001
PitchPattern#HH*Syl#1 -54.50 5.45 4180.61 -10 <.001
PitchPattern#LH*Syl#1 -34.74 5.33 4180.61 -6.52 <.001
PitchPattern#HH*Context#Phrase -23.89 7.84 1262.61 -3.05 0.002
PitchPattern#LH*Context#Phrase -31.10 6.58 2828.09 -4.73 <.001
Syl#1*Context#Phrase -54.08 6.18 4180.61 -8.75 <.001
PitchPattern#HH*Syl#1*Context#Phrase 36.97 7.88 4180.61 4.69 <.001
PitchPattern#LH*Syl#1*Context#Phrase 22.74 7.71 4180.61 2.95 0.003

The results of pairwise comparisons for duration on syllable position in Table 6 suggest that in citation context,
there is a significant difference in duration between the first and the second syllable of the word in the pitch patterns

HL and LH (as can also be observed in Figure 5). In both cases, the first syllable is longer than the second syllable (by

59.84 ms in the pitch pattern HL and by 25.10 ms in the pitch pattern LH). On the other hand, in the pitch pattern HH
neither syllable is significantly longer than the other (while the first syllable is slightly longer than the second syllable,
by 5.35 ms). In phrasal context, the pattern is reversed. The difference between the two syllables in duration is reaching
significance in the pitch pattern HH, where the second syllable is longer than the first syllable (by 11.77 ms). There is

no significant difference in duration in the pitch pattern HL (where the first syllable is slightly longer than the second

syllable), whereas in the pitch pattern LH the difference is marginal (the second syllable is slightly longer than the first

syllable).

Table 6 Pairwise comparisons for duration between the 1st and the 2nd syllable by the two contexts (citation, phrase)
and three pitch patterns (HL, HH, LH) using Bonferroni method

Context Pitch Pattern Comparison Mean Difference SE p-value
1 J a1-J)
citation HL Syl#2 Syl#1 -59.84 4.23 <.0001
HH Syl#2 Syl#1 -5.35 3.44 0.1203
LH Syl#2 Syl#1 -25.10 3.25 <.0001
phrase HL Syl#2 Syl#1 -5.76 4.51 0.2016
HH Syl#2 Syl#1 11.77 3.49 0.0007
LH Syl#2 Syl#1 6.24 3.26 0.0556
4.2.2. Intensity

The results of linear mixed modeling for intensity in Table 7 also reveal significant effects of all independent

variables and all of their interactions.



Table 7 Estimates of fixed effects on intensity (R’=.69). Reference categories: PitchPattern#HL, Syl#2,
Context#Citation

Estimate

(dB) SE df t value Pr(>t])
(Intercept) 67.20 1.94 7.66 34.59 <.001
PitchPattern#HH 2.84 0.41 3054.21 6.93 <.001
PitchPattern#LH 1.80 0.39 3479.18 4.61 <.001
Syl#1 4.60 0.35 4181.39 13.26 <.001
Context#Phrase 2.17 0.47 3165.52 4.66 <.001
PitchPattern#HH*Syl#1 -4.25 0.45 4181.39 -9.50 <.001
PitchPattern#LH*Syl#1 -7.00 0.44 4181.39 -16.01 <.001
PitchPattern#HH*Context#Phrase -5.20 0.67 2461.07 -7.82 <.001
PitchPattern#LH* Context#Phrase -4.46 0.55 3729.61 -8.13 <.001
Syl#1*Context#Phrase -1.55 0.51 4181.39 -3.06 0.002
PitchPattern#HH*Syl#1*Context#Phrase 1.67 0.65 4181.39 2.59 0.010
PitchPattern#LH*Syl#1*Context#Phrase 3.89 0.63 4181.39 6.16 <.001

The results of pairwise comparisons for intensity on syllable position in Table 8 show that in citation context,
there is a significant difference in intensity between the first and second syllable of the word in the pitch patterns HL
and LH. In the pitch pattern HL, the first syllable has higher intensity (by 4.6 dB), whereas in the pitch pattern LH, the
second syllable has higher intensity (by 2.4 dB) (as can also be observed in Figure 6). By contrast, neither syllable in
the pitch pattern HH has significantly higher intensity than the other syllable. In phrasal context, on the other hand,
there is a significant difference in intensity between the two syllables of the word in the pitch pattern HL (where the
first syllable has higher intensity than the second syllable, by 3.05 dB), while neither syllable in the pitch patterns HH
and LH appears to have significantly higher intensity than the other syllable.

Table 8 Pairwise comparisons for intensity between the 1st and the 2nd syllable in the two contexts (citation, phrase)
and three pitch patterns (HL, HH, LH) using Bonferroni method

Context Pitch Pattern Comparison Mean Difference SE p-value
1 J a1-J)

citation HL Syl#2 Syl#1 -4.60 0.35 <.0001
HH Syl#2 Syl#1 -0.35 0.28 0.214
LH Syl#2 Syl#1 2.40 0.27 <.0001

phrase HL Syl#2 Syl#1 -3.05 0.37 <.0001
HH Syl#2 Syl#1 -0.47 0.29 0.098
LH Syl#2 Syl#1 0.06 0.27 0.822

4.2.3. F0



The results of linear mixed modeling for f0 in Table 9 reveal significant effects of all independent variables
(pitch pattern, syllable position, context, time) and most of their interactions. Both female and male speakers show
similar patterns.

Table 9 Estimates of fixed effects on fO for male and female speakers (female speakers: R’=.42, male speakers:
R’=.56). Reference categories: PitchPattern#HL, Syl#2, Context#Citation, Time#1/3

Female speakers Male speakers

Estimate Estimate

(Hz) SE df tvalue Pr(>ltf]) |(Hz) SE df t value Pr(>Jt|)
(Intercept) 196.18 8.128 4.39 2414 <001 |130.30 5.40 3.99 24.15 <.001
PitchPattern#HH 51.60 3.896 5841.21 13.24 <.001 |33.10 2.12 5613.12 1560 <.001
PitchPattern#LH 4380 3.73 6061.26 11.75 <001 [32.33 2.07 5866.84 15.60 <.001
Syl#1 3551 388 6312.74 9.14 <001 [33.96 2.06 612232 1646 <.001
Context#Phrase 13.94 446 5792.85 3.13 0.002 |14.88 2.38 572774 624 <.001
Time#2/3 -16.03 390 6312.71 -4.11 <001 |-13.41 2.08 612224 -645 <.001
Time#3/3 -20.00 3.97 6312.87 -5.04 <001 |-23.68 2.13 612238 -11.12 <.001
PitchPattern#HH*Syl#1 -39.14  5.02 631272 -7.80 <001 |-32.09 2.64 612229 -12.16 <.001
PitchPattern#LH*Syl#1 -80.51 4.85 631272 -16.61 <001 [|-60.19 2.62 612229 -22.96 <.001

PitchPattern#HH*Context#Phrase -30.82 598 4955.04 -5.16 <001 |J-1991 324 507427 -6.14 <001
PitchPattern#LH*Context#Phrase -34.93 536 6161.90 -6.52 <001 3093 291 6035.09 -10.62 <.001

Syl#1*Context#Phrase -9.56 572 6312.71 -1.67 0.095 |-8.44 298 6122.28 -2.83 0.005
PitchPattern#HH*Time#2/3 -0.88 503 6312.70 -0.18 0.861 ]4.58 2.65 612223 1.73  0.084
PitchPattern#LH* Time#2/3 7.89 486 631271 1.62 0.104 |8.58 2.63 612223 3.26  0.001
PitchPattern#HH*Time#3/3 -8.27 509 631281 -1.62 0.104  ]0.95 270 612232 035 0.724
PitchPattern#LH* Time#3/3 -10.14 492 631281 -2.06 0.039  |5.85 2.67 612233 2.19  0.029
Syl#1*Time#2/3 25.59 549 631270 4.66 <.001 17.62 292 612223 6.04 <001
Syl#1*Time#3/3 31.63 554 631278 5.71 <001 2850 295 612231 9.66 <001
Context#Phrase* Time#2/3 5.65 573  6312.70  0.99 0.324 |3.50 299 612224 1.17 0242
Context#Phrase* Time#3/3 2.17 579 6312.79 0.38 0.708  18.30 3.03 612232 2.74  0.006

3 * *
PitchPattern#HH*Sy#1*Context# | o3 506 31271 191 0057 [922 382 612226 241 0016

Phrase

gﬁf:si atternfLHFSyHI*Context 4 14 704 631271 575 <001 |3327 377 612227 883 <001
gitChPa“em#HH*Syl#l*Time#Z/ 673 710 631270 -095 0343 |9.83 373 612223 -2.63 0.008
gitChPa“em#LH*Syl#l*Time#z/ 2069 685 631270 -3.02 0003 |-1656 370 612223 -447 <001
gitChPa“em#HH*Syl#l*Time#3/ 2098 704 631275 -042 0677 |1038 3.76 612228 -2.76 0.006
gitChPa“em#LH*Syl#l*Time#3/ 747 690 631275 -1.08 0278 |-17.36 3.74 612228 -4.65 <001
DichPatiemHH"ContextiPhrase 766 727 631270 105 0292|177 383 612224 046  0.644
LichPatiemFLHTConextiPhiase 156 704 631270 022 0824|063 378 612224 017 0868
f%fé‘ll;zgtgn#lm*ConteXt#Phrase 17.12 732 631276 234 0019 661 387 612229 171  0.088
f%fgzzgtgn#m*Come"t#Phrase 2640 710 631275 372 0.0002 511 381 612230 134  0.180

Syl#1*Context#Phrase*Time#2/3 -11.99 808 631269 -148  0.138 [10.40 421 612224 247 0014
Syl#1*Context#Phrase*Time#3/3 -10.00 8.13 631274 -123 0218 [-18.68 424 612227 -440 <00l
PitchPattern#HH*Sy[#1*Context® 574 1026 631260 036 0716 [431 540 612223 080 0425
Phrase*Time#2/3
PitchPattern#LH*Syl#1*Context#
Phrase*Time#2/3
PitchPattern#HH*Syl#1*Context#
Phrase*Time#3/3

4011 995 6312.69 0.40 0.687 ]7.66 532 612223 144  0.150

-12.96 1030 6312.72  -1.26 0.209 |3.03 543 612226 0.56  0.577




PitchPattern#LH*Syl#1*Context#

Phrase*Time#3/3 -19.75 999  6312.72  -1.98 0.048 ]4.69 535 612226 0.88  0.381

As shown in Table 9, 1st syllable position yields higher mean f0 values (estimates are significantly positive),
whereas time at the 2/3 and 3/3 duration of the vowel yields lower mean f0 values (that is, mean f0 decreases throughout
the syllable duration; estimates are significantly negative). Insignificant interactions for both female and male speakers
mainly include interactions of the first syllable in the pitch patterns HH and LH with time in phrasal context (e.g.,
Syl#1*Context#Phrase, PitchPattern#tHH *Time, PitchPattern#tHH *Syl#1* Context#tPhrase*Time,
PitchPattern#LH*Syl#1 *Context#Phrase *Time#2/3). This suggests that in in the pitch patterns HH and LH in phrasal
context there is not much difference in mean f0 in the first syllable (as can also be observed in Figure 7).

Both female and male speakers also show similar trends in pairwise comparisons on pitch patterns, as detailed
in Table 10. Overall, differences in fO between the pitch patterns are larger in citation context (see mean difference
values in the two contexts in Table 10; differences in {0 pitch range between the two contexts can also be observed in
Figure 7). Pairwise comparisons in Table 10 show that for both female and male speakers, in the first syllable of the
word in citation context, there is no statistically significant difference between the pitch patterns HL and HH, both
pitch patterns being statistically distinct from the pitch pattern LH. Also, for both female and male speakers, in the
second syllable in citation context, there is no statistically significant difference between the pitch patterns HH and
LH, both pitch patterns being statistically distinct from the pitch pattern HL. In phrasal context we observe some
differences between female and male speakers. For female speakers, the observed patterns are similar to those in
citation context, that is, no significant difference between the pitch patterns HL and HH in the first syllable and no
significant difference between the pitch patterns HH and LH in the second syllable. In addition, the contrast between
the pitch patterns HL and LH is also neutralized at the beginning of the second syllable. For male speakers, on the
other hand, we rather observe significant differences in fO between all three pitch patterns in both syllables of the word
(with the exception of the contrast between the pitch patterns HL and LH at the beginning of the second syllable).
Possible reasons for the variation between female and male speakers in phrasal context include (i) the marginal nature
of the contrasts between the pitch patterns HL-HH and HH-LH in female speakers; (ii) individual variation among
female speakers (but see endnote 13); and (iii) the restricted size of the data set used in our study. This issue requires
further research.

In sum, across the two contexts we observe a contrast between the pitch patterns HH and LH, on the one hand,
and the pitch pattern HL, on the other hand. The former pitch patterns show asymmetry in the realization of tone
contrasts between the two syllables of the word, being consistenly contrastive in the first syllable of the word, but
neutralizing tone contrasts in the second syllable of the word (with some variation between female and male speakers
in phrasal context, see above). The latter pitch pattern (HL) stands in a more complex relationship with the remaining
two pitch patterns. It is not statistically distinct from the pitch pattern HH in the first syllable (with some variation
between female and male speakers in phrasal context), but it does contrast with the pitch pattern HH in the second
syllable. The pitch pattern HL also shows a tendency towards neutralization of contrast with the pitch pattern LH in
the second syllable in phrasal context.

Table 10 Pairwise comparisons for fO on pitch patterns (HL, HH, LH) for female and male speakers in the two contexts
(citation, phrase) and the two syllable positions using Bonferroni method. Pitch patterns that are not significantly
distinct (p<.0001) are highlighted in gray

FO at 1/3 FO at 2/3 FO at 3/3
Gender Context gg;gm Comparison Mean Diff. SE p-value Mean Diff. SE p-value Mean Diff. SE p-value
I J 1-J) 1-J) 1-J)
female citation Syl#1 HL HH -12.45 3.89 0.0041 -4.84 3.89  0.6393 -1.21 3.89  1.0000



HL LH 36.71 3.72 <.0001 49.51 3.72 <0001 54.32 3.72 <.0001

HH LH 49.16 332 <0001 54.35 332 <0001 55.53 332 <0001

Syl#2 HL HH -51.60 39 <.0001 -50.71 39 <.0001 -43.33 3.99 <0001

HL LH -43.80 3.73 <0001 -51.70 3.73 <0001 -33.67 3.81 <.0001

HH LH 7.79 332 0.0567 -0.98 332 1.0000 9.66 334 0.0114

phrase Syl#1 HL HH 4.54 4.1 0.8056 8.22 4.1 0.1353 11.62 4.1 0.0139
HL LH 31.20 3.94 <0001 38.42 3.94 <0001 42.17 3.94 <0001

HH LH 26.66 3.29 <0001 30.20 3.29 <0001 30.55 3.29 <0001

Syl#2 HL HH -20.77 4.11 <.0001 -27.56 4.11 <.0001 -29.62 4.13  <.0001

HL LH -8.87 394 0.0736 -18.33 3.94 <0001 -25.13 3.96 <.0001

HH LH 11.90 3.3 0.0009 9.23 3.3 0.0154 4.49 3.3 0.5197

male citation Syl#1 HL HH -1.01 2.1 1.0000 4.23 2.1 0.1329 8.42 2.1 0.0002
HL LH 27.86 2.06 <.0001 35.84 2.06 <.0001 39.37 2.06 <.0001

HH LH 28.87 1.78 <.0001 31.6 1.78 <.0001 30.95 1.78  <.0001

Syl#2 HL HH -33.1 2.13  <.0001 -37.68 2.12 <.0001 -34.05 2.17  <.0001

HL LH -32.33 2.07 <.0001 -40.91 2.07 <.0001 -38.18 2.13  <.0001

HH LH 0.78 1.78  1.0000 -3.23 1.78  0.2087 -4.12 1.79  0.0642

phrase Syl#1 HL HH 9.68 2.18 <.0001 8.85 2.17  0.0001 9.48 2.17  <.0001

HL LH 25.52 2.08 <.0001 26.46 2.08 <.0001 27.22 2.08 <.0001
HH LH 15.84 1.85 <.0001 17.62 1.85 <.0001 17.75 1.85 <.0001
Syl#2 HL HH -13.19 2.18 <.0001 -19.54 2.18 <.0001 -20.75 2.19 <.0001
HL LH -1.4 2.09 1.0000 -9.35 2.08 <.0001 -12.36 2.09 <.0001
HH LH 11.8 1.86 <.0001 10.19 1.86 <.0001 8.39 1.86  <.0001

5. Discussion

In this section, the results in Section 4 are discussed in relation to the research goals and predictions in section
2.3.

In relation to our main goal—to empirically examine the previous claims of stress in Kala Lizu in Chirkova &
Chen (2013)—our acoustic results and statistical analyses are consistent with observations in that study in relation to
words in citation form. Specifically, in citation context, there is evidence for asymmetry in duration and intensity in
the pitch patterns HL and LH, and no similar asymmetry in the pitch pattern HH.

Our acoustic results and statistical analyses also reveal asymmetries in intensity and, marginally, duration in
phrasal context. The observed patterns are, however, distinct from those in citation context. Specifically, in phrasal
context (i) there is asymmetry in intensity in the pitch pattern HL, and no asymmetry in intensity in the pitch patterns
HH and LH; and (ii) there is marginal evidence for asymmetry in duration in the pitch patterns HH and LH, and no
asymmetry in duration in the pitch pattern HL. In addition, across both citation and phrasal contexts, there is evidence
for asymmetry in the realization of tone contrasts between the two syllables of the word in the pitch patterns HH and
LH. Overall, these findings confirm that Kala Lizu has contrastive differences in the relative prominence of syllables
in disyllabic words in both contexts examined.

On the whole, the observed patterns are complex, but they do allow for a uniform interpretation across the two
contexts, phrasal and citation, using evidence for asymmetries in intensity and those in the realization of tone contrasts.
Durational differences between the two syllables of the word are marginal and do not appear to meaningfully correlate
with the observed asymmetries in intensity and in the realization of tone contrasts. For that reason, they are not included
in the discussion below.



(1) The phrasal context, which in our study is taken to provide more straightforward evidence on word-level
stress, can be tentatively analyzed as follows.

Assuming that intensity is associated with word-level stress, the pattern HL can be interpreted as having stress-
like characteristics. Higher intensity on the first syllable and reduced intensity on the second syllable suggests the first
syllable as the position of prominence in that pitch pattern. The association of stress with intensity is in line with the
tendency for tonal languages to employ intensity as a marker of stress (e.g. Papiamentu, Remijsen & van Heuven 2005;
see Gordon & Roettger 2017: 5-6).

The two pitch patterns that do not show asymmetry in intensity (HH and LH) can be further analyzed by taking
f0 as the main acoustic correlate of tone. These two pitch patterns have the following characteristics. They are
contrastive on the first syllable of the word. The contrast between H(H) and L(H) (on the first syllable of the word)
corresponds to the full set of tonal contrasts on monosyllabic words (H vs. L). The pitch patterns HH and LH on
disyllabic words also correspond to the two pitch patterns that can be regularly derived from the two contrastive lexical
tones on monosyllabic words in nominal compounds (see the first sandhi rule in Section 2.1). Therefore, we analyze
these two pitch patterns as having tone-like characteristics. The contrast between the pitch patterns HH and LH is
restricted to the first syllable, and tends to be neutralized over the second syllable. The full realization of the tones on
the first syllable and their neutralization on the second syllable can be interpreted as a strong-weak stress-like pattern,
in which the first syllable, characterized by retention of the full set of tonal contrasts, is the position of prominence.
Tonal contrasts are reduced in the weak, unstressed position. Tone placement in these pitch patterns can therefore be
analyzed as stress dependent.

In sum, across the three pitch patterns in phrasal context, the first syllable of the word can be seen as the position
of prominence, albeit associated with different acoustic properties (intensity in the case of the pitch pattern HL and
full tone realization in the case of the pitch patterns HH and LH). This suggests that disyllabic words in Kala Lizu have
fixed stress in word-initial position.

(2) The citation context, where the word constitutes an utterance of its own and is phrase-final, displays greater
intensity, and also longer duration and a broader fO range associated with the first syllable (see Figures 5-7). (Note that
the pitch pattern LH is exceptional in that greater intensity in that pattern is found on the second syllable, see below).
A combination of greater intensity, longer duration, and a broader fO range on the first syllable can be interpreted as
signaling phrasal (nuclear) stress.'* That further entails that phrase-level stress in Kala Lizu occurs on stressed syllables
(within a word), as common in many languages with word-level stress.

In relation to boundary tones, we can assume one boundary tone for all three pitch patterns, that is, HL% (as
also found on monosyllabic words, see Section 2.1). In the pitch pattern LH, the addition of the boundary HL.% tone
is associated with an increase in intensity. This may be due to the tendency for f0 and intensity to co-vary during speech
production (e.g. Hirano, Ohala & Vennard 1969; Tilsen 2016).

Our analysis of pitch patterns on disyllabic words in Kala Lizu as having fixed word-initial stress, and
combining one stress-like pattern (HL) and two tone-like patterns (HH and LH) contributes to a better understanding
of the prosodic organization of that language. Notably, it offers an explanation for the lack of minimal three-way lexical
contrasts between the three pitch patterns. That lack is due to the binary contrast between prosodic word types in this
language: more stress-like and more tone-like. Possible contrasts between words hence include: (i) those between
words with the stress-like pattern and words with the tone-like patterns (i.e., HL vs. HH, HL vs. LH), and (ii) those
between words with the two tone-like patterns (i.e., HH vs. LH).

Seen in the context of other Lizu varieties, our analysis of pitch patterns on disyllabic words in Kala Lizu also
sheds light on complex correspondences illustrated by Table 1. Specifically, all Lizu varieties share the tone-like
patterns HH and LH (which are likely connected to the two lexical tones on monosyllabic words, /H/ and /L/). Put
differently, all varieties appear to share lexical tone, which may be combined with stress (as in Kala Lizu, as discussed
presently). In addition to the two tone-like patterns, shared by all varieties, some varieties also contain different
proportions of words with the stress-like pattern (HL) (Kala Lizu 1, Kala Lizu 2 in Table 1). Since hierarchies of
borrowability typically rank prosody at the top of adopted features (e.g., Thomason & Kaufman 1988, 75; Salmons
1992; Matras 2009, 231-233), developments affecting pitch patterns on polysyllabic domains in Lizu are likely



susceptible to restructuring in a language-contact setting. In the case of Kala Lizu, discussed in this study, the hybrid
prosodic organization (with lexical tone and fixed, word-initial stress) has clear parallels in the language with which
Lizu is historically in contact: Tibetan. Tonal Tibetan dialects spoken in China mostly have simple tonal inventories,
consisting of two basic lexical tones: High (H) versus Low (L). In addition, tonal Tibetan dialects are traditionally
analyzed as having word-initial stress (e.g., Geziben 1996; Sun 1997, 2003). Arguments for the existence of stress
include (i) stress-like vowel quality alternations in initial syllables as opposed to non-initial syllables in polysyllabic
words, and (ii) constraints on pitch patterns in polysyllabic words, whereby the tone on the first syllable in a disyllabic
word can be either H or L, but the tone on the second syllable can only be H. A combination of lexical tone (with the
basic contrast between H and L) with fixed, word-initial stress (tone being dependent on stress, with tone reduction in
non-stressed syllables), as described in relation to our Kala Lizu data, is therefore similar to that found in tonal Tibetan
dialects. The development in Kala Lizu of the stress-like pattern HL, which occurs with a similar frequency as the two
tone-like patterns, requires further study. The development of that pattern can be tentatively correlated with the
development of derivational verbal morphology, most importantly directional prefixes, which are lexically unspecified
for tone. Some tonal Tibetan dialects of Sichuan in contact with local non-Tibetic languages with developed verbal
morphology (Qiangic languages) provide examples of how such a development might happen. Note that the Tibetan
dialects that acquire directional prefixes (commonly grammaticalized from imperative prefixes, such as WT ya ‘up’,
ma ‘down’) also show an additional pitch pattern that is not correlated with the two basic lexical tones H and L (i.e.,
HL, see Chirkova 2014 for Kami Tibetan).

It is possible that tendencies in stress location and the acoustic encoding of stress in other varieties of Lizu may
replicate the patterns of their respective contact languages.!® These include, in addition to Tibetan and Mandarin,
languages with dense tonal specification and possibly, without stress (such as Nuosu Yi, Edmondson, Esling, and Lama
2017), and languages with sparse tonal specification and possibly, stress (such as Pumi, e.g., Greif 2010). The
methodology adopted in this study suggests itself as a promising way for the exploration of the prosodic systems of
other Lizu varieties, and also of their contact languages.

6. Conclusion

In this study we presented an acoustic investigation of the three surface pitch patterns on disyllabic words in
Kala Lizu. Using the parameters of duration, intensity, and fO we attempted to sort out different forms of prominence
in that language, and to explore their interaction with lexical tone. The acoustic results and statistical analyses indicate
that the first syllable in Kala Lizu is the position of prominence in all three pitch patterns, suggesting that Kala Lizu
has fixed stress in word-initial position. Our data further reveal a binary distinction among the three surface pitch
patterns: between the pitch pattern HL, which may be interpreted as more stress-like, on the one hand, and the pitch
patterns HH and LH, which may be interpreted as more tone-like, on the other hand. In the pitch pattern HL, intensity
is an acoustic correlate of stress; whereas in the pitch patterns HH and LH, stress is cued by full realization of tones,
whereas the tone on the second syllable may be neutralized. Based on these findings, we propose that Kala Lizu has a
hybrid prosodic system combining tone and word-level stress, where tone is dependent on stress.

Naturally, further work and additional data from more speakers are required to test the robustness of present
conclusions. In particular, there is a need for conducting perception experiments, for in their absence, the reported
distinctions may not reflect true differences for Lizu speakers. It would also be crucial to study corpora that are more
balanced for word type and, for that reason are more conclusive as to the potential impact of morphosyntactic structures
on the three pitch patterns or the lack thereof (as assumed in the present study). The sample size and the number of
items in experimental paradigms also need to be increased, so as to enhance statistical power in data analysis and to
get a better understanding of cross-gender differences observed in phrasal context.

The results of our study are admittedly preliminary and require further research. At the same time, they open
up a host of possibilities for gaining a better understanding of synchronic variation in the prosodic organization of Lizu
varieties as well as general principles governing the prosodic system of the Lizu language.
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Appendix. The dataset.

Word list
HL HH LH
be-be ‘to climb’ be-be ‘to crawl’

bu-bu ‘to explode’

de-de ‘to be short’

te-te ‘to chew’ te-te ‘to hold in one’s arms’ je-te ‘left’
tshee-tshae ‘to be hot’
tey-tey ‘to be straight’ tshu-tshu ‘to be thick’

t/"e-t/"e ‘magpie’

t["u-t/"u ‘mouth harp’

Ndzu-Ndzu ‘button’ dzu-dzu ‘to be steep’
kae-ke ‘to fiddle’ kae-ke ‘to fight’
ge-g& ‘to amuse oneself’
kaelae ‘hardship’ kaelae ‘butterfly’
khae-khe ‘to split, divide’
qe-qe ‘to filter’ qete ‘knot’ qwe-gwe ‘to be hard’

se-se ‘to touch, stroke’

zu-z0 ‘thread (needle)’

zae-z& ‘be tender’

Jo-fo ‘to be clean’ Je-[e ‘to be long’
Jee-Jee ‘to search’
3u-3u ‘to be narrow’ 3a-3% ‘to quarrel’

ny-ny ‘to be soft’

Frame sentences

Frames sentences differ depending on the part of speech of the target word.'6

(1) Verbs (a total of 14):
ne H/the-10 HL [target] & L=pe HL / me H=p'e L
2SG/3-PL Q=be.able/NEG=Dbe.able

‘Can you / they [target]? // You / they cannot [target].’

For example:
neH ku-tre HH  te-te HL & L=phae HL?

2SG  this-that chew-chew (Q=be.able

‘[Addressing an old person] (Do you have good teeth,) can you chew this [it’s not too hard for you]?’
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Other common frames include:
the-10 HL [target] ma H=tfu L
3-PL NEG=Dbe.likely

‘They are not likely to VERB.’

For example:
zurd HL kee-ke HH mea H=tfuL
3-PL fight-fight  NEG=Dbe.likely

‘They are not likely to fight.’

(i1) Adjectives (11 in total):
ku-the HH NOUN dezu LH [target]
this-that really VIS

‘This NOUN is really [target].’

For example:

ku-the HH 1ophe HL dezu LH zu-3u HH

this-that road really be.narrow-be.narrow
fu-fu HH ma H=lje L

walk-walk NEG=be.good

‘This path is really narrow and difficult to walk.’

(iii) Nouns (7 nouns):
e H [target] VERB=e LH
38G VERB=Cs

‘I [target]=ed.’

to HL

toL,

VIS
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For example:
e&H keleLH te-pu LH kPe-Ndo=e LH
1sG  butterfly one-CLF inward-see=CS

‘I saw a butterfly.’

Notes

! Muli Lizu 1 refers to the variety spoken in Manao 3 E4£} and Majidian 3% )5 villages in Kala Township, Muli County. This variety is
locally known as fate"opae HHH or ‘eastern dialect’ (from WT shar phyogs ‘east’). Data collected by the first author. Muli Lizu 2 refers to a slightly
different variety spoken in Kala Township, as reported in Huang & Renzeng (1991) and Dai et al. (1992). Mianning Lizu refers to the variety spoken
in Lagusa $74§* village, He’ai f11%% Township, Mianning County, data from Yu (2012). Jiulong Lizu refers to the variety spoken in Naiqu village,
Naiqu Township, Jiulong County, data from Ikeda (2009). The notation of the tones in various sources (with Chao tone numbers [Chao 1930] for
Muli Lizu 2 and Naiqu Lizu; and with a grave accent /*/ for the high tone, the low tone being unmarked for Mianning Lizu in Yu 2012) are converted
to H for the high tone and L for the low tone for ease of comparison.

2In Yu’s (2012) analysis, every prosodic word, regardless of the number of syllables it contains, is either high- or low-toned. High-toned
words may have surface pitch patterns HH and HL (these two pitch patterns appear to be in free variation), whereas low-toned words have the
surface pitch pattern LH.

* Monomorphemic polysyllabic words are also found, but these tend to be loanwords. Examples include: Kala Lizu kwetso HL *(sunflower)
seeds’, from Southwest Mandarin /kwa*tso%/ JR¥; Kala Lizu fewu HH ‘paper’, from Tibetan, WT shog bu.

4 Tone analysis presented in Figure 1 was carried out using scripts developed by James Stanford for the software packages Praat (Boersma
& Weenick 2020) and R (R Development Core Team 2020). Stanford’s scripts normalize syllable tokens for time duration. The raw input file is
converted to 200 “relative time” points, which can be compared using mean pitch values at selected relative time points. The fO normalization
process uses the mean of the Lizu low-rising tone as a point of reference for tone comparison. Tone inventory is presented in semitones, given that
semitones better reflect pitch-related perception than the Hertz scale. (For more details see Stanford, 2008, 420—421 and references therein.)

° The tendency for high-tone monosyllabic words to be realized with a fall in pitch and for low-tone monosyllabic words to be realized with
a rise in pitch, when uttered in isolation, is commonly shared by many linguistic neighbors of Lizu that have simple tone systems. These include
Tibetic languages (e.g., J. Sun 1997, 491, 499) and other Qiangic languages (see Evans 2008, 484 for an overview; this latter work also suggests the
obligatory presence of a high tone in a phonological word in Qiangic tone systems).

® At the same time, native speakers seem to be very sensitive to the three different pitch patterns, as suggested by a pilot perception
experiment in Chen & Chirkova (2012). In that experiment, the segmental composition of 10 triplets (of comparable segments but with different
pitch patterns) was substituted with the syllable /a/, resynthesized with the same acoustic parameters (intensity, duration, and f0) of each
corresponding word. Listeners who were asked to identify the synthesized word they heard as one out of the three choices (HL, HH, LH) showed a
high degree of consistency in their judgements.

" The same rule applies on words and compounds of over two syllables, which have three pitch patterns, comparable to the ones over
disyllabic words and compounds. In the case of words and compounds that begin with a disyllabic root or word, the resulting surface pitch pattern
is determined by the pitch pattern of the initial disyllabic item. The pitch pattern of the initial disyllabic item is expanded over the resulting
compound, whereas tones or pitch patterns on non-initial syllables are neutralized. Consider examples in Table 3a.

Table 3a _Examples of compounds consisting of a disyllabic word followed by a monosyllabic word

ndzs L ‘skin’ mu H ‘animal hair’
biaxo HL ‘snake’ biaxa nd3s HLL ‘snake skin’
tombu HL ‘nose’ tombu mu HLL ‘nose hair’
HH: sdngé ‘lion’ sange ndzo HHH ‘lion skin’ songe mu HHH ‘lion fur’
LH: muts3 ‘cat’ mutso nd3s LLH ‘cat’s skin’ mutso mu LLH ‘cat’s fur’

8 Verbal prefixes in Kala Lizu include: (i) directional prefixes: de- ‘upward’, ne- ‘downward’, khe- ‘inward’; and (ii) a perfectivizing suffix,
the-.

° This is different from some neighboring languages, where different word formation types may have their own tone patterns or tone sandhi
rules. Yongning Na is a case in point, for its reduplicated forms have specific tonal templates (see Michaud 2017, 216, 252-258).

10 Spectral tilt and formant frequencies are also promising correlates of stress. However, as noted in Gordon & Roettger (2017, 5-6), their
reliability relative to other potential correlates of stress is difficult to establish definitively given a relatively limited number of studies exploring
these parameters, the diversity of their implementations, and, in relation to formant frequencies, the fact that effects often do not hold for all vowels.
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" For that reason, an unstressed open vowel may seem more stressed than a closed stressed vowel, as in the English noun ‘impact (van
Heuven 2018, 19).

12 As explained in van Heuven (2018, 24), intensities of speech sounds may vary considerably, for instance, when the speaker inadvertently
turns his head. Intensity drops due to such variations are of similar magnitude as those reported as correlates of stress (in the order of 5 dB). For
these reasons, a constant distance between the mouth of the speaker and the microphone was an important requirement for our study.

13 Error bars in Figures 5-7 reveal some interpersonal variation, likely reflecting gender- and/or age-related differences in, among others,
speech tempo and loudness. Note that in the statistical part of the study, the impact from individual speakers is mitigated by adding speaker as a
random effect.

14 Our data (words in citation context, where the word is an utterance on its own, being at the same time domain-initial and domain-final,
and bearing the main stress of the phrase) do not allow us to consider possible interaction of phrase-level stress with another potentially relevant
prosodic factor: domain-initial strengthening (e.g., Fougeron & Keating 1997; Fougeron 2001; Cho 2001, 2016; Cho & Keating 2001, 2009). This
issue needs to be explored in future research.

'S The phonological contact-behavior of Romani dialects, as discussed in Matras (2009: 231), provides an example of how stress location
in different varieties of the same language may reflect stress patterns in their various contact languages. The conservative stress pattern in Romani
is on the final inflectional segment of the word. However, Romani dialects in Western Europe have adopted a strong tendency toward word-initial
stress, while those in a zone in central Europe show a moderate tendency toward penultimate stress, in both cases replicating the patterns of the
contact languages.

16 Abbreviations used in the gloss below follow the Leipzig Glossing Rules (LGR, http://www.eva.mpg.de/lingua/resources/glossing-
rules.php). Non-standard abbreviations (those not included in the LGR) are: CS = change of state marker, EGO = egophoric, VIS = visual evidential
marker.
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