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ABSTRACT

This paper discusses the morphological and prosodic properties of Boro tones. Tonal alignment in Boro
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Distribution af lexical tones in Boro

Kalyan Das
Shakuntala Mahanta
Indian Institute of Technology Guwahati

1 Introduction

In this paper we address the problem of tone assignment in Boro and propose that both
the minimal word and prosodic word domains are units of tone assignment. We will also discuss
how morphological factors play a role in tone assignment. We will see that tonal alignment in
Boro shows many variations on the theme of alignment in Boro. Tones can be assigned maximally
to a prosodic word domain but not beyond, and this will be instantiated with examples of
trisyllables. Furthermore, suffixes and prefixes attest different tonal assignment. Prefixes lower the
tone of the root, whereas suffixes undergo alignment based on the tone of the root/stem. Suffixes
exhibit a variety of tonal distributional patterns, some like the causative suffix always appear with
its own lexically specified tone while others like the Nominative case marker need a disyllabic base
to manifest its underlying tone. Apart from these differences, some trisyllables do not attest
alignment but rather the nature of the shift seems to be more like spreading.

1.1 Background

Distribution of lexical tones is an important aspect of the description of tonal phonology
of a particular tone language. The autosegmental nature of tones (Leben 1973, Goldsmith 1976)
provides the theoretical foundation for tonal association to a segment other than the source
segments. Inspite of there being differences in opinion regarding the number of tones in Boro,
most researchers agree that Boro is a tone language (Weidert 1987). Boro uses lexical H and L
tones and the L is sometimes seen as a default Mid tone (Sarmah 2004). Boro tones are employed
to distinguish lexical meaning of Boro words as in (1) below (Sarmah 2004):

(1a) [gad] ‘tear or split’
(1b) [gao] ‘shoot by arrow or gun’

The tone bearing unit (TBU) in Boro is the syllable and its tonal organization is such that
in disyllabic words only one TBU can bear the lexically distinct tone. The rightmost TBU is the
location for hosting the lexical tone in disyllabic words. In addition to investigating the tonal nature
of affixes, this paper also aims at elucidating the nature of tonal alignment in Boro in the presence
of inflectional and derivational processes. We will also demonstrate in this paper that while prefixes
come with their own lexical specification and delete the tones of roots, suffixes do not delete the
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tones specified in the root even if they are lexically specified for tone. We will show how the
causative morpheme exhibits exceptional behavior.

Section 2 briefly underlines some aspects of the Boro language and highlights the literature
available on Boro tones. Section 3 presents a detailed account of the methodology adopted for this
study. Section 4 enumerates the findings and presents a detailed account of tonal alignment in the
post-affixation stage in Boro. Section 5 summarizes the findings in the form of three important
aspects of tone alignment in Boro vis-a-vis affixation. It takes stock of the way the tonal status of
the affix and its characteristics as a prefix or suffix interact with the phonetics of tone alignment in
Boro. Section 4 in its 3 subsections discusses the differences between suffixes and prefixes,
disyllables and trisyllables and among suffixes the difference in tonal assignment between causative
suffixes which always appear with its underlying tone and some others like the nominative case
marker which needs a disyllabic domain to surface with its underlying tone. Section 5 presents a
discussion on tone and word formation in Boro and a concluding section which highlights the
main findings of this paper.

2 'The Boro Language

Boro! is one of the major Tibeto-Burman languages predominantly spoken in many parts
of the Brahmaputra Valley of Assam and also in some parts of West Bengal. The language is also
known as Bodo, a term used by Hodgson (1847) and also mentioned as such in one of the earliest
descriptions of the language found in The Linguistic Survey of India (1903).2 The language has
been described as vulnerably endangered by UNESCO Atlas of the World’s Languages in Danger
2010. The number of Boro speakers in Assam in 2011 census was 1,296,162.% In the following

section we present an overview of the literature on Boro tones.

2.1 Boro Tones: literature review

Burling (1959), in his description of Proto-Boro, expresses the absence of a large number
of tonal distinctions in Boro compared to many other Tibeto-Burman languages which have as
many as four tones. This study presents evidence for the existence of two tones in Boro: High and
Low. Joseph and Burling (2001) reiterate the view expressed in Burling (1959) and come to the
conclusion that Boro has a two-tone system. In addition to this, Joseph and Burling (2001) also
mention the presence of the phenomenon of tone spreading in Boro towards the right in which a
suffix is pronounced with a high pitch when it is attached to a word ending in a glottal stop.

There have been differences in opinion regarding the number of tones in Boro.
Bhattacharya (1977), while presenting a descriptive account of Boro, claims that the language has

! DeLancey (1987) uses both the terms Boro and Bodo to describe this language. The influential BodoSahityaSabha
(Bodo Literary Society) has advocated the use of both Boro and Bodo to name the language. Many recent studies on
the language like Burton-Page (1955), Bhat (1968), Bhattacharya (1977), Joseph and Burling (2001, 2006),
Basumatary (2005), Boro (2007) and DeLancey (2010, 2011) have described the language as Boro. It is in line with
these studies that the term Boro is used in this paper.

% Grierson, G. A. edited Linguistic survey of India. Vol III Part II, 1903, pp. 1-17.

3 Source: http://www.censusindia.gov.in, retrieved on May 10, 2013.
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a four tone system described as /1, 2, 3, 0/. The first three tones can be hosted by different positions
and the fourth tone /0/ is presented as a neutral tone which is dependent on either the preceding
or the following syllable with one of the /1, 2, 3/ tones. Bhattacharya (1977) describes tone 1 as
having a level or rising pitch pattern, tone 2 as having a level contour in word medial position and
falling before pause, and tone 3 as having a low falling pitch pattern.

Joseph and Burling (2006), while presenting a description of the comparative phonology
of the Boro-Garo languages, reiterate Joseph and Burling (2001) by describing a two-tone system
for Boro. They found no evidence for the four tones claimed by Bhattacharya (1977). Bhattacharya
(1977) focused mainly on the tone pattern in monosyllabic words, but other studies have shown
that Boro disyllabic words can have only one of the two tone patterns, whether it be a High tone
or a Low (Joseph and Burling 2006). Sarmah (2004) presents further evidence to show that Boro
has two tones: High and Low.

The nature of interaction between tone and morphology in Boro has been dwelt upon in
some limited ways by Bhattacharya (1977), Weidert (1987) and Joseph and Burling (2001).
Bhattacharya (1977) mentions that the high tone is lowered to the next lower tone and a low tone
is raised to the immediate higher tone in a condition where it is associated with a suffix
(Bhattacharya 1977). Weidert (1987) shows that the high tone of the root spreads to a toneless
suffix after affixation. Sarmah (2004) describes that Boro has some toneless suffixes which receive
the tonal specification of the stem when they are added to monosyllabic ones. This pattern in
disyllabic derived words in Boro conforms to the tonal pattern of disyllabic non-derived words
where the rightmost TBU is specified with a tone. In contrast to the generally attested behavior of
one tone assigned to each word, the study by Sarmah (2004) also provides evidence for the presence
of suffixes in Boro with an underlyingly specified tone. This means that there are words in Boro
with two distinct tones assigned to each syllable in the context of certain morphemes. The study
finds that the causative suffix -h0* in Boro is underlyingly specified for a low tone and it retains its
tonal specification after affixation to a root. This process does not change the tonal specification
of the stem and thus the process of -ho affixation results in the presence of lexical tones on both
the stem and the suffix. This paper addresses many aspects of tonal distribution in the derived
morphology which were not addressed in previous studies. For instance, in Sarmah (2004) only
plural marking and causative forming morphemes were studied and the numbers of speakers were
only two. This paper tries to fill the gap and present a more detailed description and analysis of
tone and morphology interaction in relation to various kinds of word formation processes allowed
in Boro.

3 Data collection: methodology

The process of data collection for the experiment in this paper has been controlled with
the aim of understanding the pattern of lexical tones in Boro and how these underlying tones
interact with various prefixes or suffixes. The pitch pattern relative to the rhyme in a syllable is
considered to be the indicator of underlying tone of the word or affix under consideration. Since
Boro has two lexical tones High and Low, it was thought to be important to understand the

4 Transcribed as -hu by the authors of this paper.
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distribution of these lexical tones in the context of various affixes used in the language. With this
in mind, the data collection process for the present experiment aimed at exploring the following
three factors:

1 The nature of the lexical tones in Boro
ii. Whether lexical tones undergo any change post affixation.
iii. Whether the affixes contribute any lexical tone post affixation.

The native speakers of Boro were asked to pronounce the target words placing them in the blank
position of the sentence frame given below so that their tonal specification can be acoustically

established:

an buydwmmun
1 say-Prf-Pst
I said.

3.1 Materials

The purpose of the experiment was to determine the nature of interaction of tone and
morphology in the six categories of affixation in Boro. The underlying tonal nature of the prefixes
and suffixes that participate in the following morphological processes in Boro have been
investigated:

~

Tense-Aspect affixation

Number affixation.

Case marking affixation
Negative affixation

Adjective forming affixation
Causative verb forming affixation

o ®
N

Doao

We do not claim that the list is exhaustive and our observations and analysis will only
pertain to word formation processes identified above. Also, each category of affixation in Boro is
executed by several lexical variants.® It has been already mentioned that most Boro words are
derived forms with affixes added to either monosyllabic or disyllabic bases (Bhattacharya 1977).
From this perspective, as has already been mentioned, the affixes considered for this experiment
do not constitute an exhaustive list. Rather, the affixes chosen for this experiment were given more
priority due to their productive nature as far as affixation in Boro is concerned. A survey of Boro
word lists (Bhattacharya 1977; Basumatary 2005) and descriptions of Boro morphology
(Bhattacharya 1977; Basumatary 2005; Brahma 2012) have provided the impetus for including the

affixes in Table 1 in this experiment.

> For example, the plural morpheme in Boro has several morphologically conditioned allomorphs like -pur, -mun and
-sur.
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Affixation

Tone

Words

Prefixes

Suffixes

Tense-Aspect

High

thdy ‘g0’

Low

limy ‘drink’

Case Inflection

High

daé ‘bird’, miy you', bibari ‘Bibari, n3
‘home’, hat'al ‘market’

Low

dwi ‘water, an T, swumduin ‘Samdan’, rua
axe, bar ‘wind, maozi ‘tat, din ‘day)
bwrma ‘goat, hazui hill, enzor ‘rat, sepra
boy’, guizour ‘high’

-w, -guin, -gou, -
bai, -duy, -
dwnmun

-a, -k'ou, -ao, -
nw, -ni, -niao, -
dsuy

Plural
Inflection

High

nuty ‘you', nuyt'ay ‘you(Hon)’, nd ‘home’,
add ‘elder-brother’, alast guest’, laisri

< L)

Laisri

Low

got'o ‘thild’

Negative
Affixation

High

thdy ‘oo’

Low

pluil ‘come’, iy ‘drink’

-phur, -mwn, -swr

-a,-ak"wi,-lia

Adjective
Forming

Affixation

High

za ‘eat’, sup ‘short’, hai ‘shorten’, p"é
‘intoxicate’, buthwi ‘flow’, swrzi ‘create’,
dwmuwi ‘become cloudy’, lad ‘lengthen’,
mad ‘do’, plur ‘whiten’, zi ‘to tear’, zén ‘to
lose’, bai ‘break’, lir ‘weigh’, thiy
‘straighten’, dun ‘to heat’, run ‘looser’, zuiy
‘to be light’, gut ‘be pure’

Low

luy ‘drink’, si ‘to wet’, ham ‘become good’,
st ‘become cold’, sutm ‘blacken’, ruim ‘ripe’,
ki ‘sour’, t*ao ‘to make tasty’, seo ‘to rot’,
than ‘to be alive’, t'wi ‘to die’

-kror,-do,-dwb, -
bray, -brum, -lu,
-dey, -thi

Causative
verb  forming
affixation

High

go ‘escape’, gab ‘cry’, zutb finish’, zam ‘old’,
gl fear’, buy ‘speak’, p'wit'ai ‘belief, riny
‘mild/soft’, ga ‘separate’, zi ‘to tear’, zo it
suy short, ran ‘dry’

Low

t'ab ‘fasten’, ham ‘become good’, mao ‘do’,
Y ‘d ) hA ‘f‘ ) A S )
muwsa ‘dance, k'am ‘fire, geo ‘open

ov-p"V-,
sV-

Table 1. Speech material for the experiment. The third column presents the stems and the fifth column presents the

list of affixes which are added to the stems in the respective row. The suffixes not marked for tone do not have an

underlying tone.

The following abbreviations are used for different affixes in Boro: Present—Prst, Habitual
—Hab, Future — Fut, Present — Prsnt Perfect — Prf, Past — Pst, Progressive — Prog, Genitive — Gen,
Locative — Loc, Accusative — Acc, Nominative — Nom, Negative — Neg.
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3.2 Participants and Recording

Five male speakers of Boro were asked to produce the words in Table 1. The speakers
produced the words embedded in the sentence frame in 2. The speakers were between 22-28 years
of age and they were born and raised in their native villages where the recordings were conducted.
All of them were from the same socio-economic background. The experiment was carried out in
a quiet environment at Bhatipara, Kazigaon and Bashbari villages. All the speakers had a college
degree and they had elementary knowledge of Assamese. None of the speakers had any previous
record of any hearing or listening disorders. Each speaker was paid a small fee as a token of
appreciation for participating in the production experiment. According to Basumatary (2005), the
Western Boro variety spoken in the districts of Kokrajhar, Dhubri and Chirang is recognized as
the standard form of Boro language. From this viewpoint the data collected for the present
experiment can be considered the standard variety of Boro.

The speakers produced 6 iterations of each word (present in the data set) embedded in the
sentence pattern mentioned above. The sentences were uttered with sufficient pause in between.
The subjects were asked to read the sentences aloud. The sentences were written in the Devanagiri
script and they appeared on a computer screen. The speakers were explicitly told the meaning
intended by the words they were about to pronounce. A unidirectional head-worn microphone
connected with Edirol Roland R-09HR via xlIr jack was used for the recordings. The recordings
were digitized at a sampling frequency of 44.1 kHz and 32 bit resolution. The process of recording
continued for four days. We could not continue with our data collection because of the strong
winds which were blowing during recording.

3.3 Data Analysis

Each iteration of the individual words was first extracted and saved as separate wave files
using the speech analysis software- Praat (Boersma and Weenink 2012). Individual sound files of
the words were further segmented into the phoneme level and Praat TextGrid files were created
for each word. Segmentation was based on spectrograms, zoomed waveforms, in addition to the
aural verification of the sound files. The segmented files were processed with a Praat Script
[ProsodyPro] (Xu 2013) for obtaining measurements of f5. This script provides various
measurements of individual wave files such as time-normalized f; where the f; in each interval is
divided into the same number of points (default = 10), and thus the points 1-10 belong to the first
interval and the points 11-20 to the second interval and so on. The script also provides values for
meanfs, maxfy, miny, duration and so on. The averaged normalized f; values of all the iterations of
each word (5 speaker x 5 iterations = 25) were plotted as line graph in order to observe the
difference between the pitch contours of the words before and after affixation. Further details are
provided in the following sections where the results are presented mostly as observations of the
pitch contours.

4 Results

The existence of lexical tones in Boro has been previously discussed in many studies starting
from Burling (1959). One of the objectives of our research endeavour has been to examine the
nature of pitch contours with which tonal minimal pairs are pronounced.
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Figure 1 presents the time-normalized pitch contours of the words #dy and #ay which
expresses contrastive meaning depending on the tone with which it is pronounced. Pitch contours
for t'ay ‘go’ in the left panel of Figure 1 surfaces with a rising pitch and that of #dy ‘to live’ in the
right panel of Figure 1 surfaces with a falling pitch.

180 180
170 170
160 N i 160 \

ol | \
\—

130 rrrrrrrrrrrrrrrrrrrrrrrrrrrorru11 130 rrrrrrrrrrrrrrrrrrrrrrrrrrrorro11
ththththth 4 4 44angygnpn thththththa aaaangnygyy

140 140

Figure 1. Pitch contours for tonal minimal pairs in Boro. The panel on the left presents the time normalized pitch

contour for t'dy ‘go’ and the panel on the right presents the time normalized pitch contour for #iiy ‘to live’ (n=25)

The other tonal minimal pairs that the present study examined are given in Table 2. The
minimal pairs in Table 2 also show rising pitch contour when the word is assigned high tone and
they show falling pitch contour when it is assigned a Low lexical tone. Unlike these words, pitch
contours for some other words revealed that the Low tone in Boro sometimes surfaces with low
level pitch. The pitch contours of Ay ‘drink’ in Figure 2 and dui ‘water’ in Figure 4 show that the
Low tone in Boro is sometimes pronounced with a low level pitch. In a fewer instances, a level
tone for the High tone is also seen.

High Tone Low Tone
bai ‘break’ bai ‘buy’
daé bird’ dao ‘travel
gao6 ‘halves’ gao ‘shoot’
hui ‘hasten’ hut ‘give’
saé ‘roast’ sao ‘curse’

Table 2. Tonal minimal pairs in Boro

Hence, like the previous studies on Boro, we conclude that a phonetically rising tone in
Boro can be considered a High tone and a phonetically falling tone can be considered a Low tone.
The reason or this is that the same tone may sometimes appear to be a level High or a level Low
in some environments. Also, Boro would be unique in attesting only contour tones and without
any level tones in its inventory of tones. Recent work on Mandarin Chinese (Xu and Wang 2013)
has shown that the High tone in Mandarin is also rising and there may be tonal movement in all
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tones not just contour tones. It is of course out of question that Boro has more than two contrasting
tones as word level contrasts were not found to establish these additional tones.

4.1 Dominant and recessive tones in affixes

Examination of the pitch contours of the stems in Table 1 (after affixation) has not only
provided crucial information regarding alignment, it has also shown that some Boro affixes can be
best described in terms of a dominance relationship. The primary meaning of the term dominance
in linguistics is connected with the domination of one element or some elements compared with
any other element in opposition. The term ‘dominance’ has been used by Kiparsky (1982c, 1984a),
to describe affixes which idiosyncratically cause the deletion of structure, usually tone or stress,
from the base they attach to, often but not necessarily substituting a new pattern in place of the
deleted material. ‘Recessive’ affixes do not cause such deletion (Inkelas 1998). Inkelas (1998)
presents two cases of dominant affixes, one from Vedic Sanskrit (Kiparsky 1982¢, 1984b) and the
other one from Hausa. Evidence has been presented by Inkelas (1998) to show that the recessive
(or tone-integrating) affixes in Hausa add their underlying tone melody to the tone melody of the
base to which they attach, whereas dominant affixes replace the tone of the base by their own
melody. The distinction between the dominant affixes and recessive affixes is unpredictable from
their phonological makeup. As a result, the impact by the dominant affix is a paradigm example
of morphologically conditioned phonology (Inkelas 1998).

Affixes in Boro can also be divided into the categories of dominant and recessive following
the nature of interaction they display with the stems they attach with. Some affixes in Boro change
the lexical specification of the roots, and thus they may be considered dominant. Some other affixes
do not change the lexical specification of the stems. These affixes surface with the lexical tones of
the stems if they themselves are unspecified for any lexical tone. Some affixes which have their
own lexical specification surface with it and at the same time allow the stem to preserve its tone.
These affixes may also be described as recessive. Distribution of lexical tones after affixation
provides cues for classifying the affixes into dominant or recessive categories. The following
sections discuss this.

4.2 Tone shift to right edge

Tone shift or alignment is an important characteristic of tones (Yip 2002). This section
highlights the ways in which tonal phonology of Boro permits tonal alignment to influence
distribution of lexical tones. Evaluation of pitch contours of disyllabic derived words has shown
that lexical tones in Boro shift or align to the right edge of such words. Both prefixation and
suffixation lead to this rightward alignment. Sometimes alignment to the right edge results in
deletion of the prespecified lexical tone of the rightmost element. When the rightmost element is
not specified with any tone, even then the lexically specified tone aligns to the right edge.
Alignment to the right edge also provides the phonetic cue for identifying the lexical specification
of the leftmost TBU. We propose that the disyllabic domain is the domain of the prosodic word
and Boro tones prefer to be assigned to the prosodic word.
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4.2.1 Suffixation and tone alignment

Suffixation leads to lexical tones of stems aligning to the TBU at the right edge. This
happens irrespective of the suffix having its lexical specification or not. Tense and aspect suffixes
present an instance of such tonal migration. In Boro, tense and aspect is expressed by attaching six
different suffixes to verbal roots. These suffixes are -w (Present Habitual), -gun (Future), -gou
(Immediate Future), -bai (Present Perfective), -dun (Present Progressive), -duymwun (Past). In this
study, the pattern of occurrence of the tense-aspect suffixes with a few roots of high tone and a
few others of low tone types was investigated. The aim of this investigation was to find out the
possible tonal changes as a result of affixation. Results have shown that none of the tense-aspect
suffixes in Boro are specified with their own lexical tone. Figure 2 presents an instance of the
occurrence of the habitual present marking suffix -¥ with a high tone and a low tone word.

180 180

170 170

160 160

150 4-£ 150

140 140 -~

130 130

120 +—+—rrrrrrrrrrrrrr 120 +rrrrrreTT
ththththth 4 444 4anpygyny ththththth 4444 410100y )wwwuw

180 180

170 170

160 160

150 — 150 — —

140 [SEEEttees 140

130 130

120 +—— T 120 +rrrrrrrerereTrT
Il 11 lwdwhawng gy 1111 1 didididida ) 1) 1) 9 ) W

Figure 2. Tense-aspect suffix and tone shift. The upper panels show #'dy ‘go’ with and without the habitual present
marking suffix -ur. The lower panels present the f; contour for /iy ‘drink’ with the same suffix. These are time

normalized pitch contours for 25 iterations of each of the words (5 repetitions x 5 speakers)

It can be seen in Figure 2 that the underlying high tone of the verb #idy ‘go’ shifts to the
right edge in the presence of the habitual present marking suffix #apui ‘go-Prsnt-Hab’. A similar
pattern is noticed for the low lexical tone for fum ‘drink’ and its habitual inflectional form lumui
‘drink-Prsnt-Hab’. This pattern of lexical tone distribution is also followed by other tense-aspect
suffixes. Table 3 shows that the tense-aspect suffixes in Boro do not possess any inherent tonal
specification. As already explained, they surface with the tone of the root verb following the pattern
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of right-alignment of lexical tone. Since the tense aspect suffixes do not alter the tonal specification
of the stems they can be described as recessive affixes.

Word

Gloss

thay ‘go’

hiy ‘drink’

tapguin ‘go-Fut

lunguin ‘drink-Fut’

thapgou ‘go-Fut’

lungou ‘drink-Fut’

thapduiy ‘go-Prsnt-Prog’

lunduiy ‘drink-Prsnt-Prog’

t'apbai ‘go-Prsnt-Prf lwpbai ‘drink-Prsnt-Prf’
Table 3. Tense aspect suffixes and tone shift. The H tone of #dy ‘go’ in the left column and the L tone of L ‘drink’
shifts to the suffix.

Tone shift affects disyllabic derived words also when the negative marking suffixes are
added to verbs. Verbs inflect for negative forms in Boro when the negative suffix -a is attached. In
addition to this, -/ia and -ak’wi are used as extended forms of the negative suffix -a, particularly in
cases where negation has to occur with the tense marker. The suffix -lia marks negative in the
future. The suffix -ak"ui refers to negative in the perfective mood. Tonal distribution due to the
addition of the latter two negative markers will be discussed in section 4.3. This is because their
addition results in a trisyllabic derived word. Since this section is focused on disyllabic derived
words and their tonal alternation, only suffixation by -a is discussed here. Figure 3 presents the
pitch contour for the words #dy ‘go’ and p’wi ‘come’ occurring with this negative marking suffixes.
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Figure 3. Negative suffix and tone shift. Pitch contour for the verbs ridy‘go’ and phui ‘come’ occurring with the

negative marker -a

It can be seen from the pitch contour presented in Figure 3 that the high tone of the verb
thay ‘go’ surfaces in the form of a rising f; pattern aligned to the negative marker itself. The low
tone of the verb p/ui ‘come’ results in the falling f» pattern of the negative suffix. Since none of the
negative marking affixes bring about any change in the tone of the stems, they can also be grouped
into the recessive category.
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Similar to the tense-aspect and negative marking suffixes, case marking suffixes also cause
lexical tone to align to the right edge when they are added to monosyllabic stems. Cases are marked
in Boro by adding various suffixes. Figure 4 presents pitch contours of two monosyllabic nouns
dwi ‘water’ and daé ‘bird’ along with the nominative case marker -a.
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Figure 4. Case inflection and tone shift. The upper panels show pitch trends fordwi ‘water’ with and without the
nominative marking suffix -a. The lower panels present the f; contour for daé ‘bird’ with the same suffix.

In Figure 4, underlying high tone of the noun daé ‘bird’ shifts to the nominative case
marking suffix in daod ‘bird-Nom’. A similar pattern is noticed for the low lexical tone for dwi
‘water’ and its nominative case inflectional form dwia ‘water-Nom’. This shows that the process of
tone shift to the right edge of disyllabic derived words is a robust phenomenon in tonal phonology
of Boro.
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Figure 5. Adjectival suffix and tone shift. Averaged time normalized f; contour for the verb z4 ‘eat’ and the adjective

zak*ér ‘gluttonous’ in the upper panels and hiy ‘drink’ and the adjective luykor ‘drunkard’ in the lower panels. (n=25)

Plural marking suffixes like -p*ur, -swr and -mwn also highlight the ubiquitous nature of
this pattern of tonal alignment in the language. Derivational suffixes like the adjective forming
ones adhere to this pattern of tonal alignment. The adjective forming suffixes that we have
evaluated to study the effect on the tonal pattern of derived words are -k*or, -db, -dwb, -bray, -
brum, -lu, -dey, -t"i. The suffixes are added to different lexical items since most of them do not
occur with both high tone and low tone root types. Only two among them, -k’or and -lu can occur
after roots of the two lexical tone types in Boro. Figure 5 presents the pitch contour of the adjectives
tormed as a result of adding -k’or and -lu to the verbal roots of both the high and low tone types.
Figure 5 illustrates how the suffix -k%or surfaces with the underlying tonal specification of the verb
roots. In the case of adjective zak"or ‘gluttonous’, the raising fp pattern of zd ‘eat’ aligns to the second
syllable. On the other hand, the verb i ‘drink’ is specified for low tone and consequently luyk"or
‘drunkard’ pronounced with low tone is aligned to the suffix. Pitch contours of disyllabic derived
words with both inflectional suffixes and derivational ones have shown that lexical tone in Boro
obligatorily shifts to the second TBU in such words, irrespective of the type of affixation.
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4.2.2 Tonal alignment and Prefixation

Tonal alignment shapes the pitch contour of a disyllabic derived word even when it results
from a sequence of a prefix and a stem. Two processes of prefixation and their resultant tonal
alignment were examined in the experiment described here: derivation of adjectives and of
causative verbs. Adjectives in Boro can be formed from verbs by prefixing the syllable ‘gV’ where
the vowel (V) copies the vowel of the stem. This process of adjective formation has revealed an
interesting phenomenon as regards the way tonal distribution interacts with morphological
processes in Boro. The prefix ‘gV’ can occur with both high tone and low tone root types. A careful
examination of the tonal pattern of resultant adjectives after affixation has shown that the roots
always surface with a low specification irrespective of the fact of it having a high or low specification
before prefixation. In Figure 6 the prefix occurs with two verbs: hai ‘shorten” and ham ‘become
good’. It can be seen that a low tone surfaces on the root after affixation in both ga-hai low’ and g
a-ham ‘good’.
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Figure 6. Adjectival prefix and tone shift. Pitch contour for the adjective ga-hai low’ derived from haf ‘shorten’ and

for the adjective ga-ham ‘good’ derived from the verb ham ‘become good’.

Pitch contours of other adjectives formed by this kind of affixation has revealed the same
pattern of tone surfacing on the root, that is, with a low specification. Table 4 presents a list of
derived adjectives and their tonal pattern that has been investigated in this study.
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Verb Adjective
’ (3 . ) AY < . )

plur ‘whiten gup'ur ‘white
st ‘become cold’ gusu ‘cold’

7 € ) PN 4 b
zl to tear gizi torn
si ‘to soak’ gisi ‘wet’

4 < ) \ ¢ )
zén ‘lose gezeén ‘loser
ham ‘become good’ gaham ‘good’

Table 4. Adjectives derived from prefixation. Adjectives derived from verbs where the low tone of the prefix shifts to
the right edge resulting in delinking of the lexical tones of the stems.

The surface alignment of low tone to the right edge of all derived adjectives in Table 4 can
be explained by assuming that the adjective forming prefix ‘gV’ in Boro is inherently specified with
low tone and when it precedes a root, the low specification of the prefix shifts to the right edge.
This results in deletion of the lexical tone of the stem. For this, these prefixes can be classified as
one of the dominant affixes in Boro.

Causative verbs in Boro can be formed by prefixes of three types: bV-, pXV-, sV- where
the vowel of the prefix copies the vowel of the root. It is found that causative verb formation by
prefixation in Boro follows the pattern of adjective formation by prefixation. Prefixation by bV-,
p¥V-, sV- for causative verb formation results in a change of the tonal specification of the root.
Irrespective of tonal specification of the root before addition of the causative prefix, a low tone
surfaces on the root after causative formation. Figure 7 presents the pitch contours for causative
verbs bek’eo ‘to make something open’ and puizitb ‘to make finish’ derived from the verbs geo ‘open’
and zuib ‘finish’ respectively.
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Figure 7. Causative prefix and tone shift. Averaged time normalized pitch contour for the causative verbs bek’eo ‘to

make something open’ and derived from the verbs geo ‘open’ and puiziith ‘to make finish’ from zuib ‘finish’. (n=25)

It can be seen that the lexical high tone of zuzb ‘finish’ changes to a low tone after the prefix
is added to it. In bek’eo ‘to make something open’, low specification of the root geo ‘open’ is
preserved even after affixation. The pattern of tonal distribution in Figure 7 is found to be similar
to the one observed in adjective formation processes. Thus an explanation similar to the one for
adjective forming prefixation can be proposed to account for the surface tone patterns in bek’eo ‘to
make something open’ and phuzuib ‘to make finish’. The proposal here is that the causative prefixes
are also underlyingly specified with low tone and this low specification shifts to the right edge after
affixation following the pattern of right alignment of lexical tones in Boro. A list of such verbs and
the tonal distribution found in them is provided in Table 5. Since the addition of the prefix for
causative verb formation leads to a change of the lexical tonal pattern of the stems, these prefixes
can be defined as dominant.

Verb Causative Verb

gab ‘cry’ sugab ‘to make cry’

M

thab ‘fasten sut'ab ‘to cause to fasten’

ziab ‘finish’ | puziith ‘to make finish’

zam ‘old’ pwi-zam ‘to make old’
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hai ‘shorten | p'a-hai ‘to make low”

t'i ‘sleep’ plu-thi ‘to cause sleep’

s < . ) . N < . )
zir ‘examine’ | bi-zir ‘to examine

g6 ‘escape’ bo-k' ‘to make free’

Table 5. Derived causative verbs post prefixation. Causative verbs derived from verbs where the lexical L of the

prefix shifts to the right edge resulting in the delinking of the lexical specification of the stem itself.

Pitch contours of derived adjectives and causative verbs presented in this section show that
lexical tones of the prefixes also shift to the right edge when they form part of disyllabic derived
words. However, tone shift executed here is different from the cases described in section 4.2. Here
tone shifting is achieved by deleting the underlying tones of the stems.

4.3 Tone Shift in Trisyllabic Words: Tone Spreading

In trisyllabic derived words, the requirement of alignment to the right edge is fulfilled either
by tone spreading to the third TBU or by blocking migration to the right edge. Boro has several
suffixes without their own tonal specification. Trisyllabic words formed with the aid of these
suffixes present instances of tone spreading in the tonal phonology of Boro. The occurrence of a
non tone bearing suffix at the right edge of such derived words results in spreading of the lexical
tone of the stem to the final syllable. The lexical specification does not shift to the right edge as it
does when such suffixes are added to monosyllabic stems. Instead, the tone of the stem gets
associated to the suffix following the principle of one-to-many association (Yip 2002). The
derivation of tfapdummuin ‘go-Prf-Pst’ and hunduimymuin ‘drink-Prf-Pst’ not only present an instance
of tone shift but also of tone spreading. It is noticed that the lexical specification does not shift to
the third syllable when the suffix -mwn is added. The tone only spreads to the third syllable and

thus both the ultimate and penultimate syllables surface with identical tones. Figure 8 explains this.
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Figure 8. Tense aspect suffixes and tone spreading. Pitch contours of #dy ‘go’ and L ‘drink’ with the suffixes -dumy
and -mun where the lexical tone spreads to the third syllable.

Tone spreading to the third syllable is also noticed when the case marking suffix -ao and
the negative marking suffix -ak’ui are added to disyllabic stems. Figure 9 present the pitch contours
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of gozouao ‘high-Loc” and hat'aiaé ‘house-Loc’” where the locative case marker —ao occurs as the

third syllable.
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Figure 9. Locative inflection and tone spreading. Averaged time normalized pitch contour for the nouns gozouao

‘water-Loc” and hat'aiaé ‘house-Loc’ (n=25)

In the left panel of Figure 9 the low tone of gozou ‘high’ spreads to the third syllable, the
locative marking suffix. In the right panel of Figure 9, the continuous rise in the focontour shows
how the high tone of hat'ai ‘market’ spreads to the locative marker.

The pitch contours of the words rapdkhui ‘go-Neg-Prf and hupdk'ui ‘drink-Neg-Prf’ are
presented in Figure 10. It can be seen that for tfapdkiwi ‘go-Neg-Prf’ both the second and the third
syllable surface with a rising fo contour. The contrastive pitch contour can be seen in the last two
syllables of lupak'wi ‘drink-Neg-Prf.
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Figure 10. Negative inflection and tone spreading. Averaged time normalized pitch contour for the verb #4y ‘go’ and

of the verb pwi ‘come’ occurring with the negative marker -akwi. (n=25)

Acoustic evidence presented in this section shows that tone spreading occurs in Boro only
in the context of trisyllabic words where the third syllable is a toneless suffix. Lexical tone spreads
from the second syllable to the third syllable following the phonological process of one-to-many
association.
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4.3.1 Tonal alignment in trisyllables: No tone shift/spreading the presence of the -hw
suffix

Causative verb formation in Boro by adding the suffix -hu to the verbal roots reveal yet
another interesting aspect of tonal distribution in Boro. It is found that the causative suffix -hu is
inherently specified with a low tone and it preserves its low tone even when it is added to a
monosyllabic stem. Figure 11 presents the pitch tracks for the causative verbs maohu ‘to cause an
action’ and gihur ‘to make frightened’ derived from the verb mao ‘do’ and from the noun g7 ‘fear’.
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Figure 11. Monosyllabic stem and absence of tone shift. Averaged time normalized pitch contour for the causative
verbs k'amhii ‘to cause a fire’ and biyhui ‘to cause to speak’ derived from the verb k%am ‘fire’, and from the noun biiy
‘speak’. (n=25).

It can be seen in Figure 11 that the high tone of the root buy ‘speak’ is preserved even after
the suffix -/uir is added to it. The f; for the first syllable of buyhur does not surface as a low plateau.
This suggests that the f; specification for the high tone does not shift to the second syllable. The
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fo trend of the verb k"am does not change after the suffix is added. -Zus behaves in the same way
when it occurs with disyllabic roots. Figure 12 presents the pitch contours of the causative suffix
occurring with disyllabic roots. The causative suffix surfaces with its lexical tone after both plwur'ai
‘belief’ and mwsa ‘dance’. Since addition of the causative suffix does not change the tone of the
stem, it can also be defined as a recessive suffix in Boro.
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Figure 12. Disyllabic stem and no tone shift. Averaged time normalized pitch contour for the causative verbs

musahut ‘to cause to dance’ and pwttaihir ‘to make someone believe’ from the verb musa ‘dance’ and the noun phwttai

‘belief. (n=25)

This section presents a different pattern of tonal distribution within a disyllabic derived
word. Results presented in this section show that the causative suffix -/ does not adhere to the
alignment scheme of other suffixes shown till now. Disyllabic derived words with the causative
suffix -hur can surface with the tones of both the stem and that of the suffix associated to their
sponsoring TBUs. As seen in the previous sections, tones align to the right edges in disyllabic
derived words. In trisyllabic derived words, the requirement of alignment to the right edge may be
tulfilled either by tone spreading to the third TBU or by blocking the migration of the lexical
specification to the right edge. This again shows the importance of the prosodic word in Boro
tonal assignment. The prosodic word is maximally the unit of tonal unit in Boro. Beyond the
prosodic word, tones may either spread or deleted.
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4.4 Tonal alignment in di/ trisyllables: the requirement of a disyllabic domain

This section discusses how tone shift to the third syllable is blocked in certain environments
in Boro. The nominative case marking suffix presents an example of this. Figure 4 shows how the
nominative suffix -d surfaces with the lexical tone of the stem when it forms part of a disyllabic
derived word. When the same suffix is added to a disyllabic stem with low tone, it surfaces with a
different pitch trend. This provides a clue to the fact that the nominative suffix -4 has its own
lexical specification which surfaces only when it is added to a disyllabic stem. This disyllabic
requirement can also be seen as a prosodic word requirement of the nominative suffix -a. The right
panel in Figure 13 shows the realization of the high tone in -d.
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Figure 13. Nominative inflection and absence of tone shift. Pitch contours of got’o ‘child’ in the left panel and of
got'o-a ‘child-Nom’ on the right panel (n=25). The rise in pitch during the nominative marker is because of its H

lexical specification.

In got"o-a ‘child-Nom’, on the right panel of Figure 13, the lexical tone of the stem does
not shift to the third syllable. Instead, the nominative suffix -a in go#’6-d ‘child-Nom’ surfaces with
forise. Thus tone alignment to the right edge is fulfilled by allowing the tone of the suffix to surface
when it is added to a disyllabic stem.

The genitive suffix also shows similar behavior where trisyllabic contexts are concerned. In
the left panel of Figure 14, the genitive suffix follows a monosyllabic stem with low tone.
Consequently, the derived disyllabic word surfaces with the low tone of the stem aligning to the
right edge. In the right panel of the same figure, the genitive suffix is preceded by a stem with high
tone. As a result of the suffixation, the high tone of the stem aligns to the suffix.
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Figure 14. Genitive inflection and tone shift. Averaged time normalized pitch contour for the nouns agni ‘I-Gen’ in
the left panel and that of muyni ‘you-Gen’ in the right panel (n=25). The genitive suffix -ni surfaces with a rising

contour in numni ‘you-Gen’ as the high tone of miy ‘you’ moves to the right edge.

The panels in Figures 15 and 16 present the pitch contours of words of high tone and low
tone types occurring with the accusative case marker. As the stems in Figure 15 in monosyllabic,
the accusative case marker does not surface with its own lexical specification. Instead, the tone of
the stem shifts to right edge for boundary alignment.
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Figure 15. Accusative inflection and tone shift. Pitch contour for the nouns duik’oi: ‘water-Acc’ in the left panel and
daok’oi; ‘bird-Acc’ in the right panel. The tone specifications of both duwi ‘water’ and daé ‘bird’ move to the right edge
in both the panels.

71



Das and Mahanta: Distribution of lexcical tones in Boro

i
L]

Pitch (Hz)
vy
b

Pitch (Hz)

[ n z 0 r e n |z 0 r | kb ou

0.09918 0.4337 0.02192 0.4287
Time (s) Time (s)
Figure 16. Accusative inflection and absence of tone shift. Pitch contours for the noun enzor ‘rat’ with and without
the accusative case marker -k%oii. The lexical high specification of the accusative case marker -koi surfacein the

presence of the disyllabic stem enzor ‘rat’.

Tone specification of the suffix surfaces only when it occurs with a disyllabic stem like enzor
‘rat’. The pitch contours presented in Figure 16 explain this. The right panel in Figure 16 shows
how the low tone of the stem enzor ‘rat’ is not allowed to shift rightward and the accusative suffix
surfaces with a high tone in enzork’ou ‘rat-Acc’.

To summarize, the three case markers discussed till now undergo tone alignment only
when they follow monosyllabic stems. When they follow disyllabic stems, their lexically specified
tones are now licensed to appear. These suffixes exhibit their need for satisfaction of either one of
the dual requirements of right alignment and disyllabicity. Right alignment is satisfied only in the
absence of disyllabicity. Right alignment is violated in the presence of disyllabicity as the suffixes
are inherently specified with tone.

The adjective forming suffix -/ also provides further evidence of this kind of tonal
distribution in Boro. It is found that the adjective forming suffix -/ has its own tonal specification.
Figure 17 presents the pitch contours of the suffix - occurring with the verbs swrzi ‘create’ and

dwmui ‘become cloudy’.
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Figure 17. Adjectival suffix and absence of tone shift. Averaged time normalized pitch contours for swrzi ‘create’ and

swrzilii ‘creative’ in the upper panels and for dumui ‘become cloudy’ and dwmuwilii ‘cloudy’ in the lower panels. (n=25).

It can be seen in Figure 17 that the suffix % is pronounced with a high and rising pitch
even when it occurs with dwmwi ‘become cloudy’ bearing a low lexical tone. This shows that
another important aspect of -/ suffixation is that the high tone on the second syllable of the root
swrzi ‘create’ does not shift in the manner it shifts from the roots #dy ‘go’ and nuiy ‘you’ to thapd
‘not go’ and nupsuir ‘you-plural’ respectively. This shows that lexical specification of the stems do
not change when the suffix /i with high tone is added to them, which makes a case for grouping
this suffix also into the recessive category.

This section discussed the distribution of lexical tones in some derived words where the
stem consisted of two syllables and a tone-bearing suffix was added to it. Acoustic details show
that the tone in these disyllabic stems do not shift to a tone bearing suffix in Boro. Such trisyllabic
derived words surface with tones of both the stem and the suffix. Interestingly, the same suffixes
when they attach to monosyllables will undergo tone spread to the right edge. These suffixes
validate our claim of the prosodic word being the maximal unit of tonal assignment in Boro. While
minimally it is the minimal word as in the monosyllables, if the unit of tonal assignment is a
trisyllable (that is a disyllable + a suffix), then the tone may not spread.

5 'Tone and word formation in Boro

A detailed look at the distribution of lexical tones in Boro vis-a-vis various word formation
processes has revealed the following important aspects of the tone system in the language. Prefixes
having their inherent tonal specification follow the pattern of right alignment of lexical tones. Due
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to this, the inherent tones of the prefixes shift to the right edge. This results in delinking the tonal
specification of the stem. The processes of adjective formation presented in Figure 6 and that of
causative verb formation presented in Figure 7 show how the lexical specification of the prefixes
shifts to the right edge.

Suffixes without any inherent tonal specification surface with the lexical tone of the stem
as Boro words must have a lexical tone on the rightmost element. In other morphologically
restricted cases, tone shifts to the suffix only when the suffix is added to a monosyllabic stem.
Suffixes having their inherent tonal specification behave differently as far as their association with
monosyllabic and disyllabic stems is concerned. The tone of the suffix is deleted when it occurs
with a monosyllabic stem and the tone of the stem shifts rightward and aligns to the right edge. The
same is not deleted when it is preceded by a disyllabic stem and the resultant derived word surfaces
with tones aligned to both the final and penultimate syllables. The causative -hu suffix does not
follow this tonal alignment pattern. The causative suffix -hur can surface with its tone even when
it occurs with a monosyllabic stem. The resultant derived disyllabic words after the addition of this
suffix surfaces with both the tones of the stem and that of the suffix. Thus we propose that in Boro
tonal alignment, the phonological requirements of minimal word and prosodic word plays a crucial
role. Boro minimally needs a minimal word for a tone to surface. In other cases, this minimal word
requirement may not suffice, then the prosodic word requirement (as in the disyllabic requirement)
takes precedence. Unlike these cases, the causative -hur needs a minimal word to surface. Results
presented in this paper will show that tones in Boro surface right aligned and prefer to adhere to a
disyllabic domain. While monosyllables may be assigned tone, they are eligible for tone assignment
as they are the minimal words in Boro. A minimal word is Boro is mostly a heavy syllable (they
are mostly closed and the few open syllables have been impressionistically found to be longer and
this needs to be studied in greater detail). Tone shift and tone deletion functions are always within
the domain of the prosodic word and contribute to tone-to-TBU association within the prosodic
word domain instead of outside of it. Tone shift is identified with the process of tone alignment
to a TBU other than the source one. Tone association to a third syllable may sometimes result
from spreading. As will be seen in the body of the paper, the disyllabic domain in Boro is the site
for tonal alignment as well as tonal emergence.

6. Conclusion

Tonal alignment in Boro vis-a-vis word formation processes reveals some important
phonological properties of the language. It has been found that Boro has some affixes which have
their own tonal specifications. Among these tone bearing affixes, only the prefixes belong to the
dominant class as their addition changes the tonal specification of the stem. Although some
suffixes are found to have lexically specified tones, their addition do not alter the tonal nature of
the stems. Suffixes in Boro, irrespective of their lexical tonal status, belong to the recessive category.
They may appear either with their own tonal specification or they may bear the lexical tone of the
stem. Boro tonal assignment is minimally in the domain of the minimal word and maximally in
the domain of a prosodic word. Under the condition where it is a disyllable the tone spreads to the
right edge. This tone on the right edge of a disyllable can be the tone of the underived monosyllable
which shifts to the right edge or it can also be the tone of the affix (as in prefixes). Disyllables are
the maximal unit of tonal assignment or tonal shift. Hence we consider this prosodic unit to be
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the maximal unit of tone assignment in Boro. In trisyllables, tones only spread, if at all, but they
do not shift. In trisyllables, the lexical specification does not shift (but spreads) to the right edge
unlike the way it does when such suffixes are added to monosyllabic stems. In other suffixes such
as the tone of the suffix in got#0-d¢ manifests on the right edge in trisyllables but not in disyllables.
In disyllables the tone at the right edge is that of the stem but not of the suffix. We conclude that
prosodic word domains or minimum words are preferred over whole word domains for tone
assignment in Boro.
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