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Abstract
This thesis is a description of the vowel harmony system of Ikoma (Bantu JE45; [ntk]), a
previously undescribed Bantu language of Tanzania. Ikoma has the seven-vowel
inventory /ieɛaɔou/ and both contrastive and conditioned vowel length. Vowel harmony
operates in prefixes, stems and suffixes, but the harmony patterns in each domain are
quite different. Ikoma’s harmony patterns are unusual and complex in a number of ways.
In many other 7V Bantu languages with the same inventory (e.g. Bantu C; Leitch 1997),
[-ATR] is clearly the marked, dominant value. Though Ikoma shows some similarities
with the Bantu C languages, determining Ikoma’s marked [ATR] value is less clear, since
there are superficial patterns which seem to suggest dominance of both [-ATR] and
[+ATR]. For example, prefix alternations appear to treat [-ATR] as the marked value.
Mid [-ATR] vowels are prohibited in prefix position, where only the mid [+ATR] vowels
/e o/ are found. Curiously, however, even though [-ATR] vowels are the clear trigger of
prefix alternations, [-ATR] does not actually spread. Instead, mid prefix vowels alternate
to high vowels before [-ATR] stem vowels, which I analyze as a case of dissimilation.
[-ATR] dominance is also found in stem and suffix harmony, but there are some patterns
in these domains in which [+ATR] superficially spreads as well. Specifically, in verbs
[-ATR] generally spreads rightward to mid-vowel suffixes, but there are several [+ATR]
suffixes which trigger a change from /ɛ/ to [e] in the preceding stem vowel.
A formal analysis of these complex patterns must be built upon a solid descriptive
foundation. For this reason, this thesis focuses primarily on establishing a thorough
description of the facts, leaving a formal account for later investigation. The descriptive
goal is highlighted by the inclusion of acoustic evidence, especially vowel formant
analysis, which is presented throughout the thesis to support not only the vowel inventory
but also the prefix, stem and suffix alternations. Though I make few attempts to formalize
these patterns, I do summarize the necessary generalizations which a formalization of
these patterns must take into account. The fact that the patterns show superficial
dominance of both [-ATR] and [+ATR] sparks a discussion of theories of [ATR]
markedness. In particular, I evaluate Ikoma’s vowel system in terms of Casali’s (2003)
System-Dependent [ATR] Dominance hypothesis, which predicts that languages with
Ikoma’s inventory (i.e. 7V system with a tongue root contrast only in the mid vowels)
nearly always exhibit [-ATR] dominance. Casali (2002; 2003) also notes that not all
forms of apparent [ATR] dominance must be treated equally. Instead, languages which
superficially appear to have both types of dominance can usually be analyzed with one
value functioning as systematically dominant, while the other value is much more
limited, exhibiting indirect dominance (or, in the terminology of Bakovic 2000,
“dominance reversal”). I summarize the evidence in favor of both possibilities. I also
suggest some possible historical factors which could be the cause of Ikoma’s unusual
markedness patterns.
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7 vowel inventory /ieɛaɔou/
9 vowel inventory /iɪeɛaɔoʊu/
applicative
advanced tongue root
first formant bandwidth
consonant
causative
conditional
continuous
demonstrative
Dahl’s Law
focus marker
First formant
Second formant
final vowel
high tone
imperfective
incipient
infinitive
low tone
narrative
noun class
not significant
numeral
object
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prefix
plural
passive
Proto-Bantu
retracted tongue root
singular
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subject

SD
TA
V
V1
V2
VH

standard deviation
tense/aspect
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Chapter 1:

Introduction

The primary goal of this thesis is to describe the vowel system of Ikoma,1 a Bantu
language of Tanzania, focusing especially on vowel harmony. Ikoma vowels are
interesting for a number of reasons. First, Ikoma is the only known Bantu language with
an /i e ɛ a ɔ o u/2 vowel system which exhibits superficial patterns of both [-ATR] and
[+ATR] dominance. Ikoma has unusual height-alternating prefixes triggered by [-ATR]
vowels, as well as stem vowel alternations which are apparently triggered by following
[+ATR] vowels. The occurrence of both of these types of dominance is very unusual and
creates some interesting puzzles for a unified analysis of Ikoma and for theories of [ATR]
markedness in general.
A full analysis of Ikoma vowels relies on two separate and equally-challenging
tasks: (1) a clear description of the actual facts, and (2), a formal explanation of all of the
patterns. In order to limit the scope of this work, I focus primarily on the first challenge,
that is, describing the vowel patterns as accurately as possible, since the second task (of
formalization) depends upon the first. Upon seeing the data presented in this thesis, a
skeptical reader will undoubtedly wonder about its accuracy. For that reason, a significant
undertaking of this work is to include acoustic phonetic data for nearly all of the
processes which I describe. This is usually in the form of vowel formant analysis, which I
present throughout many sections of the thesis, though I also briefly explore bandwidth
measurements as a possible indicator of [ATR]. I approach the phonetic angle from an
impressionistic perspective as well, including notes about my own auditory impressions

1

Ikoma’s ISO 639-3 code is [ntk].
Throughout this thesis, I use the symbol /a/ to represent the low vowel which is traditionally represented
as [ɑ] in the IPA.
2

2
of Ikoma vowels, as well as discussion of mother-tongue speaker awareness of the vowel
distinctions. These phonetic investigations chiefly address the question of how certain we
can be that the /i e ɛ a ɔ o u/ system proposed here is in fact this system, not the /i ɪ ɛ a ɔ ʊ
u/ system which is commonly attributed to many other Eastern Bantu languages with
seven vowels. This is an important point, since the typological predictions which I rely on
concerning [ATR] dominance are dependent upon the language’s inventory.
Casali (2003) notes a strong correlation between seven-vowel /i e ɛ a ɔ o u/
systems and [-ATR] acting as the dominant value. This hypothesis leads to another theme
which is developed throughout the thesis and especially in Chapter 7. Along with
describing Ikoma’s vowel harmony, I compare it to other Bantu languages with the same
vowel inventory which have [-ATR] as the harmonizing feature (e.g. Bantu C languages
and Komo (Bantu D)). I also make comparisons between Ikoma and the other languages
within Ikoma’s genetic and geographical context. How did Ikoma develop its unusual
system while surrounded by typologically different seven-vowel systems, one whose
harmony is based on [+ATR] dominance and others which exhibit total height harmony?3
How does this historical context explain some of the unexpected patterns in Ikoma’s
present-day vowel system?
Description is clearly the primary goal of this thesis, but I do make some brief and
tentative conclusions concerning how these patterns might be formally explained, mostly

3
As discussed more in §1.3 below, Ikoma is spoken in the Mara Region of Tanzania. One of the dominant
7V languages in this region is Kuria (ISO 639-3 code [kuj], Bantu JE43), which has often been analyzed as
having the same vowel inventory as I posit for Ikoma, but a different type of harmony—one based on
height, not tongue root, since there is incremental raising and lowering affecting vowels at different
heights. I assume for now that it is possible that there is a type of harmony based on vowel height, for
which Kuria (as well as the languages of Simbiti and Ikizu) is a good example. There are also other
languages in the region (e.g. Zanaki) with the /i ɪ ɛ a ɔ ʊ u/ inventory and [+ATR] harmony. Therefore, we
see that Ikoma is unique in the region in terms of the pairing of its inventory and harmony type. See §7.3
for more discussion.

3
following [ATR] dominance hypotheses in Casali (2003). For Ikoma, I suggest that [ATR] might be the more general and widespread marked tongue root feature and could
be considered the systematically dominant value. Superficial4 cases of [+ATR] spreading
could then be analyzed using the relatively new idea of “dominance reversal” (Bakovic
2000). Under this analysis, apparent cases of [+ATR] spreading are motivated not by the
language’s attempt to preserve or extend [+ATR] in particular, but instead are an indirect
result of other factors (e.g. harmony constraints, anomalous underlying forms, etc.).
These ideas are discussed more in Chapter 7.
The data in this thesis is from fieldwork carried out in Tanzania during the periods
of July 2007 through May 2009, as well as June through August 2010. During those
periods I lived in the town of Musoma, Tanzania, the capital of the Mara Region, in
which the Ikoma language is spoken. The data is from dozens of Ikoma speakers who
participated in several orthography workshops led by SIL Int’l during those years, and
also from ongoing work with individual speakers, especially Mussa Karume Thobias and
Rev. Paul Muya. Participatory research methods similar to those described by Kutsch
Lojenga (1996) were used throughout this study, with the aim of understanding mother
tongue intuitions about the sounds and contrasts in their language. References to these
intuitions will be mentioned when helpful. Though the focus of this work is on vowel
harmony, I also take care to describe as much other basic phonological and

4

Throughout this paper I use the terms “superficial” and “apparent” to describe patterns which on the
surface appear to be the result of [+ATR] spreading but which actually might turn out to be explainable by
other means. For example, any time an underlyingly [-ATR] vowel is realized as [+ATR], it is a case of
“superficial” [+ATR] spreading or dominance. However, as I discuss below, apparent preservation of
[+ATR] in a specific context must not always be the result of targeted preservation or spreading of [+ATR]
in particular. In fact, depending on one’s assumptions concerning featural specification, what appears to be
[+ATR] spreading might in fact be a case of [-ATR] delinking.

4
morphological information as possible, since the language is virtually undescribed
elsewhere in the literature.
In the remainder of this introductory chapter, I introduce the Ikoma people and
their language (§1.1), previous descriptions of Ikoma (§1.2) and Ikoma’s neighbors
(§1.3). I then review some issues in the typology of African vowel systems in order to
help us to evaluate Ikoma’s vowel harmony in terms of typological expectations (§1.4)
and then give a preview of the major results of the thesis (§1.5). I end the chapter with a
description of the methodology used for vowel formant analysis (§1.6) and an overview
of the remainder of the thesis (§1.7).
1.1

The Ikoma people and their language

Ikoma, classified as Bantu JE45 (Maho 2003), is a language of the Serengeti District of
the Mara Region of Tanzania. In Ikoma, the name of the language is Egiikɔma
(pronounced [eɣíikɔma]), and the Ikoma people are known as the Abiikɔma (pronounced
[aβíikɔma]), formed with the class 7 and class 2 prefixes, respectively. The language is
spoken in several villages bordering the Serengeti National Park. The cultural center of
the language is widely considered to be the village of Robanda, but a number of other
villages (e.g. Bwitengi, Park Nyigoti, and Fort Ikoma) are inhabited nearly entirely of
Ikoma speakers as well (Smith et al. 2008). Other villages have combinations of Ikoma
and Nata speakers, such as Burunga and Nyichoka. Many Ikoma also live in Mugumu,
the capital of the Serengeti District. A map of the language area is shown in (1) below.5

5

Many thanks to the Survey Department of SIL’s Uganda-Tanzania Branch for providing me with these
maps.

5
(1) Map of Ikoma, Nata and Isenye language areas

In the Ethnologue, Ikoma is listed with the related language varieties Nata and
Isenye. The three varieties together are estimated to be spoken by 35,000 people (Lewis
2009). Muzale and Rugemalira (2008) similarly estimate 34,000 speakers in total, which
are broken down as follows: 19,000 Ikoma, 7,000 Nata and 8,000 Isenye. The
approximate demarcations of the Ikoma, Nata and Isenye languages areas are shown in
the map above.
The Ikoma, Nata and Isenye peoples recognize a close historical relationship with
one another, and there are still close ties between these groups, both culturally and
linguistically (Hill et al. 2007; Smith et al. 2008; Shetler 2003). Nata and Ikoma are
linguistically more similar to one another than to Isenye. Preliminary linguistic research
concerning these differences was carried out in 2008 during an SIL dialect survey, of
which I was a part (Smith et al. 2008). Our findings were that Ikoma and Nata share the
same consonant inventory and seven-vowel system, and only minor differences in the

6
vowel harmony processes were observed. The most notable difference is what appears to
be an iterative application of vowel harmony in Nata prefixes, whereas in Ikoma only
prefixes directly adjacent to the root alternate. Isenye, on the other hand, shows notable
differences in the vowel system, but more work is needed before confidently positing the
language’s vowel inventory or the type of vowel harmony processes at work.6
Ikoma and Nata are also more similar in terms of tense and aspect marking and
phrase-level phenomena, whereas Isenye generally showed more differences. There is,
nonetheless, a high degree of mutual intelligibility between all three varieties. An SIL
survey report (Hill et al. 2007) notes the results of a lexicostatistical comparison between
a number of languages in the Mara Region. Concerning the three language varieties in
question, the percentages of lexical similarity based on an elicited wordlist are shown in
(2) below.
(2) Lexical Similarity
Ikoma
89%
85%

Nata
88%

Isenye

As the table shows, Nata has a slightly higher degree of lexical similarity to both Ikoma
(89%) and Isenye (88%) than Ikoma does to Isenye (85%), but these percentage
differences are minimal.
This thesis intends to describe the Ikoma language variety. Though Nata
especially seems to agree with Ikoma to a large degree, I do not attempt to deal fully with
Nata here, and few references to Isenye are made.

6

There are at least seven vowels on the surface in Isenye. Vowel alternations appear to be somewhat
irregular, with seemingly different prefix harmony patterns in different noun classes.

7
1.2

Previous descriptions of Ikoma (and Nata)

Aside from listings of Ikoma or Nata in Bantu classifications, there are very few previous
mentions of any kind in the literature. Two of the previous references are actually to
Nata, not Ikoma, but they are useful to mention in light of the close relationship between
the two groups. Mekacha (1993) is a monograph discussing the sociolinguistic impact of
Swahili on the use of the Nata language. It is focused much more on sociolinguistic
issues than linguistic ones and is not relevant to the issues at hand. There are two
instances of previous work on Ikoma/Nata vowels, and one on Ikoma tone. Aunio (2010)
is a recent description of nominal tone in Ikoma. The introduction to tone given in §2.4
draws heavily from her work, so further comment will not be made here.
Concerning vowels, the first hint in the literature is Guthrie’s (1971) brief
description of Nata prefix alternations. He lists both Nata and Ikoma together under E.45,
so his description presumably applies to both varieties. In his notations on Ikoma’s
departure from the other E.40 languages, he identifies the same seven vowels and prefix
alternations as are argued for in this thesis. Specifically, he uses the example of class 3
prefixes to note the occurrence of [omo-] before stem-initial [e, i, o, u] and [omu-] before
[a, ɛ, ɔ]. (3) below shows his exact notation, using the more traditional Bantu vowel
transcriptions.
(3) Guthrie’s (1971ː45) notation of Class 3 prefix alternations
ọmọ ( + ẹ1, i̧ 1, ọ1, u̧ 1) ; ọmu̧ ( + a1, ɛ1, ɔ1)
He also records that class 9 and 10 prefixes are [an] and [tʃan], which is a departure from
other E.40 languages which have the front vowels [e, i] alternating in these prefixes.

8
Guthrie’s observations on these class 9/10 prefixes are also in line with my data from
Nata and Ikoma.
The only other previous work on Ikoma or Nata of which I am aware is Mekacha
(1985), which is an M.A. thesis from the University of Dar es Salaam entitled
“Phonological processes affecting Ki-Nata vowels.” Mekacha’s work is primarily a
description of instances of vowel hiatus resolution and only briefly mentions matters
related to vowel harmony. I disagree, however, with some of the basic facts which he
presents. He explicitly argues for only five vowels in the language, whereas I argue that
there are seven in both Nata and Ikoma. Mekacha also concludes that vowel length is not
phonemic in Nata, but again I argue that Nata (as well as Ikoma) not only has seven
vowels, but that it does have phonemic vowel length as well, as is described in §3.3
below.
Mekacha’s analysis of vowel harmony is also quite different and much more
limited than the analysis which I adopt. Furthermore, since the prefix alternations which
Guthrie (1971) presented are consistent with the basic claims I make here, I conclude that
Mekacha either missed the two additional vowel phonemes or that his data is from a 5vowel dialect which is not representative of the Ikoma and Nata languages as a whole.
Though I do not attempt to make a direct or lengthy argument against Mekacha’s claims,
I do discuss some of his analysis in more detail in §3.4 after the presentation of the sevenvowel inventory which I am proposing.
1.3

Ikoma’s Neighbors

The Ikoma, Nata and Isenye peoples are only three of approximately twenty language
varieties in the very diverse Mara Region. The Nilotic languages Luo and Datooga are

9
spoken in Mara (indicated with dashed circles in the map below), but the majority of
languages in the region are Bantu. The map below shows the approximate language areas
of around eighteen Bantu language varieties in Mara.
(4) Map of Mara Region with language areas
Nilotic

JE20
languages

Nilotic

Classifications of the Mara languages have been included in work by Guthrie (1971),
Nurse and Philippson (1980: 42, 49), and Nurse (1999). The languages split into two
main groups, which Guthrie classified as the E.20 “Haya-Jita Group” and the E.40
“Ragoli-Kuria Group.” The two E20 languages in the region (Jita and Kwaya) are
indicated with circles around the language name. All other languages are E40 languages.

10
Ikoma (with Nata) is classified as E.45, within the E.40 group, which Guthrie organized
as shown in (5) below.
(5) Guthrie’s E.40 Ragoli-Kuria Group
E.41 Logɔɔlį (Ragoli)
E.42 Gųsįį (Kisii)
E.43 Korįa
E.44 Zanakį
E.45 Nata (Ikoma)
E.46 Sɔnjɔ (Sonyo)
Maho’s (2003) updated list moves all of the languages above, except for Sɔnjɔ, to JE40,
now called the “Logooli-Kuria Group” and expanded to include more Mara languages
such as Ngoreme, Ikizu, Kabwa, and Simbiti. Sɔnjɔ (properly called Temi) is still
classified as E40, which is now known as the “Temi Group.”7 Note, however, that Nurse
(1999), in his evaluation of the evidence for and accuracy of the classification of Great
Lakes Bantu languages, notes that there is still much work to be done before we can
know for sure whether or not classifications such as Guthrie’s are simply geographic or if
they are genetic as well.
Aside from Ikoma’s close relationship with Nata and Isenye, the next closest
languages in the region (in terms of both linguistic similarity and geographical proximity)
are Ngoreme, Zanaki and Ikizu, as well as Kuria and Simbiti. Throughout this paper, I
occasionally refer to relevant data from these other languages, especially Zanaki and
Kuria, in order to demonstrate Ikoma’s distinctiveness, or else its uniformity, within its

7

It is also interesting to note that there are possible historical connections between Ikoma and the Temi
language on the eastern side of the Serengeti Park. Shetler (2003) mentions this connection, noting that
many local oral traditions claim that the Ikoma and Temi came from a single group on the eastern side of
the Serengeti Plain and that the Ikoma broke off and traveled west across the Serengeti Plain toward the
present-day Mara Region. That group later was further divided into the present-day Ikoma, Nata, Isenye
and Ngoreme tribes. Shetler notes that there are, however, discrepancies between this view and other
historical and linguistic evidence which suggests that the Ikoma and the other South Mara groups all came
together to Mara from the Great Lakes area in the west.
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geographical and (to an unknown extent) genetic context. See especially §7.3 in which I
give more details about some of the vowel harmony differences between these languages
and also discuss some possible histories of these language groups and how they might
have influenced the present state of Ikoma’s vowel system.
1.4

Theoretical and typological background

In this section I give background to many of the assumptions and terms which I rely on
throughout this description. In particular, I am interested in the typology of African
vowel harmony systems and in the expectations that we might have for a 7V language
with Ikoma’s inventory. As we will see, the analysis proposed in this thesis is that Ikoma
has the seven-vowel system /i e ɛ a ɔ o u/ and seems to exhibit unusual forms of both
[-ATR] and [+ATR] dominance.
In the following sub-sections, I draw together a number of different perspectives
which help us to place Ikoma vowel harmony within its typological context. I begin with
a discussion of the issue of [ATR] markedness, which plays a significant role in the
discussion of vowel harmony (§1.4.1). I then briefly introduce the most common types of
vowel harmony systems in African languages (§1.4.2), as well as the history of the debate
between tongue root and height features in vowel harmony descriptions (§1.4.3). See §1.5
for a preview of the results of the thesis, especially concerning how Ikoma’s harmony
patterns do and do not match the typological expectations.
1.4.1

Markedness and dominance

Typological and theoretical issues in the discussion of vowel harmony are closely related
to the idea of markedness. Essentially, vowel harmony can often be described in terms of
an asymmetric dominance of one feature (or value of a feature) over another, and these
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types of asymmetries are central to the concept of markedness. In this section I review
phonological markedness, focusing on different uses of the term and on criteria
commonly used to diagnose marked and unmarked segments and features, such as those
relating to phonological assimilations and distributional differences.
I rely primarily on recent overviews of the concept of markedness by Rice (2007)
and Hume (2011). As Rice explains, the term generally refers to “the central observation
that not all elements in a phonological system are of equal status” (2007ː79). Beyond this
basic concept, however, the terms “marked” and “unmarked” are used in very different
ways. Hume notes three primary usages of the term, which are “descriptive markedness,”
“theoretical markedness” and the family of “markedness constraints” within the
Optimality Theory framework. I do not address the OT usage here. Theoretical
markedness is concerned with universal principles governing language acquisition,
inventory structure, etc., whereas descriptive markedness (the main interest of this thesis)
is more concerned with the asymmetric patterning of segments and features within
specific languages.
As both Hume and Rice note, criteria for determining markedness relations can be
quite controversial, but some criteria are widely accepted. Concerning phonological
patterning, Hume (2011ː90) explainsː “the asymmetrical patterning of features and
sounds in inventories and phonological processes has served as the basis for predicting
markedness relations.” More specifically, common criteria for distinguishing marked and
unmarked segments/features is that “the unmarked member of an opposition patterns
differently than other members in being the target of phonological processes” (e.g.
assimilation), whereas “marked features are assumed to resist modification” (90,
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emphasis in original). In other words, one of the main ideas associated with
descriptive/featural markedness is that the active value of a feature is marked, whereas
the inactive or inert feature is unmarked. The active versus inactive distinction is similar
to the concept of dominance, which is used synonymously with “markedness” throughout
this thesis. In terms of [ATR] harmony in particular, the active, spreading value can be
described as “dominant” since it is preserved and “wins out” over the inactive, recessive
value. The active value is marked/dominant, whereas the inactive value is
unmarked/recessive.8
Aside from asymmetric patterning in alternations, another relevant criteria is that
the marked feature/segment is often less frequent and has a more limited distribution,
whereas the unmarked feature/segment is more frequent and has a greater distribution.
Some also predict that unmarked features/segments will have a greater occurrence in
stems and affixes, whereas marked features/segments might only occur in stems but not
affixes (Rice 2007; Beckman 1997; Steriade 1995). Note that distributional differences
seem to be more widely accepted as markedness criteria than are frequency differences.
Finally, Rice (2007ː 82) uses another set of different and helpful terminology to
describe three different phenomena which are evidence of featural markedness, which are
‘the emergence of the unmarked’ (e.g. passive neutralization and epenthesis), ‘the
submergence of the unmarked’ (e.g. asymmetries in assimilation and coalescence) and
‘the transparency of the unmarked’ (e.g. non-local assimilation which ignores unmarked
features). In this thesis in particular, the first two of these three concepts are helpful,

8

Note that this use of the terms “marked” and “unmarked” is the opposite of that found in Bakovic (2000),
which is an important recent work on vowel harmony.

14
especially in the consideration of different types of neutralization in noun stems (see
§4.1).
As a final point of clarification, it is important to note my equation of the terms
“marked” and “dominant,” as mentioned above. Because marked features and segments
are often identified by their dominant, active behavior, a common assumption is that the
marked features in a language are the dominant ones. Therefore, in later chapters I use
evidence of [ATR] markedness as a diagnostic for determining [ATR] dominance. See
Chapter 7 for more discussion on this point.
1.4.2

Types of African vowel systems

African vowel systems provide a large amount of data displaying a wide range of vowel
harmony patterns. Nonetheless, there are also remarkable similarities and many patterns
which are very common and widespread. Casali (2003) describes the three basic types of
African vowel systems which display [ATR] harmony. These are listed in (6) below
(from Casali 2003:309).
(6) African vowel systems with [ATR] harmony
a. 5Ht system

b. 4Ht(M) system

i

u

ɪ

ʊ

e

(ə)

ɛ
a

i

o

e

ɔ

ɛ

u
(ə)

i

u

[+high, +ATR]

ɪ

ʊ

[+high, -ATR]

o
ɔ

a

c. 4Ht(H) system

(ə)
ɛ

[-high, +ATR]
ɔ

a

[-high, -ATR]
[+low, -ATR]

Much of the earliest work on African vowel harmony focused on the first type of system
(5Ht), which has 9 (or 10) underlying vowels at five vowel heights and has [ATR]
contrast in both the mid and high vowels. This type of system exhibits what has often
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been called “cross-height” vowel harmony since vowels harmonize across different
vowel heights, based on the tongue root feature. The second inventory type, shown in (b),
has seven vowels underlyingly at four different heights, and only the mid vowels have an
[ATR] contrast. I argue in Chapter 3 that this is Ikoma’s vowel inventory. Throughout the
remainder of this thesis I refer to this inventory type as 7V(M), signaling that the [ATR]
distinction is in the mid vowels. The third most common system, shown in (c), also has
seven underlying vowels, but the [ATR] contrast is in the high vowels, not the mid
vowels as in (b).9 Throughout the remainder of this thesis I refer to this inventory type as
7V(H), signaling that the [ATR] distinction is in the high vowels.
Casali notes a strong correlation between a language’s vowel inventory and the
type of vowel harmony attested in that language. He explainsː
the dominant [ATR] value in a language is strongly correlated with underlying
inventory structure: [+ATR] overwhelmingly functions as the dominant value in
languages with an [ATR] contrast among high vowels, while [−ATR] is regularly
dominant in languages in which [ATR] is contrastive only for non-high vowels.
(2003ː370)
This correlation between inventory and harmony type is a relatively recent discovery, so
early researchers were certainly not thinking along these lines (see discussion in Hyman
1999). This has resulted in a wide variety of descriptive traditions in which single
languages have been described as having a different inventory by different linguists, and
different languages with the same inventory have been analyzed as having different types

9
Note that the distinction between these two types of seven-vowel inventories can be surprisingly hard to
determine based on phonetics alone. The [ATR] quality of the “height 2” vowels (i.e. the second highest
vowels in the system) can be difficult to resolve based on impressionistic perceptions alone, and even
vowel formant measurements of the pairs [e, ɪ] and [o, ʊ] are often overlapping. Voice quality differences
are sometimes a clue, but aside from phonetic factors, phonological behavior can be a helpful diagnostic for
determining what the height 2 vowels really are. See Casali (2003) for more discussion on this point. There
he argues that though this distinction can sometimes be difficult to make, there are clear cases of both types
of systems and both corresponding types of harmony (i.e. both [+ATR] and [-ATR] harmony), so we must
continue to allow for and distinguish between these two inventory types.
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of harmony. The following section (§1.4.3) briefly reviews the history of the ongoing
debate concerning how to characterize these different types of vowel systems and the
features and feature geometries which are involved in vowel harmony alternations.
1.4.3

Vowel height and tongue root features

There is a large body of literature on the topic of vowel features as they relate to vowel
harmony along the height/ATR continuum. Stewart (1967) is some of the earliest work
which acknowledged the inadequacy of analyzing nine-vowel cross-height harmony
systems (i.e. as in (6a) above) as simply a sort of “raising” or “height” phenomena. It
became clear that a feature other than tongue height was at work, since it was operating at
multiple height levels. Articulatory phonetic evidence by Pike (1947) and X-ray images
by Ladefoged (1964) strengthened the idea that vowel harmony in languages like Akan
was the result of movement of the tongue root, not just the tongue body. Other important
early work on the subject is by Pike (1967) and Lindau (1978; 1979).
Now, nearly half of a century since influential articles by Stewart and Pike, the
presence of [ATR] harmony in nine- and ten-vowel African languages is wellestablished, but debate continues concerning the nature of harmony processes in sevenvowel systems. The more recent controversy mostly surrounds height vs. [ATR] analyses
of these systems, with some (e.g. Clements 1991, Parkinson 1996, Goad 1993) arguing
that height features alone may be enough to account for many types of harmony, so
tongue root features should not be invoked for seven-vowel systems.
Languages with seven vowels (i.e. those with inventories as in (6b) and (6c)
above) have variously been analyzed as exhibiting [+ATR] harmony, [-ATR] (or [rtr])
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harmony, and various types of height harmony.10 Many (e.g. Goad 1993, Bakovic 2000,
van der Hulst (1988) and van der Hulst and van der Weijer 1985) propose that [-ATR]
harmony does not even exist, and all apparent instances of [-ATR] dominance and
spreading can be attributed to [low] harmony.11 Probably the most well-known case of
[-ATR] dominance is in Yoruba, as classically described by Archangeli & Pulleyblank
(1989). Yoruba has the inventory /i e ɛ a ɔ o u/, and [-ATR] spreads leftward from the
vowels /ɛ ɔ/. Goad (1993) disagrees with Archangeli & Pulleyblank’s (1989) analysis and
suggests that Yoruba is in fact a case of [low] harmony, based on her proposal of a new
type of vowel height geometry in which /ɛ ɔ a/ are all considered [low]. She claims, in
fact, that “There are no convincing cases of [-atr] vowel harmony” (1993:23). However,
Archangeli and Pulleyblank (1994) demonstrate that Goad’s [low] analysis does not hold
up, especially in light of the variation attested by other dialects of Yoruba.12
Leitch (1997) provides yet more strong evidence for the existence of harmony
based on the feature [-ATR], since the patterns in twenty Bantu C languages which he
10

We must consider whether or not all three of these harmony types even exist. Casali’s work on
inventory-dependent vowel harmony (mentioned above) offers a helpful way to tease apart some of the
confusion. As previously mentioned, languages with [ATR] contrasts in the high vowels (e.g. Kinande)
generally have [+ATR] as the dominant value, whereas languages with [ATR] contrasts in the mid vowels
only (e.g. Yoruba and much of Bantu C) tend to have [-ATR] as the dominant value. The question still
remains, however, whether or not there are harmony patterns which could not easily be analyzed in terms
of either [+ATR] or [-ATR], for which we would need to rely on some sort of height harmony as well.
Kuria harmony is a prime example of a language whose harmony patterns might be best explained in terms
of height, or else a combination of height and [ATR]. This is an interesting issue which is very relevant to
the analysis of many Bantu vowel systems but is only briefly addressed in this thesis. See §7.3.1 for a brief
review of Kuria height harmony. See also Parkinson (1996), Chacha and Odden (1998) and Cammenga
(2004) for various analyses of Kuria vowel harmony.
11
Unless otherwise noted, I use [-ATR] and [rtr] synonymously. By default I will refer to [-ATR] vowels
and systems, but I do not intend to crucially rely on assumptions based on a particular feature geometry.
12
Though Yoruba is the most well-known example of this type of system, in Casali’s (2003) survey of
African vowel inventory types, he lists a number of languages from African language families which have
the 7V(M) system, which strongly correlates with [-ATR] dominant harmony patterns. There are a number
of Bantu languages with this inventory, most of which are Bantu C languages spoken in Congo (see Leitch
1997). Aside from that group, other Bantu languages known to have this inventory are Komo (D23), Bhele
(D31) and Akoose (A15). Kwa languages with this inventory are Anufo, Attie, Dangme, Ewe, Ga, and
Maxi. There are also several Defoid languages, all of which are dialects of Yoruba. For more about these
languages and this inventory type, see Casali (2003) and references therein.
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describes are incompatible with a [low] harmony analysis. All of the languages in his
study have the same seven-vowel /i e ɛ a ɔ o u/ system with [-ATR], or as he calls it, [rtr]
dominance. He claims that Goad’s (1993) proposal of the existence of [low] harmony
alone is not sufficient to straightforwardly account for the harmony patterns displayed in
these languages, but that the features [low] and [rtr] are both needed. His argument
against Goad is largely based on the fact that [a] does not pattern with the vowels [ɛ ɔ] in
triggering harmony. He summarizesː “if [a] has the harmonic feature [i.e. the feature
[low] – HH] by virtue of the representation, then why does [a] never induce harmony?”
(1996ː245). With a featural representation such as Goad’s in which the distinction
between [ɛ/ɔ] and [e/o] is the same feature which defines [a] as a low vowel, the Bantu C
patterns could not be accounted for. Based on this evidence from Leitch (1997) and
Archangeli and Pulleyblank (1994), among others, I assume that a feature such as [-ATR]
or [rtr] does in fact exist and can be the dominant value in a vowel system.
Theoretical work on height harmony has often included analyses of Bantu
languages, particularly on vowel alternations in verbal suffixes such as the applicative
suffix. Work on height harmony is often presented as an alternative to tongue root
harmony analyses. For example, as already mentioned, Goad (1993) argues for the
feature [low] instead of [-ATR] to account for Yoruba-type harmony. Some also have
proposed height harmony analyses in place of [+ATR] harmony, particularly for 7V
systems. For example Clements (1990; 1991) argues that the hierarchical height feature
[open] is sufficient to account for all “height-related” harmony, that is, all harmonies
along the auditory height continuum. Parkinson (1996) argues for a vowel height
representation similar to that of Clements, though he allows for [ATR] as well, but only
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in cases of clear cross-height harmony such as that in Akan and other 9V and 10V
languages.
In this thesis I follow Casali (2003; 2008) and others in assuming that both
[+ATR] and [-ATR] dominance are attested, and as mentioned in §1.4.2 above, as well as
§7.1 below, the existence of these types of dominance is largely predictable from the
inventory. The existence of height harmony (as opposed to tongue root harmony) is not
an issue which I directly address. I recognize that there are other types of systems (e.g.
Ikoma’s neighbors Kuria and Simbiti) which might be best explained in terms of total
height harmony. Therefore, I allow for the possibility that both height and tongue root
features could be involved in harmony systems.
1.5

Preview of the results

Ikoma is in many ways a typical Bantu language, with a canonical noun class system,
seven vowels, high lexical similarity with surrounding Bantu languages and a number of
regular sound changes in Proto-Bantu cognates which can be quickly observed from a
look at common Bantu lexical items. Nominal and verbal morphology, the consonant
system, and nominal lexical tone are all relatively typical. There are, however, a number
of very unusual patterns, especially in the vowel harmony system, which is the topic of
this thesis. Keeping track of these unusual patterns and unexpected asymmetries will
undoubtedly be difficult at times, so I begin here with an overview of some of the unique
features of the system so that the presentation in later chapters is easier to follow.
A crucial point to highlight in the introduction is that the data and analysis
presented in this thesis is admittedly unusual and complex in a number of ways and thus
might cause skepticism in the minds of some readers. Essentially, I argue that Ikoma has
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the seven vowel system /i e ɛ a ɔ o u/ and exhibits evidence of both [-ATR] and [+ATR]
markedness. The existence of both [-ATR] and [+ATR] as seemingly active values in a
single language is not very usual and calls for some explanation. Furthermore, neither
type of apparent dominance in Ikoma is entirely typical.
Seven-vowel Bantu languages often have vowel harmony in prefixes, and in this
way Ikoma is not out of the ordinary. However, the nature of Ikoma’s prefix harmony is
quite strange because, while the feature [-ATR] is the trigger for prefix alternations, the
[-ATR] feature itself does not spread. Instead, [-ATR] vowels in the stem trigger a vowel
height change in the prefix, from mid [e o] to high [i u], which I analyze as a process of
dissimilation. I describe prefix vowel dissimilation in detail in Chapter 5.
Despite evidence of [-ATR] vowels triggering prefix dissimilation, vowel
harmony in verbal suffixes has patterns which, at least at first glance, indicate [+ATR]
markedness.13 [+ATR] appears to spread leftward from dominant [+ATR] suffixes, but
there are peculiarities here as well. In verbs, the alternation is categorical for front vowels
(in which [ɛ] alternates to [e]), but only gradient for back vowels (in which [ɔ] is
somewhat raised but does not neutralize with [o]).14 Another strange detail is that one
mid-vowel suffix (the subjunctive) is an undergoer and a trigger of vowel alternations. It
is underlyingly [+ATR] [-e] and appears to spread [+ATR] leftward to /ɛ/ root vowels,

13

Some of the difficulties are now becoming apparent concerning how to describe a language in which
both values of the feature [ATR] seem to be marked. Note that the apparent spreading of a feature such as
[+ATR] might also be analyzed as delinking of [-ATR], depending on one’s assumptions concerning
feature geometry. For the purpose of description, without relying on any particular analysis, I use the terms
“superficial” or “apparent” [+ATR] or [-ATR] spreading to describe patterns which, at face value, look
like spreading
14
Note that the decision to consider this alternation to be categorical for the front vowels is still up for
debate. Though there is strong evidence that the front-vowel assimilation is neutralizing, it is perhaps not
quite as clear as we might hope. Nonetheless, for a number of reasons discussed in §6.4.2, I tentatively
conclude that the assimilation is categorical. The back vowel patterns are more straightforward, since the
assimilation is clearly only partial. See §6.4.2 for more discussion.
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but the suffix is realized as [-ATR] [-ɛ] following the back vowel /ɔ/ in the root.
Furthermore, there is also an underlyingly [-ATR] mid-vowel suffix, which is the only
non-low [-ATR] affix in the language. The applicative suffix is [-ATR] [-ɛɾ] but is
realized as [+ATR] [-eɾ] after [e o] roots. Therefore, there is superficial spreading of both
[+ATR] and [-ATR] from verb root to suffix. Vowel harmony in verb stems and suffixes
is the topic of Chapter 6.
There is also apparent [+ATR] spreading in noun stems. Underlying /ɛ ɔ/ are
realized as [e o] preceding high vowels in the stem. This is somewhat different than
verbs, since in nouns both front and back vowels alternate, whereas in verbs only the
front vowels are affected. However, another asymmetry becomes apparent in nouns,
where we see that long /ɛɛ/ and /ɔɔ/ are resistant to raising, even though the
corresponding short vowels are targets. Note also that vowel hamony in both noun and
verb stems does not interact with prefix dissimilation. Stem vowel alternations do not
affect prefix vowel alternations, possibly because prefix and stem harmony are of such
different types. Apparent spreading of [+ATR] in stems and suffixes is very different than
the [-ATR]-triggered mid-to-high vowel alternation in prefixes.
Another repeated theme of the thesis is the use of both phonetic and phonological
evidence to solidify the fact that Ikoma’s degree 2 vowels are /e o/, not /ɪ ʊ/ (see
especially Chapter 3). Also, recall from §1.4 above that 7V languages with /e o/ as the
degree 2 vowels virtually always exhibit harmony patterns showing [-ATR] dominance
(Casali 2003). If this is indeed Ikoma’s inventory, then the dominant feature [-ATR] is
consistent with the inventory-dependent harmony hypothesis. However, apparent [+ATR]
spreading in stems and suffixes confuses matters, since we do expect dominance of both
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[ATR] values in a single language, and we do not usually find [+ATR] dominance in a
language with this vowel inventory.
In Chapter 7, I propose that, even though it might first seem that [+ATR]
markedness (and dominance) is the more regular pattern, there are some facts that would
not be well-explained by such an analysis. Instead, an analysis in which [-ATR] is the
more generally marked or dominant feature is perhaps tenable. If this is the case, the
patterns exhibiting apparent [+ATR] dominance might be explained by other means, such
as dominance reversal. Therefore, Ikoma might actually conform to Casali’s (2003)
inventory-dependent dominance hypothesis. Note, however, that this hypothesis can only
be confirmed by working through a comprehensive treatment of these patterns within a
specific theoretical framework. Unfortunately, such a task is beyond the scope of this
thesis, so my proposals must remain tentative.
These vowel patterns are certainly unique, and my goal is to present the data as
accurately as possible, supported by acoustic phonetic data, and to note the patterns
which are typical and those which are not. For areas in which my analysis is tentative
(e.g. in the discussion of categorical versus gradient [ATR] spreading), I aim to present
and discuss all of the available evidence, which allows the reader to decide which facts
are most convincing.
1.6

Vowel formant analysis methodology

In order to provide more thorough evidence supporting this vowel description, and to
contribute to the general body of acoustic phonetic data available on languages with
vowel harmony, I have undertaken an acoustic study of Ikoma vowels based on the
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speech of four Ikoma speakers.15 My hope is that this will not only better characterize the
nature of the seven vowel phonemes but also strengthen the description of some of the
harder to distinguish alternations. In particular, I aim to show that the degree 2 vowels are
[e o], not [ɪ ʊ]. Also, vowel formant measurements play a significant role in the analysis
of the mid-vowel alternations described in Chapters 4 and 6.
In Hess’s (1992) study of vowel harmony in Akan, she seeks to “define a measure
which would provide a reliable diagnosis of tongue root position” (478). She found that
the two most promising measures for tongue root placement are formant frequency and
bandwidth.16 In particular, [+ATR] vowels have lower first formant (F1) values than their
[-ATR] counterparts. When F1 values alone are not sufficient to distinguish two vowels,
the bandwidth of F1 proves to be a reliable measure of tongue root placement. The
relevant correlation is that for vowels which have a similar F1 value, [+ATR] vowels will
have a narrower bandwidth than [-ATR] vowels. Based on these results, as well as other
studies such as Gick et al. (2006) and Starwalt (2008), I have carried out vowel formant
analysis as described further below, with the hope that similar measures will provide a
helpful tool in better understanding Ikoma vowels.
In the following subsections, I introduce the Ikoma speakers used in this study,
decisions made regarding wordlists which were recorded, recording procedures, and
procedures used for making measurements and plots. Note that this discussion introduces
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At this point, a basic question enters the discussion concerning the extent to which phonetic facts can and
should inform our phonological theories. Though the debate concerning the interface between phonetics
and our phonological theories is still a live one (e.g. Gick et al. 2006; Hale and Reiss 2000), for the
purposes of this thesis I assume that, at the very least, including a phonetic description of Ikoma vowels
increases the descriptive depth of this work.
16
Hess’s conclusions concerning the relationship between tongue root placement, F1 and F1 bandwidth are
in line with earlier work by Lindau (1978; 1979).
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only the basic procedures used, and that more specific details are provided in the relevant
sections of later chapters.
1.6.1

Speakers

I made sound recordings of four Ikoma speakers in order to do an instrumental analysis
of the vowel system. A number of different wordlists were recorded, some by all four
speakers, and other lists by only a selection of the speakers. Three males and one female
contributed to this study, and the relevant information about the participants is given in
(7) below.
(7) Participants in acoustic research
Speaker Name

Gender

A
B
C

Mussa Chory Thobias
Rev. Paul Muya
Thobius Maro Masanja

Male
Male
Male

Age (at time
of recording)
36
45
64

D

Veronica Banagi
Maronga

Female

41

Home village
Rwamchanga
Morotonga
Robanda and
Musoma
Morotonga

Each of these speakers gave informed consent to participate in this study and to have
their names mentioned here. Speakers A and B both spent most of their lives in the Ikoma
language area and have only recently moved to the town of Musoma (the region’s
capital). Speaker D has lived her entire life in the Ikoma area. Speaker C spent his
childhood in the Ikoma area but has also lived for many years in various other parts of the
country.
1.6.2

Wordlists

A number of wordlists were used in order to investigate vowels in different contexts and
types of words. The various wordlists were created by selecting items from a previously
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elicited list of 1700 words.17 Some lists for recording also included items such as
inflected verbs and even phrases, and these data came from Ikoma texts and my own
ongoing research into the Ikoma language. When appropriate, wordlists were randomized
using the website http://www.random.org/lists/. All four speakers were already familiar
with the trial Ikoma orthography which is being developed by SIL Int’l, so this
orthography was used for the wordlists. Prior to recording each list, speakers were given
the chance to review the list and offer corrections. I then recorded them as they read
through the list, first reading the number of the item, the Swahili gloss, and then the
Ikoma word. Nouns were read with two repetitions of the singular form followed by two
repetitions of the plural form. Verbs were generally given in the infinitive form and were
read with three repetitions each.
When choosing words to record, I took a number of factors into consideration.
The most overarching considerations for all of the wordlists were the avoidance of nasals
and the choice of surrounding vowels and consonants. Concerning the issue of consonant
effects on vowel measurements, Starwalt (2008:71-72) contrasts two ways of choosing
words for analysisː
One way is to collect and analyze a large list with several hundred words but few
repetitions and thus determine the character of the vowels in the various
environments in which they occur. Another is to limit the list, and draw from the
list one or more words for each vowel. When limiting the list, more care needs to
be taken to control for certain variables, such as tone and consonant onset (and
potentially coda), as well as recording more tokens for statistical purposes.
In her work, Starwalt chose the latter option of limiting the list and controlling heavily for
tone and consonants. I, however, chose the former option of attempting to “determine the
character of the vowels in the various environments in which they occur” (71). Therefore,
17

The wordlist originally used for elicitation was a Swahili translation of the SIL Comparative African
Word List (Snider and Roberts 2004).
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while avoiding nasal consonants, for each of the wordlists I freely chose other words with
consonants from a variety of places and manners of articulation.
Aside from the consonant issues, the criteria for choosing words differed
somewhat depending on the wordlist, since each list was designed with the intention of
analyzing vowels in a specific position or word type when surrounded by vowels of
varying qualities. Therefore, more specific criteria concerning the number of words used,
vowel length, parts of speech and noun classes, will be addressed in each individual
section where measurements from different wordlists are discussed.
1.6.3

Recording procedures

Recordings were made using an Audio Technica AT899 condenser microphone and the
MicPort Pro preamp. The microphone was mounted onto a headset and placed
approximately an inch to the side of the speaker’s mouth. I primarily used WavePad
Sound Editor 4.42 to record directly to my laptop computer at a sample rate of 48,000
Hz, 16 bit, mono. The Praat sound recorder was used for a small number of the sound
files during the beginning of the recording process with Speaker B.
Recording locations varied considerably. All recordings of Speakers A, B and C
were made in various rooms in an office building in Musoma, Tanzania. A sound-proof
room was not available, but efforts were always made to find as quiet of a location as
possible. All recordings of Speaker D were made in a quiet location indoors in the Ikoma
village of Morotonga, just outside of Mugumu, Tanzania.
1.6.4

Measurements and Plots

I used SIL’s Speech Analyzer software for all vowel formant and bandwidth
measurements. For each vowel, I measured the first and second formants (F1 and F2)
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using the LPC18 display. For most vowels I also measured the first formant bandwidth
(B1). Measurements were taken using a single wave cycle near the center of the steady
state portion of the vowel. I made an effort to choose a cycle with formant values which
were most representative of the steady portion of the vowel as a whole. When
measurements varied significantly from one cycle to the next, I often used Speech
Analyzer’s formant tracks to get an idea of which LPC measurements were most likely to
be accurate. The formant tracks are calculated differently than the LPC, so I opted for
cycles in which the LPC and formant track measurements were in close agreement. I used
Microsoft Excel workbooks to record and organize all measurements. All vowel plots
were made using the FPlot software.19 I used the website
http://www.physics.csbsju.edu/stats/t-test.html for performing (unpaired) t-tests.
1.7

Overview

The remainder of this thesis is organized as follows. Chapter 2 introduces various nonvocalic aspects of the Ikoma language which are helpful as background for the
description of vowel harmony processes. This includes basic information such as
consonant phonology, tone and morphology. Chapter 3 begins the treatment of Ikoma
vowels, introducing the seven vowel phonemes, contrastive and conditioned vowel
length, and the phonetic evidence of the vowel phonemes. Chapter 4 describes static
vowel harmony, focusing on the distribution of vowels within noun stems. Chapter 5
examines vowel harmony in prefixes, and Chapter 6 describes harmony in verbal
suffixes. Each of these sections includes vowel formant analysis supporting the
description. Chapter 7 summarizes the various harmony patterns described in the thesis
18

The LPC (linear predictive coding) display represents the spectral envelope of the speech signal,
allowing for the identification of vowel formants. In Speech Analyzer, this display is called the “Spectrum.”
19
FPlot is a simple vowel-plotting software available from http://casali.canil.ca/.
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and makes some tentative proposals concerning what a unified account of the data might
look like. Chapter 8 is the conclusion, including suggestions for future research.
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Chapter 2:

Ikoma Preliminaries

Though the aim of this thesis is primarily to describe the vowel harmony system of
Ikoma, it is also an opportunity to present some other basic facts of this otherwise
undescribed language. Therefore, this chapter presents other relevant background
information concerning the consonant inventory, lexical tone and morphology. The vowel
inventory, distribution and harmony patterns are discussed in depth in the remainder of
this thesis, so they will not be covered more in this chapter. Recall, however, that Ikoma
has the seven-vowel inventory /i e ɛ a ɔ o u/, and each of these vowels has a phonemic
long vowel counterpart.
Vowel harmony in Ikoma occurs in both prefixes and suffixes, so the introduction
to morphology given here is especially helpful in later discussions. Understanding basic
morphology is also helpful in the discussion of consonants and tone. Therefore, I begin
with a description of nominal and verbal morphology in §2.1 and §2.2, respectively. The
consonant inventory is then discussed in §2.3, including a description of prenasalized,
palatalized, and labialized consonants. A process of voicing dissimilation, known in the
Bantu literature as Dahl’s Law, is described in §2.3.4. Finally, a brief preliminary
description of Ikoma tone is given in §2.4.
2.1

Nominal morphology

Nominal morphology is referred to regularly throughout this thesis. Vowel harmony in
nominal prefixes is a central topic in §5.1, and the distribution of vowels in noun stems is
discussed in Chapter 4. In preparation for those discussions, the following two
subsections introduce Ikoma nominal morphology, including the noun class system
(§2.1.1) as well as noun stem types (§2.1.2).
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2.1.1

Noun class prefixes

As expected in Bantu languages, Ikoma has a fairly typical set of noun classes. Noun
class (NC) prefixes and augment vowels (also known as “pre-prefixes”) are obligatory for
all nouns, with the exception of classes 1a/2a and 9/10, which are described more
below.20 Canonical bisyllabic noun stems are the most common, resulting in a large
number of nouns with the shape V-CV-CVCV which are composed of an augment vowel,
followed by a CV shaped noun class prefix, followed by a CVCV noun stem. The nouns
in (8) below include at least one example from each noun class, organized according to
canonical singular and plural noun class pairings (following Katamba 2003).
(8) Noun classes

20

Class
Class

Singular

Gloss

Class

Plural

Gloss

1

o-mo-ɾemi

‘farmer’

2

a-βa-ɾemi

‘farmers’

1a

taata

‘father’

2a

βáa-taata

‘fathers’

3

o-mo-ɣóndo

‘farm’

4

e-me-ɣóndo

‘farms’

5

e-ɾi-ʃeɾe

‘hoe’

6

a-ma-ʃeɾe

‘hoes’

7

e-ɣe-túmbe

‘chair’

8

e-βe-túmbe

‘chairs’

9

aŋ-gúβu

‘hippo’

10

tʃaŋ-gúβu

‘hippos’

9a

a-suná

‘mosquito’

10a

tʃa-suná

‘mosquitoes’

11

o-ɾu-hɛ́mbɛ

‘horn’

10a

tʃa-hɛ́mbɛ

‘horns’

12

a-ɣa-túmbe

‘small chair’

19

e-he-túmbe

‘small chairs’

14

o-βo-ɾeɾe

‘bed’

6

a-ma-ɾeɾe

‘beds’

15

o-ɣo-ɣoɾo

‘leg’

6

a-ma-ɣoro

‘legs’

16

a-ha-ɣíɾo

‘place’

18

mo-ɣe-túmbe ‘in the chair’

20

o-ɣo-túmbe

‘large chair’

It is unclear whether or not the [a] of class 9 and 9a is an augment or if it is better analyzed as a class
prefix. Since this issue is orthogonal to the topics under discussion here, for simplicity, I will treat both /an/ and /a-/ as prefixes and assume that classes 9 and 10 do not have an augment.
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Note that class 1a is the only class which does not have a noun class prefix. Its plural,
class 2a, is also unusual. It does not have an augment, its prefix vowel is always long, and
it is the only NC prefix with a high tone. All other augment and prefix vowels are
toneless (see §2.4).
Classes 9/10 and 9a/10a are also interesting.21 The only difference between 9/10
and their 9a/10a counterparts is the presence of the nasal consonant (see also the
discussion of prenasalization in §2.3.1). Classes 9a and 10a lack the nasal. When present,
the nasal always assimilates to the place of articulation of the following consonant. When
the nasal is absent, if the noun stem is only one or two syllables, the class 10a plural
prefix is sometimes noticeably lengthened, possibly in an effort to preserve the mora of
the nasal. This prefix lengthening is not contrastive and is not written in this thesis. A
similar phenomenon occurs with the class 5 prefix [eɾi-], which is often pronounced
longer before one- and two-mora stems than before stems with three or more moras. The
degree of lengthening of these prefixes has not yet been a topic of research. Until further
research is carried out, I transcribe these words as follows. Class 5 prefix lengthening is
written before monosyllabic noun stems only, since the lengthening in these words is
very clear. However, the lengthening before bisyllabic stems is less clear, and it is not
written. Vowel length issues are discussed further in §3.3 below.
As shown in (8) above, class 15 is used for a small number of nouns, but it is also
used as the infinitive prefix on verbs. The only difference is that the augment occurs only

21

The vowels of class 9/10 prefixes are interesting to compare with the other Mara languages. Nata is the
only other language variety found to have [a] in these prefixes. Other Mara languages such as Isenye,
Ngoreme, Zanaki, Simbiti and Ikizu have various alternations between the front vowels [ɛ e i] in classes 9
and 10.
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on the nominal forms, but not on the infinitives. The infinitive, which is the citation form
of Ikoma verbs, is discussed more in §2.2.1.
In the examples above, augment vowels are separated from the noun class
prefixes for the sake of clarity, but throughout the remainder of this thesis only
morpheme breaks between prefixes and noun stems are shown. Augment vowels are
always predictable and depend on the noun class. For example, classes 2, 6, 12, and 16
have low-vowel prefixes and always have the augment [a]. Classes 1, 3, 11, 14 and 15
have back-vowel prefixes, and they always have the augment [o]. Classes 4, 5, 7, 8, and
19 have front-vowel prefixes, and they always have the augment [e]. We can make the
generalization that these three augment vowels are always a copy of the underlying vowel
of the noun class prefix. Many NC prefix vowels alternate depending on the first vowel
of the stem, but augment vowels never alternate. Prefix vowel alternations are quite
unusual and are discussed in depth in §5.1.
Many noun class prefixes have several surface forms resulting from consonant
processes and vowel harmony. Prefix vowels may also undergo glide formation before
vowel-initial stems. Concerning consonants, alternations between [k] and [ɣ] in classes 7,
12 and 15 are conditioned by Dahl’s Law, a process of voicing dissimilation (discussed in
§2.3.4 below). Class 7 is a good example of the number of surface alternations of prefixes
which are possible in just one class. Examples of all six possible surface forms for the
class 7 prefix /eke-/ are in (9) below.
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(9) Surface forms of class 7 prefix /eke-/
a.
b.
c.

eke-ŋwɛɾɛ́ɾɛ

‘baby’

eɣe-ɣojó

‘dwarf’

eki-hɛ́ɛnɔ

‘fever’

eɣi-saɾé

‘twin’

ekj-áɾo

‘village’

eɣj-asi*

‘vessel for milking’

Examples in (a) have the prefix vowel [e], whereas the prefixes in (b) have alternated to
[i] as a result of vowel harmony.22 Prefixes in (c) have undergone palatalization before
the vowel-initial stems. The first and second examples in sets (a), (b) and (c) each differ
in consonant voicing as a result of Dahl’s Law.
Classes 12 and 19 are the singular and plural diminutive classes, and any noun
stem can be moved into these classes to create the meaning of something very small.
Similarly, noun stems can be moved into class 20, which is an augmentative class. This
adds the semantic component of largeness and can sometimes be pejorative as well.
When nouns are moved into any of these three classes, their original noun class prefixes
are completely replaced. This is exemplified in (10) below, which repeats some of the
nouns from (8) above.
(10)

22

Augmentative and Diminutive Classes

Class

Singular

Gloss

Class
Class

Plural

Gloss

7

e-ɣe-túmbe

‘chair’

8

e-βe-túmbe

‘chairs’

12

a-ɣa-túmbe

‘small chair’

19

e-he-túmbe

‘small chairs’

20

o-ɣo-túmbe

‘large chair’

Prefix vowel harmony involves an alternation from underlying mid-vowels to high-vowels preceding [ATR] stem vowels. This is a previously unattested type of vowel harmony, but it is the clear pattern in
Ikoma. See Chapter 5 for more examples and discussion, including an OT account and possible perceptual
explanations of this unusual pattern.
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Each of the nouns in (10) have the same stem [túmbe]. Its normal noun class is 7/8, but in
its diminutive form, it takes the class 12 prefix [aɣa-] in the singular and 19 [ehe-] in the
plural. Similarly, its augmentative form in class 20 takes the prefix [oɣo-]. There is not a
usual plural augmentative class, though Ikoma speakers have mentioned that classes 5
and 6 can be used for singular and plural augmentative classes.
Note the absence of Proto-Bantu classes 13, 17 and 21-23. Class 13 is a common
diminutive plural class, but it does not occur in Ikoma. Instead, Ikoma uses class 19 for
the diminutive plural. Classes 21-23 are far less common in general, so their absence in
Ikoma is not surprising. There are three common locative classes in Bantu languages (16,
17 and 18), but classes 16 and 18 are the only clearly attested locative classes in Ikoma.
The example for class 16 in (8) above (ahaɣíɾo ‘place’) is the only noun found which
uses this class as a normal noun class prefix. Otherwise, class 16 is used only for locative
agreement prefixes for demonstratives and for the locative verbal suffix [–ho]. Ikoma
does not use the class 17 locative prefix, despite the fact that surrounding Mara languages
do use it. Instead, locative prefixes are almost exclusively from class 18, which carries
the meaning of either ‘inside of’ or ‘in the area of’ the noun. Examples are in (11) below.
(11)

Class 18 locatives
Original

Locative

Gloss

mo=ɣe-ɣoɾo

‘at the mountain’

e-ɣe-ɣoɾo

mo=ɣe-túmbe

‘in the chair’

e-ɣe-túmbe

mo=ŋ-giβo

‘in the clothes’

aŋ-giβo

mo=kj-áɾo

‘in the village’

e-kj-áɾo

Noun

As seen in these examples, the original NC prefix remains, but the augment vowel is
deleted when the locative prefix is added. Note that I consider [mo=] to be a clitic, not a
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true prefix, primarily because it does not undergo the expected vowel harmony patterns,
even when it is directly adjacent to stems. This is discussed further below.
In addition to the class 18 locative, there are two other locative clitics of unknown
historical origin. The locatives [o=] and [a=] have very restricted usage. It is possible to
speculate that [o=] is a reflex of PB class 17 and that [a=] is a reflex of class 16, which
have been reconstructed as *ko- and *pa-, respectively, by Guthrie (1971). The locative
[a=] occurs frequently but has only ever been seen in combination with three specific
lexemes, all from class 3/4. These are in (12) below.
(12)

[a=] locative examples
Locative

Gloss

Basic Noun

a=mo-ɣóndo

‘in/at the field’

o-mo-ɣóndo

a=mu-ɣɔ́ngɔ

‘on the back’

o-mu-ɣɔ́ngɔ

a=mo-té

‘in the tree’

o-mo-té

The occurrences with ‘field’ and ‘back’ are common, and [a=mo-té] has been observed
only once. As with the [mo=] locative, the augment vowel elides when the [a=] locative
is present.
The locative [o=] also has restricted usage. It is used only with people, especially
with class 1a/2a kinship terms, creating the meaning of going ‘to the place of’ someone,
i.e. to someone’s home. Some examples are presented in (13), all from class 1a.
(13)

[o=] locative examples
Locative

Gloss

Basic Noun

o=taata

‘to father’

taata

o=sookoɾo

‘to grandfather’

sookoɾo

o=jima

‘to mother’

jima

o=ɣooko

‘to grandmother’

ɣooko
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Each of these nouns can also take the class 18 locative [mo=], as in [mo=taata], but the
meaning would then be ‘inside father’s room’ with emphasis on the meaning of ‘inside.’
We might expect the mid vowels of the locatives [mo=] and [o=] to harmonize
with following nouns as other mid-vowel prefixes do. They do not, however, have
height-changing alternations to [mu=] or [u=], even when they are immediately adjacent
to a prefix-less [-ATR] noun root. The examples above of [o=taata] and [o=ɣooko]
exemplify this well, since the first has a [-ATR] root and the second a [+ATR] root. As is
discussed further in §5.1, we would expect these prefix vowels to alternate to [u] before
[ɛ ɔ a] in the stem, but that is not the case with locatives. Additional examples in (14)
show this pattern with nouns from class 9 with the class 18 locative [mo=].
(14)

Non-alternating locative vowels
Locative

Gloss

Basic Noun

mo=kɔ́ɾɔ

‘in the heart’

a-kɔ́ɾɔ

mo=sakɔ́

‘in the basket’

a-sakɔ́

mo=ʃéeki

‘in the quiver’

a-ʃéeki

As seen above, even when [mo=] directly precedes a noun stem, the [-ATR] vowels in
‘heart’ and ‘basket’ do not trigger vowel alternations. That the locatives do not alternate
is taken as evidence that they are clitics or even separate words, but not prefixes.23 For
this reason, they will not be discussed further in the discussion of prefix vowel harmony
in Chapter 5 below.

23

Note that they are also different than other nominal prefixes since they do not replace the original prefix
as we saw with the augmentative and diminutive prefixes. Instead, the locative prefixes only replace the
augment.
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2.1.2

Noun stem types

The previous section focused on the shapes and varieties of nominal prefixes, but this
section looks more thoroughly at nominal stem types. Noun examples to this point have
primarily had bisyllabic CVCV stems. As we will see in §2.3, consonants can be either
singleton segments or complex clusters in which the consonant is prenasalized,
palatalized or labialized. Non-final stem vowels can also be phonemically long, which
creates a large number of CVVCV stems (see §3.3 for more on vowel length).
Monosyllabic noun stems are also common (approximately seventy examples out
of 800 nouns). The nouns in (15) below show examples of monosyllabic stems from each
noun class.
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(15)

Monosyllabic noun stems

Class

Singular

Plural

Gloss

1/2

omu-kú

aβa-kú

‘son-in-law’

3/4

omo-nu

eme-nu

‘mouth’

omo-te

eme-te

‘medicine’

omo-té

eme-té

‘tree’

eɾii-ɾú

ama-ɾú

‘knee’

eɾii-hé

ama-hé

‘war’

eɾii-to

ama-to

‘leaf’

eɣi-kɔ́

eβi-kɔ́

‘calabash’

eɣe-ɣi

eβe-ɣi

‘mud wasp’

eɣi-ka

eβi-ka

‘civet cat’

an-da

tʃ͡an-da

‘stomach’

an-dá

tʃ͡an-dá

‘louse’

a-ka

tʃ͡a-ka

‘lion’

a-ɲó

tʃ͡a-ɲó

‘pot’

oɾu-sá

tʃ͡a-sá

‘jaw’

oɾo-kú

tʃ͡a-kú

‘firewood’

oɾo-tʃi

oβo-tʃi

‘thread’

oβo-ʃó

ama-ʃó

‘face’

oβo-tu

-

‘flour’

oβu-tá

ama-tá

‘bow’

oɣo-tú

ama-tú

‘ear’

5/6

7/8

9/10

11/10

14/6

15/6

One point to note concerns the class 5 prefix /eɾi-/ when it occurs with a monosyllabic
stem. As shown above, the prefix lengthens to [eɾii-] in these words, possibly in
fulfillment of a constraint, specific to class 5, on the minimal number of moras required
in a word (for example, see Kutsch Lojenga 2007).
Trisyllabic and greater stems are also well attested (approximately 125 examples in
my data). A sample of these are in (16) below.
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(16)

Larger noun stems

Class

Singular

Plural

Gloss

1/2

omo-tʃókoɾo

aβa-tʃókoɾo

‘grandchild’

omu-ɾáɣáanú

aβa-ɾáɣáanú

‘stupid person’

omu-kandaɾá

emi-kandaɾá

‘fishing line’

omo-ɲéɾeɾe

eme-ɲéɾeɾe

‘bottle’

eɾi-káβaɾa

ama-káβaɾa

‘spot’

eɾi-hundúɣu

ama-hundúɣu

‘corpse’

eke-ɾiβitʃi

eβe-ɾiβitʃi

‘waist’

eɣe-kuɾúúka

eβe-kuɾúúka

‘calf of leg’

a-káβaβe

tʃ͡a-káβaβe

‘goiter’

an-dátʃáná

tʃ͡an-dátʃ͡áná

‘robe’

oɾo-ɣísoɾi

tʃ͡aŋ-gíʃoɾi

‘tears’

oɾu-βáβaɾe

tʃ͡am-báβaɾe

‘hip’

oβu-hɛmbɛ́ɾɛɾa

-

‘pain’

oβu-βáβaɾu

ama-βáβaɾu

‘disease’

3/4
5/6
7/8
9/10
11/10
14/6

Note that these longer stems are likely morphologically complex, since monomorphemic
Bantu stems are typically only bisyllabic. Because of time constraints, three-syllable and
greater stems are not a major topic of this thesis. In particular, I do not explore vowel
distributions with these longer stem types. We can, however, note that vowel harmony
patterns in prefixes are indentical to those found in shorter stems. In all cases, prefix
alternations are dependent on the first vowel of the stem, without regard to later vowels.
2.2

Verbal morphology

The previous section introduced basic nominal morphology, and this section does the
same for verbs. The infinitive, which is the citation form of Ikoma verbs, is discussed in
§2.2.1. Inflected verbs are discussed in §2.2.2, including an introduction to the TAM
system. Verb derivations are introduced in §2.2.3. Each of these types of verbal
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morphology are important in the discussion of vowel harmony, since verbal prefixes and
suffixes are all affected by harmony processes.
2.2.1

Infinitive verbs

Ikoma uses the class 15 prefix /ko-/ for infinitive verbs, and this prefix attaches to the
verb stem. It is identical to the prefix used for class 15 nominals (e.g. oku-βɔ́kɔ ‘arm’,
oɣo-ɣoɾo ‘leg’), but the verbal forms lack the augment vowel. As with the nominal
prefixes discussed in §2.1, the surface realizations of verbal prefixes are affected by
vowel harmony, Dahl’s Law (where applicable) and glide formation. This is the case for
/ko-/ as well, resulting in the allomorphs [ko-, ku-, ɣo-, ɣu-] as well as [kw-, ɣw-] before
vowel-initial roots. See examples of each of these prefix alternations in (17) below.
(17)

Infinitive prefix alternations

koko-

ko-huut-a

‘to blow’

ko-hooɾ-a

‘to pound’

kuku-

ku-mɛɛs-a

‘to lick’

ku-ŋɔs-a

‘to escape’

ɣo-

ɣo-sim-a

‘to wink’

ɣo-sintʃ-a

‘to slaughter’

ɣu-

ɣu-saam-a

‘to taste’

ɣu-kɔɲ-a

‘to knead’

kwkw-

kw-aβɛk-a

‘to build’

kw-eɣi

‘to wash’

ɣw-

ɣw-it-a

‘to kill’

ɣw-eki

‘to roast’

In each of these examples, the prefix attaches to the verb stem. The stem itself is
composed of the verb root (most typically CVC) followed by the final vowel (FV) which
is most commonly [-a]. The examples above include other common forms as well,
showing roots with long vowels (CVVC) and vowel-initial roots (VC and VCVC). The
examples kw-eɣi and ɣw-eki are also interesting since they do not have the typical FV [a]. Instead, the causative extension [-i] has likely been lexicalized on these verb forms.
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2.2.2

Inflected verbs

Though most verbal forms in this thesis are infinitives, inflected verbs also appear on
occasion. The basic template for inflection is given in (18) below.24
(18)

Verb inflection template

FM – Subject – Neg – TA – Object – Root – Extension(s) – Final – Locative
stem
The focus marker (FM), which is the nasal /n-/, is required for some TA forms but is
optional or ungrammatical with others. When it occurs it is always in initial position. The
subject prefix is required for all verbs except for imperatives and subjunctives, the latter
of which sometimes mark the object but not the subject. The negative prefix [ta-] follows
the subject marker. Tense and aspect (TA) prefixes are next in the template. Most TA
markers are prefixes, but some forms, such as the perfective aspect and subjunctive
mood, are marked only with a suffix in the Final position. If an object is marked, it
always directly precedes the stem. The stem is minimally composed of the verb root and
final vowel, but multiple derivational extensions may also be added. The final vowel [-a]
follows most verb roots, though it is deleted following the passive and causative
extensions. The FV [-a] can also be replaced by the suffixes [-iɾi] and [-e], depending on
the tense and aspect. Finally, two different locative suffixes [-ho] and [-mu] fill the
optional last slot in the verb template.
Investigation into the TAM system is still underway, but the table in (19) shows
many of the forms which have been observed so far. This list is likely not exhaustive, and
the labels are only tentative. These forms are all given with the 3P subject prefix [βa-].

24

This template is intended only as a means of describing basic verbal inflection, for the purpose of
understanding the data in this thesis. It is not intended as a theoretical proposal on the morphsyntax of
Ikoma.
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Two different verbs are used to exemplify these forms; tuka represents consonant-initial
stems, and aβɛka represents vowel-initial stems. In the “Template” column, n- is the
optional focus marker, SBJ represents the subject agreement marker and V represents the
verb root. The affixes associated with each TA form are in bold.
(19)

Tense/aspect/mood system

TAM

Template

tuka ‘dig’

aβɛka ‘build’
‘build’

imperative (IMP)

V-aa

tuk-a

aβɛk-a

subjunctive (SBJV)

(n
n)-(SBJ)-V-ee

βa-tuk-e

βa-aβek-ɛ

past (PAST)

n-SBJ-aa-V-iiɾi

m-ba-a-túk-iɾi

m-ba-aβék-iɾi

perfective (PFV)

n-SBJ-V-iiɾi

m-ba-tuk-iɾi

m-ba-aβek-iɾi

imperfective (IMPF) n-SBJ-ako
ako-V-a
ako a

m-ba-aɣo-tuk-a

m-ba-akw-aβɛk-a

incipient (INCP)

SBJ-ak
aká
aká-V-aa

βa-aɣá-tuk-a

βa-aká-aβɛk-a

narrative (NAR)

SBJ-aka
aka-V-a
aka a

βa-aɣa-tuk-a

βa-aka-aβɛk-a

habitual (HAB)

n-SBJ-haa
haa-V-a
haa a

m-ba-haa-tuk-a

m-ba-ha-aβɛk-a

continuous (CONT)

SBJ-ra
ra-V-a
ra a

βa-ɾa-tuk-a

βa-ɾa-aβɛk-a

conditional (COND)

SBJ-raa
raa-V-a
raa a

βa-ɾaa-tuk-a

βa-ɾa-aβɛk-a

Tone is marked on some of the forms above, but not on others. As I discuss in
§2.4.2 below, there is no lexical tone on Ikoma verbs, but there are tonal melodies
associated with different TAM forms. Only minimal work has been undertaken to figure
out the full grammatical tone system, so verbal tone is not fully marked. There are,
however, some forms which are tonally contrastive, and those are marked throughout this
thesis. The narrative and incipient forms differ only tonally. The narrative form is
toneless, whereas the incipient always has a H on the [aká-] prefix. This H is always
marked on the prefix in incipient forms.
Another nearly contrastive pair is the past and perfective forms. The perfective is
formed with the suffix [-iɾi], and the entire verbal melody is toneless. The past uses the
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same [-iɾi] suffix in combination with the prefix [a-]. Therefore, the past and perfective
are segmentally distinct in cases of consonant-initial stems, but they are identical in cases
of vowel-initial stems, since the [a-] prefix is deleted in the past tense when adjacent to a
vowel-initial stem. In these cases, tone alone distinguishes these forms. See the examples
in (20) below, repeated from (19) above.
(20)

Past and perfective verb forms

a. tuka
‘dig’
b. aβɛka
‘build’

Perfective (n- -iri)
iri)

Past

(n- a- -iri)
iri)

mbatukiɾi

mbaatúkiɾi

/m-ba-tuk-iɾi/

/m-ba-a-tuk-iɾi/

mbaaβekiɾi

mbaaβékiɾi

/m-ba-aβɛk-iɾi/

/m-ba-a-aβɛk-iɾi/

As seen above, the forms in (b) differ only by tone, since the vowel length contrast is
neutralized because of the vowel-initial stem. The location of the H in the past tense
depends on a number of factors. It is most typically on the first syllable of the macrostem
(i.e. the stem plus object prefix when present; see Kisseberth and Odden 2003), but it
shifts to the second syllable on vowel-initial stems (Lotta Aunio, personal
communication). The H also usually spreads at least one syllable to the right. Here I mark
the occurrence of the first H tone, but not the spreading, since it is varied on the surface.
Finally, note that some prefixes from (19), such as IMPF /ako-/, NAR /aka-/ and
INCP /aká-/, could perhaps be broken down into two morphemes, at least historically.
This is plausible since Bantu TA forms usually have either a V or CV shape, and /a-/ is a
common Bantu TA prefix (Nurse 2008). These issues are in need of further research, but
since they are orthogonal to the topic of this thesis, I simply consider these three forms to
be single morphemes. Also, note that the initial /a/ vowel in these three prefixes has
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unusual behavior in situations of vowel hiatus. A subject agreement prefix always
precedes these TA prefixes, but the initial /a/ of the TA prefixes never causes glide
formation of the preceding subject prefix. If the initial vowel of the TA prefix was really
/a/, we would expect glide formation of preceding non-low vowels, since this process
occurs when these same vowels meet at other morpheme boundaries.25 Instead, the vowel
of the subject prefix is always lengthened, so it appears that the initial vowel of the TA
prefix always conforms to the preceding vowel. This suggests that the initial vowel of the
IMPF, NAR and INCP prefixes is likely unspecified, or an “empty mora” (see Nurse and
Muzale 1999, quoting Hyman and Katamba 1999). Nonetheless, for simplicity I will use
/a/ to represent the initial vowel.
2.2.3

Verbal extensions

The previous section focused on inflectional affixes, but there are a number of
derivational affixes affecting verbs as well. It is common in Bantu languages for
derivational suffixes (usually called extensions) to be affixed to the verb root, and the
verb root in combination with all derivational suffixes forms the verb stem.26 Most of the
extensions are listed in (21) below with examples using two different verb roots. The
[-ATR] root tɛɣ- ‘trap’ and the [+ATR] root ɾem- ‘cultivate’ show the surface forms of
suffixes which alternate as a result of vowel harmony, particularly the applicative and
stative extensions.

25

When /a/ occurs stem-initially, non-low prefixes become glides. For example see the verbs [kw-aŋga]
‘deny,’ [kw-aβɛka] ‘build,’ [ɣw-ati] ‘cut open’ and the nouns [omw-áme] ‘rich man,’ [omw-átani]
‘neighbor,’ and [ekj-áɾo] ‘village.’
26
See Schadeberg (2003) for an overview of derivational morphology in Bantu. Common types of
derivation include changes between verbs, nouns, and adjectives. Bantu languages also have a rich set of
affixes which apply to verbs, most typically affecting a verb’s valency and argument types. They are thus
considered to be derivational, even though they do not change words from one grammatical class to
another.

45
(21)

Derivational Extensions

Basic Form

[-ATR] root
ɣu-tɛɣ-a
‘to trap’

[+ATR] root
ko-ɾem-a

‘to cultivate’

Causative

ɣu-teeɣ-i

‘to cause to trap’

ko-ɾem-i

‘to cause to cultivate’

Passive

ɣu-teeɣ-u

‘to be trapped’

ko-ɾem-u

‘to be cultivated’

Applicative

ɣu-tɛɣ-ɛɛɾ-a

‘to trap for’

ko-ɾem-er
er-a
er

‘to cultivate for’

Stative

ɣu-tɛɣ-ɛɛk-a

‘to be trapped’

ko-ɾem-ek
ek-a
ek

‘to be cultivated’

Reciprocal

ɣu-tɛɣ-an-a

‘to trap each

ko-ɾem-an-a

‘to cultivate one

other’

another’

The extensions above are quite productive, with the exception of the stative, which
occurs with only a limited number of verbs and is thus discussed very little in this thesis.
Note also that the passive and causative extensions affect the quality of [-ATR] root
vowels, changing them to [+ATR] vowels. These root vowel alternations are discussed
extensively in §6.4 below.
Another interesting point to note concerns the atypical forms of the causative and
passive stems. In most Mara languages, and in Bantu languages in general, the causative
[-i] and passive [-u] verbal extensions are followed by the final vowel [-a], resulting in
glide formation of the vowels of the extensions. In Ikoma, however, the final vowel does
not occur following the causative or passive suffix, so glide formation does not take
place. Additional examples of this phenomenon are in (22) below.
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(22)

Causative and Passive Verbs
Causative

Passive

Basic

Gloss

ko-ɾiβ-i

ko-ɾiβ-u

ko-ɾiβ-a

‘to plug’

ko-ɾeh-i

ko-ɾeh-u

ko-ɾeh-a

‘to pay’

ɣu-ɣeɣ-i

ɣu-ɣeɣ-u

ɣu-ɣɛɣ-a

‘to carry’

ku-hak-i

ku-hak-u

ku-hak-a

‘to apply’

The only other languages known to exhibit this same process of final vowel
elision are Ngoreme, Nata and Isenye, which are Ikoma’s closest neighbors. The table in
(23) below compares some of these forms (data taken from Smith et al. 2008 and
personal field notes).
(23)

Final vowel replacement
Causative ‘to cause to build’ Passive ‘to be built’

Basic

‘to build’

Ikoma

kw-aBek-i

kw-aBek-u

kw-aBɛk-a

Nata

ko-Bok-i

ko-Bok-u

ko-Bok-a

Isenye

ko-Bak-i

ko-Bak-u

ko-Bak-a

Ngoreme

kw-aBɛk-i

kw-aBɛk-u

kw-aBɛk-a

The verb roots vary somewhat from one language variety to another, but in all instances
the FV is replaced (or deleted) when the causative or passive extensions are affixed to the
root.
The inversive /-oɾ/ and inversive stative /-ok/ extensions are much less productive
than the extensions above, and they cannot be used with all verb stems. Most often the
extensions seem to have been lexicalized, and in only a few cases can the derived forms
be clearly seen to correspond in both form and meaning with a more basic stem. See (24)
below for some of the clearest examples.
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(24)

Inversive and inversive stative extensions
Inversive
Inversive

Gloss

Basic

Gloss

ko-huɲ-uɾ-a

‘uncover’

ko-huɲ-a

‘cover’

ɣw-iɣ-oɾ-a

‘open’

ɣw-iɣaɾ-a

‘close’

For both examples in (24), there is clearly an inversive or “undoing” component which is
added to the meaning of the original form.
There are also a number of pairs of verbs which have both the inversive and
inversive-stative counterparts, but the bare stem is no longer present in the language.
Some of these examples are in (25) below.27
(25)

Lexicalized inversive forms

a.
b.
c.

Inversive forms
ɣu-ɣaɾ-uɾ-a

Gloss
‘return’

ɣu-ɣaɾ-uk-a

‘be returned’

ɣu-ɣɔɾɔɾ-ɔɾ-a

‘be straight’

ɣu-ɣɔɾɔɾ-ɔk-a

‘be straight’

ku-naaɾ-uɾ-a

‘unfold’

ko-hoɾ-ok-a

‘come from’

ɣo-seb-ok-a

‘sprout’

The pair in (a) are the inversive and inversive stative counterparts of the same root, but
there is not a clear corresponding underived root. The same applies for those in (b). The
examples in (c) are forms without a counterpart, and they, too, lack a clear underived root
synchronically.
Vowel harmony processes involving these extensions are discussed more fully in
Chapter 6 below. Some of the most interesting points of discussion concern the different
behaviors of applicative and subjunctive suffix vowels, the three-way alternations of the
27

Note that these glosses are only approximate, since the distinctions between inversive and inversivestative are not easily translated into English.
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inversive extensions, and the somewhat surprising [+ATR] spreading from /i u/ which
affects the quality of some root vowels but not others.
2.3

Consonant inventory

The morphological background provided by the previous sections allows us to discuss
various issues related to consonants. The consonant inventory is shown in (26) below.
(26)

Consonant inventory
Bilabial

Vl stops

Alveolar

Palatal

t

Velar

Laryngeal

k
͡tʃ

Vl affricates
Vl fricatives

s

Vd fricatives

β

Prenasalized

[mb]

[nd]

Nasals

m

n

ʃ

h
ɣ
[ŋg]
ɲ

ŋ

ɾ

Flaps
Approximants

Postalveolar

w

j

There are no phonemic voiced stops in Ikoma. The expected bilabial and velar voiced
stops are realized in Ikoma as the fricatives [β ɣ]. These fricatives are, however,
hardened to stops when prenasalized, resulting in [mb] and [ŋg]. Another sound which is
affected by prenasalization is the alveolar flap. When preceded by /n/, the flap becomes a
voiced stop, resulting in [nd]. Clear examples of the [ɾ] and [d] alternation are presented
in (27) below, in which ɾ-initial roots occur in the 11/10 noun class pairing.
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(27)

Examples of the [ɾ ~ d] alternation in class 11/10 nouns
Class 11

Class 10

Gloss

oɾo-ɾéme

chan-déme

‘tongue’

oɾo-ɾíɣi

chan-díɣi

‘wickerwork’

oɾu-ɾɛ́ɛsa

chan-dɛ́ɛsa

‘antenna’

In the singular class 11 words, the root-initial consonant is intervocalic and surfaces as
[ɾ], but when adjacent to the nasal-final class 10 prefix, the sequence surfaces as [nd].
The stops [b d g] arise only when prenasalized. Prenasalization occurs not only
across morpheme boundaries, as in (27) above, but also within roots. Prenasalization is
discussed more generally in §2.3.1 below. Many consonants can also be palatalized and
labialized, and these modifications are discussed in sections §2.3.2 and §2.3.3
respectively. Finally, note that Dahl’s Law is active in Ikoma, causing an alternation
between the phonemes /k/ and /ɣ/. This is discussed in §2.3.4.
2.3.1

Prenasalized Consonants

Prenasalized consonants occur within roots, and they are also derived across morpheme
boundaries. Nearly all examples of prenasalization in the root involve the second or later
root consonant, not the first. Root-internal prenasalization is attested for [mb, nt, nd, nt͡ ʃ,
ŋk, ŋg], but the voiceless prenasalized stops [nt, nk] are far less common than the
others.28 Examples of each of these prenasalized consonants in nouns are in (28) below.

28

I use the term “root-internal” to refer to any consonant in the root, both root-initial and the second or later
root consonant.
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(28)

Root-internal prenasalization in nouns

mb
nd
ntʃ
ntʃ
nk
ŋg

Singular

Plural

Gloss

a-ɲúmba

tʃ͡a-ɲúmba

‘house’

eɣe-túmbe

eβe-túmbe

‘stool’

omu-hándi

emi-hándi

‘shin’

eɣe-kúndi

eβe-kúndi

‘fist’

a-sɔ́ntʃɔ

tʃ͡a-sɔ́ntʃ͡ɔ

‘hen’

eke-hóntʃo

eβe-hóntʃ͡o

‘plate’

sɛɣɛnkɛ́

tʃ͡a-sɛɣɛnkɛ́

‘arrowhead’

omu-sɔnkɔmá

emi-sɔnkɔmá

‘thorn-tree’

eki-ɾeŋgi

eβi-ɾeŋgi

‘proverb’

a-ɲáŋgi

tʃ͡a-ɲáŋgi

‘feast’

Note that there are no instances of [nt] occurring as the second consonant of the root in
nouns. Instead, [nt] occurs root-internally only in verbs (see (29) below), and oddly only
root-initially in nouns (see (30) below).
Table (29) below shows examples of prenasalization of the second or later root
consonant in verbs.
(29)

Root-internal prenasalization in verbs
mb
nt
nd
ntʃ
ntʃ
ŋg

ko-βomba

‘mold’

ɣu-kɔmba

‘hollow out’

ku-mɛɾɛmɛnti

‘polish’

ku-manteɾeɾa

‘sticky’

ɣo-kindu

‘fail’

ko-nenda

‘protect’

ɣo-sintʃa

‘slaughter’

ɣu-santʃa

‘spread’

ɣo-keŋga

‘obstruct’

ɣo-tʃoŋga

‘protect’
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Note that there are no examples in my data of [nk] in verb roots. The two examples for
[nt] are the only two examples in the data, but the other prenasalized consonants are well
attested.
There are far fewer examples of root-initial prenasalization. All of the examples
in my data are given below in (30). Note that only [nd, nk, nt, nt͡ ʃ] are attested in this
position, and only in nouns.
(30)

Root-initial prenasalization
Singular

Plural

Gloss

nd

eɾi-ndeké

ama-ndeké

‘maize’

nt

eɾi-ntoɲá

ama-ntoɲá

‘bulb’

ntʃ
ntʃ

ama-ntʃe

‘water’
29

nk

omo-ntʃino*

eme-ntʃino

‘type of tree’

eɣi-nkɔnɛɾɛɾa*

eβi-nkɔnɛɾɛɾa

‘gecko’

eɾi-nkanankana

ama-nkanankana

‘palate’

Aside from morpheme-internal examples, prenasalization is also common across
morpheme boundaries. These cases involve the initial consonant of a morpheme when it
is preceded by a nasal (or nasal-final) morpheme. This is common in nouns in classes 9
and 10 which have the prefixes /an-, tʃan-/, as in the examples in (31).

29

Note that the asterisk indicates words for which tonal data is unknown or questionable. See §2.4 for a
description of tone and the method of tonal transcription used in this thesis.
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(31)

Class 9/10 Prenasalization

mb
nd
ntʃ
ntʃ
ŋg

Singular

Plural

Gloss

am-báata

tʃ͡am-báata

‘‘duck’

am-bɔ́ɣɔ

tʃ͡am-bɔ́ɣɔ

‘buffalo’

an-dɔ́βɔ

tʃ͡an-dɔ́βɔ

‘fishhook’

an-dúɾa

tʃ͡an-dúɾa

‘gall bladder’

an-tʃeɾa

tʃ͡an-tʃ͡eɾa

‘path’

an-tʃɔ́ta

tʃ͡an-tʃ͡ɔt́ a

‘star’

aŋ-gɔ́kɔ

tʃ͡aŋ-gɔ́kɔ

‘chicken’

aŋ-gúɾuki

tʃ͡aŋ-gúɾuki

‘ram’

Classes 9a and 10a are similar to 9/10, but the nasal is absent. As seen in (32) below, the
class 9a/10a prefix occurs with a larger variety of root-initial consonants compared with
those in (31) above.
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(32)

Class 9a/10a examples with a variety of root consonants
Singular

Plural

Gloss

a-síiɾe

tʃ͡a-síiɾe

‘debt’

a-séɾéetʃa

tʃ͡a-séɾéetʃ͡a

‘rooster’

a-túɣo

tʃ͡a-túɣo

‘herd’

a-toɣoɾo

tʃ͡a-toɣoɾo

‘ankle’

a-ʃéeki

tʃ͡a-ʃéeki

‘quiver’

a-ʃáanani

tʃ͡a-ʃáanani

‘cricket’

a-híɣo

tʃ͡a-híɣo

‘kidney’

a-húku

tʃ͡a-húku

‘mole’

m

a-mamba*

tʃ͡a-mamba

‘eel’

ɲ

a-ɲíŋga

tʃ͡a-ɲíŋga

‘wrist’

k

a-kíitʃo

tʃ͡a-kíitʃ͡o

‘breastbone’

a-káŋga

tʃ͡a-káŋga

‘guinea fowl’

a-kɔ́ɾɔ

tʃ͡a-kɔ́ɾɔ

‘heart’

ɾ

a-ɾúŋgu

tʃ͡a-ɾúŋgu

‘club’

β

a-βúusa

tʃ͡a-βúusa

‘rubbish’

s
t
ʃ
h

The voiced obstruents /β ɾ ɣ/ nearly always occur with the /an-, chan-/ prefixes, which
results in the prenasalized stops [mb, nd, ŋg]. But as seen in (32) above there are also a
limited number of examples with /β ɾ/ without the nasal. Otherwise, we can make the
generalization that Ikoma allows for prenasalization of voiced obstruents more readily
than voiceless obstruents, as is common in Bantu languages.
2.3.2

Palatalized Consonants

Just as consonants can be prenasalized both within roots and across morpheme
boundaries, they can also be palatalized and labialized. Root-internal palatalized and
labialized consonants are likely the result of a historical process, whereas palatalization
and labialization at morpheme boundaries are easily analyzed as a synchronic process of
glide formation resulting from vowel hiatus. A full analysis of hiatus resolution is beyond
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the scope of this thesis, however, the general principle for Ikoma is that both mid and
high vowels undergo glide formation directly preceding any non-identical vowel. When
front vowels immediately precede a non-identical vowel, the front vowel becomes a
palatal glide, thus modifying the preceding consonant. Similarly, when a back vowel
precedes a non-identical vowel, it becomes a labial-velar glide.
In this section and the following, I present instances of root-internal palatalized
and labialized consonants, for which there is no apparent synchronic alternation, as well
as instances of glide formation at morpheme boundaries, which result from a clear
synchronic process. Within root morphemes, only the consonants /β ɾ t ɣ/ are palatized,
and palatalized consonants only occur root-initially, shown in (33) below.
(33)

Root-initial palatalized consonants in nouns
Singular

Plural

Gloss

omo-βjɛ́mi

aβa-βjɛ́mi

‘hunter’

omo-βjá

eme-βjá

‘arrow’

tj

a-tjéɲi

tʃ͡a-tjéɲi

‘animal’

ndj

an-djó

tʃ͡an-djó

‘grave’

ɾj

omo-ɾja

eme-ɾja

‘root’

a-ɾjɛ́mi

tʃ͡a-ɾjɛ́mi

‘animal pregnancy’

omo-ɣja

eme-ɣja

‘town’

omo-ɣjé

eme-ɣjé

‘type of tree’

βj

ɣj

There are also palatalized root-initial consonants in verbs, as shown in (34) below.
(34)

Root-initial palatalized consonants in verbs
ko-βjema

‘hunt’

ko-βjoɾa

‘remove’

tj

ɣo-tjaɾi

‘sharpen’

ɾj

ko-ɾjoki

‘revive’

ko-ɾjeka

‘bury’

βj
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At the prefix-stem morpheme boundary, the consonants which can be palatalized
depend on the consonants which occur in prefixes. When a front-vowel prefix occurs
before a vowel-initial stem, hiatus is resolved by glide formation, resulting in
palatalization in the prefix. Examples are in (35) below, listed according to noun classes
with front-vowel prefixes. In the second column, I include the underlying form of the
prefix, which occurs before consonant-initial roots.
(35)

Palatalization of prefixes before vowel-initial roots
Class

UF

Example

Gloss

4

/eme-/

emj-émbo

‘song’

emj-éja

‘open place’

emj-ɛɾi

‘moon’

eɾj-óki

‘smoke’

eɾj-óβa

‘sun’

ekj-áɾo

‘village’

ekj-ónde

‘genet’

eβj-áɾo

‘village’

eβj-ónde

‘genet’

5
7
8

/eɾi-/
/eke-/
/eβe-/

Also, note that palatalization (and labialization) do not occur with the causative /i/ and passive /-u/ extensions, which happens in many Bantu languages. Instead, the final
vowel elides (or is replaced) in these hiatus environments, thus removing the
environment for glide formation. See §2.2.3 for discussion and examples.
2.3.3

Labialized Consonants

Like palatalized consonants, labialized consonants within root morphemes most often
occur root-initially. That is, the first consonant of the root is labialized. Labialization of
/β, t, tʃ, k, ɣ, ŋ/ is attested within noun roots, as shown in (36) below.
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(36)

Root-initial labialization in nouns

βw
tw

Singular

Plural

Gloss

a-βwánana

tʃ͡a-βwánana

‘spitting cobra’

am-bwé

tʃ͡am-bwé

‘jackal’

eɾi-twáŋgeɾo

ama-twáŋgeɾo

‘mortar’

a-twiɣo

‘rainy season’

tʃw

oɾo-tʃwéɾi

tʃ͡an-tʃ͡wéɾi

‘hair’

kw

a-kwíɾo

tʃ͡a-kwíɾo

‘pestle’

omo-kwiɾu

aβa-kwiɾu

‘bride’

ɣw

aŋ-gwe

tʃ͡aŋ-gwe

‘leopard’

ŋw

eke-ŋwɛɾɛ́ɾɛ

eβe-ŋwɛɾɛ́ɾɛ

‘baby’

omo-ŋwe*

eme-ŋwe

‘type of tree’

A small number of verb roots have labialized consonants as well, such as those in (37).
(37)

Root-initial labialization in verbs
sw

ɣo-sweɣa

‘clear land’

tw

ɣw-itweka

‘carry on head’

ɾw
w

ko-ɾwatʃeɾu oβuku

‘be engaged’

kw

ɣo-kwiɾa

‘marry’

ɣw

ɣo-ɣwiʃi

‘drop’

ko-ɣwana

‘agree’

Finally, labialization is also common when back-vowel prefixes labialize before
vowel-initial stems. This occurs with a number of noun class prefixes, as shown in (38).
(38)

Labialization before vowel-initial roots
Class

UF

Example

Gloss

1

/omo-/

omw-ího

‘nephew’

omw-átani

‘neighbor’

oɾw-iɣe

‘door’

oɾw-ámbo

‘bait’

oβw-ánda

‘intestines’

oβw-áto

‘canoe’

11
14

/oɾo-/
/oβo-/
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The examples above are listed according to noun class, and I also show the underlying
form of the prefix for reference.
The same process occurs when the infinitive prefix /ko-/ labializes before vowelinitial verb roots, as in (39) below, which shows examples of both voiced and voiceless
prefixes.
(39)

Labialization before vowel-initial verb roots
kwkw-

ɣw-

kw-aŋga

‘deny’

kw-iheema

‘boast’

kw-eɣi

‘wash’

ɣw-ita

‘kill’

ɣw-ati

‘cut open’

Finally, note that all three of the processes described in the preceding sections
(prenasalization, palatalization, labialization) result in compensatory vowel lengthening,
which is common in many Bantu languages. In the case of prenasalized consonants, the
vowel preceding the sequence is lengthened by varying degrees, sometimes dependent on
the speaker and the particular word. In the case of palatalization and labialization, the
following vowel is lengthened. Lengthening occurs both root-internally and as a result of
synchronic processes at morpheme boundaries. Because this lengthening is not
contrastive and varies phonetically, compensatory lengthening is not written in this
thesis. See §3.3 for more on vowel length, and §3.3.2 for conditioned vowel length in
particular.
2.3.4

Dahl’s Law

Dahl’s Law (henceforth DL) is a process of voicing dissimilation which occurs in Ikoma
prefixes. DL is attested in a number of other Eastern Bantu languages, but the details and
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extent of alternation vary from language to language (Davey and Nurse 1982; Bastin
2003; Lombardi 1995). In Ikoma, the velar consonants /k/ and /ɣ/ alternate in all prefixes
in which the underlying consonant is /k/. Specifically, this rule affects noun class prefixes
and concords for classes 7, 12, and 15, which are underlyingly /ke-, ka-, ko-/ respectively,
as well as three tense/aspect prefixes (described below).
The example sets in (40) and (41) below show the effects of DL in prefixes
directly adjacent to voiceless and voiced root consonants, respectively. As the words in
(40) show, if the first consonant of the root is voiced, the prefix remains voiceless.
Examples in (a) show the infinitive prefix /ko-/ before various voiced root-initial
consonants, while those in (b) show the class 7 prefix /eke-/ before similar voiced
consonants.
(40)
a.

Voiceless prefixes before voiced root-initial consonants
ko-βooka

‘wake up’

ko-ɾiɣi

b.

eke-βóno

‘buttock’

‘see’

eki-ɾɛ́ŋgɛ

‘foot’

ko-huuta

‘blow’

eke-hóoɾe

‘skull’

ko-misi

‘lie down’

eki-hamú

‘chin’

ko-jaaɾa

‘run’

eki-mɔ́ɔɾi

‘calf’

ko-wɛɛɾa

‘rest’

eke-meɾo

‘throat’

kw-eɣa

‘learn’

ekj-ónde

‘genet’

kw-aŋga

‘deny’

ekj-áɾa

‘finger’

Note that changes of the prefix vowel are a result of either vowel harmony or glide
formation. In all examples above, the velar prefix remains voiceless, even before vowelinitial roots, as shown in the final two examples in each set. Also, as the examples show,
/h/ appears to be phonologically voiced in Ikoma, since it patterns with voiced, not
voiceless, consonants.
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If the first consonant of the root is voiceless, the prefix alternates to the voiced
velar fricative /ɣ/. This is shown in (41) below in which (a) again exemplifies alternations
of the infinitive prefix, and (b) demonstrates the class 7 prefix.
(41)
a.

Voiced prefixes before voiceless root-initial consonants
ɣo-koɾa
ɣo-sima

‘grow up’
‘wink’

ɣo-tʃoona

b.

eɣe-kúβa
eɣe-kúndi

‘chest’
‘fist’

‘smell’

eɣi-sáaɲi

‘hand’

ɣo-tuɾi

‘touch’

eɣe-súsu

‘hare’

ɣo-tuka

‘dig’

eɣi-táti

‘eyelid’

ɣw-iʃaɣa

‘swim’

eɣe-tiβá

‘bowl’

ɣw-ikaɾa

‘sit’

eɣj-asi

‘milking container’

There is one widespread exception to this voicing dissimilation pattern in Ikoma.
When the first consonant of the root is the voiced velar fricative /ɣ/, the prefix is also
voiced. This is contrary to the pattern shown in (40) above where the prefix is voiceless
before voiced consonants. Examples of voicing assimilation before /ɣ/ are in (42) below.
(42)
a.

Voiced prefixes before /ɣ/
ɣo-ɣoɾa
ɣu-ɣɔɔɣa

‘buy’
‘to skin (animal)’

ɣu-ɣaβa
ɣw-eɣi

b.

eɣe-ɣuβa
eɣe-ɣojó

‘shield’
‘dwarf’

‘inherit’

eɣe-ɣómba

‘knot (in wood)’

‘sharp’

eɣi-ɣɛsɔ

‘knife’

eɣe-ɣí

‘mud wasp’

There are, however, some idiosyncratic exceptions to this tendency. These “exceptions”
actually follow the more general application of DL in which prefixes remain voiceless
before voiced consonants. The few exceptions are shown in (43).
(43)

DL exceptions
ko-ɣwana

‘agree’

* ɣo-ɣwana

ko-oɣu

‘hear’

* ɣo-oɣu
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In these words, the prefix does not alternate to /ɣ/ before the /ɣ/ in the stem.
Some tense and aspect prefixes alternate as well. The narrative /aka-/, incipient
/aká-/ and imperfective /ako-/ prefixes each have underlyingly voiceless consonants.30
The verbs in (44) below show an example of each of these three TA prefixes before a
voiced root consonant, and in each case the prefix remains voiceless. The TA prefix is
underlined in each example.
(44)

Narrative, incipient and imperfective voiceless prefixes
Narrative /aka-/

a-ka-βeɾekeɾ-a
3SG-NAR-call-FV

‘he called’

Incipient /aká-/

βa-aká-βomb-a
3PL-INCP-create-FV

‘they are starting to create’

Imperfective /ako-/

ne-eku-mar-a
1SG-IMPF-finish-FV

‘I will finish’

As with the noun class and infinitive prefixes above, these TA prefixes alternate to /ɣ/
before a voiceless consonant, as shown in (45) below.
(45)

30

Narrative, incipient and imperfective voiced prefixes
Narrative /aka-/

βa-aɣa-tuk-a
3PL-NAR-dig-FV

‘they dug’

Incipient /aká-/

ɣe-eɣá-tuk-a
7-INCP-dig-FV

‘it (7) is starting to dig’

Imperfective /ako-/

n-to-oɣu-saβ-a
FM-1PL-IMPF-pray-FV

‘we are praying’

Note that the initial vowel of these three TA prefixes have unusual behavior in vowel hiatus contexts. See
§2.2.2 for brief discussion on the quality of this vowel. For simplicity, I consider the initial vowel to be /a/.
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There are also interesting examples in which multiple prefixes in a single word are
affected by Dahl’s Law. The alternation is triggered not only by root-initial consonants
but also by any rightward prefix.
(46)
a.

Alternations involving multiple prefixes
ɣe-eka-βuɣ-a

‘it (7) said’

7- NAR-say-FV
b.

βa-aɣa-to-βoorer-a

‘they told us’

3PL- NAR-1PL-tell-FV
c.

ɣe-eɣa-taβeɾ-a

‘it (7) looked for’

7- NAR-look for-FV
d.

ɣo-ɣo-ten-a

‘to cut you’

INF-2SG-cut-FV

Example (a) shows the subject prefix [ɣe-] which is voiced preceding the NAR aspect
prefix, which is voiceless. In (b), the NAR prefix is voiced because of the voicelessness
of the 1PL object prefix /to-/. In (c), the NAR prefix is voiced because of voicelessness in
the verb root, and the class 7 subject prefix is also voiced because of the voiced velar
adjacency exception. Example (d) is also an example of the adjacency exception.
The only velar prefixes which do not alternate are those which are underlyingly
voiced. For example, the class 20 augmentative prefix /oɣo-/ never alternates to [oko-]
before a voiced consonant. The example set in (47) below shows a number of nominal
roots with the augmentative prefix /oɣo-/, as well as the singular noun with its original
class prefix.
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(47)

Class 20 augmentative prefix
Class 20

Original noun

Gloss

oɣu-βaɾí

eki-βaɾí

‘flower’

oɣo-hóoɾe

eke-hóoɾe

‘skull’

oɣo-ɾemi

omo-ɾemi

‘farmer’

oɣo-ɣiβo

aŋ-giβo

‘clothing’

oɣu-témi

omu-témi

‘king’

The clearest examples are the first two, in which the original class 7 prefixes are
voiceless because of the voiced root-initial consonants, but the class 20 prefixes are
voiced even in these environments.
DL only affects prefixes, not root consonants or suffixes. In suffixes like the stative
/-ɛk/, the /k/ does not alternate. Also, the voiceless /k/ of this suffix does not trigger
voicing in preceding root consonants. For example, the final /k/ in /ku-hak-a/ ‘to smear’
is not voiced when the stative is added: [ku-hak-ɛk-a] ‘to be smeared.’
2.4

Tone

Ikoma has three basic lexical tone groups for bisyllabic nouns, but there is no evidence of
lexical tone on verbs. Verbs, however, do have some interesting grammatical tone
patterns, sometimes resulting in tense and aspect distinctions which are made by tone
alone. §2.4.1 describes nominal tone patterns, and §2.4.2 briefly introduces some verbal
grammatical tone patterns. The tone analysis in this section comes both from my own
data as well as the work of Aunio (2010; personal communication)
In this description, lexical tone is marked on nouns, and a limited amount of
grammatical tone is marked on inflected verbs. Underlying High tones are marked with
an acute accent. Low tones (probably underlyingly toneless) are not marked.
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2.4.1

Nominal tone

Ikoma has two level tones on the surface: High (H) and Low (L). As with some other
Bantu languages, in Ikoma L tones are phonologically inert and can be analyzed as
toneless (Hyman 2000; Kisseberth and Odden 2003; Clements and Rialland 2008). These
two surface tones create a two-way contrast on monosyllabic noun stems and a three-way
contrast on bisyllabic stems. Examples of these tone groups are in (48) below, showing
examples from class 9.
(48)

Nominal tone groups (Class 9/9a)

L
H
LH

1-syllable
‘lion’
a-ka
‘fly’
aŋ-gi

2-syllable
an-tʃeɾa

‘hunger’

aŋ-giβo

‘clothing’

a-ká

‘home’

am-bútu

‘cheek’

a-ɲó

‘pot’

a-kɔ́ɾɔ

‘heart’

a-sakɔ́

‘basket’

an-tʃoɣú

‘elephant’

----

These same melodies occur in all noun classes. Additional examples from a variety of
classes are in (49).
(49)

Nominal tone groups (various classes)

L
H
LH

1-syllable
oβo-tu

‘flour’

2-syllable
oɣo-ɣoɾo

‘leg’

omo-nu

‘mouth’

eɾi-βɛɣa

‘shoulder’

ama-βí

‘excrement’

oɾo-ɾéme

‘tongue’

oβo-ʃó

‘face’

omo-βísa

‘enemy’

eɣe-ɣojó

‘dwarf’

oɾo-teté

‘backbone’

----

Prefixes are toneless and are not marked. L stems are pronounced with a level, relatively
low pitch, and they are not marked with an accent. H stems have a H on the initial
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syllable of the stem, and this optionally spreads rightward when the word is in isolation.
The third melody is LH, which occurs on bisyllabic but not monosyllabic stems. Nouns in
the LH group have a low prefix and initial stem syllable and a high final syllable. Nouns
with the H melody are the largest group, including around 65% of bisyllabic nouns
(Aunio 2010).
All tonal minimal pairs in the data are in (50) below. Those in (a) show contrast
between L and H melodies on monosyllabic stems, and those in (b) show contrast
between H and LH melodies on bisyllabic stems.
(50)
a.

b.

Tonal minimal pairs
L

H

a-ka

‘lion’

a-ká

‘home’

an-da

‘stomach’

an-dá

‘louse’

omo-te

‘medicine’

omo-té

‘tree’

H
a-mémbe

LH
‘bell’

omu-ɣɛ́ndi ‘traveler’

a-membé

‘crust’

omu-ɣɛndí

‘companion’

No minimal pairs have been found showing contrast between L and H or L and LH on
bisyllabic stems.
The bisyllabic stem melodies can exhibit varying surface realizations when they
occur in isolation (or at least in prepausal position). Aunio shows the possibilities with
the examples in (51), which are modified from her Table 12.
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(51)

Surface realization of bisyllabic tone melodies

L

Lexical tone (as marked here)
oɣo-ɣoɾo
‘leg’

Prepausal surface realizations
oɣo-ɣoɾo or oɣo-ɣoɾó

H

oku-βɔ́kɔ

‘arm’

oku-βɔ́kɔ or oku-βɔ́kɔ́

LH

eki-βaɾí

‘flower’

eki-βaɾí

or eki-βáɾi

Despite the variety of surface realizations of each melody type, the tone groups clearly
pattern differently in a non-final frame, such as when they are followed by a
demonstrative. Therefore, though there is variation in the surface pitch of these words in
isolation, throughout this thesis I will mark the underlying tone group of the noun based
on its behavior in frames.31
The TBU is the syllable (Aunio 2010), so long vowels receive a single tone
specification. Therefore, there is no contrast between [áa] and [áá], so only the first vowel
is marked in the case of a high tone on a long vowel. Evidence that the TBU is the
syllable is that stems with a long vowel (i.e. with the shape CVVCV) pattern much like
CVCV stems. For example, in (52) below I present examples of CVVCV stems with all
three tonal melodies.

31

Tonal data of words in frames was not available for the entire wordlist at the time of writing this thesis,
so I occasionally use an asterisk following a noun if the tonal melody is unknown.
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(52)

Tone assignment on long vowels
L
H

LH

taata

‘father’

maame

‘mother’s brother’

oɾu-tɔ́ɔti

‘ankle bracelet’

ama-βɛ́ɛɾɛ

‘milk’

a-háatʃe

‘axe’

oɾo-βooká

‘threshing floor’

oɾo-βiiɾí

‘money’

a-hɔɔtɔ́

‘heron’

It is interesting to note that only class 1a/2a nouns have been found with a L melody,
whereas H and LH melodies are much more common in other classes for nouns with a
CVVCV stem.
Trisyllabic stems are more complex than bisyllabic stems, having a five-way
tonal contrast. The occurrence of additional tone patterns for longer stems is likely
because trisyllabic stems are morphologically complex, at least historically. These five
patterns are shown in (53) below, with examples for each pattern. These examples show
how nouns with these melodies will be marked in this thesis.
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(53)
L
HLL
LHL
LLH
HHH

Tone on tri-syllabic noun stems
a-suɣaɾa

‘tradition’

a-sukuβi

‘hump’

eɣe-síɣiti

‘catfish’

eki-ɲákuɾe

‘food’

a-ɲaɣáɾa

‘lizard’

a-sooɾóoɾo

‘flying ant’

eɾi-βaβajó

‘papaya’

omo-sookaní

‘compromise’

am-búsúɾú

‘seed’

am-bɛ́ɾɛ́tɛ́

‘goat’

As was the case for 1- and 2-syllable stems, nouns with a L melody remain unmarked for
tone. As (53) above shows, H can occur on any of the three syllables of trisyllabic stems,
or the entire stem can be H. For more information about Ikoma tone, including a
description of tone in associative phrases, as well as some processes such as tone
spreading and downstep, see Aunio (2010).
2.4.2

Verbal tone

There is no evidence of lexical tone on verbs. Instead, in infinitive verbs there is a
predictable High tone on the first syllable of the stem. This H is deleted, however, when
the verb is inflected. In these cases the word takes on the melody of the particular TA
form (Aunio 2010, personal communication). Extensive work on verbal tone has not yet
been carried out for Ikoma. Therefore, for this thesis, I mark only a limited amount of
tonal data on inflected verbs, which is enough to distinguish TA pairs which are
potentially tonally contrastive. Verbal tone is discussed further in §2.2.2 above in the
presentation of the TAM system.
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Chapter 3:

Vowel inventory

This chapter gives a thorough overview of the seven vowel phonemes in Ikoma,
beginning with examples showing contrast (§3.1) and a discussion of the relative
frequencies of phonemes (§3.2). In §3.3 I describe vowel length, including contrastive,
conditioned and derived length. §3.4 then compares my description of the vowel
inventory with that of Mekacha (1985), who analyzes closely-related Nata as having only
five vowels and no phonemic length. §3.5 then goes on to present acoustic evidence of
the seven vowels in both nouns and verbs from multiple speakers. Finally, §3.6 discusses
the phonetic realization of Ikoma’s vowels, focusing on the perceptions of the contrastive
mid vowels by linguists and Ikoma speakers alike. This section also includes a
description of the participatory research method which was used to elicit Ikoma speaker
intuitions about their vowel system. Finally, §3.7 summarizes the chapter, focusing on the
main arguments in favor of an inventory in which the degree 2 vowels are /e o/, not /ɪ ʊ/.
Overall, there are two main goals of this chapter. The first is to firmly establish that
these seven vowels and their lengthened counterparts are indeed contrastive. The second
is to establish that the degree 2 vowels are mid [+ATR] vowels, not high [-ATR] vowels.
Determining the identity of the degree 2 vowels is not a trivial point. Casali (2003ː328)
explainsː
… whether or not there are individual 4Ht languages whose analysis as either a
4Ht(H) or a 4Ht(M) system is ambiguous, this is clearly NOT true of ALL 4Ht
systems. There clearly are languages that can be known with a high degree of
confidence to be of the 4Ht(M) type and others that can be unambiguously
analyzed as 4Ht(H) languages.
Furthermore, he demonstrates that there are well-attested correlations between a
language’s inventory type and its dominant harmonic feature. Therefore, in order to
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understand the basic harmony patterns in Ikoma, and to determine how well Ikoma fits
into Casali’s typology, it is crucial to nail down the inventory type. Therefore, several
sections within this chapter (especially §3.5 and §3.6) are especially motivated by the
degree 2 issue.
3.1

Vowel Phonemes

Ikoma has the seven-vowel inventory /i e ɛ a ɔ o u/, shown in (54) with the vowel features
which are used in this description. Proposals of different feature geometries are
mentioned in §1.4.3 above, but for the descriptive purposes of this thesis I use the more
traditional categories of binary [high], [low] and [ATR].
(54)

Vowel inventory
i

u

[+high, +ATR]

height/degree 1

e

o

[-high, +ATR]

height/degree 2

ɛ

ɔ

[-high, -ATR]

height/degree 3

[+low, -ATR]

height/degree 4

a

On the right, I have also included another set of labels which are helpful for referring to
different vowel pairs. For example, the /e o/ set may be referred to as the height 2, degree
2 or second degree vowels.32
The mid vowels are the most difficult to distinguish from one another, but the
examples in (55) below show a number of infinitive verbs which give evidence that these
vowels are contrastive. These are all examples of verb roots which differ solely on the
[ATR] value of the root vowel. All examples below have the same infinitive prefix /ko-/,

32

These labels are especially helpful when comparing an /i e ɛ a ɔ o u/ inventory with an /i ɪ ɛ a ɔ ʊ u/
inventory, in which case the height and [ATR] specification of the degree 2 vowels is the only difference.

70
and different surface realizations of that prefix are a result of Dahl’s Law and vowel
harmony with the root vowel (see §2.3.4 and §5.2, respectively).
(55)

Mid-vowel contrast examples (verbs)
[+ATR]

a.
b.

[-ATR]

ko-meɾa

‘swallow’

ku-mɛɾa

‘sprout’

ko-ɾeɾa

‘cry’

ku-ɾɛɾa

‘bring up’

ɣo-koɾa

‘grow’

ɣu-kɔɾa

‘do’

ko-hooɾa

‘thresh’

ku-hɔɔɾa

‘carve’

The examples in (a) show front-vowel roots, and (b) shows back-vowel roots. Note also
that the prefix vowels are different with each [ATR] set. The [+ATR] roots have [o] in
the prefix, and the [-ATR] roots have [u] in the prefix. These prefix alternations are
discussed in detail in Chapter 5.
As for nouns, I do not have any minimal pairs within the same noun class, but the
examples in (56) below show noun stems with contrastive front vowels (a) and back
vowels (b).
(56)

Mid-vowel contrast examples (nouns)
[+ATR]

a.
b.

[-ATR]

omo-βeɾe

‘body’

oβu-βɛɾɛ

‘millet’

oɾo-teté

‘backbone’

eɾi-tɛtɛ

‘reed’

oɾo-kómo

‘fingernail’

omu-kɔmɔ

‘type of tree’

omo-ɣóndo

‘farm’

omu-ɣɔ́ŋgɔ

‘back’

As with the verb in (55), here also the prefix vowels are different for each [ATR] set.
Each of the seven phonemes is widely attested in the stem-initial (V1) syllable of
both nouns and verbs. In nouns, for each phoneme there are examples of bisyllabic stems
in which both vowels are the same (which I refer to as V1=V2). In (57) below, I show
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examples of infinitive CVCa verbs and canonical nouns with the shape pfx-CVCV for
each of the seven vowels. Where possible, noun stems were selected in which both
vowels are identical.
(57)

Vowel contrast examples

Examples of i

Examples of u

ɣo-tiɣa

‘cease’

ɣo-tuɣa

‘domesticate’

ko-hitʃa

‘conquer’

ko-hutʃa

‘stink’

ɣo-sima

‘wink’

ko-ɾuɾa

‘coagulate’

ko-ɾiβa

‘stop up’

ɣo-suna

‘pluck’

ko-hika

‘arrive’

ɣo-tuma

‘sew’

ɣo-ɣita

‘gather together’

ko-βuʃa

‘rotten’

omo-síɾi

‘dead’

am-bútu

‘cheek’

oɾo-síɾi

‘rope’

omo-hukú

‘blind person’

oɾo-ɾíɣi

‘wickerwork’

eɾi-ɣúku

‘hump’

omo-sisi

‘tamarind tree’

eɾi-kútʃu

‘swelling’

omo-βísa

‘enemy’

a-húku

‘mole’

eke-ɾisá

‘hammer’

eɣe-súsu

‘hare’

Examples of e

Examples of o

ko-meɾa

‘swallow’

ko-ɾoma

‘bite’

ko-ɾeɾa

‘cry’

ɣo-koɾa

‘grow up’

ɣo-tena

‘cut’

ko-ɾoka

‘weave’

ko-ɾema

‘cultivate’

ɣo-ɣoɾa

‘buy’

ko-ɾeha

‘pay’

ɣo-toma

‘send’

ko-heta

‘pass’

ɣo-toɾa

‘able’

omo-βeɾe

‘body’

eke-βóno

‘buttock’

oɾo-ɾéme

‘tongue’

oɾo-kómo

‘fingernail’

oɾo-teté

‘backbone’

oɣo-ɣoɾo

‘leg’

oβo-ɾeɾe

‘bed’

eɣe-ɣojó

‘dwarf’

oɾo-βéβe

‘boundary’

eɾi-tonó

‘wild cat’

aŋ-geɾe

‘warthog’

eɣe-ɣoɾo

‘mountain’

72
Examples of ɛ

Examples of ɔ

ɣu-sɛka

‘laugh’

ku-ɾɔna

‘fight’

ku-ɾɛɣa

‘hate’

ɣu-kɔɾa

‘do’

ku-ɾɛɾa

‘bring up’

ku-βɔna

‘get’

ɣu-ɣɛsa

‘harvest’

ɣu-sɔha

‘enter’

ɣu-tɛɣa

‘set a trap’

ɣu-kɔtʃa

‘crush’

ɣu-ɣɛɣa

‘carry’

ku-hɔɾa

‘heal’

ku-mɛɾa

‘grow’

ku-ŋɔsa

‘escape’

eki-hɛ́kɛ

‘tuft (of hair)’

oku-βɔ́kɔ

‘arm’

eki-ɲɛ́ɣɛ

‘forearm’

a-kɔ́ɾɔ

‘heart’

omu-sɛsɛ

‘slave’

an-dɔ́βɔ

‘bucket’

eɣi-sɛ́βɛ

‘udder’

aŋ-gɔ́kɔ

‘chicken’

eɾi-tɛtɛ

‘reed’

eɾi-ɣɔ́kɔ

‘bark’

oβu-βɛ́ɾɛ

‘millet’

omu-kɔmɔ

‘type of tree’

Examples of a
ɣu-sama

‘taste’

ku-maɲa

‘know’

ɣu-kama

‘milk’

ɣu-saβa

‘request’

ku-haka

‘smear’

ku-βaɾa

‘count’

eɾi-ɾáka

‘larynx’

a-ɲama

‘meat’

oɾu-táɾa

‘granary’

aŋ-gáta

‘headpad’

eɾi-βáβa

‘wing’

eɣi-sáka

‘thicket’

a-káɾa

‘flea’

Examples of these vowels in other positions and combinations are given in Chapter 4
below in the discussion of vowel harmony in noun stems.
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3.2

Relative frequency of vowels

The relative frequencies of each vowel quality (both long and short together) are shown
in (58) below. The percentages in this section are all calculated based on a corpus of 1149
words, comprised of 675 nouns and 474 verbs. Vowels were counted based on their
quality, irrespective of whether they are long or short.
(58)

Occurrence of V1 vowel qualities (both short and long) in nouns and verbs
Percentage
i

18%

u

13.2%

e

11.6%

o

14.9%

ɛ

9.6%

ɔ

7.7%

a

25.2%

Set total
31.2%
26.5%
17.3%
25.2%

These figures show the frequency of occurrence of initial stem vowels only. The initial
stem syllable is a special position in Bantu and influences surrounding vowel qualities
(e.g. Beckman 1997). Therefore, I include calculations based on vowels in this position
alone. Along with the percentages for individual vowel qualities, in the third column I
include the combined figure for each height/[ATR] pair. The low vowel /a/ is by far the
most common vowel, followed at a distance by /i/.
When considering pairs based on height and [ATR], the distribution between
high, mid [+ATR], mid [-ATR] and low vowels show that each set carries a high
functional load. If the contrastive mid vowels were all lumped together into two
phonemes instead of four, they would altogether have a frequency of 43.8%, which
would be an unusually high function load. This in itself would be a clue that there could
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be additional contrasts in the vowel inventory. The [-ATR] mid vowels are the least
common set, which could be used as an argument that they are the marked vowels in the
system.33 Overall, these numbers provide good evidence of seven vowel phonemes in
Ikoma, showing the high functional load of both sets of mid vowels.
3.3

Vowel length

Hyman (2003) lists five sources of vowel length in Bantu languages (see also Stegen
(2005) for similar discussion). Aside from phonemic vowel length, the other sources are
vowel concatenation, glide formation, NC sequences and penultimate vowel lengthening.
The one source from Hyman which is not significant in Ikoma is penultimate vowel
lengthening. Ikoma has phonemic length, with all seven vowels having a long-vowel
counterpart, as described in §3.3.1. There is also conditioned vowel length resulting from
both glide formation and prenasalization, described in §3.3.2. Finally, length derived
from vowel concatenation at morpheme boundaries is the topic of §3.3.3.
3.3.1

Phonemic vowel length

Both noun and verb roots can have phonemic long vowels, typically as the first vowel of
the root. Some verbal pairs showing contrast are in (59) below.
(59)

Vowel length contrast pairs
Short vowels

33

Long vowels

ɣu-sama

‘taste’

ɣu-saama

‘migrate’

ɣu-kɛma

‘grunt’

ɣu-kɛɛma

‘twist’

ku-hɔɾa

‘heal’

ku-hɔɔɾa

‘carve’

ɣo-toɾa

‘be able’

ɣo-tooɾa

‘put’

Rice (2007) mentions that frequency is a possible diagnostic of markedness, but one which is sometimes
less conclusive than other markedness indicators. Note, however, that another reason for fewer instances of
/ɛ ɔ/ is that these vowels are raised to [e o] preceding high vowels, as discussed in §4.2.
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Additional examples of phonemic vowel length for all seven vowels are given in (60)
below. Because many examples of phonemically short vowels were already given in (57)
when showing contrast among phonemes, only long vowel examples will be included
here. Please refer back to (57) to get a clearer picture of vowel length contrast. As in (57)
above, for each vowel I once again give a number of examples of infinitive verbs
followed by nouns, this time with the stem shape CVVCV. In cases in which few
examples are given, this represents a gap in my data.
(60)

Phonemic long vowels

Examples of ii
ii

Examples of uu
uu

ɣo-siiɣa

‘love’

ɣo-suutʃa

‘strain’

ko-hiita

‘remember’

ko-ŋuuta

‘pierce’

ɣo-tiiɾa

‘ascend’

ko-huuta

‘blow’

ɣo-siisa

‘wring out’

ɣo-suuha

‘diminish’

ɣo-tiina

‘be scared’

ɣo-kuuɾa

‘cry’

oɾo-βiiɾí

‘money’

eke-ɾuuβe

‘type of tree’

eki-ɾiiɾí

‘shadow’

eke-huute

‘type of tree’

a-sátíimá

‘bull’

eke-huuhé

‘butterfly’

eɾi-tíɾíitʃá

‘island’

oɾo-suuɾí

‘comb (of rooster)’

Examples of ee
ee
ko-βeeka

Examples of oo
oo
‘wear’

ko-βooka

‘wake up’

ɣo-tʃoona

‘smell’

ɣo-sooka

‘obey’

ko-βoosa

‘hoe’

ɣo-tooɾa

‘lay (eggs)’

eke-ɾéeɾeesi

‘harp’

an-koonó

‘nape of neck’

eke-βeeɾéeɾa

‘stinger’

oɾo-βooká

‘threshing-floor’

ko-hooɾa

‘pound’

eke-ɾooɣa

‘type of tree’

ɣooko

‘grandmother’
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Examples of ɛ

Examples of ɔ

ku-mɛɛsa

‘lick’

ku-mɔɔɲa

‘gossip’

ko-wɛɛɾa

‘rest’

ɣu-ɣɔɔɣa

‘to skin (animal)’

ku-hɛɛβa

‘drive away’

ɣu-ɣɔɔka

‘suckle’

ku-ɾɛɛta

‘bring’

ku-ɾɔɔta

‘divine’

ɣu-tɛɛɲa

‘cross’

ɣu-tɔɔtʃa

‘peck’

ɣu-tɛɛka

‘rain’

ɣu-tɔɔɾa

‘pick up’

ku-hɛɛɾana

‘sacrifice’

ɣu-ɣɔɔta

‘hold’

omu-sɛɛkɛ*

‘type of tree’

oɾu-kɔɔhɛ́

‘hawk’

a-ɲɛɛtɛ́

‘intestinal worm’

a-hɔɔtɔ́

‘heron’

am-íihɛ́ɛβɔ́

‘plans’

oɾu-ŋɔɔnɔ

‘type of tree’

nɔɔɾá

‘agama lizard’

Examples of a
ko-jaaɾa

‘run’

ɣu-saaha

‘diarrhea’

ku-ɲaaka

‘suffer’

ɣu-saana

‘persuade’

ku-naaha

‘annoy’

ɣu-ɣaasa

‘ferment’

ku-βaatʃa

‘sharpen’

omu-saaní

‘friend’

oβu-ɾaaɾo

‘camp’

ɲaamu

‘cat’

eɾi-ɲaaki

‘grass-blade’

a-ɲaaɲá

‘tomato’

oβu-ʃaaɣa

‘disease’

It is interesting to note the limited number of words with long front vowels in comparison
with long back vowels. In particular, in my data there is only a single example of [ee] in a
canonical CVVCV stem (the verb [ko-βeeka] ‘wear’). The other examples given with
[ee] are longer stems. There are also only three total examples of [ɛɛ] in nouns. This lack
of examples of [ee] and [ɛɛ] is unexplained.
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Finally, note that long vowels do not occur in word-final position, and they can
only occur in word-initial syllables if the syllable has an onset. See the following sections
on conditioned and derived vowel length for discussion of both of these issues.
3.3.2

Conditioned vowel length

As previously mentioned, lengthening as a result of glide formation and NC sequences
are two of the five sources of vowel length in Bantu languages (Hyman 2003). This
section addresses conditioned lengthening which results from prenasalization of NC
sequences as well as glide formation (i.e. palatalization and labialization). This type of
lengthening, often referred to as compensatory vowel lengthening, has received a number
of theoretical treatments, such as the classic work by Hayes (1989), as well as Wetzel and
Sezer (1986), which is a volume of papers on the subject. Clements (1986) is one of the
papers from that volume, and it is of special interest since it focuses on Luganda, another
Bantu language which also exhibits both phonemic and compensatory lengthening.
Root-internal prenasalization is common in Ikoma, as was already introduced in
§2.3.1. The second root consonant may be prenasalized, causing the preceding vowel
(V1) to be lengthened. Some examples of nouns are given in (61) (many repeated from
(28) above).
(61)

34

Lengthening by prenasalization34
a-ɲúumba

‘house’

omu-háandi

‘shin’

eke-hóontʃo

‘plate’

sɛɣɛɛnkɛ́

‘arrowhead’

eki-ɾɛɛŋgi

‘proverb’

Recall that when tone is marked on long vowels, only the first vowel is marked. The tone bearing unit is
the syllable, so long vowels do not have more than one tone.
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Vowels preceding prenasalized consonants are generally pronounced with
noticeable lengthening, but it is not quite as long as phonemic length. A sampling of
measurements in (62) below show averages for phonemically short and long vowels, as
well as lengthened vowels before prenasalized consonants. Only /i/ vowels were
measured in order to avoid natural length differences which correlate with different
vowel qualities. All measurements are from the root vowel of infinitive bisyllabic verb
stems, all spoken in isolation by Speaker A. Two tokens were measured per verb.
(62)

Average duration of [i] vowels (Speaker A)
Duration (in ms
ms)

Tokens

CiCV

80 ms

12 (6 words)

CiiCV

197 ms

10 (5 words)

CiNCV

149 ms

12 (6 words)

As the table shows, phonemically long vowels have on average more than twice the
duration of phonemically short vowels in an unconditioned environment. Prenasalized
vowels have a duration in between the long and short vowels. This is very similar to the
duration measurements of Luganda vowels presented in Clements (1986). See also
Hubbard (1994) for more discussion of similar issues.
When native Ikoma speakers are learning to distinguish phonemic vowel length
for literacy purposes, they often hear many of these conditioned long vowels as being
long as well. Others, however, consider them to be not as long as phonemic long vowels,
as the measurements above show. These differences in intuition apply for cases of
lengthening following glide formation as well. Because of the somewhat inconsistent
nature of this lengthening, and because length is not contrastive in these conditioned
environments, conditioned vowel length is not transcribed in this thesis. Therefore,
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though long vowels are written in the examples in (61) above and in (63) and (64) below,
conditioned vowel length is not transcribed elsewhere.
Palatalization and labialization are also common in Ikoma (see §2.3.2 and §2.3.3
above). In these cases, the following vowel is lengthened. Examples of palatalization are
shown in (63).
(63)

Lengthening by glide formation (palatalization)
omo-βjɛ́ɛmi

‘hunter’

a-tjéeɲi

‘animal’

a-ɾjɛ́ɛmi

‘animal pregnancy’

Examples of labialization are shown in (64) (many repeated from (36) above).
(64)

Lengthening by glide formation (labialization)
a-βwáanana

‘spitting cobra’

oɾo-tʃwéeɾi

‘hair’

a-kwíiɾo

‘pestle’

An exception to conditioned lengthening is in word-initial and word-final
syllables. For example, in the nouns in (65) below, the final vowels are not lengthened
even though they are following consonant-glide sequences.
(65)

Word-final vowels remain short
Singular

Plural

Gloss

aŋ-gwe

tʃ͡aŋ-gwe

‘leopard’

am-bwé

tʃ͡am-bwé

‘jackal’

omo-ɾja

eme-ɾja

‘root’

omo-ɣjé

eme-ɣjé

‘type of tree’
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Similarly, the initial vowel of ‘leopard’ and ‘jackal’ is not lengthened even though it is
followed by a prenasalized consonant. Recall that throughout this thesis, length will only
be written when it is phonemic or derived, but not conditioned.
3.3.3

Derived vowel length

The final source of length in Ikoma is from vowel concatenation at morpheme
boundaries. When vowels meet in hiatus, a number of different processes may occur
depending on the vowels involved and their position in the word. The chart in (66),
repeated from (20) above, gives examples of derived vowel length.
(66)

Derived vowel length at morpheme boundaries

a. tuka
‘dig’
b. aβɛka
‘build’

Perfective
Perfective (n- -iri)
iri)

Past

(n- a- -iri)
iri)

mbatukiɾi

mbaa
aatúkiɾi
aa

/m-ba-tuk-iɾi/

/m-ba-a-tuk-iɾi/

mbaa
aaβekiɾi
aa

mbaa
aaβékiɾi
aa

/m-ba-aβɛk-iɾi/

/m-ba-a-aβɛk-iɾi/

In each of these examples (except for mbatukiɾi), the subject prefix /βa-/ is adjacent to
another vowel, either the TA prefix /a-/ in the past forms or the vowel-initial stem
/aβɛka/. It is difficult to know whether the best analysis is that the first vowel is deleted
and compensatory lengthening follows, or if the vowels simply remain adjacent, resulting
in a long vowel. The result, however, is clearly long.
Also, note that in the final example, mbaaβékiɾi actually has three adjacent /a/
vowels underlyingly, but this sequence does not surface as an extra long vowel. Instead,
it results in neutralization of the length contrast between the perfective and past forms
when the verb root is vowel-initial. Clements describes a similar phenomenon in
Luganda, for which he posits a two-mora limit on surface length. He notes, “Underlying
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sequences of three or more vowels obey the same principleː they always reduce to
bimoric surface vowels” (1986ː55). We see, then, that Ikoma’s neutralization of
underlying sequences of two and three vowels is not unusual.
Recall from the previous section that long vowels can only occur in word-initial
syllables if the syllable has an onset. For example, (67) below shows the pattern in which
the narrative verbal prefix /aka-/ results in a long vowel in the first syllable when
preceded by the 3P subject prefix /βa-/ but only in a short vowel when preceded by the
onsetless 3S subject prefix /a-/.
(67)
a.

b.

c.

Word-initial vowel length only following an onset
3Sː

/a-aka-tuk-a/



[aɣatuka]

‘he/she dug’

3Pː

/βa-aka-tuk-a/



[βaaɣatuka]

‘they dug’

3Sː

/a-aka-aβek-a/



[akaaβeka]

‘he/she built’

3Pː

/βa-aka-aβek-a/



[βaakaaβeka]

‘they built’

3Sː

/a-aka-emb-a/



[akeemba]

‘he/she sang’

3Pː

/βa-aka-emb-a/



[βaakeemba]

‘they sang’

The sets in (a), (b) and (c) each show these two prefixes with a different verb stem. The
first example in each set shows the stem with the 3S prefix /a-/, and even though there are
two vowels underlyingly (the first from the subject prefix and the second from the
narrative prefix), the vowel on the surface is short. The second example in each set has
the 3P subject prefix /βa-/, but in these words the surface vowel is long. The pattern
consistently shows that vowel length across morpheme boundaries in a word-initial
syllable is preserved only when the syllable has an onset. Note also that long vowels can
occur in adjacent syllables, as in [βaakaaβeka] ‘they built’ and [βaakeemba] ‘they sang’.
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Note that examples involving many other subject prefixes confirm that the lengthening is
not simply a result of a long vowel in the 3P subject prefix.
Finally, lengthening also results from /ɾ/ elision in some verbal suffixes. See
examples in (68) below.
(68)
a.

Lengthening from /ɾ/ elision
/n-a-to-βooɾeɾ-iɾi/



[natoβooɾiiɾe]

‘he has told us’



[βiikeeɾe]

‘they have sat’

FM-3S-1P.OB-tell-PFV

b.

/βa-ikaɾ-iɾi/
3P-sit-PFV

In (a), the final /ɾ/ of the verb stem elides resulting in a lengthened vowel [ii]. The final
vowel of the suffix also alternates to /e/ for unknown reasons. In (b) there are two
separate instances of derived vowel length. At the first morpheme boundary, /a + i/
results in [ii]. Here the first vowel has elided, and the remaining vowel has undergone
compensatory lengthening.35 The second lengthened vowel [ee] results from the elision of
one of the flaps in the sequence /ikaɾ + iɾi/. This process is less straightforward, as it
seems that the two morphemes have somehow fused together, even affecting the final
vowel as well, as we also saw in (a). This is an example of what is often called
“imbrication” in Bantu literature.
3.4

Mekacha’s previous analysis of Nata

After presenting the foundational elements of Ikoma’s vowel inventory, it is helpful to
interact more fully with Mekacha’s (1985) work on Nata vowels. As mentioned in §1.2,
Mekacha’s work is primarily a description of vowel hiatus resolution and only briefly
35

Note that deletion of the first vowel is typical in the case of vowel hiatus. It is a cross-linguistically wellattested pattern that when hiatus is resolved by deletion, the first vowel, not the second, is deleted. See
Casali (1996).
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discusses vowel harmony. I disagree, however, with some of the basic facts which he
presents concerning Nata’s vowel inventory, phonemic vowel length and the nature of
vowel alternations in both prefixes and verbal extensions. As mentioned in §1.1, Nata and
Ikoma are very closely related, with a lexical similarity estimated at 89%. Based on my
own limited research of Nata,36 I also propose that there are wide-scale similarities in
noun classes, the verbal tense and aspect system, and a remarkably similar vowel
harmony system, at least in terms of prefix alternations.
First, Mekacha argues that there are only five vowels in the language, whereas I
conclude that there are seven in both Nata and Ikoma. Mekacha (1985ː19) explicitly
notes the followingː
The language has a five vowel system… This is opposed to the seven vowel
system which Guthrie (1948.18) posits for languages of Zone E. The system also
contradicts the seven vowel system made up of five tense vowels /i e a o u/ and
two lax vowels /ɛ ɔ/ that Elderkin says Ngoreme has. The existence of the mid
tense vowels /e o/ is not borne of synchronic facts in Nata.
I argue that Nata (as well as Ikoma) actually does have seven vowels as Guthrie and
Elderkin previously suggested. See §1.2 above for further discussion of Guthrie’s brief
description of Ikoma and Nata vowels and prefix alternations.
Though Mekacha includes a large number of examples for the various processes
which he is describing, he makes heavy use of stems with /a/ and thus excludes most
mid-vowel stems which would have given much clearer evidence of the prefix
alternations which are so suggestive of two sets of mid vowels (see Chapter 5 for a
description of these alternations). I was, however, able to recover a small set of examples

36

My conclusions concerning Nata and its similarity to Ikoma are based on my own field notes and
recordings of a carefully selected list of approximately 50 nouns and 12 phrases and sentences.
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from his thesis which exemplify the differences in our transcriptions and show that even
in his five-vowel transcriptions there is evidence of seven vowels.
In (69) below I include specific examples of transcriptional differences between
my own Nata and Ikoma data and Mekacha’s Nata data. I have included two different
columns of my data. The first (“Nata field notes”) includes a few of the same words
which I selected from Mekacha’s work, for which I specifically have recordings from
Nata speakers. There are also a number of words in this column which are in parentheses.
Because my Nata data is limited, I do not have all of the exact words which Mekacha
cites, but I was able to find in my data words from the same noun classes and with similar
prefix and stem vowel patterns. The inclusion of these additional words allows for greater
comparison not only between Mekacha’s and my Nata data but also between my own
Nata and Ikoma data. The third column shows the equivalents in my Ikoma data for all of
the exact words from Mekacha’s Nata data. Also, recall that in Mekacha’s transcriptions
he uses <e o> to represent [ɛ ɔ]. I have taken the liberty to insert morpheme breaks into
Mekacha’s data for ease of reference.
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(69)

Transcriptional differences in nouns

a.

Mekacha
(1985)
omo-sube

b.

Nata field notes37
omo-suβe

Ikoma field
notes
omo-súβe

Gloss
‘man’

eβe-tumbe

eβe-tumbe

eβe-túmbe

‘chairs’

oru-baru

(oɾu-sa ‘jaw’)

oɾu-βaɾu

‘side’

omu-kari

(omu-ɣaβo

omu-káɾi

‘woman’

‘medicine man’)
c.
d.

eme-te

(eme-keɾa ‘tails’)

eme-té

‘trees’

omo-roro

(omo-ɣondo ‘field’)

omo-ɾoɾo

‘fire’

eɣi-ko

(eki-mɔɔɾi ‘calf’)

eɣi-kɔ́

‘gourd’

ɣi-tewa

(eɣi-sɛβɛ ‘udder’)

eɣi-tɛ́ɛwa

‘broom’

emi-re

(emi-ɾɛmbɛ ‘peace’)

in-dɛ

‘long (cl 4)’

ru-hembe

oɾu-hɛmbɛ

oɾu-hɛ́mbɛ

‘horn’

Focusing particularly on the prefix vowels and initial stem vowels, we see that in
(a) and (b) our data is largely the same. When the initial stem vowel is high, as in the
examples in (a), the prefix is mid. When the stem is low, as in (b), the prefix is high. The
interesting and revealing examples are in (c) and (d). In all examples in (c) and (d),
Mekacha transcribes the stem-initial vowels with the same mid vowels <e o>, and here
we see that even in his data there are two different prefix alternations before these noun
stems. In (c), the prefixes are mid, whereas in (d) they are high. These prefix alternations
are consistent with my data as well, and they result from the [ATR] contrast in the mid
vowels.
Unfortunately, Mekacha does not address these two different prefix alternations
before mid-vowels. Instead, the generalization that he states is that high prefix vowels
only occur before /a/-initial stems. I conclude, then, that even though Mekacha’s data is
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Note that I have not transcribed tone in the Nata data.
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transcribed using only five vowels, we can still see evidence in his data that Nata has the
same seven vowels and prefix harmony as I argue for Ikoma in this thesis.
Concerning vowel harmony, Mekacha writes, “Suprisingly, in this language,
unlike many other Bantu languages, there seems to be no vowel harmony between verbal
roots and their extensions” (67). This is a straightforward statement based on his analysis
that Nata has only five vowels. The harmony which I posit for verbal extensions in
Chapter 6 is dependent upon the acknowledgement of two sets of mid vowels. His
description of vowel harmony in nouns is rather convoluted (67)ː
For nouns in this language, vowel harmony is of two types. The first is that in
which the surface realization of the vowel in the pre prefix depends on the quality
of the vowel in the suffix. The second is that in which the surface realization of
the prefix vowel depend on the quality of the root vowel. In each of these cases
there is partial and complete vowel harmony.
He refers to “complete vowel harmony” as anytime “the pre prefix vowel is realized as a
complete reduplication of the prefix vowel” (68), whereas partial harmony is when “the
pre prefix vowel harmonizes partially to the prefix vowel” (68).
Mekacha does note the prefix alternations between /o ~ u/ and /e ~ i/, as seen
above. Though I consider /e o/ to be underlying, he posits the high vowels /i u/ as the
underlying prefix vowels, noting that they only occur when /a/ is in the root: “In all nouns
in which the first vowel of the root is not the low one the vowel of the prefix is realized at
the surface as a mid back vowel” (70). However, in making this claim he is overlooking
the words in his own data in which /i u/ occur before mid vowel stems, as shown in (69)
above.
Mekacha attempts a rather complicated generative feature-changing rule in order to
account for these prefix and augment alternations. He summarizes, “if the underlying
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prefix vowel surfaces unchanged, then the pre prefix vowel undergoes partial vowel
harmony, but if the prefix vowel that surfaces is not the underlying one, then the pre
prefix vowel undergoes complete vowel harmony” (74).
Concerning vowel length, Mekacha states, “the data shows that in this language
vowel length is not phonemic” (19). I argue, however, that both Nata and Ikomat do have
phonemic vowel length, as described in §3.3 above. Mekacha later says that there is
vowel length in Nata, but it is only derived length, usually the result of compensatory
lengthening following glide formation and vowel deletion.
Mekacha’s analysis deviates at several crucial points from what I argue for here.
Furthermore, since the prefix alternations which Guthrie (1971) presented (see §1.2) are
consistent with the basic claims I make in this thesis, I conclude that Mekacha either
missed the two additional vowel phonemes or that his data is from a 5-vowel dialect
which is not representative of the Ikoma and Nata languages as a whole.38 Therefore, I
will not attempt to argue further with Mekacha’s analysis in the remainder of this thesis.
3.5

Acoustic evidence of phonemes

This section supports the vowel inventory proposed in §3.1 with vowel formant and
bandwidth analysis. Vowel formant measurements, and the plots of those measurements,
can be very helpful in characterizing vowels. As Ladefoged (2003ː104) arguesː “The best
way of describing vowels is not in terms of the articulations involved, but in terms of
their acoustic properties.” Being able to quantify vowel quality helps both to better
understand the workings of a particular vowel system, as well as to compare the acoustic
38

As Mekacha himself explains in his (1993) work, increased Swahili usage in the Nata language areas has
resulted in decreased language vitality in some Nata villages. The influence of Swahili on Tanzania’s local
language communities is vast, and it is possible that Mekacha’s data is from a more urban or educated
population which, as a result of extended use of Swahili (a 5V language), speaks Nata with only five
vowels.
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realization of one language’s vowel phonemes to that of another. For these reasons, I
describe the basic acoustic correlates of Ikoma’s seven vowel phonemes. These measures
are also useful in later sections of the thesis in which further measurements are done in
order to better describe vowel harmony alternations.
After reviewing the methodology of this analysis in §3.5.1, in §3.5.2 I give
formant measurements of vowels in both nouns and verbs, based on a the speech of one
speaker. §3.5.3 extends the analysis to three additional speakers, though here I deal with
verbs only. §3.5.4 discusses the correlation between bandwidth and [ATR], showing
evidence that the measurement of the first formant bandwidth could be a good acoustic
correlate of the ATR contrast in Ikoma.
3.5.1

Methodology

In §1.6 I give an overview of the methodology I have used for acoustic phonetic research.
In this section, I provide more specific criteria which I used for choosing and recording a
wordlist which was specifically designed to discover the nature of the seven vowel
phonemes in their most basic and “pure” environments. In order to establish this baseline
for the seven vowels, I chose a wordlist of 77 items to record, made up of 35 verbs (five
verbs per vowel) and 42 nouns (six nouns per vowel). I limited the words to those
containing only short vowels whenever possible, but in the end I needed to include two
verbs with phonemic long vowels (ko-βoosa ‘to hoe’ and ko-βeeka ‘to wear’). I have not
detected any difference between the vowel qualities of corresponding short and long
vowels.
For verbs, I chose five infinitive verbs with a canonical CVCa stem. As discussed
in §3.1 above, each of the seven vowels occurs in this position. I avoided nasals and any
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sort of clusters such as palatalized or labialized consonants, with the exception of the
verb ko-ɾjeka ‘to bury.’ Otherwise, a variety of consonants were used. The infinitive form
was used primarily because it is the citation form for verbs. It is also helpful because the
infinitive prefix vowel alternations from /o/ to /u/ provide significant clues for the
harmony system and are useful for prefix vowel measurements, which are discussed in
Chapter 5. Also, by consistently limiting the final vowel to /a/, I avoid any possible
influence on the root vowel made by other final vowels.
For nouns, for each of the seven vowels I chose six canonical nouns with
bisyllabic CVCV roots. In all of these words, both root vowels are identical, which
should prevent any assimilatory effects from one vowel to another. The primary purpose
of this list is to investigate vowels in the initial syllable of the root, but I also had to make
decisions about noun classes and noun class prefixes, since prefix alternations are also a
major point of inquiry. Out of necessity, I used nouns from a wide variety of noun
classes.
For recording, the list was divided into nouns and verbs and then broken down
into smaller sections of approximately ten to fifteen words each. Each section was then
randomized so that, for example, the nouns with CiCi stems were not all together, but
were mixed in with CoCo, CaCa, etc., stems. For nouns, speakers pronounced two
repetitions of the singular form followed by two repetitions of the plural form. For verbs,
they pronounced three repetitions of the infinitive.
3.5.2

Vowels in both nouns and verbsː Speaker B

Because of time constraints, it was not feasible to make measurements of all recorded
nouns and verbs for all four speakers. Therefore, in this section, I present measurements
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and plots from nouns and verbs from a single speaker (Speaker B). In the follow section
(§3.5.3), I present a comparison of the vowels of all four speakers in verbs only.
The table in (70) below contains average formant values for vowels in the steminitial syllable (V1) of both nouns and verbs. As mentioned in the previous section, this
wordlist consisted of six nouns and five verbs per vowel, and three to four repetitions
were made of each word. The measurements in (70) below are averages of a total of 221
tokens (119 from nouns and 102 from verbs). For nouns, I measured the initial root vowel
of both singular repetitions and the first plural repetition, which totals three tokens per
word on the wordlist. For verbs, I measured the root vowel of all three repetitions of each
infinitive, once again totaling three tokens of the vowel per word. Note, however, that
occasionally I was not able to measure some tokens for various reasons, so these are
approximate numbers of tokens.
(70)

Average values of V1 (Speaker Bː 45 year old male)

Noun and verb averages

Noun averages

Verb averages

approx. 32 tokens/vowel

approx. 17 tokens/vowel

approx. 15 tokens/vowel

u
o
ɔ

F1
285
374
468

F2
759
891
951

u
o
ɔ

F1
280
361
473

F2
732
887
947

i

310

e
ɛ
a

u
o
ɔ

F1
289
390
460

F2
785
897
958

2271

i

304

2225

i

317

2323

381

2025

e

366

1965

e

396

1964

455
671

1873
1462

ɛ
a

440
694

1911
1474

ɛ
a

470
640

1834
1446

A number of comments can be made about this table. Looking at the combined averages
in the first column, we see that for the back vowels, there is an approximately 90Hz
difference in F1 from one vowel to the next. For the front vowels, on the other hand, the

91
difference is only approximately 70Hz. We see then that the front vowel space is more
confined than the back vowel space. When comparing the noun and verb averages, they
are fairly similar, and certainly similar enough to support the view that both categories
have the same seven vowel phonemes.
The averages of nouns and verbs together are shown in the vowel
vowe plot in (71)
below. Vowels plots traditionally have F1 on the vertical axis, with values increasing
downward, and F2 on the horizontal axis with values increasing from right to left.
ː16) explains
explainsː “This type off display closely parallels the traditional
Maddieson (2003ː16)
auditorily based vowel space based on perceived ‘height’ and ‘backness’ values used …
but has the advantage of being based on verifiable measurement.” As (71) below shows,
when the formant values are plotted in this manner, the vowels are similar in position to
their place on an IPA vowel chart.
(71)

Plot of V1 average values,, with nouns and verbs together (Speaker B)
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As the plot shows, Speaker B’s
B vowel space is quite symmetrical. As we saw with the
figures in (70) above, the back vowels are spaced slightly more apart than the front
vowels, with [ɔ]] having a higher F1 than [ɛ],
[ ], and [u] having a lower F1 than [i]. The
tendency for [u] to be acoustically higher than [i] holds for the other speakers as well, as
shown in the following section. The low vowel [a] is also quite far away from the other
vowels, with an F1 average of more than 200 Hz higher than the mid [-ATR]
[
vowels.
The plot in (72) below also represents Speaker B’ss nouns and verbs, but here all
individual tokens of V1 are plotted.
(72)

Plot of V1 with all points, with nouns and verbs together (Speaker B)
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Note that there is more overlap in the front vowel space, with only slig
slight overlap in the
back vowels. There is also a much greater range of F2 measurements for back vowels
than front vowels.
The plot of average formant values for nouns only is in (73) below, and the plot
for verbs only is in (74) below.
(73)

Plot of V1 average values of nouns only (Speaker B)
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(74)

Plot of V1 average values of verbs only (Speaker B)

These plots show more clearly that the verb measurements are more symmetrical and
well-spaced
spaced than those from nouns.
n
For the individual measurements which were used for
the noun and verb averages in this section, see Appendix C. Individual vowel
measurements from nouns are in Appendix C.1, and individual verb measurements (for
all four speakers) are in Appendix C.2.
C.2
3.5.3

Cross-speaker
speaker vowel comparisonː
comparison verbs only

In §3.5.2 I compared the formant measurements of the initial stem vowels of a single
speaker, looking at both nouns and verbs. Recall that the reason for focusing on vowels in
V1 position
ion only is to establish a baseline of the qualities of vowel phonemes in their
strongest and most stable position. The words chosen for these measurements (i.e. nouns
in which V1=V2, and basic infinitive verbs) also ensure that these tokens are not
conditioned
ioned by surrounding vowels. In this section, I compare the vowels of four
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different speakers, but this time using only the initial verb stem vowels as a point of
comparison, excluding nouns. This restriction is for no other reason than time limitations.
The verbs used in this comparison are the same as those used for measurements in
§3.5.2 above. The average formant values of all four speakers combined are in (75)
below, and these figures are plotted in (76) below. The averages are based on
approximately 15 tokens per vowel per speaker.
(75)

Average of all speakers together (Verb V1 only)
Average
F1

F2

i

341

2260

e

424

2028

ɛ

498

1890

u

308

849

o

399

929

ɔ

498

970

a

667

1446
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(76)

Plot of average
averages of all speakers together

An interesting point can be made concerning the overall shape of the vowel plot
above,, which is related to the line drawn beside the back vowels.
vowels. Madd
Maddieson (2003)
makes some observations concerning the shape of the vowel plot and its correlation with
whether or not vowel contrasts are based on height features alone or also on tongue root
features.. In his discussion of a plot of Bitam Fang vowels, Maddieson
Maddieson (2003ː21-22)
(2003
says
the followingː
Note particularly the slope of a line connecting the back vowels which points
roughly to the position of the central vowel /a/ … and attributable to the fact that
F1 and F2 frequencies co-vary
co
in these vowels. This pattern
tern is typical of that
found in vowel systems where the back series is distinguished by degrees of
height with no other factors being significantly involved.
On the other hand, when another factor is involved, such as independent use of the
pharyngeal cavity
avity for an [ATR] distinction, Maddieson suggests that vowel pairs with
contrasting [ATR] values will have “a smaller than expected F2 difference given the size
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of the difference between the first formants” (22). For this he uses the example of
Kinande, in which each ATR set shows a sloping line from high to low vowels. That line,
however, cannot be drawn from vowels of one ATR set to another.
Essentially, then, if Maddieson’s prediction is correct, if Ikoma’s mid-vowel
contrasts are based on [ATR] and not vowel height alone, the vowel plot should not have
a simple triangular shape with straight lines connecting the high, mid and low vowels.
Instead, the contrasting sets, which in this case are the mid-vowel pairs, should have
similar enough F2 values so that a straight line cannot be drawn to the low vowel. As (76)
above shows (as well as the other plots for individual speakers later in this section), this
is in fact the case in Ikoma. For the back vowels especially, [o] and [ɔ] are quite close in
F2 values (at 929 Hz and 970 Hz, respectively), but F1 values show an almost 100 Hz
difference (at 399 Hz and 498 Hz, respectively). Though Maddieson’s claims here are not
the final say in how one determines the contrastive features of a vowel system, it is
interesting to at least note that Ikoma conforms to his expectations.
Moving back to the cross-speaker comparison, we can further break down the
vowel formant averages by comparing the averages from each individual speaker, as
shown in (77) below. Speakers A, B and C are male, and D is a female. See §1.6.1 for
more information about these speakers. Recall that the formant values for Speaker B were
used in the previous section.
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(77)

Verb V1 averages for all speakers

Speaker A (M)

Speaker B (M)

Speaker C (M)

Speaker D (F)

F1

F2

F1

F2

F1

F2

F1

F2

i

351

2129

317

2323

311

2275

385

2313

e

443

1878

396

1964

396

2165

459

2103

ɛ

497

1790

470

1834

502

2005

522

1930

u

296

847

289

785

280

836

367

928

o

413

898

390

897

300

948

494

974

ɔ

496

968

460

958

476

913

558

1040

a

585

1316

640

1446

751

1562

693

1461

One way to view the variation between speakers is to compare the difference in the
average F1 value from one vowel height to the next. This is shown in (78) below.
(78)

Height
1 to 2
Height
2 to 3
Height
3 to 4

Comparison of F1 differences between speakers (in Hz)

u-o
i-e
o-ɔ
e-ɛ

Speaker A
101
79
70
74

Speaker B
117
92
83
54

Speaker C
20
85
176
106

Speaker D
127
74
64
63

ɔ-a

89

180

275

135

ɛ-a

88

170

249

171

Overall, we see that Speaker C stands out from the others in terms of vowel spacing.
Strangely, there is only a 20 Hz difference in F1 between /u/ and /o/. Because of this this
is also a surprisingly large gap (176 Hz) between /o/ and /ɔ/. The difference between
heights 2 and 3 and between heights 3 and 4 is also much greater than any of the other
speakers, with 249 Hz and 275 Hz separating heights 3 and 4. When evaluating the other
three speakers, their F1 differences are much more comparable. In all cases there is a
greater difference between /u – o/ than between /i – e/. Also, in all cases the change in F1
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between the mid vowels (heights 2 and 3) is less than that between the high and [+ATR]
mid vowels (heights 1 and 2).
2) Note also that Speaker A has a surprisingly small
difference between heights 3 and 4, with only 88 or 89 Hz separating the two averages.
Finally, variation from one speaker to the next is most easily seen in the following
vowel plots which show two plots for each speaker. The first shows average formant
values, while the
he second plot shows all individual vowel tokens. Note that all individual
vowel measurements plotted for all four speakers can be found in Appendix C.2. Plots for
Speaker B are in §3.5.2
3.5.2 above, so they are not repeated here. Plots for Speaker A are in
(79) and (80) below.
(79)

Plot of average formant values (Speaker A)

100
(80)

Plot of all vowel tokens (Speaker A)

Speaker A has a lower and more compressed front vowel space in comparison to his back
vowels. Note also that there is an area of overlap between both sets of mid vowels.
Another surprising fact is
i that there is only a 392 Hz range from the lowest individual F1
measurement (247 Hz) to the highest F1 measurement (639 Hz). This small range must
be attributed to the unusually low average F1 of /a/, which is only 585 Hz.
Plots for Speaker C are in (81) and (82) below.
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(81)

Plot of average formant values (Speaker C)

(82)

Plot of all vowel tokens (Speaker C)
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As seen above, Speaker C has some unusual values compared to the others, particularly
in the placement
ement of many /o/ tokens, which are much higher than expected. There are also
some aberrant tokens of /ɛ/
/ and /ɔ// which are more in the /e o/ range.
Plots of Speaker D’s
D s average formant values and individual vowel tokens are in
(83) and (84) below.
(83)

Plot of average formant values (Speaker D)
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(84)

Plot of all vowel tokens (Speaker D)

Speaker D’s back mid vowels are strangely lower than her front mid vowels. Also, there
are areas of overlap between both sets of mid vowels
vowels.
3.5.4

Bandwidth
andwidth and [ATR]

Tongue root position is difficult to determine on the basis of acoustic measurements
alone. X-ray
ray and ultrasound studies address the question from an articulatory perspective
(e.g. Ladefoged 1964; Gick et al. 2006), which is quite helpful, but few researches have
the funds to do broad-scale
scale ultrasound experiments. T
The
he difficulty in acoustic
measurements lies in the fact that two different articulatory gestures, both raising the
tongue body and advancing the tongue root, result in a larger pharyngeal cavity of the
vocal tract, and this larger back cavity correlates with
with a lower F1 frequency. Therefore,
though F1 is the primary acoustic correlate of [ATR], it is also the primary correlate of
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tongue height. This lack of one-to-one mapping means that a change is F1 is ambiguous
in terms of its articulatory origin.
Because of these difficulties, researchers have sought other acoustic measures
aside from F1 which would be an indicator of [ATR] but not tongue height. One of the
most promising measures is the bandwidth of the first formant (B1)39, noted early by
Lindau (1979). If tongue root position can be determined by measuring bandwidth, then
bandwidth is potentially a useful acoustic measurement for distinguishing [ATR]
contrasts. The question for Ikoma isː Are bandwidth measurements a reliable indicator of
mid-vowel [ATR] contrasts? If so, this could solve two tricky problems. First, it could be
an indicator of whether or not the second degree vowels are [+ATR] or [-ATR], which
would clarify what type of vowel inventory Ikoma has. Second, bandwidth measurements
could be used to determine the quality of vowels which are both perceptually and
acoustically (in terms of F1 measurements) in the overlap area between /e o/ and /ɛ ɔ/.
Before evaluating bandwidth in Ikoma, it is helpful to review Hess’s (1992) study
which explored the correlation between a vowel’s first formant bandwidth (B1) and its
[ATR] value. This sets some expectations and parameters for evaluating the results for
Ikoma. Hess investigates a number of acoustic measurements in pursuit of a reliable
indicator of tongue root activity, which would be a helpful clue in understanding the
nature of assimilation in Akan vowel harmony. Because the vowels /ɪ ʊ/ overlap with /e
o/ in terms of their formant values, the first formant (F1) alone is not sufficient to
distinguish the two [ATR] harmony sets.

39

As defined by Baart (2010ː60)ː “The bandwidth of a formant is a measure that indicates how wide the
sphere of influence of a formant is (how wide the range is of frequencies that are affected).” In a
spectrogram display, a formant with a wider bandwidth is visibly broader, whereas a formant with a
narrower bandwidth appears more thin.
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Hess notes that formants of [+ATR] vowels have a narrower bandwidth than
those of [-ATR] vowels, resulting in consistent differences in F1 bandwidth between high
[-ATR] and mid [+ATR] vowels. The efficiency of this measurement can be seen when
compared to measures of F1 alone. For example, in Akan she found only a 10%
difference in F1 between the /o ʊ/ pair, but a 66% difference between F1 bandwidths
between these two vowels. Hess concludes that the bandwidth of the first formant is a
reliable indicator of [ATR] harmony sets in Akan and can be used to determine the nature
of assimilation of Akan vowels, which she argues is based on tongue root advancement,
not gradient raising and lowering. This study was perhaps the most successful one to
show clear results based on bandwidth.
For evaluating bandwidth in Ikoma, I have once again used measurements from
Speaker B. The averages in (85) below are based on the same group of initial root vowel
(V1) measurements as were used for the formant analysis in §3.5.2, which includes both
nouns and verbs. The figures below show the average B1 (bandwidth of F1) and the
standard deviation (SD) of B1 measurements for each vowel.
(85)

Average bandwidth of initial root vowels in Hz (Speaker B)
B1 (average)

SD

B1 (average)

SD

i

32.8

7.5

u

33.2

8.3

e

41.6

9.4

o

39.8

11.1

ɛ
a

53.8
96.8

32.3
47.1

ɔ

52.4

23.3

Note that the [-ATR] vowels have significantly higher SD than the [+ATR] vowels. The
difference in B1 and SD between both mid vowel pairs is shown in (86) below.
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(86)

B1 (and SD) difference between mid vowel pairs in Hz
B1 (average)

SD

e

41.6

9.4

ɛ
diff

53.8
12.2

32.3
22.9

B1 (average)

SD

o

39.8

11.1

ɔ
diff

52.4
12.6

23.3
12.2

Because a formant’s bandwidth is largely dependent on its frequency, it is
important to take a vowel’s F1 into consideration when evaluating its B1. In order to
directly compare the bandwidth of two vowels, they must have approximately the same
F1. Otherwise, adjustments must be made in order to make them comparable. One
formula for doing this, which is the one used by Hess (1992), is from Fant (1972), which
is given in (87) below.
(87)

Fant’s (1972) formula (from Hess 1992ː486)
B1= 15(500/F1)2 + 20(F1/500)1/2 + 5(F15/500)2(Hz)

Using this formula, I calculated the expected B1, based on each vowel’s average F1
(taken from (70) in §3.5.2 above). The table in (88) below shows Speaker B’s average
F1, the average B1 which was actually measured, the expected B1 which was calculated
using Fant’s formula, and the difference between the actual and expected B1.
(88)

F1, measured B1 and expected B1 (Speaker B)
F1

B1 measured

B1 Fant

Difference

i

310

32.8

56.69

-23.89

e

381

41.6

46.19

-4.59

ɛ

455

53.8

41.33

12.47

u

285

33.2

62.89

-29.69

o

374

39.8

46.91

-7.11

ɔ

468

52.4

40.85

11.55

a

671

96.8

40.5

56.3
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In the Difference column, negative figures represent those which are lower than Fant’s
predictions, whereas positive figures are those which are higher than Fant’s predictions.
As recalled from Hess’s study above, we expect that [+ATR] vowels will have a
narrower B1 than corresponding [-ATR] vowels, and that is in fact what we find in
Ikoma. All four [+ATR] vowels have a narrower (i.e. lower) B1 than expected, whereas
the three [-ATR] vowels have a wider (i.e. higher) B1 than expected. Easier viewing of
the B1 difference for each vowel is in (89) below.
(89)

Difference between expected and measured B1

i

B1 (Difference)
-23.89

u

B1 (Difference)
-29.69

e

-4.59

o

-7.11

ɛ
a

12.47
56.3

ɔ

11.55

This can be visually represented in the plot in (90) below.

[+ATR]
[-ATR]
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(90)

Plot of measured B1 and predicted B1

Measured and Predicted B1
100

a
90

F1 Bandwidth (Hz)

80
70
60

ɛ
50
40

o
u

30

Measured

ɔ

Predicted (Fant)

e

i

20
200

300

400

500

600

700

F1 Frequency (Hz)

The squares represent the B1 predicted by Fant’s formula for each vowel’s average F1,
whereas the diamonds show the actual, measured average B1. As shown above, each
height/[ATR] pair has a similar F1 and B1. The high vowels and [+ATR] mid vowels
have a lower-than-predicted B1, whereas the [-ATR] vowels are above the line, showing
a higher-than-predicted B1. This conforms to our expectations that [+ATR] vowels have
a narrower F1 bandwidth than corresponding [-ATR] vowels. These results suggest that
the degree 2 vowel /e o/ are indeed likely to be [+ATR], not [ɪ ʊ], since if they were
[-ATR] they would be more likely to be above Fant’s prediction line.
Though the average B1 values of different harmony sets are helpful for
determining the general quality of these vowels (in terms of their [ATR] values),
additional graphs show that bandwidth might not always be a reliable indicator of the
[ATR] value of specific questionable vowels. For example, the graph in (91) below
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shows 33 individual tokens of the back vowel /o/ and 32 tokens of /ɔ/ plotted based on
their F1 and B1. Once again, I also include Fant’s predicted B1 based on Ikoma’s
average F1 values, which allows us to see the individual tokens which fall above and
below the predicted values.
(91)

B1 of /o/ and /ɔ/ - Individual tokens
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Likewise, the graph in (92) does the same for the front vowel pair, showing 30 individual
tokens of /e/ and 29 tokens of /ɛ/.
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(92)

B1 of /e/ and /ɛ/ - Individual tokens
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As the charts above show, many individual [+ATR] tokens fall below the line, as
expected, whereas many of the [-ATR] tokens are above the line, also as expected. At
the same time, however, some individual tokens of /e o/ have similar and overlapping B1
values with their [-ATR] counterparts /ɛ ɔ/. And for the front vowel pair in particular,
(92) shows some overlap along both axes in the range of 400-450 Hz on the F1 axis and
40-50 Hz on the B1 axis.
The figures in (93) below help us to better understand this trend. For each of the
four mid vowels, I show the percentage of individual tokens which are above and below
the predicted B1 (based on the average F1 for each vowel).
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(93)

Percentage of measurements above and below predicted B1 value
Total tokens

Predicted B1

% above
% below
predicted B1
predicted B1
e
30
46 Hz
33%
67%
o
33
47 Hz
24%
76%
ɔ
32
41 Hz
66%
34%
ɛ
29
41 Hz
62%
38%
For all four vowels, we see that the majority of [+ATR] vowels have a lower-thanexpected B1, whereas the majority of [-ATR] vowels have a higher-than-expected B1.
These figures are perhaps less conclusive than we might hope, and the level of
overlap of B1 values among the [ATR] sets would make it difficult for bandwidth to be a
conclusive measure when uncertain about an individual vowel’s [ATR] value.
Nonetheless, these results are still highly suggestive that the degree 2 vowels are /e o/,
not /ɪ ʊ/. We can conclude that the average B1 values for different [ATR] sets show
tendencies as we would expect, with [-ATR] vowels having a higher bandwidth, on
average, than their [+ATR] counterparts.
3.6

Phonetic realization of phonemes

The data presented in the previous sections, and especially the acoustic analysis of §3.5,
is strong evidence that there are seven vowels in Ikoma. However, the question might still
remain in the minds of some readers concerning how we can really know for sure that
these seven vowels are in fact the ones I claim and not the other common seven-vowel
inventory in which /ɪ ʊ/ are the degree 2 vowels. Of course this is a difficult thing to be
sure of, but both phonetic and phonological clues can help us address the issue.
The remaining chapters of the thesis rely heavily on phonological clues
concerning Ikoma’s harmony type and consequently its inventory, based on my
assumptions concerning the correlation between the two. I also use vowel formant
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analysis to further support my claims concerning particular alternations, but even then the
question remains concerning whether or not what I call [e o] could really be [ɪ ʊ]. §3.5.4
above addresses additional phonetic evidence which informs this issue, particularly the
potential correlation between bandwidth measurements and [ATR] values. There is,
however, another type of phonetic evidence which is helpful, and that is the
impressionistic auditory perception of these vowels by both linguists and Ikoma speakers.
The following subsections address these issues and provide further support that
Ikoma’s height 2 vowels are [e o], not [ɪ ʊ]. In §3.6.1 I discuss my own impressions
concerning the phonetic realization of Ikoma vowels, including the difficulty which I
have experienced in hearing the mid vowel contrast. In §3.6.2 I then discuss observations
about the intuitions of a group of Ikoma speakers who were involved in experimental
participatory research to discover the phonemes of their language. I also compare the
intuitions of Ikoma speakers concerning their vowels with the intuition of speakers of
other Mara Region languages which have different vowel systems.
3.6.1

Impressions on the perception of vowel contrasts

In this section, I comment on my own perception of Ikoma vowels and also on the level
of difficulty I and others have found in distinguishing the vowel contrasts. Casali
(2003:342-343) comments on the issue of perceptual difficultyː
A number of 4Ht(H) languages have also been described as having perceptually
difficult contrasts between [I], [U] and [i], [u]; […] On the other hand, I am aware
of very few 4Ht(M) languages for which serious auditory confusion between any
of the adjacent vowel heights has been reported, despite the fact that such vowel
systems are extremely common and widespread.
When evaluating these comments in light of the Mara languages, they hold true at least
for Zanaki, which has the 7V(H) inventory (see §3.6.2 and §7.3.1 below). Initially
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distinguishing the phonemes /i, ɪ/ and /u, ʊ/ was not at all easy for Zanaki, since the high
[-ATR] vowels are quite difficult to distinguish from the high [+ATR] vowels (Michelle
Sandeen and Oliver Stegen, personal communication).
My own experience with Ikoma, as well as my experience working alongside
many different Ikoma speakers, is that the mid vowel contrast can also be quite difficult
to hear, which Casali notes is less common for this type of system. Even after working
with this language over the course of four years, there are still times when I am unsure
about certain mid-vowel qualities. The same is true for Ikoma speakers who have been
involved in research and translation in the language over that same period of time. We are
all more capable of distinguishing the mid vowels when they are compared side by side
with contrasting vowels, but without comparisons it can be particularly difficult. For
example, the root vowel in the verb [ɾeɾa] ‘cry’, when heard in isolation, sounds like it
could very well be [ɛ]. However, when heard side-by-side with [ɾɛɾa] ‘bring up (a child)’,
the contrast is more apparent. The closeness of these phonemes, at least in the speech of
some, can be seen in the overlapping formant measurements in §3.5.2 and §3.5.3 above,
especially in the plots showing individual tokens for Speakers A, B and D.
The level of difficulty also depends on a vowel’s position in the word. Word-final
mid vowels are especially hard to distinguish, which adds great difficulty to the
seemingly simple task of determining co-occurrence restrictions in stems and harmony
patterns in word-final verbal suffixes. The existence of these perceptual difficulties is
once again corroborated by the overlapping formant measurements of vowels in wordfinal position.
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Finally, there is a loose correlation in Ikoma between voice quality and tongue
root advancement. Many previous studies of African vowel systems (e.g. Stewart 1967;
Fulop et al. 1998; Kingston et al. 1997; Casali 2002b) have noted a difference in voice
quality between [+ATR] and [-ATR] vowels. [+ATR] vowels are often described as
breathy, deep or hollow, whereas [-ATR] vowels are creaky or choked. This difference is
sometimes evident in Ikoma, but perhaps not as clearly as in some other languages with a
more typical cross-height harmony system.
The [-ATR] vowels [ɛ ɔ] do often have a creakier quality, whereas [e o] are often
more clear or breathy, but the difference is subtle and can differ from word to word and
speaker to speaker. Though the height 2 vowels /e o/ often do have a clearer quality, in
some words they sound to me more like [ɪ ʊ], with a creakier quality. My conclusion on
this point is that /e o/ have a broad phonetic range.40 The height three vowels /ɛ ɔ/ tend to
sound consistently creakier, but again, there are exceptions.
Though there is not always a clear correlation between tongue root and voice
quality in Ikoma vowels, the impressions described above do serve as additional clues to
the nature of the vowel inventory. The degree 2 and 3 vowels are the pairs which are
difficult to distinguish, which suggests that these vowels are at the same height.
Furthermore, that the degree 1 and 2 vowels are never confused is suggestive that they
are at different heights. This issue is discussed further in the following section.
3.6.2

Ikoma speakers’ perceptions of vowel quality

Concerning the question of which vowel inventory Ikoma has, helpful evidence comes
from Ikoma speakers’ perception of these vowel qualities, especially when compared to
40

As discussed in §7.3, it is likely that Ikoma’s 7V(M) inventory developed from a historical 7V(H)
inventory. We might speculate that a recent *ɪ *ʊ > e o sound change could be the cause of a “broad
phonetic range” of the degree 2 vowels.
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the intuitions of mother tongue speakers of other Mara languages which have different
vowel inventories. At this point, background information is needed concerning the
experimental participatory method which was used for initial research into a number of
Bantu languages in the Mara Region. This method, closely following the work of Kutsch
Lojenga (1996), was implemented in workshops held in Mara, Tanzania during the years
of 2006-2008. During that time, a series of orthography workshops involved a number of
linguists from SIL Int’l and approximately seven mother tongue speakers from each of
the following languages: Ikoma, Kuria, Zanaki, Simbiti, Ikizu, and Ngoreme, as well as
the five-vowel languages Jita, Kwaya and Kabwa. See §7.3.1 for a brief description of
the vowel systems of some of these 7V languages.
The relevant part of the research method went as follows, exemplified using the
process as it took place in Ikoma, since I was a first-hand participant.41 First,
approximately 1700 words were collected using a Swahili wordlist.42 Mother tongue
speakers of each language (who were also fluent and literate in Swahili) gave equivalent
terms in their language, and they themselves wrote the words as they thought best using
Swahili’s five-vowel alphabet.43 Since Ikoma did not have an orthography at that point,
writing the words based on Swahili’s orthography was a good way to get their

41

I am grateful for the help and expertise of Oliver Stegen and Danny Foster who were also involved in
guiding the Ikoma team through the process of discovering the vowel phonemes. Oliver Stegen was also
instrumental in working out an initial hypothesis concerning the nature of Ikoma’s vowel harmony.
42
This wordlist was a Swahili translation of the SIL Comparative African Wordlist (SILCAW) developed
by Snider and Roberts (2004).
43
Note that Swahili is the language of wider communication in Tanzania, and it has the five-vowel system
/i ɛ a ɔ u/, written orthographically as <i e a o u>. It is the language of instruction in primary schools, and
many Tanzanians are literate in Swahili. Very few, however, are literate in their first language, since most
of the local languages in the country do not have an established orthography or any written materials. At
this point, speakers of the 7V languages were not at all aware that their language had more than five
vowels.
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impressions concerning their language based on a writing system with which they were
already familiar.
Because we anticipated that many of the Mara languages had seven vowels, the
next step of the process was to modify the initial five-vowel transcriptions into sevenvowel transcriptions. In order to accomplish this split in a consistent manner which also
directly involved Ikoma speakers, the 1700 words were printed on cards and sorted based
on grammatical category, stem shape and stem vowels. For example, all nouns with a
CVCV stem shape were sorted into smaller piles depending on the vowels in the stem.
Therefore, there were piles of cards for CaCa, CiCi, CeCe, CiCa, CeCo, etc. Each of
these piles was then read through by a group of Ikoma speakers. One person read the
word on the card while the others were instructed to listen specifically for the stem
vowels, comparing the vowels in each word with the others in the pile. The task was
simply to decide whether or not the vowels in one word were the same or different than
those in the next word.
They began with the easiest pile (the CaCa stems), which was not expected to
split, and then progressed to the high-vowel and mid-vowel stems, since we were
anticipating that some of those piles would split into two, revealing the
underdifferentiated phonemes. As Ikoma speakers read through the pile written with
orthographic <o> (i.e. CoCo), speakers and researches worked together, learning to hear
the difference between [CoCo] stems and [CɔCɔ] stems. The same is true for <CeCe>,
which was split into piles of [CeCe] and [CɛCɛ]. Note that for Ikoma, the <o> pile was
easier to split (that is, the difference in vowel quality was easier to hear, both for
researchers and Ikoma speakers alike) than the <e> pile. After the initial split, the piles of
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cards were read through several more times to check for accuracy. Later, other piles
involving different vowel combinations were split as well (e.g. <CeCa> split into [CeCa]
and [CɛCa]).44
The interesting and relevant point to note is that in the different language groups
which took part in this research method, different vowel piles split, and those differences
seem to correlate with the language’s vowel inventory type. In languages with the Ikomatype inventory with contrast in the mid-vowels (e.g. Ikoma, Kuria, Simbiti, Ikizu) the
piles of <e, o> split into two groups each, whereas in Zanaki, which has [ATR] contrast
in the high vowels, the <i, u> piles split. Essentially, this means that speakers of the first
group of languages identify both the height 2 and height 3 vowels with the Swahili
graphemes <e, o>, whereas Zanaki speakers regularly identify height 1 and height 2
vowels with the Swahili graphemes <i, u>. Furthermore, Zanaki follows predictions
made by Casali’s (2003) inventory-dependent vowel harmony hypothesis, which predicts
that systems with the inventory /i ɪ ɛ a ɔ ʊ u/ will have [+ATR] dominance, as is clearly
the case in Zanaki. On the other hand, in Ikoma, in which the <e o> piles split (that is, in
which native speakers naturally lumped the height 2 and height 3 vowels together as <e
o>), the system exhibits some form of [-ATR] dominance.45
These results are also consistent with Kutsch Lojenga’s experience with the 9V
language Ngiti. As she describes in her 1996 paper on this participatory research method,
Ngiti speakers also initially wrote their language using Swahili’s five-vowel orthography.
She explainsː
44

The wordlists which resulted from these workshops were the starting point for the data used in this thesis.
Many corrections, adjustments and additions have been made at various points since.
45
As is discussed in many places throughout this thesis, Ikoma exhibits evidence of both [-ATR] and
[+ATR] dominance. I suggest that [-ATR] dominance could be a more recent innovation which followed an
*ɪ *ʊ > [e o] sound change. See §7.3 for more details.
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Having learned to read in Swahili, the people had written their nine-vowel system
against the grid of the Swahili five-vowel system in such a way that the [-ATR]
and its [+ATR] counterpart were systematically represented by the same symbol.
Therefore, [i] and [ɪ] had been grouped together and written with the letter <i>. Similarly,
[u] and [ʊ] were both written as <u>. For the mid vowels, [e] and [ɛ] were written as <e>,
while both [o] and [ɔ] were written as <o>. We see then that Ngiti and the Mara
languages show the same tendency for Swahili-literate speakers to group [ATR] contrasts
at the same height together under a single vowel symbol. For Ikoma, this is strong
evidence that the height 2 and 3 vowels, which were both written as the Swahili <e, o>,
are mid vowels.
I have taken the time to outline these procedures, results and correlations for a
number of reasons. First, it is helpful to document this less-than-typical research
procedure, especially as it relates to understanding mother tongue speaker intuitions
about their vowels systems, particularly in the Tanzanian context in which seven-vowel
languages are spoken within reach of the strong influence of Swahili’s five-vowel
system. Secondly, and more importantly, in this trial involving the Mara languages, as
well as in Ngiti, there is a clear correlation between a language’s vowel inventory type
and the vowels which speakers tend to group together. I conclude that this record of
native speaker intuition is additional evidence that the height 2 vowels in Ikoma are the
mid vowels /e o/, not the high vowels /ɪ ʊ/ as in neighboring Zanaki.
3.7

Summary of evidence of a 7V(M) inventory

In this final section, I summarize the main points made throughout this chapter. §3.1,
§3.2 and §3.3 serve primarily to exemplify the fact that there are seven distinct vowel
phonemes in the language, and that each has a long-vowel counterpart. §3.4 compares
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this with Mekacha’s previous (1985) analysis of the closely-related Nata language. The
next two sections of the chapter describe the phonetic characteristics of the seven
phonemes, including an acoustic study (§3.5) as well as notes on the auditory perception
of the degree two and three vowels (§3.6). These final two sections provide strong
evidence that the degree two vowels in the language are /e o/, not /ɪ ʊ/. A summary of the
arguments for the 7V(M) inventory are in (94) below.
(94)

Arguments for a 7V(M) inventory

a. Vowel formant analysis shows that degree 2 and 3 vowels are spaced closer
together than degree 1 and 2 vowels, which suggests that the degree 2 and 3
vowels are at the same height (i.e. mid).
b. The F1 bandwidth (B1) of degree 2 vowels is usually lower than Fant’s
predicted B1, whereas the B1 of degree 3 vowels is generally higher than
Fant’s predicted B1. This conforms to our expectations that [+ATR] vowels
have a narrower bandwidth than [-ATR] vowels, and consequently, that the
degree 2 vowels are [+ATR].
c. Degree 2 and 3 vowels can be difficult to distinguish by both linguists and
native speakers alike, but the degree 1 and 2 vowels are never confused by
native speakers.
d. Native speakers associate the degree 2 and 3 vowels with the Swahili
graphemes <e o>. Kutsch Lojenga’s (1996) report on Ngiti highlights the
tendency for native speakers to group vowels by height when
underdifferentiating seven or nine vowels.
The remaining chapters of the thesis describe vowel harmony patterns in stems, prefixes
and suffixes, and those chapters each introduce additional evidence in favor of a 7V(M)
inventory.
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Chapter 4:

Vowel harmony in noun stems

This chapter describes vowel harmony within noun stems. In particular, I examine vowel
co-occurrence patterns of basic bisyllabic noun stems. As previously mentioned in §2.1,
there are a number of monosyllabic noun stems as well, and all seven vowels are attested
in these stems (see examples in (15) above). There are also a number of 3-syllable noun
stems, many of which are derived, borrowed or involve reduplication. Because of time
constraints and the complexity of those longer stems, I restrict the discussion here to
bisyllabic stems.
One interesting theme that begins to emerge in this chapter is that Ikoma vowel
harmony patterns show evidence of both [-ATR] and [+ATR] markedness. We see these
clues not only in stem harmony patterns in this chapter but also in the discussion of
harmony in verbal suffixes in Chapter 6. Potential analyses and possible historical
reasons for these ambiguous markedness patterns are discussed in Chapter 7.
This chapter is organized as follows. In §4.1, I describe vowel co-occurrence
patterns in two-syllable noun stems, especially noting the distribution of mid vowels with
both high and low vowels. In §4.2, I discuss the unexpected process in which /ɛ ɔ/ are
raised before /i u/. This section also includes acoustic analysis which supports this midvowel raising.46

46

I use the term “raising” to refer to a change in phonetic height. I do not intend to claim that the
alternation is a phonological change in height as opposed to a change in tongue root position. This chapter
begins the discussion on whether or not this “raising” should in fact be considered categorical tongue root
assimilation or if it is simply a co-articulation effect in anticipation of a following high vowel. I argue that
there is in fact categorical [ATR] assimilation for short vowels but only gradient assimilation of long
vowels. With gradient assimilation, it is difficult to be sure if the relevant factor is tongue height, tongue
root or both.
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4.1

Vowel co-occurrence patterns

As noted in §3.1, all seven phonemes, both long and short, occur in V1 position in both
nouns and verbs. We also saw that, as expected in Bantu languages, for each vowel there
are examples of canonical CVCV noun stems in which both vowels are identical. There
are, however, many other possible combinations of vowels in multisyllabic stems, as well
as restrictions on which vowels can co-occur.
The first syllable of the stem has a privileged position in Bantu, and it is common
for all vowels to be allowed in that position (Hyman 2003; Beckman 1997). On the other
hand, the second syllable is less prominent, and restrictions on the second vowel often
depend on the first vowel of the stem. Hyman notes concerning Bantu languagesː
“Underlying vowel distribution within specific morphological slots and morphological or
prosodic domains is highly restricted in both 7V and 5V languages” (2003ː45). Though
these tendencies are true in Ikoma, we also see an interesting pattern in which some steminitial vowels have been affected by raising as a result of a following high vowel.
Therefore, we might argue that the stem-initial position in Ikoma is not quite as
prominent as that in other languages in which the stem vowels are invariant.
This section explores the underlying and surface vowel distributions of noun
stems, not only for the purpose of documentation but also as evidence for diagnosing
[ATR] markedness asymmetries. Co-occurrence patterns in a seven-vowel system can be
helpful clues in understanding the nature of vowel harmony in the language, as discussed
further below. Some of the key questions are the followingː Can /e o/ co-occur with /ɛ ɔ/?
Can /a/ occur symmetrically with (i.e. both before and after) all other vowels? Can the
high vowels /i u/ occur symmetrically with all other vowels? The table in (95) below
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answers these questions, showing the co-occurrence patterns in bisyllabic (CVCV) noun
stems. I have excluded long vowels in these counts, because there are some distributional
differences, as discussed below.47 The total number of bisyllabic nouns represented
below is 221.48
(95)

Co-occurrence patterns in CVCV noun stems
V2
V1
i
u
e
o
ɛ
ɔ
a

i

u

e

o

7
7
7
15

14
3
2

3
6
10
6

16
3
2
10

7

3

7

6

ɛ

8
2
1?

ɔ

a

5
15
2

13
11
6
1
5
1
18

As the table shows, mid vowels must agree in [ATR] value. Disharmonic
combinations such as [ɛ…e] or [o…ɛ] are not allowed. These blocks are shaded in dark
gray, indicating that these gaps are expected and that the patterns are unattested. It is
common for languages exhibiting harmony to prohibit the occurrence of contrasting
values of the harmonic feature within the same word. For example, in the Bantu C
languages, which have the same 7V inventory as Ikoma, Leitch (1997) notes that the
overwhelming majority of languages avoid mid-vowel sequences with different [ATR]
values. The languages vary on the strictness of harmony with other vowel combinations,
but the tendency is to have much stronger restrictions on these mid vowel sequences.
If [e o] and [ɛ ɔ] were allowed in the same stem, that could be evidence that the
degree 2 vowels are actually [ɪ ʊ], not [e o], since in that case the degree 2 and 3 vowels
47

In particular, short [ɛ ɔ] do not occur before [i u] because of raising. However, long [ɛɛ] and [ɔɔ] are not
subject to the same raising, allowing them to occur on the surface before the high vowels.
48
Note that this analysis is based on many more than 221 nouns. The figure here is limited here by the
exclusion of long vowels, and of monosyllabic and trisyllabic stems.
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would both be [-ATR]. If they were both [-ATR], there would be no reason for these
vowels not to co-occur. We would, however, expect restrictions on the combination of
degree 1 and 2 vowels, since those would be the contrasting [ATR] pairs. Note, however,
that Ikoma shows clear evidence of symmetric co-occurrence of the degree 1 vowels [i u]
with the degree 2 vowels [e o]. Therefore, the distribution patterns further support the
hypothesis that Ikoma’s degree 2 vowels are the [+ATR] vowels [e o].49
Concerning the low vowel combinations, there is generally symmetric cooccurrence of [a] with all other vowels, though [a...ɔ] and especially [a…ɛ] are
questionable. As the example numbers above show, it is much more common in Ikoma to
have the combination [a…e/o] than [a…ɛ/ɔ]. Nonetheless, two examples have been found
which seem to have [a…ɔ] in the stem, and there is one possible example of [a…ɛ] as
well.50 Some Bantu C50 languages (e.g. Mombesa, Likile, Lokele, Olombo) have
sequences of [a] followed by both [+ATR] and [-ATR] mid vowels as well. Leitch
considers the [a…ɛ/ɔ] pattern to be quite anomalous in comparison to the other Bantu C
languages and hypothesizes that it is the result of a historical retracted suffix, not any sort
of phonological conditioning factors (2006:193, 195). Depending on the formal account
one adopts for Ikoma, we might want to treat the few [a…ɛ/ɔ] forms as exceptional.51

49

Another possibility which we should consider is that there is no stem harmony at all. If there were no
constraints on vowel co-occurrence in stems, then we could not use these patterns as evidence for the
inventory and harmony type. However, the fact that the co-occurrence table shows clear patterns is highly
suggestive of stem harmony. Also, there is clear evidence of both prefix and suffix harmony, as described
in the following chapters, and many have noted that stem harmony is often a prerequisite to affix harmony
(Leitch 1997; Hyman 1999).
50
The allowance of the [-ATR] vowels [ɛ ɔ] following [a] is different than the common patterns in Bantu C
languages, in which [a…ɛ/ɔ] is often not allowed. However, in Bantu C there is also a clear hostility
between the features [low] and [-ATR], which we do not see in Ikoma. Instead, in Ikoma [ɛ a ɔ] generally
all pattern together as [-ATR] vowels.
51
As previously mentioned, the mid vowels can be surprisingly difficult to distinguish, and much more so
when listening to word-final vowels which are often of shorter duration and sometimes even voiceless.
Measuring the formants of word-final vowels also proved to be tricky and sometimes unreliable. For these
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Looking back at the table in (95), the other boxes shaded in lighter gray indicate
unattested combinations of [ɛ ɔ] with high vowels. There is neutralization of the [ATR]
contrast in mid vowels both preceding and following high vowels, so that only [e o] can
occur with [i u]. Though it is hard to be sure, it seems likely that the cause of
neutralization preceding [i u] is perhaps different than the cause of neutralization
following [i u]. Neutralization of /ɛ ɔ/ to [e o] in the stem-initial syllable is the focus of
the following section (§4.2), in which I give evidence of (at least historical or lexicalized)
raising of /ɛ ɔ/, which explains the lack of examples of [ɛ/ɔ…i/u]. However, concerning
neutralization of the second stem vowel, it is difficult to know for sure whether or not the
lack of [ɛ ɔ] is a result of raising as well (in this case, it would be rightward-spreading
[+ATR] assimilation), or if it is because the [-ATR] mid vowels are “marked” and thus
have a more restricted distribution.52 Where we see raising elsewhere in the language, it
is always leftward, so rightward [+ATR] spreading would not be the clearest explanation
for the lack of [i/u…ɛ/ɔ] examples.
Another way to look at it is that the neutralization of the mid-vowel contrast to [e
o] following [i u] could be a case of either “emergence of the unmarked” (passive
neutralization) or “submergence of the unmarked” (asymmetric assimilation) (following
Rice 2007). If we go with the hypothesis that [-ATR] is marked in the stem, I suggest that
the avoidance of [i/u…ɛ/ɔ] sequences is an instance of passive neutralization.53 Formally,
it could be explained by a requirement that [-ATR] is left-aligned in the stem. In the case

reasons, I acknowledge that more data could solidify the existence of some of the less attested
combinations.
52
If the [-ATR] set were unmarked, we would expect /ɛ ɔ/ to have the wider distribution and to occur in
instances of passive neutralization.
53
As I discuss later, additional evidence of [-ATR] markedness is found especially in the [-ATR] vowels
triggering prefix alternations and in distributional restrictions on [-ATR] vowels.
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of a high vowel in the stem-initial syllable, [-ATR] cannot be left-aligned, and if [-ATR]
cannot associate to left, then it also cannot associate to the vowel to the right (that is, to
the second syllable).
A final note concerning high vowels is that they are not altered by any
surrounding vowels; they do not become [-ATR] when adjacent to [-ATR] vowels. Also,
the gap for the sequence [i…u] is unexplained, since it should in principle be a possibility
in any type of [ATR] or height harmony system.
4.2

Mid vowel raising

Stems with underlying (or at least historical) [-ATR] mid vowels in V1 position have
interesting behavior when they are followed by the high vowels /i u/.54 Short [-ATR] mid
vowels become [+ATR] before /i u/. The pattern is arguably categorical, causing
neutralization of the mid vowel [ATR] contrast preceding all high vowels. The pattern is
different, however, with long vowels. Long mid vowels are not consistently raised.
Instead, there is only gradient, phonetic raising of both phonemic and compensatorily
lengthened long vowels. In §4.2.1, I give examples of the short vowel patterns. I begin
with pairs of related words which show raising of [-ATR] vowels before [i u]. I then
show acoustic data which suggests that this raising is in fact clear and neutralizing. In
§4.2.2 I discuss gradient raising of long vowels.
4.2.1

Categorical raising of short vowels

In the previous section, we saw that only the mid vowels [e o] occur before [i u], and I
suggested that this neutralization of the [ATR] contrast was the result of raising of /ɛ ɔ/.
The pairs of words in (96) below give strong evidence that there are [+ATR] V1 vowels
54

Evidence of underlying [-ATR] value is found in prefix alternations and occasionally by comparison to
related words with the same root, as shown below. What makes the behavior interesting is the fact that this
type of raising is not expected in a language with Ikoma’s vowel inventory.
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which are either historically or underlyingly /ɛ ɔ/. In each of the four pairs below, I show
a noun followed by a clearly-related infinitive verb.
(96)
a.
b.
c.
d.

Related words showing vowel alternations
eki-meɾí

‘shoot (of a plant)’

ku-mɛɾa

‘to grow’

omu-témi

‘king’

ɣu-tɛma

‘hit’

omu-βóhu

‘prisoner’

ku-bɔha

‘to tie up’

omu-hóki

‘servant’

ku-hɔkeɾi

‘serve’

In all four pairs, the verb’s root vowel is [-ATR] and the infinitive prefix is high, as is
expected (see Chapter 5 for description of prefix alternations). However, in each of the
nominal forms, the high V2 causes raising of V1, resulting in [e o]. Despite the V1
alternation to a [+ATR] vowel, the prefix is still high, giving a clue of the underlying
form of the root.
Additional examples of mid vowels raised by following high vowels are in (97)
below, with front root vowels in (a) and back root vowels in (b).
(97)
a.

Nouns with raised mid-vowels
omu-ɣeni

‘guest’

oβu-ɣeni

‘feast’

omu-ɣeɾi

‘flow’

eɣi-seku

‘door’

eki-meɾí

‘shoot’

omu-témi

‘king’

eɾi-ɣeɣu

‘molar tooth’
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b.

omu-hóki

‘servant’

omu-βóhu

‘prisoner’

eɣi-tóki

‘weeds’

oku-mósi

‘left’

eɾi-ɣoti

‘neck’

an-tʃóki

‘bee’

In the nouns above, once again the prefixes are high, which is indicative of a [-ATR]
stem vowel,55 even though the mid vowels are actually pronounced as the [+ATR] vowels
[e o]. As is discussed further in §5.1.1, prefix harmony (more accurately called
“dissimilation”) is of a very different nature than stem or suffix harmony, since it is
triggered by [-ATR] vowels and is realized as a change in vowel height. Therefore, I
suggest that stem harmony spreads only to the left edge of the stem and does not affect
the prefix. See §5.1.1 for more discussion.
Concerning the mid-vowel raising, an important point to be clear about is whether
or not the assimilation is categorical (and thus neutralizing), or if it is only gradient or
partial assimilation. Auditorily, all mid vowels preceding [i u] sound the same. These
auditory impressions are verified by vowel formant analysis. T-tests also show that the
difference in F1 between underlying /ɛ ɔ/ and /e o/ vowels in this environment is not
statistically significant. All acoustic measurements in this chapter are from sound
recordings of Speaker A.
In order to determine whether or not the mid-vowel contrast is truly neutralized, it
is necessary to measure both underlying [+ATR] and [-ATR] mid vowels in the same

55

Note that some of the words in this list have non-alternating prefixes, such as the class 5 nouns [eɾi-ɣeɣu]
and [eɾi-ɣoti], and the class 9 noun [an-tʃóki]. Though I do not have related forms to indicate the underlying
vowel, and though the prefixes of these nouns do not alternate, comparing these words with neighboring
languages was used as an indicator of likely historical/underlying forms. For example, in neighboring
Zanaki, each of these three words have underlying /ɛ ɔ/ as initial stem vowels.
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environment, that is, preceding high vowels. Therefore, in addition to measuring a
number of raised /ɛ ɔ/ roots, I also measured root vowels from a number of words which
are clearly underlyingly [+ATR]. The words measured are shown in (98) below.
(98)
a.
b.

Underlyingly [+ATR] mid-vowel stems
omo-ɾemi

‘farmer’

c.f. ko-ɾema

‘farm’

eɾi-ɾehi

‘payment’

c.f. ko-ɾeha

‘pay’

omo-ɾoki

weaver

c.f. ko-ɾoka

‘weave’

eɾi-ɣoɾi

price

c.f. ɣo-ɣoɾa

‘buy’

omo-soɾi

broth

The related words shown in the right column in (98) above are evidence of the underlying
[+ATR] quality of the V1 vowels. Therefore, the initial stem vowels in the nominal forms
in the left column are [+ATR] underlyingly, not simply pronounced as [+ATR] because
of effects from the following high vowels.
The table in (99) below gives average formant values of all four mid vowels in
both raised and unraised environments in the speech of Speaker A. The basic (unraised)
averages in the left column of the table are from noun stems with identical vowels. The
vowels in the right column of the table, which are followed by a plus sign (e.g. e+),
indicate measurements from nouns in which V2 is [i] or [u]. For example, the symbol “ɛ
+” signifies vowels which are underlyingly /ɛ/ but which are followed by a high vowel
and are thus raised to [e]. All measurements are from initial vowels of bisyllabic noun
stems.
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(99)

Average fformant values of mid vowels in “raised” and “unraised” contexts
Unraised environment
F1

F2

Tokens

e

413

1837

12

ɛ

470

1734

o

382

ɔ

472

Raised environment
F1

F2

Tokens

e+

386

1936

6

8

ɛ+

384

2015

18

920

10

o+

384

1132

9

950

10

ɔ+

401

1022

17

These values are plotted in (100) below.
(100) Vowel plot showing raised and unraised mid vowelss (Speaker A)

As the plot shows, basic /e/ and /ɛ/
/ / are clearly separated along the F1 scale, but their
raised counterparts are nearly identical to one another. A
All
ll front mid vowels which occur
before [i u] (represented as ɛ+ and e+ in the plot) have a lower F1 average (which
corresponds to a phonetically higher vowel),
vowel) which is in fact lower
wer than the average for
basic /e/. Similarly, basic, i.e. unraised, /ɔ/
/ / and /o/ are clearly separated along the F1
scale, but when /ɔ// occurs in a raised environment, the vowel surfaces as a much higher
vowel. The back vowels which occur before [i u] (represented as ɔ+
+ and o+ in the plot),
are thus both comparable to the speaker’s
speaker basic [o].
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The F1 averages for raised /ɛ/ (i.e. ɛ+)
+) and raised /e/ (i.e. e+) are very close, with
a difference of only 2 Hz. The difference is slightly greater for the back vowels (17 Hz).
In order to answer the question of whether or not these vowels have neutralized, it is
helpful to see how much individual tokens overlap. A plot is given in (101) below
showing significant overlap of individual tokens of underlying /e ɛ ɔ o/ vowels before /i
u/.
(101) Plot of individual tokens of mid vowels before [i u]

This degree of overlap is highly suggestive of neutralization of the mid vowel
contrast before high vowels in bisyllabic roots. Further support for this analysis is found
in t-test results, shownn in (102) below. The table shows the probability that any
differences between the two sets of measurements is only due to chance,
chance i.e. that the
difference is not significant (NS).
(NS)

131
(102) T-test on F1 of mid-vowels before [i u]
e–ɛ
o-ɔ

Probability
NS
.82
NS
.24

Using the standard cut-off of .05, we see that the results for both front and back vowels
indicate that there is a high probability that the difference between the two measurement
sets is not significant (NS). In other words, there is an 82% chance that the difference
between raised /e/ and raised /ɛ/ is due to chance, and that these sets of measurements
represent the same entity. Therefore, these tests show that the assimilation of /ɛ/ before /i
u/ is a feature-changing process. By the end of the phonology component of the grammar,
i.e. when phonetic implementation rules are applied, underlying /ɛ/ and /e/ have the same
representation as [+ATR] mid vowels.
For the back vowels, the t-test calculates that there is a 24% chance that the
difference between the raised mid vowels is due to chance, which means that there is a
76% chance that they represent different entities. Though the probability that the
difference is not significant is less for the back vowels, it is still above the significance
standard of 5% probability, and the individual tokens do show a large degree of overlap.
Therefore, I conclude that /ɛ ɔ/ are both fully assimilated to /e o/ when they precede the
high vowels /i u/.56 Since this change is from [-ATR] to [+ATR], and since the triggering
high vowels are also [+ATR], I propose that the raising is a result of leftward spreading
of [+ATR] from the final high vowel.

56

It is interesting to note that in verbs, [+ATR] spreading only categorically affects /ɛ/, and /ɔ/ raising is
only gradient. Though I think that we can rightly interpret /ɔ/ raising here to be categorical, it is interesting
that the t-tests are less conclusive for the back vowels than the front vowels.
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Another point can now be noted. If it is indeed true that [+ATR] spreads leftward
from high vowels, then the logical question to ask is whether or not it spreads from
[+ATR] mid vowels as well. In principle, this type of evidence would confirm that the
raising is indeed related to [ATR] and not height. However, clear evidence suggesting
spreading from /e o/ has not been found in noun stems. In order to find convincing
evidence, we would ideally need pairs similar to those in (96) above, in which there is a
clear relationship between a [-ATR] mid vowel verb stem and a corresponding [+ATR]
stem with [e] or [o] as the second stem vowel. We would expect the prefix of both words
to be high as well, resulting in a noun such as the hypothetical [omu-keme], from the
hypothetical underlying root /-kɛm-/. Until evidence like this is found, we cannot confirm
that spreading from mid vowels exists. Note, however, that we do see spreading from
[+ATR] mid vowels in verbs, triggered by the subjunctive suffix /-e/ (see §6.2 for
examples). This type of evidence provides strong support for [+ATR] spreading, because
it shows that the vowels /i e u/ all trigger the same assimilatory process, and they form a
natural class of [+ATR] vowels.
4.2.2

Gradient raising of long vowels

In the previous section I present evidence of categorical raising of short vowels. In this
section, we see that long vowels are more resistant to raising. There are no clear
examples of any sort of categorical [+ATR] spreading to long vowels. Instead, [-ATR]
long vowels are only partially affected by high vowels in V2 position. Examples of mid
vowels which show gradient raising are in (103) below, with front vowels in (a) and back
vowels in (b). Each of these examples are in fact long vowels. The initial stem vowels of
the three front-vowel examples are all lengthened compensatorily as a result of
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prenasalization and labialization (respectively). It seems that it is by chance that the frontvowel examples in the data are all compensatorily lengthened and that all of the backvowel examples have phonemic length.
(103) Long vowels showing gradient raising
a.

b.

omu-ɣɛndí

‘companion’

eki-ɾɛŋgi

‘proverb’

omw-ɛɾi

‘moon’

eɾi-ɣɔ́ɔti

‘tax’

oβu-ɾɔ́ɔti

‘prophecy’

a-ɾɔ́ɔɾi

‘heifer’

oβu-tʃɔ́ɔki

‘body hair’

oɾu-tɔ́ɔti

‘ankle bracelet’

Note that by the term “gradient” raising I mean two things. In some cases, the
amount of raising is different from one token of a word to the next. But perhaps more
often, there are similar amounts of raising in all tokens of the word, but the raising is only
slight, resulting in a quality in between what is clearly either [+ATR] or [-ATR]. The
degree of raising can be seen in the average values of both raised and unraised long mid
vowels, shown in (104) below.
(104) Long vowel V1 averages (Speaker A)
F1

F2

Tokens

F1

F2

Tokens

eː

397

1907

4

oː

379

949

4

ɛː

509

1840

9

ɔː

491

934

9

ɛː+

512

1919

6

ɔː+

480

946

19

For both front and back vowels, the averages for long vowels before /i u/ (indicated with
the + symbol) are only marginally different from their normal long-vowel counterparts.
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These averages are plotted in (105) below. Note that I have removed the length symbols,
since the entire plot represents only long vowels.
(105) Plot showing long vowel averages

When individual tokens are plotted, we
w see that the F1 values of the “raised” [-ATR]
[
vowels are in a broad but stead
steady continuum throughout the entire mid-vowel
mid
space, but
no tokens of raised [ɛɛ
ɛɛ] or [ɔɔ]] reach unraised [ee] or [oo]. This is shown in (106) below.
Once again, for the sake of clarity in the plot, I have removed the length symbols, since
the entire plot
lot represents only long vowels.
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(106) Plot of individual tokens of raised and unraised long mid vowels

In conclusion, in this chapter we have seen that underlyingly short [[-ATR] mid
vowels are realized as [+ATR] mid vowels when they are followed by the high vowels /i
u/. Though this is arguably a categorical change for the front vowels, the process is only
gradient for long vowels. Both phonemically long and compensatorily lengthened /ɛ/
/ and
/ɔ// undergo slight raising before /i u/, but it is clearly not a categorical change.
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Chapter 5:

Vowel alternations in prefixes

The most well-attested type of vowel harmony in Bantu languages is in the domain of the
verb stem, which includes verbal extensions. Some languages, however, have extended
harmony to prefixes as well, as is the case in Ikoma. Prefixes of nouns, verbs and other
inflected categories (e.g. adjectives, other noun modifiers and question words) are
conditioned by the first vowel of the stem. Note, however, that only prefixes which are
directly adjacent to the stem alternate. The nominal augment and additional leftward
verbal prefixes are unaffected by harmony processes in Ikoma.
Ikoma prefix harmony is very unusual for two reasons. The first is that the vowel
feature which triggers the harmony is not the feature which actually spreads. Specifically,
[-ATR] is the harmony trigger, but the prefix alternation is one of height, causing
underlying mid prefix vowels to alternate to high vowels before [-ATR] roots. This is in
fact more clearly a process of dissimilation than of true harmony.57 The second reason is
that, even though [-ATR] triggers harmony in prefixes, there are patterns of superficial
spreading of the opposite value, [+ATR], in both noun stems and verbal suffixes.
Therefore, there are two very different types of harmony in these different domains. In
Chapter 7, I muse about how we might explain this behavior in which both values of the
feature [ATR] appear to be marked.
The same prefix alternations occur in both nouns and verbs. Vowel dissimilation
in nominal prefixes is described in §5.1, and verbal prefixes are described in §5.2. Vowel
formant analysis to support the data is provided in §5.3. In §5.4 I offer some possible
57

Though I analyze the prefix alternations as dissimilatory and thus not true “harmony,” I continue to use
the term “prefix vowel harmony” at times to refer to the general process. As I describe below, I consider
the dissimilation to be a functional equivalent to a more normal (that is, truly assimilating) vowel harmony
process.
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explanations of the unusual height-changing alternations, including a simple OT analysis
which is possibly motivated by perceptual factors. In §5.5 I summarize the prefix analysis
and discuss its implications on our understanding of [ATR] markedness in Ikoma.
5.1

Nominal prefixes

As discussed in §2.1.1 above, nouns in most classes have a VCV- shaped prefix, which
can further be broken down into a V- augment and a CV- noun class prefix. This is an
important distinction in this chapter, because augments do not alternate, but most noun
class prefixes do. Note that augment vowels are always present in the citation form of
nouns, except for class 5 in which it is sometimes deleted. The augment is also deleted at
points during discourse, but a full analysis of these patterns is yet to be carried out. The
augment is usually deleted following a negative verb, and it only occasionally occurs on
an adjective in an adjective phrase.
§5.1.1 below describes vowel harmony in alternating prefixes, all of which have
[+ATR] mid vowels /e o/ underlyingly. §5.1.2 then describes the noun class prefixes
which do not alternate, such as the class 5 prefix [eɾi-], and the low-vowel prefixes such
as Class 2 [aβa-] and others. After describing these different types of nominal prefixes, in
§5.2 I show their similarity to verbal prefixes.
5.1.1

Height-changing prefixes

Prefix alternations can be summarized as follows: prefixes with underlying [e o] alternate
to [i u] before the [-ATR] stem vowels [ɛ a ɔ]. Height-changing prefixes are shown in
(107) below. We see that when V1 (the first vowel of the stem) is [+ATR], the prefix
always has the mid vowel [e] or [o], depending on the noun class. However, when V1 is
[-ATR], the prefixes all have the high vowels [i] or [u].
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(107) Noun Class Prefix Alternations58
Class

V1= i e o u

V1= ɛ a ɔ

1

omo-59

omu-

3

omo-

omu-

4

eme-

emi-

7

eke-

eki-

8

eβe-

eβi-

11

oɾo-

oɾu-

14

oβo-

oβu-

15

oko-

oku-

19

ehe-

ehi-

20

oɣo-

oɣu-

This pattern is highly unusual, which becomes more apparent below when I compare
Ikoma’s prefix alternations with that of other cases of [-ATR] spreading to prefixes, such
as that which occurs in the Bantu C languages (Leitch 1997). First, however, I give
additional Ikoma data to support the alternations summarized in the chart above.
We can illustrate the pattern outlined in (107) above by using nouns from a single
class as an example. This is done in (108) below, which shows class 7 nouns with each of
the seven vowels as the first vowel of the stem. Nouns with the mid-vowel prefix [eke-]
or [eɣe-] are in (a), and those with the high-vowel prefix [eki-] or [eɣi-] are in (b).60

58

Recall that each of these prefixes also undergoes glide formation when they precede vowel-initial stems.
This is described in §2.3.2 (on palatalization) and §2.3.3 (on labialization). See the discussion around
examples in (35) and (38). See also the discussion of the different shapes of noun class prefixes in §2.1.1,
especially the examples in (9).
59
As mentioned in §2.1.1, I do not usually use a hyphen between the augment and prefix vowel, even
though we might consider them two different morphemes. For simplicity’s sake I only mark the prefix-stem
boundary unless it is particularly helpful to clarify the augment boundary as well. Note also that depending
on the context, I sometimes use the term “class prefix” to refer to both prefixes together (i.e. the augment
plus the class prefix), and sometimes to refer only to the class prefix, not the augment. These different
usages should be clear based on the context.
60
Recall that Dahl’s Law, a process of voicing dissimilation, is active in Ikoma prefixes, causing
underlying [k] to become the voiced velar counterpart [ɣ] preceding voiceless root-initial consonants. See
§2.3.4 for more examples. The mention of Dahl’s Law brings up an interesting point. Note that prefixes
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(108) Class 7 nouns with each stem vowel

a.

V1

Noun

Gloss

i

eke-miɾa

‘mucus’

eɣe-ɣíɾo

‘thing’

eke-meɾo

‘throat’

eɣe-tʃuɾi

‘chick’

eke-hóoɾe

‘skull’

eɣe-sóβe

‘shell’

eke-βúuɾi

‘corncob’

eɣe-kúndi

‘fist’

eki-hɛ́ɛnɔ

‘fever’

eki-ɾɛ́ŋgɛ

‘foot’

eɣi-kɔ́mbɛ

‘shoulder blade’

eɣi-tɔ́ɔkɛ

‘banana’

eɣi-saɾé

‘twin’

eɣi-ɣámbo

‘language’

e
o
u

b.

ɛ
ɔ
a

In (a), all examples have /i e o u/ as the initial root vowel, and in (b) all examples have /ɛ
ɔ a/ as the initial root vowel.
For the remainder of the alternating noun classes, in (109) below I show a total of
four nouns each, with two examples of each prefix realization. The numerous examples
above show the regular prefix alternation from mid to high when the initial root vowel is
[-ATR].

dissimilate both consonants and vowels. It is intriguing that both types of dissimilation occur in prefixes in
the same language.
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(109) Examples of alternating noun class prefixes
Class

Prefix = e o

Gloss

V1= i e o u
1
3
4
7
8
11
14
15
19
20

Prefix = i u

Gloss

V1= ɛ a ɔ

omo-ɾemi

‘farmer’

omu-sɛsɛ

‘slave’

omo-sino

‘widow’

omu-ɣaβo

‘medicine man’

omo-ɣóndo

‘farm’

omu-hɛtɔ́

‘trap’

omo-ɾemo

‘work’

omu-ɾɛ́mbɛ

‘peace’

eme-ɣóndo

‘farms’

emi-hɛtɔ́

‘traps’

eme-ɾemo

‘work (pl)’

emi-tʃ͡aɾé

‘rice’

eɣe-túmbe

‘chair’

eɣi-sɛ́ntʃɔ

‘cup’

eɣe-tiβá

‘bowl’

eki-βáɾa

‘grassland’

eβe-túmbe

‘chairs’

eβi-ɲána

‘kid’

eβe-tiβá

‘bowls’

eβi-βáɾa

‘grasslands’

oɾo-ɾéme

‘tongue’

oɾu-hɛ́mbɛ

‘horn’

oɾo-síɾi

‘rope’

oɾu-ɣɔhɛ

‘eyebrow’

oβo-ɾeɾe

‘bed’

oβu-ɾɛ́ɛsa

‘beard’

oβo-tʃ͡i

‘thread’

oβu-ɲáaki

‘grass’

oɣo-ɣoɾo

‘leg’

oku-βɔ́kɔ

‘arm’

oɣo-tú

‘ear’

oku-mósi61

‘left’

ehe-túmbe

‘small chairs’

ehi-tɔɔtí

‘small bracelets’

ehe-ɣiβo

‘small clothes’

ehi-ɣáate

‘small breads’

oɣo-túmbe

‘large chair’

oɣu-kɔ́

‘large gourd’

oɣo-síri

‘large rope’

oɣu-ɣáate

‘large bread’

Native speakers are very aware of these prefix alternations, and a word written or
pronounced with the wrong prefix vowel (e.g. [e] written instead of [i]) would be
considered incorrect by Ikoma speakers. This is a strong indicator that prefix
dissimilation is a lexical (not post-lexical) process.

61

This noun has a high-vowel prefix with a [+ATR] root, which does not conform to the analysis presented
in this section. This is a result of stem-internal harmony patterns which are unrelated to prefix harmony.
For an explanation of this example, see the discussion surrounding (113) below, as well as the discussion
concerning mid-vowel raising of stem vowels in §4.2.
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Though the data above shows that these height alternations in Ikoma are clear and
predictable, they are not at all typical of any known previously-attested harmony patterns.
I suggest, however, that the height alternations are essentially functionally equivalent to
the more common cases of [-ATR] spreading in languages with dominant [-ATR], such
as the Bantu C languages. I illustrate the more convential type of [-ATR] harmony with
data from Nkundo (C61), taken from Leitch (1996ː63; originally from Hulstaert 1961)
presented in (110) below.
(110) Nkundo [-ATR] spreading to prefixes
[+ATR] stems

[-ATR] stems
stems

Class 3

bo-kongo

‘copalier’

bɔ-kɔngɔ

‘dos’

Class 11

lo-foso

‘peau’

lɔ-fɔsɔ

‘bruit’

Class 3

bo-kele

‘oeuf’

bɔ-kɛlɛ

‘liquide’

Class 7

e-kéle

‘impossibilite’

ɛ-kɛ́lɛ

‘nain’

We see that prefixes before [o e] stems surface as [o e], whereas prefixes before [ɛ ɔ]
stems surface as [ɛ ɔ]. Leitch explains that [ɛ ɔ] occur in prefixes only before the [-ATR]
mid vowels, while [e o] prefixes occur before all other vowels. The [+ATR] prefix even
occurs before [a] in the stem, which Leitch explains by positing that /a/ is not specified as
[-ATR] and thus does not trigger [-ATR] spreading. These patterns are highly suggestive
that the [+ATR] mid vowels are underlying, and [ɛ ɔ] in prefixes occur as a result of
[-ATR] spreading from [ɛ ɔ] stem vowels.
Another language showing this pattern is Komo (Bantu D23) as described by
Thomas (1992). Data showing harmony of both front and back prefix vowels is in (111)
below. Classes 1, 3 and 18 exemplify back-vowel prefixes, and Class 5 exemplifies frontvowel prefixes

142
(111) Komo prefix harmony (from Thomas 1992)
Root
i
u
e
o
ɛ
ɔ
a

Classes 1, 3, 18
mo-ɗíŋga
‘tap root’
mo-kumá
‘healing ritual’
mo-séphé
‘a fish’
mo-čóčá
‘rapids’
mɔ-mɛ́ɲɔ
‘hatred’
mɔ-gɔgɔ
‘sheep’
mo-gánda
‘a youth’

Class 5
e-títí
e-gugu
e-seŋge
e-somba
ɛ-gɛmbɛ
ɛ-ɓɔ́kɔ́tí
e-ɗáka

‘a bird’
‘cloud’
‘a fruit’
‘ritual’
‘giant pangolin’
‘generation’
‘tongue’

The pattern here is identical to that in Nkundo above. The [-ATR] prefix vowels [ɛ ɔ]
occur only before [ɛ ɔ] in the stem, and the [+ATR] mid vowels occur elsewhere.
With this background showing the more expected pattern (i.e. of leftward
spreading of [-ATR] from stem to prefix), we can better understand the ways in which
Ikoma’s prefix harmony is usual, and in which ways it is unexpected. The significant
characteristic which is the same between all three patterns (that is, between Nkundo,
Komo and Ikoma) is that there is strong evidence in all cases that the default prefix
vowels are [+ATR] mid vowels. This is clear in Nkundo and Komo because the [-ATR]
prefix vowels occur only before [ɛ ɔ]. Also, other data from a large number of Bantu C
languages show clear [-ATR] dominance in stem and suffix harmony as well, which
provides good support to the hypothesis that [-ATR] is in fact the spreading value.
The case for default [+ATR] and dominant [-ATR] in Ikoma prefixes is also
strong. The primary arguments which favor [-ATR] markedness are the distribution
restrictions against [-ATR] mid vowels in prefixes, as well as the evidence pointing
toward the mid-vowel prefixes, not the high-vowel prefixes, as the underlying forms. If
the mid-vowel prefixes are underlying, then it means that [-ATR] is the feature which is
triggering the alternation to high vowels. The main indication of mid-vowel underlying
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forms is the occurrence of only mid vowels, not high vowels, in prefixes which are not
adjacent to the stem and thus outside of the harmony domain. This is seen not only in the
nominal augment but especially in verbal prefixes as well. See further discussion in §5.2
and especially §5.5 below for a summary and extended discussion of the relevant
evidence for default [+ATR] and corresponding [-ATR] dominance.
There are two differences between the Nkundo/Komo pattern and the Ikoma
pattern. The major difference between the two is in the nature of the prefix alternation.
While it is quite clear that in both cases the prefixes are underlyingly [e o] and that
[-ATR] vowels trigger the alternations, the alternations themselves are remarkably
different. In Nkundo and Komo, [-ATR] spreads to the prefix, resulting in [ɛ ɔ] prefix
vowels. This is a straightforward pattern which is easily accountable in terms of a simple
feature-spreading rule. However, in Ikoma, when [-ATR] vowels trigger the prefix
alternation, the prefix does not simply become [-ATR]. Instead, it alternates from
[+ATR] mid vowels to [+ATR] high vowels. This pattern is not one which could be
easily accounted for in terms of a feature spreading rule because it is a case of
dissimilation.
Despite the fact that these alternations are strikingly different, I argue that the
Ikoma height-changing alternation is functionally equivalent to the more common
assimilatory patterns, in the sense that they both function to prevent the adjacency of
disharmonic non-high vowels. In §5.4 below I discuss some possible explanations of
Ikoma’s unique alternations, especially focusing on an analysis in Optimality Theory. As
I show there, if constraints are ranked so that disharmony among adjacent non-high
vowels is especially costly (as opposed to [ATR] disharmony across any vowel height),
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then the alternation from [e o] to [i u] is logically just as valid of a repair strategy as the
alternation from [e o] to [ɛ ɔ]. See §5.4 for more discussion.
The second difference between Nkundo/Komo and Ikoma is the fact that [a]
triggers the prefix alternation in Ikoma, whereas it does not trigger [-ATR] spreading in
the other cases. In fact, Leitch (1997) makes a strong case for the phonological
incompatibility of the features [low] and [rtr] (which he uses instead of [-ATR]), showing
that, at least in Bantu C, they do not often go together as we might expect, even though
the low vowel [a] must at some point be specified as [rtr]. However, the data presented
above shows that this is not the case for Ikoma. Low vowels do trigger alternations in
prefixes (that is, they cause height alternations identical to those triggered by [ɛ ɔ]). We
can note, however, that low vowels do behave somewhat differently in verb stems than in
prefix harmony. The low vowel does not pattern with [ɛ ɔ] in mid-vowel suffix
alternations (e.g. in the applicative, subjunctive and inversive).62 See Chapter 6 for a
description of harmony in verbal suffixes.
In the remainder of this section I describe additional details of prefix alternations
as well as some exceptions to the generalizations given above. Prefix dissimilation is
blocked by palatalized and labialized stem-initial consonants. Nouns with these
consonants always have /o e/ in prefixes, even when the first stem vowel is [-ATR], as
shown in the examples in (112) below.

62

Our understanding of low-vowel behavior in verbal suffixes is tied to our analysis of the underlying
forms of those suffixes. As I describe in §6.1, there are two possible analyses of the applicative, either as /ɛɾ/ or /-eɾ/. If we consider the [+ATR] form to be underlying, then we must also say that /a/ does trigger
rightward spreading of [-ATR]. See the discussion of the applicative for more details.
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(112) Labialization and palatalization block dissimilation
a.

b.

eke-ŋwɛɾɛ́ɾɛ

‘baby’

omo-ɾwatʃi

‘fiancé’

omo-βjá

‘arrow’

omo-ɾja

‘root’

omo-ɣja

‘town’

ɣo-swɛɣa

‘clear land’

ko-ɣwana

‘agree’

The nouns in (a) all have [-ATR] stem vowels, so we would expect high prefix vowels.
Instead, the palatalized and labialized stem-initial consonants block the dissimilation
trigger, leaving the prefix vowels at their underlying mid height. In (b), the two examples
of infinitive verbs show that verbs have the same pattern as nouns. A likely explanation
of this pattern is that the labialization and palatalization result from either underlying or
historical sequences of Cu or Ci, since these [+ATR] vowels can be desyllabified. If this
is the case, the examples in (112) above should not be considered exceptional, but they
are in fact operating like all other instances of prefixes before [+ATR] stem vowels.
Another interesting phenomenon occurs which produces words that seem to be an
exception to the general patterns described above. The following pairs of words in (113)
exemplify the problem. All four of the nouns below are from Class 1, and they all have
phonetically [+ATR] mid vowels in the root. In (a) however, both words have the midvowel prefix [omo-], whereas in (b) they have the high-vowel prefix [omu-].
(113) Prefix harmony exceptions
a.
b.

omo-ɾemi

‘farmer’

omo-βómbi

‘potter’

omu-témi

‘king’

omu-βóhu

‘prisoner’
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The question, then, is why we have a high-vowel prefix before a [+ATR] root. The
different prefixes in these words should be the result of different root vowel qualities, but
here all four examples have the same root vowel quality. As previously discussed in §4.2,
the exceptional prefixes in (b) are the result of vowel harmony in noun stems. In §4.2 I
give evidence showing that [-ATR] vowels [ɛ ɔ] are raised to [e o] when followed by the
high vowels [i u]. However, when [ɛ ɔ] are raised, prefix alternations are not affected;
prefixes are still high before underlying /ɛ ɔ/ even if these vowels are pronounced as
[+ATR] [e o] on the surface, as is the case in the examples in (113) above. For additional
examples, see §4.2, and especially (96) and (97) above.
Therefore, even though this process results in a number of nouns which do not
conform to the generalizations made so far in this chapter, they can be analyzed as a
result of stem harmony which does not interact with prefix dissimilation—a classic case
of phonological opacity. As mentioned throughout this section, prefix dissimilation is
triggered by [-ATR] vowels and results in a vowel height change. However, as is
discussed in §4.2 above and §6.4 below, suffix and stem harmony seems to be triggered
by [+ATR] vowels and results in apparent vowel raising which is similar to a crosslinguistically common type of leftward [+ATR] spreading. It is possible that these two
strikingly different types of processes are the cause of the prefix irregularities mentioned
above. These processes are incompatible, thus the prefixes alternate independently of root
vowel raising.63 See §6.4 for a description of mid-vowel raising before high-vowel verbal
suffixes.
63

Another possible explanation is that the [+ATR] spreading is post-lexical, whereas the prefix
alternations are lexical. In this case, the prefix alternation would happen before the stem-vowel change,
which accounts for why the prefixes are unaffected by the raised stem vowels.
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Note that there are only a few other exceptions to the generalization described
thus far, and these words are in (114) below.
(114) Additional prefix harmony exceptions
Class

Singular

Plural

Gloss

1/2

omu-kú

aβa-kú

‘son-in-law’

3/4

omu-tú
oβu-ku

emi-tú

‘head’
from [ko-ɾwatʃeɾu oβu-ku] ‘be engaged’

14

It is interesting to note that each of these exceptional words has a monosyllabic stem with
the vowel [u]. One plausible explanation for these exceptions is that these words have
undergone some sort of historical process. For example, the first two words above have
cognates in Zanaki (neighboring 7V(H) language), shown in (115) below.
(115) Zanaki cognates of Ikoma harmony exceptions
Ikoma

Zanaki

Gloss

omu-kú

ɔmʊ-kwɛ

‘son-in-law’

omu-tú

ɔmʊ-twɛ

‘head’

We see that in both cases, Ikoma has deleted the final vowel, likely to prevent glide
formation in a word-final syllable, which has been observed in other Ikoma words as
well. This is possibly related to the Ikoma process of deleting the final vowel following
the passive and causative verbal extensions (see §2.2.3). Though the final vowel was
deleted, we can speculate that the [-ATR] specification from that vowel remained and
continues to trigger the prefix alternation. Though it is difficult to know the full story, we
can at least note that there might be historical reasons for these few harmony exceptions.
Finally, note that all of the prefix alternations described above are supported by
vowel formant analysis, which is presented in §5.3 below.

148
5.1.2

Non-alternating prefixes

§5.1.1 describes a number of nominal prefixes which alternate between mid and high
vowels. I argue that the underlying vowels of those prefixes are mid, not high. This
section discusses another set of prefixes—those which do not alternate. Their lack of
alternation is expected based on the fact that they have different underlying vowels—
specifically, /a/ and /i/, instead of underlying /e/ and /o/ like the alternating prefixes. As
previously mentioned, prefixes with /a/ are classes 2, 6, 9, 10, 12, and class 5 has
underlying /i/. Locative vowels in class 18 also do not alternate, but not because of their
underlying form. I suggest that locative prefixes are in fact clitics and are outside of the
harmonic domain, as previously mentioned in §2.1.1. Therefore, these clitics are not
considered further in this discussion.
All of the non-alternating prefixes are shown in (116) below.
(116) Non-alternating prefixes
Class

Prefix

2

aβa-

5

eɾi-

6

ama-

9

a(n)-

10

tʃa(n)-

12

aka-

In the remainder of this section, I first deal with the high-vowel prefix /eɾi-/ and then the
low-vowel prefixes.
The only prefix with an underlying high vowel is /eɾi-/. Its lack of alternation is
expected based on the prefix patterns described in §5.1.1 above. If [-ATR] vowels trigger
underlying mid-vowel prefixes to become high, we would not expect any alternation of a
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prefix vowel which is underlyingly high. The lack of alternation of /eɾi-/ is yet another
piece of evidence that the underlying height of the alternating prefixes is, in fact, mid,
and consequently that the [-ATR] vowels trigger the alternation. Examples of the class 5
prefix with each root vowel are in (117) below. Note that the plural (class 6 /ama-/) is
included as well, showing that neither prefix is subject to alternation. Two examples for
each root vowel are shown above for classes 5 and 6. Class 6 exemplifies the pattern
found for all low vowel prefixes, which are the topic of the rest of this section.
(117) Class 5/6 nouns with each root vowel
Root

Singular (5)

Plural (6)

Gloss

i

eɾi-ɣíha

ama-ɣíha

‘cooking stone’

eɾi-hima

ama-hima

‘hat’

eɾi-ʃeɾe

ama-ʃeɾe

‘hoe’

eɾi-ɾehi

ama-ɾehi

‘payment’

eɾi-kótʃo

ama-kótʃo

‘earring’

eɾi-ɣóɾi

ama-ɣóɾi

‘price’

eɾi-túɾe

ama-túɾe

‘steer’

eɾi-ɣúha

ama-ɣúha

‘bone’

eɾi-ʃɛ́ɛɾɔ

ama-ʃɛ́ɛɾɔ

‘hide’

eɾi-βɛɣa

ama-βɛɣa

‘shoulder’

eɾi-ɾɔ́ɔtɔ

ama-ɾɔ́ɔtɔ

‘dream’

eɾi-tɔ́ŋgɔ

ama-tɔ́ŋgɔ

‘tribe’

eɾi-ʃáakɔ

ama-sáakɔ

‘skin’

eɾi-ɾáɲa

ama-ɾáɲa

‘aardvark’

e
o
u
ɛ
ɔ
a

Four examples for each low-vowel noun class are shown in (118) below. As done
with the prefixes in previous sections, I have given two examples each showing [+ATR]
vowels in the stem-initial (V1) syllable, and two examples with [-ATR] vowels in the
stem-initial syllable.
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(118) Low-vowel prefixes
Class

V1= i e o u

Gloss

V1= ɛ a ɔ

Gloss

2

aβa-ɾemi

‘farmers’

aβa-sɛsɛ

‘slaves’

aβa-sino

‘widows’

aβa-ɣaβo

‘medicine men’

ama-túɾe

‘steers’

ama-ʃɛ́ɛɾɔ

‘hides’

ama-ɾehi

‘payments’

ama-ɾɔ́ɔtɔ

‘dreams’

a-híɣo

‘kidney’

a-kɔ́ɾɔ

‘heart’

a-βúusa

‘rubbish’

a-ɲama

‘meat’

tʃan-déme

‘tongues’

tʃa-hɛ́mbɛ

‘horn’

tʃa-síɾi

‘rope’

tʃaŋ-gɔhɛ

‘eyebrow’

aɣa-túmbe

‘small chair’

aɣa-kɔ́

‘small gourd’

aɣa-síri

‘small rope’

aɣa-ɣáate

‘small bread’

6
9
10
12

Note that low-vowel prefixes are sometimes raised before /i u/. The amount of
raising is gradient, and depends significantly on the speaker, the word, and the specific
class prefix. For example, in the class 2 prefix [aβa-], the augment is never raised,
whereas the class prefix vowel is sometimes pronounced higher. Oddly, there is less
tendency for raising with the class 9 and 10 prefixes. Note that gradient raising of /a/
occurs not only with prefixes, but it is sometimes perceptible in noun and verb stems as
well. These issues are discussed in more detail in §6.7 below, where I give some sample
formant measurements and tentatively conclude that the raising is gradient and phonetic,
not something which needs to be accounted for in the phonology.
5.2

Verbal prefixes

Vowel dissimilation in verbal prefixes is in many ways identical to the process observed
in nominal prefixes. As with nominal prefixes, all verbal prefixes with underlying [e o]
alternate to the high vowels [i u] before [-ATR] stem vowels. In nouns, only the noun
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class prefix alternates, and the augment is always [e o a]. Similarly, in verbs, only the
prefix nearest the root alternates, and all other leftward prefixes remain [e o a].
The remainder of this section shows examples of verbal prefix alternations, including a
description of vowel dissimilation in noun class agreement and TAM prefixes. I also
include a number of examples of verbs with multiple prefixes. First, however, we begin
with simple infinitive verbs which have the infinitive prefix /ko-/. Because the prefix has
an underlying mid vowel, it alternates to /ku-/ before the [-ATR] vowels [ɛ ɔ a]. In (119)
below, I show the infinitive prefix with each root vowel. Two examples are given for
each vowel. Note that the consonant of the prefix alternates as well, from underlying /k/
to its voiced counterpart /ɣ/ as a result of Dahl’s Law, which is discussed in §2.3.4 above.
The examples in (a) show [+ATR] stems, and those in (b) show [-ATR] stems. In (a), all
prefixes have the mid-vowel [o], and in (b) all prefixes have the high-vowel [u].
(119) Infinitive prefix /ko-/ with each root vowel

a.

Root

Noun

Gloss

i

ko-hika

‘arrive’

ɣo-tiɣa

‘cease’

ko-ɾeha

‘pay’

ɣo-tena

‘cut’

ko-ɾoka

‘weave’

ɣo-ɣoɾa

‘buy’

ko-hutʃa

‘stink’

ɣo-tuɣa

‘domesticate’

ku-ɾɛɾa

‘bring up’

ɣu-ɣɛsa

‘harvest’

ku-βɔna

‘get’

ɣu-sɔha

‘enter’

ku-maɲa

‘know’

ɣu-sama

‘taste’

e
o
u

b.

ɛ
ɔ
a
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All other verbal prefixes, such as subject agreement, object agreement and TAM
prefixes, behave in the same way as the infinitive prefix and the nominal prefixes
described in the previous section. In all cases, non-low prefixes which are directly
adjacent to the verb stem alternate between mid- and high-vowels. Mid-vowel prefixes
occur before [i e o u] roots, and high-vowel prefixes occur before [ɛ a ɔ]. Low-vowel
prefixes do not alternate, and there are no underlying high-vowel verb prefixes (see more
below).
I now discuss prefixes of inflected verbs, which are more morphologically
complex than infinitive verbs. For ease of reference, in (120) below I repeat the verb
inflection template from (18) above.
(120) Verb inflection template
FM – Subject – Neg – TA – Object – Root – Extension(s) – Final – Locative
stem
See §2.2.2 for a more thorough introduction to verbal inflection.
In (121) below I give examples of three subject prefixes which represent the three
possible prefix vowels /e o a/. Their alternations are shown using two different verb roots,
one with a [+ATR] vowel (tuka) and one with a [-ATR] vowel (saβa). These six forms
are all marked with the perfective aspect, which is represented by the suffix [-iɾi]. Since
this aspect form uses only a suffix and initial focus marker (FM), there is no prefix
between the verb root and the subject prefix, allowing us to observe subject prefixes
directly adjacent to verb stems.
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(121) Subject agreement prefixes on perfective verbs
Subject Agreement

tuka ‘dig’
dig’

saβa
saβa ‘pray’
pray’

3PL /βa
/βaβa-/

[m-baba-tuktuk-iɾi]

[m-baba-saβ
saβ-iɾi]

/n-βa-tuk-iɾi/

/n-βa-saβ-iɾi/

FM-3PL-dig-PFV

FM-3PL-pray-PFV

[n-toto-tuktuk-iɾi]

[n-tutu-saβ
saβ-iɾi]

/n-to-tuk-iɾi/

/n-to-saβ-iɾi/

FM-1PL-dig-PFV

FM-1PL-pray-PFV

[ŋ-gege-tuktuk-iɾi]

[ŋ-gigi-saβ
saβ-iɾi]

/n-ke-tuk-iɾi/

/n-ke-saβ-iɾi/

FM-7-dig-PFV

FM-7-pray-PFV

1PL /to/to-/

Cl 7 /ke/ke-/

The 3PL subject prefix is /βa-/, and since it has a low vowel it does not alternate. The
1PL subject prefix is /to-/. The vowel remains mid before a [+ATR] root such as [tuk],
but it is realized as [tu-] before a [-ATR] root such as [saβ]. The Class 7 prefix /ke-/
operates just like it’s nominal counterpart. It is [ke-] before [+ATR] roots, and it
alternates to [ki-] before [-ATR] roots.
In order to see how multiple prefixes interact, in (122) below I give examples of
the same two verb roots and the same three subject prefixes used in (121) above. This
time we see them in the imperfective aspect, which is formed with the prefix /ako-/
between the subject prefix and the stem.
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(122) Multiple prefixes with the imperfective /ako-/ prefix64
Subject Agreement

tuka ‘dig’
dig’

saβa
saβa ‘pray’
pray’

3PL /βa
/βaβa-/

[m-baba-aɣo-tuktuk-a]

[m-baba-aɣu-saβ
saβ-a]

/n-βa-ako-tuk-a/

/n-βa-ako-saβ-a/

FM-3PL-IMPF-dig-FV

FM-3PL-IMPF-pray-FV

[n-toto-oɣo-tuktuk-a]

[n-toto-oɣu-saβ
saβ-a]

/n-to-ako-tuk-a/

/n-to-ako-saβ-a/

FM-1PL-IMPF-dig-FV

FM-1PL-IMPF-pray-FV

[ŋ-gege-eɣo-tuktuk-a]

[ŋ-gege-eɣu-saβ
saβ-a]

/n-ke-ako-tuk-a/

/n-ke-ako-saβ-a/

FM-7-IMPF-dig-FV

FM-7-IMPF-pray-FV

1PL /to/to-/

Cl 7 /ke/ke-/

We see that the IMPF prefix always surfaces as [ɣo-] before [tuk], but [ɣu-] before [saβ],
which is what we expect since it is a mid-vowel prefix directly adjacent to the stem.65
The subject prefixes, however, do not alternate since they are not adjacent to the stem.
With both verb roots above, the 1PL subject prefix is always [to-], and the Class 7 prefix
is always [ɣe-].
Alternation patterns described in previous sections show that only the [-ATR]
vowels [ɛ a ɔ] trigger the change to high vowels, so we actually would not expect the
subject prefixes in (122) above to alternate, since in all cases they precede the [+ATR]
vowels [o u]. However, additional data shows that even [a] in a prefix does not trigger
alternations in a preceding prefix. For example, see the narrative tense verbs in (123)

64

Recall from §2.2.2 that the imperfective, narrative and incipient prefixes each have the shape VCV-, and
the initial V of the prefix can be analyzed as an “empty mora.” It always contributes length to the preceding
vowel (usually the vowel of the subject prefix), and it never influences the quality of the preceding vowel.
That is, it does not induce glide formation or any type of coalescence. As the examples in (122) illustrate,
the combination of effects from this “empty mora” along with prefix vowel dissimilation and Dahl’s Law,
results in surface forms of the imperfective prefix which vary significantly from its underlying form.
65
Recall that Dahl’s Law causes /k/ in prefixes to alternate to [ɣ] before a voiceless consonant.

155
below, once again showing the same three subject prefixes with the same two verb roots
used above.
(123) Multiple prefixes with the narrative [aka-] prefix
Subject Agreement

tuka ‘dig’
dig’

saβa
saβa ‘pray’
pray’

3PL /βa
/βaβa-/

[βa-aɣa-tuktuk-a]

[βa-aɣa-saβ
saβ-a]

/βa-aka-tuk-a/

/βa-aka-saβ-a/

3PL- NAR-dig-FV

3PL-NAR-pray-FV

[toto-oɣa-tuktuk-a]

[toto-oɣa-saβ
saβ-a]

/to-aka-tuk-a/

/to-aka-saβ-a]

3PL- NAR-dig-FV

3PL- NAR-pray-FV

[ɣe-eɣa-tuktuk-a]

[ɣe-eɣa-saβ
saβ-a]

/ke-aka-tuk-a/

/ke-aka-saβ-a/

3PL- NAR-dig-FV

3PL- NAR-pray-FV

1PL /to/to-/

Cl 7 /ke/ke-/

The second vowel of the narrative prefix remains [a] before both verb stems, and it does
not cause the 1PL and Class 7 subject prefixes to alternate from mid to high. We see,
then, that not even [a] triggers harmony in prefixes which are not adjacent to the verb
stem. This is parallel to the pattern which we saw in nominal prefixes in which only the
noun class prefix alternates, but not the augment, since the augment is not adjacent to the
stem.
In order to give a more complete account of verbal prefix harmony, in (124)
below I show subject agreement prefixes for all personal pronouns and noun classes. I list
the noun class (or personal pronoun), the possible surface forms of the prefix, and
examples using the perfective aspect. Two examples are given for each class, one with
the [+ATR] verb [ɾeha] ‘pay,’ and one with the [-ATR] verb [kɔɾa] ‘do.’ The perfective
verbs are all formed with the focus marker prefix /n-/, followed by the subject prefix,
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then the verb root, then the perfective suffix /-iɾi/. These examples can all be glossed as ‘I
have paid,’ ‘I have done,’ ‘you have paid,’ ‘you have done,’ etc.
(124) Subject agreement prefix alternations with perfective verbs
Class

Subj Prefix

ɾeha ‘pay’
pay’

kɔɾa
ɔɾa ‘do’
do’

1S

ne- / ni-

ne-ɾeh-iɾi

ni-kɔɾ-iɾi

2S

o- / u-

n-o-ɾeh-iɾi

n-u-kɔɾ-iɾi

3S

a-

n-a-ɾeh-iɾi

n-a-kɔɾ-iɾi

1PL

to- / tu-

n-to-ɾeh-iɾi

n-tu-kɔɾ-iɾi

2PL

mo- / mu-

mo-ɾeh-iɾi

mu-kɔɾ-iɾi

3PL

βa-

m-ba-ɾeh-iɾi

m-ba-kɔɾ-iɾi

Cl. 3

o- / u-

n-o-ɾeh-iɾi

n-o-kɔɾ-iɾi

4

ɣe- / ɣi-

ŋ-ge-ɾeh-iɾi

ŋ-gi-kɔɾ-iɾi

5

ɾe- / ɾi-

n-de-ɾeh-iɾi

n-di-kɔɾ-iɾi

6

ɣa-

ŋ-ga-ɾeh-iɾi

ŋ-ga-kɔɾ-iɾi

7

ke- / ki-

ŋ-ge-ɾeh-iɾi

ŋ-gi-kɔɾ-iɾi

8

βe- / βi-

m-be-ɾeh-iɾi

m-bi-kɔɾ-iɾi

9

e- / i-

n-e-ɾeh-iɾi

n-i-kɔɾ-iɾi

10

tʃe- / tʃi-

n-tʃe-ɾeh-iɾi

n-tʃi-kɔɾ-iɾi

11

ɾo- / ɾu-

n-do-ɾeh-iɾi

n-du-kɔɾ-iɾi

12

ka-

ŋ-ga-ɾeh-iɾi

ŋ-ga-kɔɾ-iɾi

14

βo- / βu-

m-bo-ɾeh-iɾi

m-bu-kɔɾ-iɾi

15

ko- / ku-

ŋ-go-ɾeh-iɾi

ŋ-gu-kɔɾ-iɾi

16

ha-

ha-ɾeh-iɾi

ha-kɔɾ-iɾi

19

he- / hi-

he-ɾeh-iɾi

hi-kɔɾ-iɾi

20

ɣo- / ɣu-

ŋ-go-ɾeh-iɾi

ŋ-gu-kɔɾ-iɾi

Just as we have seen elsewhere, all of the non-low prefixes alternate based on the root
vowel. All non-low prefixes are mid [e o] before the stem [ɾeha], but they surface as the
high vowels [i u] with the stem [kɔɾa].
Additional examples with multiple prefixes from various classes are in (125)
below. All four examples show object prefixes as well as subject and TAM prefixes.
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Examples (a) and (b) both use the 3S object prefix /mo-/, which has a high vowel in (a)
and a mid vowel in (b). Both (c) and (d) use the 2S object prefix /ko-/, which has a mid
vowel in (c) and a high vowel in (d).
(125) Additional examples with multiple prefixes
a.

[e-ɾa-mumu-tɔɔɲɔɔɲ-ɛɾɛɾ-a]
/e-ɾa-mo-tɔɔɲ-ɛɾ-a/
9-CONT-3S.OB-fell-APPL-FV

b.

‘it (9) fell on him’

[e-kaka-momo-ʃoomi]
oomi]
/e-aka-mo-ʃoomi/
9- NAR-3S.OB-spy

c.

‘it (9) spied on him’

[nene-ɣo-ɣo-tooɾ
tooɾ-eɾ-a]
/ne-ko-ko-tooɾ-ɛɾ-a/
1S-IMPF-2S.OB-put-APPL-FV

d.

‘I will put for you’

[nene-ɣo-ɣu-kɔɾɔɾ-ɛɾɛɾ-a]
/ne-ko-ko-kɔɾ-ɛɾ-a/
1S-IMPF-2S.OB-do-APPL-FV

‘I will do for you’

We see, then, that object prefixes are nearly always identical in form and behavior to
subject prefixes.
The description in this section, especially concerning verbs with multiple prefixes,
leads to an important point in the analysis of Ikoma prefixes. In both nouns and verbs, all
prefixes not adjacent to the stem are always [e o a], and this is highly suggestive that
these are the underlying prefix vowels. Given this pattern, it is very difficult to make a
case for underlying high prefix vowels. As already mentioned in §5.1, once we are
convinced that the mid vowel prefixes are underlying, it is only a short jump to the
conclusion that the [-ATR] vowels are the ones which trigger the alternation. For this
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reason, despite the fact that [-ATR] does not actually spread to the prefixes, I consider
Ikoma prefix harmony to be a functional equivalent to other types of [-ATR] dominance,
such as that found in Bantu C and Komo. See §5.5 for more discussion of this point.
5.3

Acoustic analysis of prefixes

In this section I report on the acoustic analysis of the prefix alternations described in the
previous sections of this chapter. Vowel formant measurements help to characterize the
quality of the prefix and augment vowels and how they compare to those same vowel
qualities in stems. Note that the measurements provided here aim not only to support the
analysis presented in the chapter, but also to simply capture the phonetic quality of these
vowels even when they are behaving “normally” and in expected ways.
In order to characterize the alternations between mid and high vowels, I examined
prefixes from classes 7/8 and 11 and 14. For the front vowels [e] and [i], I took
measurements from the class 7 prefixes [eke-] and [eki-], as well as the class 8 prefixs
[eβe-] and [eβi-]. For the back vowels [o] and [u], I measured class 11 prefixes [oɾo-]
and [oɾu-], as well as class 14 prefixes [oβo-] and [oβu-]. The table in (126) below
displays the averages for these four prefix vowels, also showing the number of tokens
used for each average. Note that these measurements do not include augment vowels,
which are dealt with separately below.
(126) Vowel formant averages of alternating noun prefixes (Speaker B)
Prefix

F1

F2

Vowel

No. of
tokens

e

329

2031

8

i

270

2227

10

o

334

920

10

u

279

768

10
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These four
our prefixes are plotted in (127) below, along with noun V1 averages taken from
(73) above (see §3.5.2).
). Plotting the V1 averages here allows for easier comparison with
the prefix vowel qualities. The prefix vowels are plotted with uppercase letters, and the
V1 averages are symbolized with lowercase letters.
(127) Prefix vowel formant averages plotted with noun V1 averages (Speaker B)

It is interesting to note that in all cases
es except for [u], the prefix vowels are higher (i.e.
they have a lower first formant) than the V1 counterpart. Mid prefix vowels do, in fact,
sometimes sound quite high. Native speakers, however, are remarkably quick to point out
the difference between the
th two prefixes. See §5.4.2 for a brief discussion of native
speaker perception of prefix vowels.
Augment vowels do not alternate, so the only front
front-vowel
vowel augment is [e], and the
only back-vowel
vowel augment is [o]. The lack of alternation
rnation is clearly seen in the averages for
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both augments, shown in (128) below. I have separated out the augment vowel averages
depending on the noun class prefix vowel in order to show the similarity of averages for
both [ATR] sets. For both augment vowels I also include the average measurements for
the augment before all root vowels.
(128) Augment vowel formant averages (Speaker B)
Prefix

Augment

F1

F2

No. of

vowel

Vowel

e

e

341

2169

8

i

e

351

2106

10

all

e

346

2138

18 total

o

o

347

860

10

u

o

337

798

10

all

o

342

829

20 total

tokens

The averages above show that for both augment vowels there is only a 10 Hz difference
between the averages of augments preceding high prefix vowels and those preceding mid
prefix vowels. This is clear evidence that the augments are not affected by any sort of
harmony (or dissimilation) process.
The total averages for [e] and [o] augment vowels are plotted in (129) below,
together with the four prefix vowel averages from (126) above. Lowercase letters are
used for prefix vowels, and the uppercase letters E and O symbolize the augment vowels.
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(129) Alternating prefix and augment vowels plotted (Speaker B)

The plot shows a remarkable amount of symmetry. Front and back vowels both show
similar spacing between the high and mid prefix vowels. Also, in both cases the augment
vowels have a slightly higher F1 than [e] and [o] in prefixes, and they are slightly more to
the periphery of the vo
vowel space. Aside from simply furthering our understanding of
Ikoma phonetics, this look at nominal prefixes and augments supports the description of
the prefix alternations presented in this chapter. We see clear differences between midmid
and high-vowel prefixes,
fixes, whereas augment vowels clearly do not alternate.
A brief look at infinitive verbal prefixes shows
show that they are very similar to [o]
and [u] in nominal prefixes. The average values are in (130) below, taken from a total
102 tokens
ns of inifinitive prefixes.
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(130) Average formant values for infinitive prefixes (Speaker B)

o
u

F1
343
282

F2
876
800

These vowels are plotted in (131),, which also shows average verb root vowel
measurements
rements from the same speaker (Speaker B) for comparison. The root vowel
averages are taken from (70) above (§3.5.2). Once again, the uppercase letters O and U
represent
ent prefix vowels whereas the lowercase symbols represent root vowels. As the plot
shows, [o] and [u] in prefixes are both slightly higher than their average in verb roots,
which is similar to what we saw in the corresponding noun prefix plot in (127) above.
(131) Plot of infinitive prefixes and verb root vowel averages (Speaker B)

Therefore, just as we would expect, nominal and verbal prefixes have identical
alternations.
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After looking at vowel formant measurements of alternating noun and verb
prefixes, we now turn to non-alternating prefixes. The next patten to account for is the
class 5 nominal prefix [eɾi-], which was described in §5.1.2 above. I previously argued
that this prefix has a consistent phonetic realization before all seven root vowels, and this
is confirmed by vowel formant analysis. In (132) below, I show vowel formant averages
of the [i] prefix vowel before four different sets of stem-initial vowels, paired according
to vowel height and [ATR] value. In the final row I give the average of [i] before all
seven root vowels together.
(132) Class 5 prefix vowel averages before all root vowels (Speaker B)
V1

Prefix

F1

F2

Vowel

No. of
tokens

iu

i

252

2348

8

eo

i

263

2318

8

ɛɔ

i

271

2331

8

a

i

249

2334

7

all

i

260

2331

33

As the figures show, there is little variation from one V1 set to another. Both F1 and F2
averages are quite consistent throughout. This is strong evidence that there is no [-ATR]
feature spreading from [ɛ ɔ a] stems to the prefix, in case there are any questions about
that possibility. If that were the case, we would expect F1 to be significantly higher in the
prefixes before [ɛ ɔ a]. Though the highest average for F1 is before /ɛ ɔ/, it is only 8 Hz
higher than F1 before /e o/. I therefore conclude that all class 5 prefix vowels sound and
measure like the high [+ATR] vowel [i] and are virtually unaffected by following stem
vowels.
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As we would expect, the class 5 augment [e] is similarly unaffected by the quality
of the root vowel. Average augment vowel values are in (133) below, once again showing
individual averages for each of the four sets of stem-initial vowels, and then giving the
average for all class 5 augment vowels.
(133) Class 5 augment vowel averages before all root vowels (Speaker B)
V1

Augment

F1

F2

Vowel

No. of
tokens

iu

e

336

2124

8

eo

e

346

2111

8

ɛɔ

e

336

2081

8

a

e

336

2087

7

all
e
337
2106
33
The averages for each V1 set are remarkably similar to one another, which is not
surprising given the fact that they all occur in the exact same environment, that is, wordinitially, and followed by the class prefix [ɾi-]. Note also that the average values for the
Class 5 augment [e-] are very close to the values for the augment [e-] which occurs with
the other front-vowel prefixes (e.g. Classes 7 and 8). The average for the [e] augment
from Classes 7 and 8 was 346 Hz for F1 and 2138 Hz for F2.
This section has served to show that the phonetic realities of Ikoma’s prefix
dissimilation are quite uncontroversial. We have clearly established that [ɛ ɔ] never occur
in prefixes, and furthermore that only the vowels [e o a] occur as augments. Finally,
recall that the low-vowel prefixes, described in §5.1.2 above, do not alternate
categorically. They are, however, gradiently raised when followed by high vowels in the
stem. See §6.7 for further discussion of low-vowel raising.
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5.4

Explanation of height-changing alternations

It is interesting to consider the motivation and possible explanations for Ikoma’s unusual
prefix alternations. Stewart (1967), in an effort to understand cross-height vowel
harmony, says, “Assimilation, in my experience, always involves the assimilated sound
becoming more like the sound to which it is assimilated.” By this standard definition, we
have already noted that Ikoma’s prefix patterns cannot rightly be considered a case of
assimilation. Instead, it more closely resembles what we might consider to be
dissimilation. What could the motivation be for such an interesting pattern?
Arguments explaining Ikoma’s prefix patterns could be made from a number of
different perspectives, but here I outline two in particular. In §5.4.1 I argue that the height
change can be modeled in Optimality Theory, and is in fact a predicted repair strategy for
an [ATR] harmony clash. In §5.4.2 I suggest that it is possible that the pattern is
motivated by perceptual factors as well. These are not necessarily mutually exclusive
arguments, so I do not attempt to argue between them.
5.4.1

Optimality Theory account of height alternations

In this section, I offer an account of prefix height alternations in Optimality Theory. I
propose a set of constraints and illustrate them with variable constraint rankings and
tableaus. I show that different orderings of the same set of constraints are capable of
producing not only the Bantu C pattern of [-ATR] spreading to prefixes, but also the lesstypical [-ATR]-triggered height alternations which are found in Ikoma.
The analysis I present here assumes a vowel system in which [-ATR] is marked,
especially since the evidence in the prefix patterns points strongly to [-ATR] markedness.
Two points in particular are convincing. First, as previously established, [-ATR] vowels
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trigger the alternation, which is evidence of their markedness. Second, the [-ATR] vowels
[ɛ ɔ] do not occur at all in prefixes. This distributional restriction is also an indication of
their markedness, since marked features and segments often have greater distributional
restrictions than unmarked ones (Rice 2007). Based on this evidence, I choose to use
underspecification as a way to directly encode [-ATR] markedness.66 See also §7.2 for
more discussion on [ATR] markedness.
An analysis of the Ikoma pattern could go two different ways. A positional
markedness analysis could prohibit [-ATR] mid vowels from surfacing in prefixes.67 The
fact that [ɛ ɔ] never occurr in prefixes is a striking generalization that should be
accounted for somewhere. Another option is a positional faithfulness analysis, in which,
instead of prohibiting [-ATR] in some positions, we instead preserve it in other positions,
especially in the stem. This second option is the one I use here, though both strategies
could achieve the same goal.
Prefix dissimilation could be formalized using the set of constraints in (134)
below. Note that my purpose here is not to argue any specific theoretical points
concerning the types of constraints used, but simply to illustrate what a possible OT
analysis of these patterns might look like.

66

Though the standard OT notion of Richness of the Base does not allow for crucial reliance on underlying
representations, underspecification is nonetheless a clear and direct way of encoding markedness. Some
(e.g. Causley 1999, Casali 2003) argue that the use of underspecification in OT should not be so quickly
dismissed.
67
Note that Anderson (1999) describes a situation in Akposso, which is a ten-vowel system in which /ɑ/
has a phonemic [+ATR] counterpart /ə/. The low [+ATR] vowel is allowed only in roots, not in affixes. In
affixes, however, the less marked vowel /e/ serves as the [+ATR] counterpart to /ɑ/. The Akposso pattern
could be seen as similar to the situation in Ikoma in which the more natural prefix alternation would result
in [ɛ ɔ] in prefixes, but because these vowels are not allowed to surface in prefixes, the high vowels /i u/ are
used instead.
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(134) Constraints relevant to Ikoma’s prefix alternation
a. AGREE[ATR]
b. AGREE-HI[ATR]
c. *[-ATR]
d. MAX(-ATR)
e. MAX-STEM(-ATR)
f. DEP(-ATR)
g. MAX(-HI)

Adjacent vowels must agree in their specification for the feature
[ATR].
Adjacent [-HI] vowels must agree in their specification for the
feature [ATR] with any other [-HI] vowel.
No [-ATR] vowels.
A [-ATR] feature in the input must have a corresponding feature
in the output.
A [-ATR] feature in the stem of the input must have a
corresponding feature in the output.
A [-ATR] feature in the output must have a corresponding
feature in the input.
A [HI] feature in the input must have a corresponding feature in
the output.

Because there are clearly restrictions on adjacent mid and low vowels with
different [ATR] values, we need a constraint enforcing [ATR] harmony. For this purpose
I use a set of AGREE[ATR] constraints (similar to the “no disagreement” constraints
proposed by Pulleyblank 2002), one of which applies generally to all vowels, and one of
which applies only to [-high] vowels. As I show below, the more specific constraint
referring to [-high] vowels is the active one in Ikoma, whereas the general one is ranked
lower and does not have an effect in the prefix dissimilation pattern. Adjacent vowels can
have different [ATR] values as long as they have different values for [high]. A sequence
of /u…ɔ/ is then ok, because /u/ is high and /ɔ/ is mid, but /o…a/ is not allowed because
they are both [-high].
Aside from the AGREE constraints, I also use the markedness constraint *[-ATR]
and the two faithfulness constraints MAX(-ATR) and MAX-STEM(-ATR) to preserve
[-ATR] in the stem while disallowing it in prefixes. As shown below, the ranking MAXSTEM(-ATR) >> *[-ATR]

>> MAX(-ATR) has this effect, even if we have a [-ATR]
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underlying form. Another constraint, MAX(-HI), is relevant because Ikoma prefix
dissimilation violates it, while the Bantu C-type [-ATR] spreading does not.
I begin by illustrating the Bantu C-type pattern in order to show how these
constraints work with a more normal assimilation process. The constraints above are
ordered into the ranking in (135) below, which is illustrated in the tableau in (136).
(135) Relative ordering of constraints for [-ATR] spreading (Bantu C type)
AGREE-HI[ATR], MAX(-HI), MAX-STEM(-ATR) >> MAX(-ATR),
DEP(-ATR), *[-ATR], AGREE[ATR]
(136) Tableau showing the Bantu C ranking
/ko-βɔkɔ/

AGREE-HI
[ATR]

ku-βɔkɔ

MAX
(-HI)
*!

MAX-STEM
(-ATR)

MAX
(-ATR)

*[-ATR]
**

 kɔ-βɔkɔ

*

ko-βɔkɔ *!
ko-βoko

DEP
(-ATR)

***
**

*!*

AGREE
[ATR]
*

*

**

For the sake of comparing the prefix patterns in Ikoma and Bantu C, in these tableaux I
ignore the augment vowel (which is not present in Bantu C, and which does not alternate
in Ikoma) and focus only on the alternation of the noun class prefix. As shown above, the
correct form, in which the prefix remains mid but alternates to [-ATR], is easily derived
with this ranking. AGREE-HI[ATR] requires the surface form to be harmonic. MAX(-HI)
prevents a height change, and MAX-STEM(-ATR) ensures that harmony is not enforced by
altering the stem vowels.
Reranking the same set of constraints also results in the height alternation in
Ikoma prefixes, shown in (137) below and illustrated in the tableaux in (138) and
following.
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(137) Relative ordering of constraints for height alternation (Ikoma type)
DEP(-ATR), AGREE-HI[ATR], MAX-STEM(-ATR) >> *[-ATR] >>
MAX(-ATR), AGREE[ATR], MAX(-HI)
(138) Tableau showing the Ikoma ranking with a [-ATR] mid-vowel stem
/ko-βɔkɔ/

DEP
(-ATR)

AGREE-HI
[ATR]

MAX-STEM
(-ATR)

 ku-βɔkɔ

*[-ATR]

MAX
(-ATR)

**

kɔ-βɔkɔ *!
ko-βɔkɔ

AGREE
[ATR]
*

MAX
(-HI)
*

***
*!

ko-βoko

**
*!*

*
**

The tableau above illustrates the proposed ranking for Ikoma using underlying [-ATR]
mid vowels in the stem. DEP(-ATR) prevents [-ATR] spreading to the prefix, but
AGREE-HI[ATR] requires that something else must be done to enforce [ATR] agreement.
Even though the winning candidate [ku-βɔkɔ] violates AGREE[ATR] by having a [+ATR]
prefix and a [-ATR] stem, it does not violate AGREE-HI[ATR], since mid and high vowels
do not have to agree for [ATR].
The tableaux in (139) and (140) show how the same ranking applies to [+ATR]
mid vowel stems and high vowel stems, respectively. In both cases, the losing candidates
unnecessarily violate MAX(-HI).
(139) Tableau showing the Ikoma ranking with a [+ATR] mid-vowel stem
/ko-βoko/

DEP
(-ATR)

AGREE-HI
[ATR]

MAX-STEM
(-ATR)

*[-ATR]

MAX
(-ATR)

AGREE
[ATR]

MAX
(-HI)

 ko-βoko
ku-βoko

*!
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(140) Tableau showing the Ikoma ranking with a high-vowel stem
/ko-βuku/

DEP
(-ATR)

AGREE-HI
[ATR]

MAX-STEM
(-ATR)

*[-ATR]

MAX
(-ATR)

AGREE
[ATR]

MAX
(-HI)

 ko-βuku
ku-βuku

*!

A tableau for /a/ stem vowels is in (141) below.
(141) Tableau showing the Ikoma ranking with a low-vowel stem
/ko-βaka/

DEP
(-ATR)

AGREE-HI
[ATR]

MAX-STEM
(-ATR)

 ku-βaka
ko-βaka

*!

kɔ-βaka *!

*[-ATR]

MAX
(-ATR)

**

AGREE
[ATR]
*

**

*

MAX
(-HI)
*

***

Once again, DEP(-ATR) prevents [-ATR] spreading to the prefix, yet AGREE-HI[ATR] still
requires [ATR] agreement. Therefore, lowly-ranked MAX(-HI) is violated, and the
optimal candidate has a high prefix vowel.
This same set of constraints also prevents [ɛ ɔ] from surfacing in prefixes, even in
the case of a [-ATR] prefix, if such an underlying form existed. For example, in (142)
below, even if we suppose an underlying form such as /kɔ-βɔkɔ/, this analysis still
ensures that [ku-βɔkɔ] is the optimal candidate.
(142) Tableau showing the Ikoma ranking with a [-ATR] prefix underlyingly
/kɔ-βɔkɔ/

DEP
(-ATR)

AGREE-HI
[ATR]

MAX-STEM
(-ATR)

 ku-βɔkɔ

**

kɔ-βɔkɔ
ko-βɔkɔ
ko-βoko

*[-ATR]

MAX
(-ATR)
*

AGREE
[ATR]
*

*

*

***ǃ
*!

**
*!*

***

MAX
(-HI)
*
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As the above examples show, the same set of constraints predicts both the Bantu
C pattern and the Ikoma pattern. And the same ranking of constraints predicts the correct
height alternations for all four types of stem vowels (high, mid [+ATR], mid [-ATR] and
low). A summary of three different rankings of these constraints and their outcomes is in
(143) below.
(143) Typological predictions for underlying form /ko-βɔkɔ/
Crucial Constraint Rankings
a. DEP(-ATR), AGREE-HI[ATR], MAXSTEM(-ATR) >> *[-ATR] >> MAX(-ATR),
AGREE[ATR], MAX(-HI)
b. AGREE-HI[ATR], MAX(-HI), MAX-STEM(-ATR)
>> MAX(-ATR), *[-ATR], AGREE[ATR],
DEP(-ATR)
c. MAX(-HI), MAX(-ATR), MAX-STEM(-ATR),
DEP(-ATR) >> AGREE-HI[ATR], *[-ATR],
AGREE[ATR]

Outcome
Example
prefix height alternation ku-βɔkɔ
(Ikoma)
prefix ATR alternation
(some Bantu C
languages)
no harmony
(some Bantu C
languages)

kɔ-βɔkɔ

ko-βɔkɔ

Ranking (a) works for Ikoma, and (b) for the Bantu C pattern. Note that ranking (c) was
not discussed above. It results in a language with no prefix harmony at all, which is
actually the case for a number of other Bantu C languages (Leitch 1997).
5.4.2

Perceptual motivation

Finally, I return to the perceptual motivation. If [-ATR] spreading (not dissimilation) is a
more cross-linguisticly common repair strategy, we might look to other factors to inform
the question of why the height alternation is preferred in this case. Concerning the
perceptual question, Stewart (1967ː195-6) refers to a quote from Westermann and Ward
(1933:129) who posit a possible perceptual explanation for harmony in Igbo: “the vowels
are extremely difficult to differentiate from each other, i.e. i and ɪ, u and ʊ and o are
respectively very near to each other acoustically and the alternating prefixes help to
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distinguish the root vowels.”68 Perhaps Ikoma is simply a more extreme version of the
use of prefix vowel alternations to aide in distinguishing acoustically close root vowels.
The prefix alternations from mid to high vowels function to signal the quality of the stem
vowels which, as discussed in §3.6, can also be surprisingly difficult to distinguish, for
both linguists and mother tongue speakers alike. A prefix alternation between [o] and [u]
is a more significant jump from the more-expected alternation from [o] to [ɔ].
As briefly mentioned in §5.1.1 above, the mid-vowel prefixes can sometimes
sound quite high. During fieldwork on Ikoma it was not uncommon for me to ask for
clarification on the quality of a prefix vowel, since I occassionally heard [e o] as [i u],
especially when the prefixes were pronounced very quickly. Native speakers, however,
are quick to distinguish the prefixes. They associate the prefixes with Swahili’s
graphemes <i e o u> which represent Swahili’s vowels [i ɛ ɔ u] respectively. In fact,
when writing Ikoma with a Swahili-type orthography, every native Ikoma speaker I have
worked with has instinctively and consistently written <i u> for the high prefix vowels
and <e o> for the mid prefix vowels. These same speakers usually have a difficult time
learning to distinguish the mid-vowel contrasts, but distinguishing prefix vowel
alternations are very intuitive.
Since speakers are much more aware of the difference between the mid and high
prefix vowels than they are between the [+ATR] and [-ATR] mid vowels, perhaps this is
the motivation for the alternations. If it is difficult for speakers to hear the [ATR]
distinction between /e ɛ/ and /o ɔ/, the prefix alternations based on height would assist
listeners in maintaining contrast between the mid vowels. Of course it is difficult to be
sure about the motivation for such an interesting dissimilation pattern, but it is possible
68

Kaun (1995) also suggests that vowel harmony is motivated by perceptual factors.
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that the perceptual motivation has some role to play. It is possible that perceptual and
theoretical motivations (such as the OT analysis presented above) have conspired
together to cause the height-alternating prefixes.
5.5

Summary and implications for [ATR] markedness

This chapter has described vowel harmony in both nominal and verbal prefixes (in §5.1
and §5.2, respectively), focusing especially on the prefixes which alternate from mid to
high. The acoustic analysis in §5.3 supports the claims made concerning both alternating
and non-alternating prefixes. In §5.4 I suggest possible theoretical and perceptual
explanations for these patterns. An important issue addressed in several of these sections
is the two interrelated questions concerning the underlying height of the prefix vowels
(mid or high?), as well as the feature which triggers the height alternation ([-ATR],
[+ATR] or a height feature?). I have argued that the alternating prefixes must have mid
vowels underlyingly, which strongly suggests that [-ATR] is the trigger for prefix
dissimilation.
To summarize the argument, despite the fact that there is no [-ATR] spreading to
prefixes, there are two main pieces of evidence in favor of [-ATR] as the dominant valueː
the distribution restrictions against [-ATR] mid vowels in prefixes, as well as the
evidence pointing toward the mid-vowel prefixes, not the high-vowel prefixes, as the
underlying forms. As mentioned above, the main indication of mid-vowel underlying
forms is the occurrence of only mid vowels and not high vowels in prefixes which are not
adjacent to the stem, seen not only in the nominal augment but especially in verbal
prefixes as well. This evidence of [-ATR] markedness is discussed further in Chapter 7
when looking at Ikoma’s vowel harmony as a whole and its implications for our
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theoretical and typlogical understanding of vowel harmony. I make one final point here to
set the stage for that discussion.
In a presentation by Casali and Leitch (2002), they make a connection between a
language’s dominant [ATR] value and the default value of prefixes which are outside of
the harmonic domain. In particular, they focus on the Bantu C languages in which
[-ATR] is dominant. There is a correlation in Bantu C for affixes to surface as [+ATR]
mid vowels in cases in which [-ATR] spreading does not apply. Therefore, [+ATR] is
default, and affixes only surface as [-ATR] mid vowels when the active value spreads.
This resonates well with the patterns found in Ikoma in which [+ATR] is the default
value in prefixes. This is in line with the conclusion that [-ATR] is the active value in
Ikoma prefix dissimilation, just as it is the active value in Bantu C.
Compare this to neighboring Zanaki, in which [+ATR] is clearly the dominant,
marked value. In Zanaki, prefixes are underlyingly [-ATR], and they surface as such
unless they precede the [+ATR] vowels [i u]. The underlying prefix forms are, for
example, [ɔmʊ-] for Class 1 and [ɛkɪ-] for Class 7. Just as [+ATR] is default in a [-ATR]
dominant system, in Zanaki we see that [-ATR] is default in a [+ATR] system. Therefore,
just as we would not expect primarily underlyingly [+ATR] prefixes in a language with
[+ATR] dominance, we would also not expect [-ATR] prefixes to be the standard in a
language with [-ATR] dominance. Therefore, if we concede that [-ATR] is dominant in
Ikoma (at the very least in the process of prefix dissimilation), then it is in fact expected
that Ikoma would have underlyingly [+ATR] mid-vowel prefixes, which is indeed the
case.
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As a final point on this subject, see also the following quote from Beckman
(1997:1) from her article on positional faithfulness and positional neutralization in Shona
vowel harmony.
In languages which exhibit positional neutralisation of vowel contrasts, one or
more vowels (generally, the most marked members of the vowel inventory) may
occur distinctively in only a small subset of the structural positions available in
the language. Outside of these positions, the marked vowels may surface only if
they harmonise with a similar vowel in the privileged position.
Once again, we see that if [ɛ ɔ] are the most marked members of the vowel inventory,
these are the vowels which we would expect to have a more restricted distribution to only
certain positions. Since they do not occur at all in prefixes, this is perhaps an indication
that their status as being marked plays a major role in the nature of prefix alternations.
For these reasons, I argue that [-ATR] is the marked and dominant value in prefix
dissimilation. This is an important point to understand, because there is also evidence
elsewhere in Ikoma (in stems and suffixes) that [+ATR] is the marked and dominant
value. Though this is an unusual and complex markedness situation, we must allow for
this complexity in order to adequately account for the facts. See Chapter 7 for more
discussion of this markedness quandary.
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Chapter 6:

Vowel harmony in verb stems and suffixes

Vowel harmony in verbal suffixes is well-attested in Bantu languages. In fact, in many
Bantu languages it is the only place in which vowel harmony occurs. The typically cited
cases of vowel harmony involve the applicative and stative front-vowel extensions and
the inversive and inversive-stative back-vowel extensions (see Hyman 1999). Ikoma has
harmony in these suffixes, and it also has a number of suffixes that induce harmony in
verb roots.
As described above in the introduction to verbal morphology (§2.2), there are
both derivational and inflectional suffixes in Bantu languages. Derivational suffixes
follow the verb root, and they are considered to be part of the verb stem. In Bantu
literature, derivational suffixes are usually called “extensions” since they extend the stem.
These include the applicative, stative, causative, passive, inversive, and reciprocal
extensions. Multiple derivational suffixes can be added to a single verb root, sometimes
causing a stem which consists of several morphemes.
Concerning inflectional suffixes, the basic (imperfective) affirmative suffix is the
final vowel (FV) [-a]. Ikoma has two other inflectional suffixes as wellː the perfective [iɾi] and the subjunctive [-e]. There are two main types of harmony involving suffixes,
and the harmony type depends not on whether or not the suffix is derivational or
inflectional, but instead on the underlying vowel of the suffix and its position in the word.
For that reason, in this chapter I group suffixes according to their harmony patterns, not
based on their status as either derivational or inflectional. See §2.2.2 for a basic review of
inflectional verb morphology and §2.2.3 for a review of derivational verb morphology.
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Vowel harmony in verb stems and suffixes can be broken down into two basic
typesː that involving apparent rightward [-ATR] spreading from root to suffix, and that
involving apparent leftward [+ATR] spreading from word-final [+ATR] suffixes.69
Rightward [-ATR] spreading targets mid-vowel suffixes, whereas leftward [+ATR]
spreading is triggered by both mid and high [+ATR] suffixes, but only those which occur
word-finally. Futhermore, leftward [+ATR] spreading only categorically affects the front
vowel /ɛ/. The back vowel /ɔ/ is only gradiently raised. In fact, there is a general tendency
for /ɔ/ to be in some sense “stronger” than /ɛ/. This is manifested not only by the back
vowel’s resistence to becoming [+ATR], but also by its behavior as a stronger trigger of
[-ATR] spreading, particularly to the subjunctive suffix.70 This already intricate picture is
further complicated by additional factors, which I discuss further below.
These details are better understood by looking at the actual patterns. I divide the
suffixes into mid-vowel and high-vowel groups. These two categories are listed below,
with alternating mid-vowel suffixes (i.e. the applicative, subjunctive and inversive) in
(144) and harmony-triggering high-vowel suffixes (i.e. the causative, passive, perfective,
and agentive) in (145). In each case, a summary of the harmony pattern is given.
Proposed underlying forms are listed first, with alternations below.

69

Note that I continue to use the terms “[-ATR] spreading” and “[+ATR] spreading” in a pre-theoretical
sense. For example, there are at least two ways of understanding a process in which an underlyingly [ATR] vowel is realized as a [+ATR] vowel on the surface as a result of some process involving another
[+ATR] vowel. It could be that a dominant [+ATR] feature has spread to the [-ATR] vowel (or to a vowel
which was unspecified for [+ATR]), or it could be that the vowel’s underlying [-ATR] specification has
been delinked, resulting in a [+ATR] vowel on the surface. I discuss these issues briefly in Chapter 7, but
for now, for simplicity’s sake I use the phrases “apparent” or “superficial [ATR] spreading” to describe
superficial dominance of [+ATR] and [-ATR].
70
The connection between the features [back] and [-ATR] is not unique to Ikoma but has been recognized
by others as well (see Archangeli and Pulleyblank 1994).
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(144) Verbal suffixes which alternate
Applicative

-ɛɾ
-eɾ

following /i ɛ a ɔ u/
following /e o/

Subjunctive

-e
-ɛ

following /i e ɛ a o u/
following /ɔ/

root vowelː ɛ  e

Inversive

-oɾ
-uɾ
-ɔɾ

following /i e o/
following /u a/
following /ɔ/

(root vowel ɛ ?)

(145) Verbal suffixes which do not alternate
Causative

-i

Passive

-u

Perfective

-iɾi

Agentive

-i



root vowelː ɛ  e

Perhaps the most striking thing about these alternations is that the subjunctive mid-vowel
suffix is dominant (i.e. harmony-inducing) with some root vowels but recessive (i.e. a
target of harmony) with other root vowels. We see, then, that there is some overlap
between the mid- and high-vowel suffix categories, since both mid-vowel and high-vowel
suffixes can cause raising.71 Therefore, though it can be helpful to make this dichotomy
between alternating and non-alternating suffixes, the difference between the two types is
not entirely straightforward.
In the remainder of this chapter I discuss each suffix in turn, as well as two suffix
combinations. In §6.1, I describe the alternations of the applicative extension. §6.2
discusses the subjunctive and the difference between it and the applicative. §6.3 describes

71

As mentioned previously, I use the term “raising” as a neutral way of referring to auditory raising
phenomena. As I discuss extensively in §6.4, raising of /ɛ/ is likely categorical and is a result of leftward
[+ATR] spreading, whereas the raising of /ɔ/ is only gradient and could be a result of paritial [ATR] and/or
height assimilation.
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the inversive and inversive-stative extensions. This pair of back-vowel extensions is far
less productive than the applicative, and they are the only suffixes with a three-way
vowel alternation. §6.4 describes a group of four high-vowel suffixes (the causative,
passive, perfective and agentive) which cause raising of preceding [-ATR] mid vowels.
This section include a significant amount of phonetic and statistical data in order to
characterize the nature of this raising. §6.5 describes the applicative-causative suffix
combination, and §6.6 describes the inversive-causative combination. §6.7 is quite
different than the other sections, since it deals not with an individual suffix, but with the
general issue of low-vowel assimilation. I briefly describe patterns of low-vowel raising
in different environments, tentatively concluding that in all cases, the assimilation is
gradient. §6.8 summarizes the chapter, including a chart showing all root and suffix
alternations.
Note that a recurring issue in this chapter concerns stem vowel raising and the
question of whether or not these alternations are gradient or categorical (i.e. featurechanging). This is a very challenging question, and much effort has gone into gathering
evidence to decide one way or the other. The bulk of the evidence and arguments
concerning these decisions are given within §6.2 and especially §6.4 of this chapter.
Much of the evidence is based on vowel formant measurements and t-tests. I present
phonetic data throughout many other sections of the chapter as well, all of which comes
from a set of wordlists which were recorded by Speaker B. For these lists, I used two
basic verbs for each of the seven root vowel qualities (a total of fourteen verbs), and each
list combines these same fourteen verbs with different verbal suffixes. For example, in
one list each verb was elicited with the applicative extension, in the next with the
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causative extension, then the passive, etc. Each list was randomized, so that the verb roots
were in a different order in each list. Speakers first pronounced the Swahili gloss and then
three repetitions of each of the fourteen words. These lists are shown in Appendix D.
Finally, it quickly becomes apparent that a formal analysis of these patterns is
quite challenging. Recall, however, that the focus of this chapter is primarily descriptive,
and the data presented here is generally quite clear. Though we do not reach a
comprehensive analysis of suffix vowel harmony, this chapter presents data covering a
wide range of patterns, all supported by detailed phonetic investigation, with the hope of
providing the basic building blocks for a future formal account of these facts.
6.1

Applicative

The applicative extension is used in Bantu languages to license an additional object,
sometimes called an applied object. It typically has the meaning of doing something to or
for someone or something. The applicative, which is wide-spread in Bantu, is a frontvowel suffix which often undergoes vowel height harmony (VHH) in both 5V and 7V
languages. Hyman (1999), entitled “The historical interpretation of vowel harmony in
Bantu,” is nearly exclusively about height harmony in the applicative and inversive
extensions.
Hyman (1999ː237) uses Nyamwezi (F22; [nym]) as an example of prototypical
VHH in the applicative suffix, shown in (146) below.
(146) Nyamwezi applicative vowel harmony72
-ɪl following i ɪ a ʊ u
-ɛl following ɛ ɔ

72

Note that I have adjusted Hyman’s transcriptions to match those used elsewhere in this paper.
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This process of height harmony is often described as lowering of the underlying degree 2
vowel ([ɪ] in Nyamwezi) to the degree 3 vowel [ɛ] when following a degree 3 root vowel.
In a language such as Nyamwezi with a 7V(H) inventory, the alternation is from a
[-ATR] high vowel to a [-ATR] mid vowel. Therefore, the relevant harmonic feature is
not a tongue root feature, but instead a height feature.
We can also look at the applicative in languages with clear [-ATR] dominance,
such as the Bantu C languages, which similarly have an underlying degree 2 vowel which
lowers to a degree 3 vowel. For example, in (147) below I summarize the Babole (C101;
[bvx]) applicative paradigm (from Leitch 1997ː158).
(147) Babole applicative vowel harmony
-el following i e a o u
-ɛl following ɛ ɔ
[-ATR] is dominant in Babole, and affixes are [+ATR] underlyingly. [-ATR] spreads
from /ɛ ɔ/ root vowels, causing the applicative suffix to surface as [-ATR] in these cases.
In a 7V(M) language like Babole, the alternation is from a mid [+ATR] suffix to a mid
[-ATR] suffix. Therefore, the harmonic feature in Babole must be a tongue root feature,
not a height feature as with Nyamwezi above. However, in both languages, the
generalization still holds that the underlying degree 2 suffix lowers to a degree 3 vowel
following a degree 3 root vowel.
The degree 2 to degree 3 “lowering” explanation is not quite as transparent for the
patterns found in Ikoma, and there is a queston concerning which underlying form we
should posit. These patterns are shown in (148) below, with examples following in (149).
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(148) Ikoma applicative vowel harmony
-er
-ɛr

following e, o
following i, ɛ, a, ɔ, u

(149) Applicative examples
Root V

Applicative

Example

Gloss

i

-ɛr

ɣo-tʃiβ-ɛɾ-a

‘to weed for’

e

-er

ko-ɾeh-eɾ-a

‘to pay for’

ɛ

-ɛr

ɣu-ɣɛɣ-ɛɾ-a

‘to carry for’

u

-ɛr

ɣo-tuk-ɛɾ-a

‘to dig for’

o

-er

ko-ɾok-eɾ-a

‘to weave for’

ɔ

-ɛr

ɣu-kɔɾ-ɛɾ-a

‘to do for’

a

-ɛr

ɣu-ɣaβ-ɛɾ-a

‘to inherit for’

Though Babole and Nyamwezi both have the degree 3 suffix only after a degree 3 root
vowel, Ikoma has the opposite pattern. The degree 3 suffix (i.e. [-ATR] [-ɛɾ]) surfaces
after all root vowels except for [e] and [o]. Since [-eɾ] occurs only following [e o], the
most straightforward analysis is that /-ɛɾ/ is the underlying form. The allomorph [-eɾ]
would then be the result of apparent [+ATR] spreading rightward from the root to the
suffix, but only from the [+ATR] mid vowels, not from [i u].
Though the analysis presented above is the most simple when looking at this one
suffix in isolation, if we proceed with the [-ATR] form as the UF, it introduces several
other challenges into the analysisː (a) it would be the only non-low [-ATR] affix in the
language, (b) it is highly unusual for 7V Bantu languages to have a degree 3 underlying
form for this suffix, and (c) it requires us to account for apparent [+ATR] spreading from
the root to the applicative suffix. This final point might be seen as especially problematic
since we would then have both [+ATR] and [-ATR] spreading from the same position
(the root) in the same direction (rightward to the suffix).
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Based on these difficulties, it is interesting to consider an alternative analysis.73 If
we posit [+ATR] /-eɾ/ as underlying, it relieves a number of the difficulties of the
previous analysis (though it also introduce a few difficulties of its own, as discussed
below). Perhaps the biggest appeal to /-eɾ/ as the UF is that it allows for a more unified
analysis of the entire system, in which all non-low affixes are underlyingly [+ATR]. And
correspondingly, only one value ([-ATR]) spreads to suffixes, which we see with the
subjunctive and inversive suffixes, and it is consistent with the [-ATR] dominance in
prefix dissimilation patterns.
Despite its appeal, this alternative analysis has a number of difficulties. First of
all, for the root vowels /ɛ ɔ/ and even /a/, it is easy to imagine how they could spread
[-ATR] to the suffix. However, it is quite difficult to explain why the applicative vowel
would surface as [-ATR] following the high vowels /i u/ as well. We might consider how
the Ikoma child would posit a [+ATR] underlying form of this suffix, given the broad and
less-predictable distribution of the [-ATR] allomorph [-ɛɾ] and the more narrow and
predictable distribution of the [+ATR] allomorph [-eɾ]. Surely the Ikoma child, who does
not know anything about typical patterns of the applicative in Bantu languages, will posit
/-ɛɾ/.
Both of the options presented above have advantages and disadvantages. Under
the /-eɾ/ analysis, there is no clear explanation for why /i u/ would have a [-ATR] suffix.
However, if we posit /-ɛɾ/ underlyingly, we have to explain why this one suffix is [-ATR]
while all other affixes are [+ATR]. We must also account for spreading of both [+ATR]
and [-ATR] from root to suffix. Ultimately, it seems that the complexity of the Ikoma
data is going to leave some difficulties either way we go. For now I proceed with the
73

I thank Dr. Myles Leitch for helping me to see this alternative.
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most straightforward UF, i.e. /-ɛɾ/, which is a better representation of the actual
applicative patterns. See §7.1.3 concerning an analysis of the applicative which uses the
concept of “dominance reversal” (Bakovic 2000).
Though the analysis of the patterns is tricky, the data itself is quite clear. The
generalizations above are supported by vowel formant analysis, based on recordings by
Speaker B. The average formant values of the applicative vowels are in (150) below,
showing averages for each height/[ATR] pair. These averages are from measurements of
six tokens per root vowel.
(150) Average formant values of applicative suffix (Speaker B)
F1

F2

Tokens

ɛ following /a/

514

1834

6

ɛ following /i u/

516

1808

12

ɛ following /ɛ ɔ/

508

1861

12

e following /e o/

386

1919

12

Total average /ɛ/

513

1831

30

Total average /e/

386

1919

12

These formant values clearly show that [-ɛɾ] occurs following all vowels except for /e o/,
where we find [-er].
Finally, note that the applicative extension can be combined with other suffixes as
well. In §6.5 I discuss the applicative in combination with the causative. There we find
that the vowel of the applicative suffix patterns differently when it is followed by the
causative suffix. When the applicative occurs on its own, its surface form depends on the
height and [ATR] value of the root, but when it occurs in combination with the causative
suffix /-i/, the high vowel raises the applicative suffix to surface as [-eɾ] following all root
vowels. See §6.5 for more discussion.
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6.2

Subjunctive

The subjunctive suffix indicates subjunctive mood, and it occurs in the FV slot of the
verbal inflection template. It does not distinguish tense but can refer to both the past and
future. Despite the fact that both the subjunctive and the applicative suffixes have front
mid-vowel variants that alternate between [e] and [ɛ], these variants have quite different
distributions. Compare the patterns in (151) (repeated from (148) above) and (152)
below.
(151) Applicative vowel harmony
-ɛr
-er

following i, ɛ, a, ɔ, u
following e, o

(152) Subjunctive vowel harmony
-e
-ɛ

following i, e, ɛ, a, o, u
following ɔ

root vowel: ɛ  e

With the applicative suffix, [i u a] roots pattern with the [-ATR] suffix [-ɛɾ]. With the
subjunctive, however, the high and low root vowels pattern with the [+ATR] suffix [-e]. I
suggest that these differences likely indicate that the underlying [ATR] value of these
suffixes is different; the applicative is /-ɛɾ/ whereas the subjunctive is /-e/. Note also that
in the subjunctive there is an asymmetry in the alternations which follow the two [-ATR]
mid vowels. Following /ɔ/ root vowels, the subjunctive is [-ATR], showing that the suffix
harmonizes with the root. However, following /ɛ/, the subjunctive suffix remains [+ATR]
and even seems to spread [+ATR] leftward to the root vowel.
Examples of subjunctive verbs are presented in (153) below. The same seven verb
roots which were used for the applicative examples are also used here (and throughout
the rest of this chapter) to illustrate harmony patterns.
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(153) Subjunctive examples
Root V

Subjunctive

Example

Gloss

i

-e

to-tʃiβ-e

‘let’s weed’

e

-e

to-ɾeh-e

‘let’s pay’

ɛ  [e]

–e

tu-ɣeɣ-e

‘let’s carry’

u

-e

to-tuk-e

‘let’s dig’

o

-e

to-ɾok-e

‘let’s weave’

ɔ

-ɛ

tu-kɔɾ-ɛ

‘let’s do’

a

-e

tu-ɣaβ-e

‘let’s inherit’

As the examples show, [-ɛ] occurs only following /ɔ/. When the subjunctive suffix is
combined with /ɛ/ root vowels, as in [tu-ɣeɣ-e], the vowel of the underlyingly [-ATR]
root /ɣɛɣ/ is realized as [+ATR]. Also note that /a/ does not induce any sort of harmony in
either in the applicative or the subjunctive suffix, even though it patterns with /ɛ/ and /ɔ/
as a [-ATR] vowel by triggering prefix dissimilation (see Chapter 5). Instead, under my
analysis, the low and high root vowels always pattern with the underlying form of the
suffix.
Though it is not my goal to formally account for these patterns, I do highlight
some potential means of explanation. The asymmetric alternations of the subjunctive
suffix might be explained by some combination of a variety of factors, including: (1) a
highly ranked constraint enforcing harmonic sequences of mid vowels, (2) a restriction
on which vowel qualities can occur in the FV position, and (3), an asymmetry in the
strength of the two [-ATR] mid vowels. Concerning (1), the vowel alternations in both
applicative and subjunctive verbs, as well as in noun stems, point to the existence of this
type of mid-vowel harmony constraint.
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Concerning (2), it is a general tendency for marked segments in a language to
have a more restricted distribution than unmarked segments (Rice 2007; Steriade 1995),
and this is well-attested in Bantu languages in particular. For example, Beckman (1997)
notes that only a subset of vowels are allowed in later stem positions in Shona verbs. We
have also already seen this phenomenon in Ikoma, especially in the restriction against [ɛ
ɔ] in prefixes and as the second root vowel in some noun stem vowel combinations. In
Ikoma verbs, only a subset of vowels occur in final vowel position. The high and low
vowels [i u a] are most frequent final vowels, and the subjunctive vowel [e] is also
common. However, [ɛ ɔ] are nearly non-existent. The vowel [ɔ] in fact never occurs in
this position, and the only time [ɛ] occurs here is following the /ɔ/ root vowel, as in the
example [tu-kɔɾ-ɛ] ‘let’s do.’ Based on these distributional observations, we can consider
this is a possible factor in the front/back asymmetry.
If we proceed with the distributional argument as a possible explanation for the
asymmetry, we must also consider the third point introduced above concerning an
asymmetry in the strength of the vowels /ɛ/ and /ɔ/. Preservation of /ɔ/ is highly valued in
Ikoma, which we see not only in this subjunctive pattern but also with patterns discussed
later in this chapter. As I discuss in §6.4 below, there are other cases of apparent leftward
[+ATR] spreading which triggers a root alternation from /ɛ/ to [e], but not from /ɔ/ to [o].
We begin to see a tendency in which /ɔ/ always spreads [-ATR] rightward (except to high
vowels) and is never a target of [+ATR] spreading. On the other hand, the front vowel /ɛ/
is always a target of [+ATR] spreading, and in the case of the subjunctive, /ɛ/ does not
spread [-ATR] rightward. Archangeli and Pulleyblank (1994) have also noted a
correlation between backness and [-ATR]. They cite the case of Lango, in which [-ATR]
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spreads rightward to suffixes but only from back [-ATR] vowels, not from front vowels.
We see, then, that there is at least some precedent for /ɔ/ having a stronger connection to
[-ATR] compared to /ɛ/. See the summary of this chapter (§6.8) for more discussion of
the asymmetry between /ɛ/ and /ɔ/.
Based on the three factors mentioned above, imagine an OT analysis in which
there is an undominated constraint forcing harmonic sequences of mid-vowels. If this
constraint exists, there are two problematic subjunctive mid-vowel sequencesː /CɛC-e/
and /CɔC-e/.74 The logical possibilities are for both vowels to be realized as [-ATR], or
for both to be realized as [+ATR]. If it is true that there is a general avoidance of the
marked vowels /ɛ ɔ/ in peripheral positions (such as the FV position), then the preferred
repair might be for /CɛC-e/ to be realized as [CeC-e]. However, if it is also true that /ɔ/ is
a “strong” [-ATR] vowel and is especially resistant to alternation, then the preferred
repair for /CɔC-e/ is for the subjunctive vowel to be [-ATR], resulting in [CɔC-ɛ].
Therefore, we see how the combination of these three factors could result in two different
strategies being used to repair the mid-vowel harmony violation. These ideas could be
implemented by a particular ranking of constraints enforcing mid-vowel harmony and
faithfulness to /ɔ/, which both dominate a constraint against /ɛ ɔ/ verb-finally.
To summarize, one possible explanation for the subjunctive vowel alternations is
to attribute the asymmetry to three different factorsː a mid-vowel harmony constraint,
restrictions on the occurrence of the marked [-ATR] mid vowels in FV position, and an
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Leitch (1997) discusses the very same subjunctive verb forms in his work on the Bantu C languages. In
some of those languages, the subjunctive vowel does not alternate and instead remains disharmonic, which
he takes as evidence that the subjunctive final vowel is outside of the domain of stem harmony. However,
in other Bantu C languages, harmony extends all the way to the right edge of the word, thus including the
subjunctive vowel. Returning to Ikoma, we see that harmony of the subjunctive vowel is enforced, which
suggests that the harmonic domain includes the subjunctive vowel.
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asymmetry in the strength of the [-ATR] vowels. Positing these different factors to
account for the asymmetry might seem complicated, but each of these points are wellfounded in Ikoma and in other languages. Furthermore, each of these well-motivated
factors could be expressed in the form of competing constraints which could be ranked in
a way that would result in these patterns.
As with the applicative suffix in the previous section, the patterns might be
difficult to analyze, but the data itself is quite clear. The quality of the subjunctive vowel
alternations can be quantified with vowel formant measurements. Speaker B’s
subjunctive vowel formant averages are in (154) below, and those averages are plotted in
(155). In the table and plot below, averages for [-ɛ] are from tokens of the subjunctive
vowel following /ɔ/ root vowels only. Averages for [-e] are from tokens following /i e a o
u/. The symbol E is used only for measurements of the subjunctive vowel following roots
with underlying /ɛ/. Dividing the measurements in this way allows for us to see the
similarity of the suffix vowel following /ɛ/ roots with that which follows other root
vowels.
(154) Subjunctive vowel formant averages (Speaker B)

-ɛ
-e
-E

F1
435
329
340

F2
1811
1954
2016

following /ɔ/
following /i e a o u/
following /ɛ/  [e]

Tokens
6
30
6
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(155) Subjunctive vowel formant averages plotted (Speaker B)

As the measurements show, when the subjunctive [-e]
[ follows /ɛ/,
/, the suffix is not
realized as [-ATR]
ATR] to match the [[-ATR] value of the root, but instead
ad it remains [+ATR].
In these cases, the /ɛ// root vowel is also realized as [+ATR] [e].
The root vowel change from //ɛ/ to [e] is also clearly seen in the average formant
values of root vowels when they are followed by the subjunctive suffix.
suffix The average
values for all seven vowels are shown in (156). For comparison, I also include the
average root vowel measurements for the same fourteen verbs when they occur as basic
basi
infinitives with only the FV [[-a] suffix. The row for /ɛ/ root vowels is highlighted.
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(156) Vowel formant averages of root vowels with the subjunctive (Speaker B)
Root
vowel
i

Basic
CVC-a
F1
F2
314
2413

Subjunctive
CVC-e
F1
F2
282
2149

e

404

1968

385

1973

ɛ
u
o
ɔ
a

476
282
408
467
637

1769
689
882
967
1382

393
235
367
457
604

1972
776
871
1096
1540

The table above shows a drop in F1 for /ɛ/ from 476 Hz to 393 Hz when the subjunctive
suffix is added. A lower F1 measurement corresponds to an acoustically higher vowel.
When F1 for underlying /ɛ/ is compared to the F1 for /e/ root vowels with the
subjunctive, we see that they are very close, with only an 8 Hz difference. F2 is also
virtually identical, with a difference of only 1 Hz. These measurements provide strong
evidence that the root vowel /ɛ/ is not only acoustically raised before the subjunctive
suffix, but also that it appears to have completely merged with /e/ root vowels in this
same environment. In other words, the subjunctive suffix causes neutralization of the
[ATR] contrast between /e/ and /ɛ/. This type of neutralization suggests that the raising of
/ɛ/ is not simply an effect of anticipatory co-articulation (that is, simply a phonetic
phenomenon) but instead that it is the result of complete (i.e. categorical) assimilation.
This could be understood in terms of [+ATR] spreading from the suffix to the root, or in
some underspecification models we might understand it in terms of [-ATR] delinking
from the root.
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In order to visualize this complete assimilation, in (157) below I include a plot of
the
he formant averages for root vowels with the subjunctive suffix. The values are from the
chart in (156) above.
(157) Plotted averages of root vowels with the subjunctive suffix (Speaker B)

We see clear merging
rging of /e/ and //ɛ// (here represented as E) before the subjunctive. The
back vowels, however, do not merge.
Individual tokens of the root vowel measurements are in (158) below. Once again,
the measurements are taken from two verb roots per root vowel, totaling 4-6
4 tokens per
vowel.
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(158) Plotted tokens of root vowels with the subjunctive (Speaker B)

Note that tokens of /e/ and /ɛ/
/ are heavily overlapping, whereas /o/ and /ɔ/
/ are not.
The subjunctive harmony patterns described here have been verified not only the
speech of Speaker B, but also in the analysis of wordlists by Speakers A and D as well.
This evidence from multiple speakers makes a good case that underlying /e/ and /ɛ/
/ are
neutralized before the subjunctive. There is, however,
however, an interesting front/back
front/
asymmetry, since /ɔ// and /o/ remain distinct. We see this same front/back
front/
asymmetry
occurring with the high-vowel
high
suffixes as well, which I discuss in §6.4
§ below. The
discussion there includes
include additional vowel formant analysis and t-tests
tests to clarify whether
or not assimilation is gradient or categorical.
categorical The data in that section show that each of
these five suffixes (the subjunctive suffix and the four high-vowel
high vowel suffixes) triggers the
same asymmetrical
etrical raising of //ɛ/ but not /ɔ/.
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6.3

Inversive and Inversive Stative

The inversive /-or/ and inversive stative /-ok/ are a pair of back-vowel suffixes which are
common in many Bantu languages. The inversive is sometimes also called the reversive,
since it usually signifies an undoing or reversing of an action. Some of the clearest
examples of this semantic relationship are shown in (159) below.
(159) Basic and inversive verbs
a.
b.
c.

ko-huɲ-a

‘cover’

ko-huɲ-uɾ-a

‘uncover’

ko-ɾiŋg-a

‘wrap’

ko-ɾiŋg-oɾ-a

‘unwrap’

ɣw-iɣaɾ-a

‘close’

ɣw-iɣ-oɾ-a

‘open’

In each pair of words, the addition of the inversive suffix /-oɾ/ adds the meaning
component of “undoing” or “reversing” the basic action. The stative counterpart /-ok/
also signifies a reversal of the action, but it is intransitive. Note that throughout this thesis
I sometimes refer to both the inversive and inversive-stative suffixes generically as the
“inversive” since their harmony patterns are identical.
The majority of commonly-used inversive and inversive-stative verbs have been
lexicalized, taking on a slightly different or more specific meaning than the combination
of their component parts. Oftentimes the original verb root no longer occurs by itself in
the language. Sometimes a verb will have both inversive and inversive-stative forms, but
other times only one or the other is deemed grammatical by native speakers. Because the
inversive extensions are not nearly as productive as the applicative, causative or passive
extensions, there is a much smaller set of data available to explore vowel harmony in
these extensions. Nonetheless, the following generalizations can be made. There are three
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alternations of the suffix, and the alternations exhibit front/back asymmetry, which is not
uncommon in Bantu verbal extensions (see especially Hyman 1999). The pattern is
presented in (160) below.
(160) Inversive vowel harmony
-oɾ / -ok
-uɾ / -uk
-ɔɾ / -ɔk

following i, e, ɛ, o
following u, a
following ɔ

(root vowel: ɛ  e ?)

As the pattern shows, all front-vowel verb roots have the extension [-oɾ], but back-vowel
roots cause height harmony in the suffix. The extension always agrees with /u o ɔ/ in both
height and [ATR]. Another interesting and important point is that there is only one
potential example of the inversive suffix following /ɛ/ in the root, but it is difficult to be
sure about the basic verb root from which it was derived. This issue is dealt with in detail
further below.
Examples of the inversive in combination with each different root vowel are
shown below. Because the inversive and inversive-stative exhibit the same harmony
behavior, and because of the limited number of examples of each, I include them all
together in the following data sets. I include the majority of examples of inversive verbs
in my data in order to show the well-attested patterns and also to point out the patterns for
which I have fewer examples. For the sake of clarity, I indicate the morpheme break
between the root and the extension in all examples, but recall that many of these forms
are lexicalized, and that this morpheme division is perhaps only historical, not
synchronic.
The examples in (161) show verbs with the high-vowel realization [-uɾ] or [-uk],
all of which have either /u/ or /a/ in the root.
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(161) [-uɾ] following /u a/
Root V

Example

Gloss

Related form

u

ko-huɲ-uɾ-a

‘uncover’

ko-huɲ-a ‘cover’

ɣo-tuk-uɾ-a

‘harvest (dig up)’

ɣo-tuk-a ‘dig’

ko-βuɾuɾ-uk-a

‘jump, fly’

ko-huk-uɾ-a

‘be blind’

ko-βuus-uk-a

‘fade’

ku-naaɾ-uɾ-a

‘unfold’

ɣu-ɣaɾ-uk-a

‘return’

ɣu-ɣaɾ-uɾ-a

‘turn over’

ɣu-tat-uɾ-a

‘stutter’

ɣu-saam-uk-a

‘boil’

ku-ŋaɾ-uɾ-a

‘scratch

ɣu-tand-uɾ-a

‘tear’

a

omo-hukú ‘blind person’

kw-i-naaɾ-a ‘go around’75

ɣu-saam-a ‘move, migrate’

Where possible, I list probable related forms. Some have a clearer semantic connection
than others. For example, it is possible to imagine that ‘move’ and ‘boil’ could be related,
but this connection is not quite as clear as that between ‘cover’ and ‘uncover.’
The [-oɾ] and [-ok] realizations of the extensions occur following /i e o/ root
vowels. Examples involving each of these root vowels are in (162) below. Note that /ɛ/
roots might have this suffix alternation as well, as I discuss further below. Fewer
examples are given for /e/ and /o/ roots simply because there are fewer examples in the
data.

75

The [i-] prefix before the root in [kw-i-naaɾ-a] is the reflexive prefix, which is used to derive new verb
stems. Like the inversive, there are a number of examples in my data of verbs with the reflexive prefix.
Most of these words seem to have been lexicalized.
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(162) [-oɾ] following /i e o/
Root V

Example

Gloss

Related form

i

ko-ɾiŋg-oɾ-a

‘unwrap’

ko-ɾiŋg-a ‘wrap’

ɣw-iɣ-oɾ-a

‘open’

ɣw-iɣaɾ-a ‘close’

ɣo-tititʃ-oɾ-a

‘loosen’

ɣo-timb-ok-a

‘be loose’

ɣo-tiβ-ok-a

‘decrease’

ɣw-asim-oɾ-a

‘sneeze’

ɣo-ɣiɾim-oɾ-a

‘sweat’

ɣo-seb-ok-a

‘to sprout’

ko-ɾem-ok-a

‘be bright’

ko-hoɾ-ok-a

‘come from’

ɣo-soɣ-oɾ-a

‘limp’

e

o

The third form of the suffix, [-ɔɾ], follows /ɔ/ roots only. The few examples
available in the data are in (163) below.
(163) [-ɔɾ] following /ɔ/
Root V

Example

Gloss

ɔ

ɣu-ɣɔɾɔɾ-ɔk-a

‘be straight’

ɣu-kɔɾ-ɔɾ-a

‘cough’

ku-ɾɔβ-ɔk-a

‘leave’

It is possible that the first example above, [ɣu-ɣɔɾɔɾ-ɔk-a], is actually composed of two
inversive suffixes, since it is not uncommon for Bantu verbs to have multiple derivational
extensions.
Despite the fact that there are not clearly related forms (at least in my data) for
most of the words above, it is probable that most if not all of these forms did indeed
develop historically by the addition of the inversive extension. My confidence is based on
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the fact that there are no exceptional forms in my data, that is, no forms which look like
they might contain an inversive but which have a different harmony pattern than that
which I describe here. For example, there are no verbs with a front vowel in the first
syllable of the stem and what appears to be the high-vowel inversive variant [-uɾ] or [uk]. Instead, all front vowels in the first syllable are followed by [-oɾ] or [-ok].
Finally, there is one root vowel for which I have only a single interesting
example. As mentioned above, there is only one potential example of the inversive suffix
in combination with an underlying /ɛ/ root, shown in (164) below.
(164) Root vowel /ɛ/ with inversive
Example

Gloss

Potential related
related form

ɣo-teɣ-oɾ-a

‘remove, undress’

ɣu-tɛɣ-a ‘trap’

The origin of the form [ɣo-teɣ-oɾ-a] is difficult to verify for a number of reasons, most
notably because of both prefix and root vowel difference between the two forms. There
does seem to be a reasonable connection between the meaning ‘to trap’ and ‘to remove,’
but not all Ikoma speakers agree that these words are related. And the fact that the stem
vowel changes from /ɛ/ to [e] makes it difficult to confirm that these forms have the same
historical root, especially since there are no other /ɛ/ root examples which confirm that
mid-vowel raising actually occurs with the inversive.
The possibility that an [ATR] alternation occurs here is a tempting analysis, since
we have seen similar patterns involving another [+ATR] mid-vowel suffix (i.e. the
subjunctive /-e/) which affect the same [-ATR] front vowel /ɛ/. However, even though
these parallel patterns are very interesting, we must note that there is a significant
difference between the two as well. In the subjunctive examples, as with all other root-
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vowel alternations, the root vowel change does not affect the height of the prefix (see
§4.2 and §5.1.1 above and §6.4 below). The general pattern elsewhere in Ikoma is that
even though the root alternates to [+ATR], the prefix still behaves as if the root is
[-ATR]. However, in the case of [ɣo-teɣ-oɾ-a], the prefix is mid, not high. It is possible
that this form has long been lexicalized and now conforms to more typical prefix
patterns. Or, it is possible that [ɣu-tɛɣ-a] and [ɣo-teɣ-oɾ-a] are not actually related.
Because of these uncertainties, we really need more data before positing this type of root
vowel alternation.
Finally, note that the inversive can be combined with the causative suffix, which
is the topic of §6.6 below. There we see that the presence of the causative affects the
inversive’s normal harmony patterns. Specifically, the [-uɾ-a] alternation becomes [-oɾ-i]
in the inversive-causative, but only following [a] root vowels, not following [u] root
vowels.
6.4

Causative, Passive, Perfective and Agentive

Up to now, we have looked in detail at mid-vowel suffixes, but in this section I focus on
four high-vowel suffixes. All of these suffixes cause raising of leftward [-ATR] vowels.
In this section I argue that the raising of /ɛ/ to [e] is a categorical, neutralizing change,
just as we saw earlier in noun stems (§4.2), as well as with the subjunctive suffix earlier
in this chapter. There is evidence that /ɔ/ raises before high suffixes as well, but I argue
that this raising is gradient, not categorical. Also, recall that throughout this paper, my
goal is to describe the patterns as accurately as possible, not to formally and
comprehensively suggest an analysis of these vowel alternations.
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In §6.4.1 below, I begin by describing the patterns of raising caused by these
suffixes. In §6.4.2 I then move into a more-detailed discussion of the reasons for
analyzing /ɛ/ raising as categorical and /ɔ/ raising as gradient.
6.4.1

Description of the patterns

Both high vowels in Ikoma have the same effects on preceding vowels; both [i] and [u]
are invariant and cause some level of raising. The four high-vowel suffixes are listed in
(165) below, repeated from (145) above.
(165) Verbal suffixes which trigger root vowel alternations
Causative

-i

Passive

-u

Perfective

-iɾi

Agentive

-i



root vowel: ɛ  e

The causative, passive and agentive are derivational affixes. The causative and passive
are used to modify the verb’s meaning and valency, whereas the agentive suffix is added
to the verb root, changing the verb to an agentive noun, meaning ‘a person who…’. The
agentive suffix can be added to any verb, assuming the speaker can conceive of a person
who might do the particular action involved.76 Along with the agentive suffix, the Class 1
prefix /omo-/ is added as well, and it takes the regular Class 2 plural prefix /aβa-/. The

76

The agentive is a productive suffix, but it has also resulted in a number of lexicalized nouns in the
language. It is obvious that a number of the examples of mid-vowel raising in noun stems in §4.2 were
historically composed of a verb root in combination with the agentive suffix. In that section, I conclude that
both front and back [-ATR] mid vowels are categorically raised. In this section, however, I deal more with
the agentive as a synchronically productive suffix, since it appears to have the same behavior as the other
three high-vowel suffixes in this section. These suffixes cause raising of /ɛ/, but not /ɔ/, which is different
than the symmetric raising in noun stems. This raises the question of whether or not the agentive nouns
follow the symmetric noun-stem pattern or the asymmetric verbal pattern. The answer to this question is
not fully understood at this time. Much of the confusion lies in the difficulty of determining whether or not
the raising is gradient or categorical, which is the topic of this section.
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perfective is an inflectional TA suffix. It is used for the perfective aspect, and the suffix
also combines with an /a-/ prefix to form the past tense.
Because my goal in this section is primarily to describe the vowel harmony
patterns related to high-vowel suffixes, which are quite consistent from one suffix to the
next, I list the examples all together instead of looking at each one individually. In (166)
below, examples of verbs with each different root vowel are shown in combination with
these four suffixes. I also include the infinitive form of each verb in order to see the
unraised form of each root. The examples show one of the two verbs per vowel which are
used in the vowel formant analysis presented below. These are the same verbs used in
other example sets throughout the chapter.
(166) Examples of verbs with high-vowel suffixes
Root

Gloss

Infinitive

Causative

Passive

Perfective

Agentive

(1P)

i

‘weed’

ɣo-tʃiβ-a

ɣo-tʃiβ-i

ɣo-tʃiβ-u

n-to-tʃiβ-iɾi

omo-tʃiβ-i

e

‘pay’

ko-ɾeh-a

ko-ɾeh-i

ko-ɾeh-u

n-to-ɾeh-iɾi

omo-ɾeh-i

ɛ

‘carry’

ɣu-ɣɛɣ-a

ɣu-ɣeɣ-i

ɣu-ɣeɣ-u

n-tu-ɣeɣ-iɾi

omu-ɣeɣ-i

u

‘dig’

ɣo-tuk-a

ɣo-tuk-i

ɣo-tuk-u

n-to-tuk-iɾi

omo-tuk-i

o

‘weave’

ko-ɾok-a

ko-ɾok-i

ko-ɾok-u

n-to-ɾok-iɾi

omo-ɾok-i

ɔ

‘do’

ɣu-kɔɾ-a

ɣu-kɔɾ-i

ɣu-kɔɾ-u

n-tu-kɔɾ-iɾi

omu-kɔɾ-i

a

‘inherit’

ɣu-ɣaβ-a

ɣu-ɣaβ-i

ɣu-ɣaβ-u

n-tu-ɣaβ-iɾi

omu-ɣaβ-i

Recall from §2.2.3 that Ikoma has a unique variation from the more typical causative and
passive forms. The FV [-a] does not occur following these two derivational suffixes, so
the process of glide formation does not happen in these Ikoma verb forms. Instead, the
causative [-i] and passive [-u] replace the FV.
In the perfective examples, instead of the infinitive prefix, the 1P subject prefix
/to-/ is used. The vowel of this prefix alternates just like that of the infinitive and all other
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alternating prefixes. The verb is also preceded by the nasal prefix [n-], which is a regular
part of a number of affirmative, independent verb forms. See §2.2.2 for an overview of
inflectional verb morphology.
Concerning vowel harmony, we find the same pattern for all four suffixes. Roots
with underlying /ɛ/ are raised to [e], and the front mid vowels merge. Roots with
underlying /ɔ/ are gradiently raised, but they do not categorically merge with /o/.
Phonetic data supporting these claims is given further below. Recall that we saw similar
mid-vowel raising in §4.2 when looking at noun stem co-occurrence patterns, but in that
case there was symmetrical neutralization. There we saw that both /ɛ/ and /ɔ/ are raised
when followed by [i u]. In the case of noun stems as well as these verb root alternations,
stem vowel alternations do not affect prefix alternations. Even when an underlyingly
[-ATR] root becomes [+ATR], the prefix vowel remains high as if there were still a
[-ATR] vowel in the root (see §5.1.1). 77
Vowel formant measurements support the root vowel alternations described
above. The table in (167) below shows the average formant values of all seven vowels in
V1 position, with measurements from Speaker B. The first column shows average V1
measurements in basic infinitive verbs which have the FV [-a]. Each additional column
gives the V1 measurements for each vowel when the verb root is followed by each of the
four high-vowel suffixes. Each of the averages below is from approximately six tokens

77

A single prefix harmony exception has been found. The passive form of the monosyllabic verb [ku-ɾɛ] ‘to
eat’ is [ko-ɾee-βu] ‘to be eaten.’ The suffix [-βu] is an allomorph of the passive suffix [-u], and it is used to
retain CV syllable structure when the suffix follows a vowel. Just like the normal passive form, [-βu]
causes the root vowel to become [+ATR], but the interesting thing to note here is that the prefix changes in
the passive form. This is different than the normal case in which the prefix remains high and is unaffected
by stem changes.
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per vowel (from three V1 tokens per verb, with two verbs per root vowel). The same two
verb roots per vowel were used with each suffix.
(167) Verb root vowel averages with different verbal suffixes (Speaker B)
Basic
CVC-a
F1
F2

Causative
CVC-i
F1
F2

Passive
CVC-u
F1
F2

Perfective
CVC-iɾi
F1
F2

Agentive
CVC-i
F1
F2

i

314

2413

312

2190

293

2323

246

2253

257

2249

e

404

1968

361

2068

395

1947

338

2086

321

2065

ɛ

476

1769

374

2026

410

1718

364

2074

344

2064

u

282

689

259

748

256

627

217

960

253

863

o

408

882

349

841

344

792

299

900

344

830

ɔ

467

967

418

1040

391

932

329

1055

380

1041

a

637

1382

536

1617

489

1112

518

1522

552

1590

I have highlighted the two rows in focus, which show averages for underlying /ɛ/ and /ɔ/
root vowels. When scanning across these two rows, we see significant F1 lowering for
both of these vowels preceding the high-vowel suffixes compared to the F1 average of
the basic verbs. However, when the front and back mid-vowel pairs are compared, it
becomes more clear that /ɛ/ and /e/ formant averages are closer to one another than the /ɔ/
and /o/ averages.
These averages are more easily compared in the five vowel plots in (168) below.
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(168) Plotted V1 averages with suffixes
a) V1 with FV /-a/

b) V1 with causative /-i/

c) V1 with passive /-u/
u/

d) V1 with perfective /-iɾi/
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e) V1 with agentive /-i/
i/

Comparing these plots leads to a number of interesting points. First, notice that
the front mid vowels tend to merge in the environment of these suffixes, whereas the
back mid vowels tend to keep more space between them, even when //ɔ/ has clearly been
raised to some degree.. In fact, llooking
ooking more broadly at the stem vowel measurements of
underlying [+ATR] vowels
vowel as well, it is interesting to note that F1 measurements are
lower across the board for all vowels, not just [-ATR] vowels. This raises the question of
whether or not all root vowels are affected by these high-vowel
vowel suffixes, and if so, how
does that inform our understanding
understand
of the raising of /ɛ/ and /ɔ/? Based on the the fact that
all seven vowels have a lower F1 when they occur with all four suffixes, it is likely that
that this general F1 lowering is the result of co
co-articulation.
articulation. That is, all vowels are
slightly raised, likely because
because of anticipatory raising of the tongue body, and perhaps
even advancing of the tongue root, in preparation for reaching the high-vowel
high
articulation
target. Across-the-board
board co
co-articulation
articulation is not, however, the end of the story.
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The table in (169) below shows the average amount of raising (in Hertz) which
occurs for all seven root vowels, calculated by subtracting the average F1 of the raised
vowels from the F1 average of the unraised vowels, using the figures from (167) above.
Note that I have included the amount of difference for the root vowel before the
subjunctive suffix as well.
(169) Amount of F1 change of root vowels resulting from suffixes (in Hz)
Causative

Passive

Perfective

Agentive

Subjunctive

CVCCVC-i

CVCCVC-u

CVCCVC-iɾi

CVCCVC-i

CVCCVC-e

F1

F1

F1

F1

F1

i

2

21

68

57

32

e

43

9

66

83

19

ɛ

102

66

112

132

83

u

23

26

65

29

47

o

59

64

109

64

41

ɔ

49

76

111

87

10

a

101

148

119

85

33

When comparing the rows for /o/ and /ɔ/, the amount of change in F1 is similar for many
of the suffixes, though the biggest difference is with the subjunctive. However, when
comparing /e/ and /ɛ/, the amount of raising is always much greater for /ɛ/, which allows
the two to arrive at much closer F1 averages.
In general, we see evidence of wide-scale vowel raising of all vowels before [i u],
which suggests that some level of co-articulation is at work for all seven root vowels.
However, because of the degree of raising and apparent merging of some of the mid
vowels in vowel plots above, we must ask whether /ɛ/ and /ɔ/ are only gradiently (i.e.
phonetically) raised like the other vowels, or if there is any evidence that there is a
categorical (i.e. phonological) change of either. This is an important point which has
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significant implications for an analysis of Ikoma vowel harmony. Therefore, in the
following section I approach this issue from a number of perspectives, examining the
evidence for clues concerning how best to understand the raising of /ɛ/ and /ɔ/. I conclude
below that /ɛ/ does in fact categorically assimilate to the following [+ATR] vowel, which
results in neutralization of the [ATR] contrast between /ɛ/ and /e/. However, the same is
not true for the back vowels. Though /ɔ/ is clearly raised to some degree, it does not
merge with /o/ in the harmonic environment.
Before moving on, recall that in noun stem harmony (§4.2) there is a difference
between raising in long and short vowels. In this chapter, I deal with raising only in the
context of short vowels. More research is needed to dertermine whether or not long
vowels in verbs undergo the same raising as short vowels or if they are resistant to it, as
in noun stems. Note also that the question of categorical versus gradient assimilation
comes up in terms of /a/ raising as well. This is a different issue altogether, and it is
relevant not only in verbs, but also in noun stems and prefixes. Therefore, I deal with
low-vowel raising separately in §6.7 below.
6.4.2

Evidence of categorical /ɛ/ and gradient /ɔ/ assimilation

Before moving on to look at additional evidence concerning the nature of stem-vowel
raising, it is helpful first to briefly review some of the characteristics and expectations of
what categorical and gradient assimilation generally looks like cross-linguistically.
Unfortunately, a review of the literature shows that there is not always a lot of consensus
on what defines and distinguishes these two types, to the extent that they can be
distinguished at all.
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In a recent paper on Romanian devoiced nasals, Tucker and Warner (2010) deal
with this very issue in evaluating whether or not the devoicing process is best viewed as
an aspect of phonetics or phonology. Concerning the question “What is phonetics and
what is phonology?” Tucker and Warner describe the descrepencies in the literatureː
The literature includes a variety of criteria or definitions: a phenomenon may be
considered phonetic if it is gradient and variable, if it is caused by biological or
aerodynamic necessity, if it is too subtle to detect by ear without instrumental
measurement, if it results in sounds that are not lexically distinctive in the
language or in any language, if it is triggered or influenced by other factors that
are considered phonetic, etc. […] A phenomenon is sometimes considered
phonological if it is the opposite of these things: if it is consistent and categorical,
involves only complete sounds that are distinctive and is perceptually obvious. A
phenomenon may also be considered phonological if it interacts with highly
abstract, phonological phenomena, such as morphophonology or foot structure.
Furthermore, if an alternation seems arbitrary, so that it is not phonetically
natural, it may be considered phonological.
However, there are myriad problems with these potential criteria. The field
of laboratory phonology has long shown that many, if not all, phonological
phenomena are gradient and variable. (210ː318)
Therefore, though there are general characteristics which are often used to define each
type of process, Tucker and Warner explain that one major reason for the confusion is the
reality that languages do not often work as nicely as we might hope, and that “many, if
not all, phonological phenomena are gradient and variable.” If processes which are
clearly phonological sometimes break the rules and are somewhat phonetically gradient,
then we must use caution in applying these criteria too strictly. Ultimately, Tucker and
Warner suggest that the reality is that these categories are really two extremes along a
continuum.
Though I do not attempt to make any claims concerning the division, if any,
between phonetics and phonology, it is at the very least helpful to evaluate where vowel
raising in Ikoma falls on the phonetics-phonology continuum. In this evaluation of mid-
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vowel raising, luckily there is a natural benchmark for how much F1 lowering is expected
for a categorical change. For example, if /ɛ/ categorically alternates from a [-ATR] vowel
to a [+ATR] vowel, it becomes [e], which is already a phoneme in the language.
Therefore, within the phonological component, before reaching the phonetic component,
/ɛ/ has merged with /e/, and these two vowels should be identical on the surface.
However, if /ɛ/ raising is phonetic, i.e. the result of gradient co-articulation in the
phonetic component, not in the phonology, then we would expect /ɛ/ and /e/ to remain
distinct on the surface, even if /ɛ/ is somewhat raised. Therefore, if /ɛ/ and /e/ neutralize
and are thus phonetically indistinguishable, we have strong evidence of categorical (i.e.
phonological) raising. In this case the raising would be most simply understood as the
result of leftward [+ATR] spreading, since the triggers /i u e/ share the feature [+ATR],
and the change in the root vowel (from [ɛ] to [e]) is a change in the vowel’s [ATR]
quality.
The picture presented above, of using neutralization as a diagnostic for categorical
assimilation, does not work as well in the case of assimilation which results in a nonphonemic segment. For example, without a phonemic [+ATR] counterpart to the low
vowel /a/, it is difficult to judge whether or not it has become phonologically [+ATR], or
if any observed auditory raising is a result of anticipatory tongue raising and is purely
phonetic. Because this is an entirely different issue to deal with, /a/ raising in Ikoma is
discussed separately in §6.7.
In the remainder of this section, I use the core idea presented above (namely, that
of expected neutralization in the case of categorical assimilation) in order to evaluate
additional evidence of /ɛ/ and /ɔ/ raising. In the previous subsection, I present average
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formant values and corresponding vowel plots for all seven root vowels preceding the
high-vowel suffixes. In this section, I present three additional types of evidence which
help us answer the question of whether or not mid-vowel raising is neutralizing. I first
show vowel plots of individual tokens of the mid vowels before each of the suffixes in
order to see the extent of overlapping between the underlyingly [+ATR] and [-ATR]
tokens. Second, I examine the results of t-tests performed on F1 measurements of these
same individual tokens. The t-test results help to determine whether or not the difference
between F1 measurements from underlyingly different [ATR] sets (in the raised
environment) could be considered statistically significant. Third, I discuss results from a
very brief and informal perceptual experiment with two Ikoma speakers. The experiment
sought to evaluate whether or not they could reliably distinguish the mid-vowel pairs in
the raised environment.
To preview the conclusions of these three types of evidence, in the vowel plots
below we see that there is much heavier overlap of /ɛ/ and /e/ than of the back vowels /ɔ/
and /o/. Also, though the t-tests are not entirely conclusive, the results certainly leave the
door open for the possibility of categorical assimilation of /ɛ/. They also give strong
evidence that /ɔ/ quite clearly does not undergo categorical assimilation. The perceptual
test with Ikoma speakers has remarkably similar results. Speakers find front-vowel
minimal pairs much harder, if not impossible, to distinguish in the raised environment.
This is in comparison to back-vowel minimal pairs, which they can apparently always
distinguish. For these reasons, I tentatively conclude that /ɛ/ raising is much closer to the
phonological/categorical side than the phonetic/gradient side of the continuum. However,
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ass I mention below, there are also a few reasons to hold this hypothesis lightly
lightly, at least
until additional research can be carried out.
out
I begin with vowel
owel plots showing individual tokens of the root vowels before
befor each
of the dominant suffixes,
suffixes which includes the high-vowel
vowel suffixes as well as the
subjunctive suffix. These are presented in (170) through (173) below.
(170) Mid root vowels before the causative
c
suffix
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(171) Mid root vowels before the passive
p
suffix

(172) Mid root vowels before the perfective
p
suffix

213
(173) Mid root vowels before the agentive
a
suffix

These plots can also be compared with the subjunctive, which has the great
greatest overlap of
the front vowels and the least overlap of the back vowels, shown in (174) below.
(174) Mid root vowels before the subjunctive
s
suffix

Combining the root vowel tokens
toke s from all of the high vowel suffixes together is
also helpful, which is done in (175) below.

214
(175) All high-vowel
high
suffixes combined

Even though we see heavy overlap of the front vowels, it is also interesting to notice that
the lowest F1 values (that is, the highest in the plot) are still for /e/, and the highest F1
values (that is, the lowest in the plot) are still for /ɛ/.
/ With true and complete
neutralization, perhaps we would expect even more overlap of the front vowels.
However, as mentioned above,
above even clearly phonological processes have been shown to
be gradient.
The individual tokens from (175) above are averaged in (176) below, and these
are plotted in (177).
vowel V1 averages with all high-vowel
h
vowel suffixes
(176) Mid-vowel

e
ɛ
o
ɔ

F1
354
373
328
379

F2
2042
1971
835
1017
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(177) Plot of mid
mid-vowel V1 averages with all high-vowel
vowel suffixes

There is still a small gap in the front-vowel
front vowel formant averages, but the gap is clearly less
than that between the back vowels.
There is another dominant suffix which we have yet to look at, which is the
applicative-causative
causative combination. This combination is described in §6.5 below.
However, for the sake of completeness on the current point, I describe the assimilatory
effects of that suffix here. The root vowels before the applicative-causative
causative also show
quite different pictures for the front vowels and the back vowels, as in the plot of
individual root vowel tokens in (178) below.
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(178) Applicative-causative
Applicative

Yet again, the front vowels are heavily overlapping and appear to have merged, whereas
the back vowels have clearly not been affected in the same way.
Another way to view the level of merging is to look at the difference between the
average F1 values for each mid-vowel
mid vowel pair for each suffix, as shown in (179) below.
(179) Difference in average F1 between [+ATR] and [-ATR]
[ ATR] vowels
Causative

Passive

Perfective

Agentive

Subjunctive

CVCCVC-i

CVCCVC-u

CVCCVC-iɾi

CVCCVC-i

CVCCVC-e

F1

F1

F1

F1

F1

e-ɛ

13

15

26

23

8

o-ɔ

69

47

30

36

90

It is interesting to note that by far the clearest pattern is with the subjunctive suffix. There
is only an 8 Hz difference in the front vowels (showing
(showing virtually complete merging) and a
90 Hz difference in the back vowels (showing clear lack of merging). The reason for this
is likely that the mid-vowel
vowel suffix would create less ancticipatory height co-articulation,
since /e/ is not as high as /i/. Therefore,
Th
with the gradient effects out of the way, it allows
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us to see the phonological patterns more clearly. It is also possible that this is the reason
why the front/back distinction is less clear with the perfective suffix, since the high vowel
target in the suffix is quite long (two syllables) and could potentially cause greater coarticulation effects.
Aside from simply looking at the amount of overlap of individual measurements
of the root vowels, statistical tests also aide in evaluating the data. The table in (180)
below shows the results of t-tests performed on individual tokens of both front and back
mid vowels when they occur before various suffixes. Tests were done on root vowels
with the four high-vowel suffixes individually, then with all of the high-vowel suffixes
together, with the subjunctive suffix, and even the applicative-causative combination.
The table reports the probability that the two sets of F1 measurements are not
significantly different. A result of less than .05 (or 5%) means that there is a very low
probability that the difference between the two populations is a result of chance, and
therefore that the difference is most likely significant (S). On the other hand, a result of
greater than .05 means that there is a higher probability that the difference is due to
chance and therefore that the difference between the two sets is potentially not significant
(NS). These tests were conducted on F1 measurements alone, since F1 is the greatest
acoustic correlate of vowel height and tongue root position.
(180) Summary of t-tests on F1 values for mid vowels before [+ATR] suffixes

e–ɛ
o-ɔ

Caus

Pass

Perf

Agent

NS
.28
S
.0003

NS
.25
S
.018

NS
.15
S
.0006

NS
.19
S
.013

All high
suffixes
NS
.067
S
.0001

ApplicCaus
NS
.84
S
.0007

Subj
NS
.67
S
.01
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All front-vowel pairs have a probability of over .05 (5%), whereas all back-vowel
pairs have a probability of less than .05. The majority of the back-vowel results are well
below .05, so it is quite safe to conclude that /ɔ/ and /o/ do not neutralize. The
applicative-causative and subjunctive results are the most conclusive for the front vowels,
since the higher the probability, the more likely it is that the difference between /ɛ/ and /e/
is not significant. Perhaps the most damaging evidence for the neutralization hypothesis
is that the result for the high-vowel suffixes combined (.067) is only barely over the .05
minimum. Therefore, even though this is statistically considered to be not significant, it
still means that there is a 93% chance that the two populations are different. Bear in mind
that these tests were done with only around 6 measurements per vowel per suffix, so
more tokens would undoubtedly make the picture more clear.
The third piece of evidence concerning mid-vowel raising comes from a small,
informal perceptual experiment conducted with two Ikoma speakers.78 The experiment
was based on the following pairs of verbs in (181), reproduced from (55) above. The
stem vowels in each pair of verbs are mid, and they differ only in their [ATR] value.
(181) Mid-vowel contrast examples (verbs)
[+ATR]
a.
b.

[-ATR]

ko-meɾa

‘swallow’

ku-mɛɾa

‘sprout’

ko-ɾeɾa

‘cry’

ku-ɾɛɾa

‘bring up’

ɣo-koɾa

‘grow’

ɣu-kɔɾa

‘do’

ko-hooɾa

‘thresh’

ku-hɔɔɾa

‘carve’

In the examples above, the infinitive prefixes alternate based on the root vowel. However,
when a low-vowel prefix is used, there is no prefix alternation to signal a difference in

78

I especially thank Johnny Walker for his assistance in carrying out this experiement for me while I was
out of the country and thus unable to facilitate it myself.
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stem vowel quality. This allows for a way to test whether or not native speakers are able
to distinguish the mid vowel [ATR] contrast when these verbs are in the raised
environment, i.e. followed by a [+ATR] suffix. For example, if speakers cannot
distinguish between the perfective forms of the stems /meɾa/ ‘swallow’ and /mɛɾa/
‘sprout,’ then this is strong evidence of neutralization.
The experiment was very simple and involved Speakers A and B. Two small lists
of verbs were prepared (7 words each), and each speaker read one of the lists while the
other wrote down the meaning of the words in Swahili.79 The reader pronounced each
Ikoma word twice, in isolation, without giving any clues of the intended meaning. The
goal was to see whether or not the listeners consistenly wrote the correct Swahili
translation, or if they confused the underlying /e/ and /ɛ/ pairs. I included some other
words in the lists that aren’t minimal pairs in order to try to keep the lists more natural.
The table below shows all of the words from the two lists which had potential for
confusion with another stem. Verbs were either perfective, subjunctive, passive, or
subjunctive-causative. The 3P subject agreement marker [βa-] was used for all forms.

79

Obviously these results would be more conclusive with more listeners, but there was not enough time or
available Ikoma speakers to conduct a more thorough investigation.
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(182) Words used in perception experiment
Root

Phonetic

Gloss

/mɛɾ/

m-ba-meɾ-iɾi

they have sprouted (PFV)

/ɾɛɾ/

βa-ɾeɾ-e

they should bring up (SBJV)

/hɔɔɾ/

m-ba-hɔɔɾ-iɾi

they have carved (PFV)

/meɾ/

βa-meɾ-u

they should be swallowed (SBJV-PS)

/hooɾ/

m-ba-hooɾ-iɾi

they have threshed (PFV)

/ɾeɾ/

m-ba-ɾeɾ-iɾi

they have cried (PFV)

/mɛɾ/

βa-meɾ-e

they should sprout (SBJV)

/kɔɾ/

βa-kɔɾ-i

they should cause to do (SBJV-CAUS)

/ɾɛɾ/

aβa-ɾeɾ-i

child rearer (agentive)

When the above words were read, one listener wrote down two incorrect answers
(shaded in the table above). The answers given for these two words were the verbs with
the opposite [ATR] values. Therefore, for at least one speaker, there was confusion about
the intended meaning, and the perfective and subjunctive suffixes clearly neutralized the
[ATR] contrast. Note that no incorrect answers were given for any back-vowel roots.
During an open discussion about these issues (after the experiment was complete),
Speakers A and B expressed their opinion about their ability to distinguish these vowels.
The back vowels were easy to distinguish, and there was no debate about those forms.
However, for the front vowels, the difference between ‘they have sprouted’ and ‘they
have swallowed’ was especially difficult, whereas the other front vowel pair (between
‘cry’ and ‘bring up’) was reportedly easier. Nonetheless, in a later recording of Speaker A
pronouncing the front-vowel pairs in the perfective, the ‘bring up’/’cry’ pair is
indistinguishable to my ear, whereas the ‘swallow’/’sprout’ pair is slightly
distinguishable.
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The results from this perception experiment are largely in line with what we have
seen in the vowel formant averages, plots of individual tokens and t-tests. There is
consistently evidence of nearly full assimilation of /ɛ/, but perhaps not as clear as we
might ideally hope for. There is also consistently a clear distinction between the back mid
vowels, which is much more in line with expectations for gradient assimilation.
Though I am limited by a small amount of acoustic data, and only a small-scale
and informal perception test, I must draw some tentative conclusions. Based on the vowel
plots and t-test results above, as well as on evidence from elsewhere in this thesis, my
evaluation is that the scale is tipped in the direction of categorical assimilation of /ɛ/ but
only gradient raising of /ɔ/. The gradient raising of /ɔ/ is much like the anticipatory coarticulation which occurs with all of the other vowels before a high vowel. In (183)
below I list a number of arguments summarizing the evidence for categorical assimilation
of /ɛ/ to [e].
(183) Arguments for categorical neutralization of /ɛ e/
•
•
•
•

•

There is significant overlap of individual tokens of /e ɛ/ when these root
vowels occur with all of the dominant suffixes mentioned above.
T-tests for all of the same suffixes show that it is not necessary to consider
individual tokens of raised /ɛ/ as significantly different than /e/ in the same
environment (before the dominant suffixes).
That /ɛ/ is raised with the subjunctive [-e] is evidence that it is not just
tongue height which causes the raising, but that [+ATR] spreads from
mid-vowel [e] as well.
The causative suffix has major effects on the applicative when they are
combined, and the regularity and extremity of the difference between the
normal applicative and that which occurs before the causative suggests
that it must be categorical.
Neutralization of the [ATR] contrast is well attested in both front and back
mid-vowels when they precede high vowels in bisyllabic noun stems (see
§4.2 above), which makes it more believable that [+ATR] spreading could
occur in verbs as well.
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•

Native speakers have a very difficult time telling /ɛ e/ apart in verbal
minimal pairs in the raised environment (compared with /ɔ o/, which they
can always distinguish).

A similar list of points can be made for why we must consider /ɔ/ raising to be
gradient, as shown in (184).
(184) Arguments for gradient raising of /ɔ/
•
•
•
•

Average formant values of raised /ɔ/ and raised /o/ remain distinct.
There is little overlap of individual measurements of /ɔ/ and /o/ before
dominant suffixes.
T-tests consistently show that differences in F1 values are most likely
significant.
Native speakers can reliably distinguish /ɔ o/ in verbal minimal pairs in the
raised environment.

We can balance these arguments with those from the other side. In (185) below I
summarize the reasons why we must hold the analysis of /e ɛ/ neutralization tentatively.
(185) Arguments against categorical raising of /ɛ/
•

•
•

•
•

Though there is significant overlap of /ɛ/ and /e/ tokens, and though the ttests leave open the possibility that they neutralize, this evidence is not as
conclusive as we might expect. With complete neutralization, we might
expect at least some of the raised /ɛ/ averages to have a lower F1 than
some of the /e/ averages. However, we see in (167) above that averages of
raised /ɛ/ always have a higher F1 than /e/, even though they are often very
close.
Root alternations do not affect prefix vowel height alternations.
Asymmetric spreading between front and back vowels in verbs is unusual
(though not unattested). Additional phonetic factors might be found which
could account for why /ɛ/ is raised more significantly than /ɔ/, or perhaps
why /o/ is raised more significantly than /e/.
[+ATR] spreading is not expected with an inventory of this type. (This
might, however, be explained by Ikoma’s history, as discussed in §7.3
below.)
Even though raised /e ɛ/ are difficult for Ikoma speakers to distinguish, the
fact that they can sometimes tell them apart (after a few repetitions) is
perhaps an indication that they have not entirely merged, or perhaps that
the raising is post-lexical and can be reduced in slow speech.
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More data and continued research will ultimately be needed to address this issue
with any more certainty. But based on the available data and and practical time
constraints, I suggest that the front vowel assimilation is most likely categorical, resulting
in neuatralization of the front mid vowels. I also suggest that back vowel assimilation is
not categorical, since /ɔ/ and /o/ remain distinct in similar environments. This is similar
to, but slightly different from the raising observed in noun stems. In noun stems, both
front and back mid vowels are neutralized before high vowels.
I conclude with a brief comment about this front-back raising asymmetry. The
asymmetry between /ɛ/ and /ɔ/ raising is certainly curious, but not entirely unattested.
Front-back asymmetries are quite common in Bantu vowel height harmony in verbal
extensions. Though the patterns and environments in Ikoma are much different than those
of the sort that Hyman (1999) discusses, we can at least note that front/back asymmetries
are actually widespread in Bantu. Another example, from Leitch (1996ː71), concerns
asymmetric prefix harmony in Bobangi (C30) in which back-vowel prefixes harmonize
from [o] to [ɔ], but front-vowel prefixes are invariably [e], even before [ɛ] in the stem. In
Bobangi verbal prefixes, however, neither front nor back-vowel prefixes harmonize.
Though a pattern like this and the Ikoma pattern described above are perhaps difficult to
explain in our theoretical models, the fact that such patterns exist should not come as too
much of a surprise.
This section has described vowel alternations which take place with the highvowel suffixes. The next two sections describe two different combinations of the
causative suffix with other suffixes, such as the applicative and the inversive. Similar
discussion of the effects of high vowels on the low vowel /a/ takes places in §6.7. Finally,
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see §7.2 for speculations concerning how these dominant suffixes fit into a more
comprehensive analysis of Ikoma vowel harmony.
6.5

Applicative-Causative

So far we have seen a number of different vowel harmony patterns. In §6.1, §6.2 and
§6.3, I show that all mid-vowel suffixes have alternations which harmonize with the
preceding vowel of the verb stem. In one of these cases, however, the subjunctive triggers
raising of /ɛ/ root vowels, showing that it is in some ways both dominant and recessive.
Then, in §6.4, I show that high-vowel suffixes do not alternate, but instead they appear to
spread [+ATR] leftward to /ɛ/ vowels in the verb stem, causing neutralization of /e/ and
/ɛ/. Based on these facts, it is interesting to then ask the question of what happens when
mid-vowel and high-vowel suffixes occur within the same word. This section and the
next explore these issues. This section focuses on the applicative mid-vowel suffix in
combination with the causative high-vowel suffix. The following section (§6.6) explores
the causative in combination with the inversive.
In §6.1 above, we saw that the applicative suffix is underlyingly /-ɛɾ/ and has a
[+ATR] variant [-eɾ] following /e o/ root vowels. However, when the causative suffix /-i/
follows the applicative, the applicative is invariably [-eɾ], even following [-ATR] root
vowels. Furthermore, the effects of the causative suffix continue through the applicative
suffix and affect the verb root vowels as well, once again raising /ɛ/ to [e]. I show below
that /ɔ/ is raised as well, but once again, it is only gradient. The front mid vowels
neutralize in the root, but the back mid vowels do not.
The examples in (186) below compare basic applicatives with applicativecausatives.
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(186) Applicative and Applicative-Causative Verbs
Root V

Applicative

Example

ApplicApplic-Caus

Example

i

-ɛr

ɣo-tʃiβ-ɛɾ-a

-eɾ-i

ɣo-tʃiβ-eɾ-i

e

-er

ko-ɾeh-eɾ-a

-eɾ-i

ko-ɾeh-eɾ-i

ɛ

-ɛr

ɣu-ɣɛɣ-ɛɾ-a

(e) -eɾ-i

ɣu-ɣeɣ-eɾ-i

u

-ɛr

ɣo-tuk-ɛɾ-a

-eɾ-i

ɣo-tuk-eɾ-i

o

-er

ko-ɾok-eɾ-a

-eɾ-i

ko-ɾok-eɾ-i

ɔ

-ɛr

ɣu-kɔɾ-ɛɾ-a

(ɔ̝) -eɾ-i

ɣu-kɔ̝ɾ-eɾ-i

a

-ɛr

ɣu-ɣaβ-ɛɾ-a

-eɾ-i

ɣu-ɣaβ-eɾ-i

As the examples show, the leftward raising caused by the causative suffix “wins out”
over the rightward mid-vowel harmony, preventing the normal alternations of the
applicative suffix. Instead of the variant [-eɾ] occurring after /e o/ only, it now occurs
following all root vowels. Because the root vowel /ɛ/ is affected as well, alternating to
[e], disharmonic mid-vowel sequences such as [ɛ … e] are still avoided. The situation is
more complex with /ɔ/ roots, which I discuss later in the section.
The difference in the vowel quality of applicative vowels is striking when the
basic applicative is compared with the applicative-causative. (187) below shows the
average formant values of both of the normal applicative alternations [-ɛɾ] and [-eɾ], as
well as the average of the applicative vowel which occurs before the causative /-i/.
(187) Average applicative vowel measurements (Speaker B)

Applicative [-ɛɾ-a]
Applicative [-eɾ-a]
Applic-caus [-eɾ-i]

F1
513
386
269

F2
1831
1919
2118

following V1 /i ɛ a ɔ u/
following V1 /e o/
following all root vowels

The formant values given for [-eɾ-i] are an average of twenty-nine different tokens
following all seven root vowels, with F1 measurements ranging from 224 Hz to 313 Hz.
These F1 values are very low for a mid vowel, and we might be inclined to call the vowel
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[i] instead of [e]. This vowel does indeed sound very high, but not quite as high as the
typical [i]. Also, native speakers regularly write words with the applicative-causative
suffix combination as <-eri>, not as <-iri>, which is indicative of their association of this
vowel with /e/, not /i/. One possible explanation for the phonetically high applicative
vowel of [-eɾ-i] is that it is the result of a co-articulation effect. Specifically, aside from
the phonological change from /-ɛɾ/ to /-eɾ/, there is also possibly some level of gradient
tongue height raising in anticipation of the following high vowel of the causative suffix.
The sequence [-eɾ-a], with the FV [-a], obviously would not experience this anticipatory
tongue height raising.
The root vowel changes caused by the applicative-causative combination are
visible in vowel formant measurements, seen in the table of formant values in (188)
below. I have included average V1 measurements for basic stems with the FV [-a], then
for verbs with the applicative suffix, the applicative-causative combination, and then the
causative suffix by itself.
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(188) Verb root vowels with applicative, causative and applicative-causative

i

Basic
CVC-a
F1
F2
314
2413

Applicative
CVC-ɛr-a
F1
F2
318
2219

Applic-Caus
CVC-er-i 80
F1
F2
273
2288

Causative
CVC-i
F1
F2
312
2190

e

404

1968

393

2023

336

1984

361

2068

ɛ
u
o
ɔ
a

476
282
408
467
637

1769
689
882
967
1382

459
272
396
501
650

1923
877
905
1053
1550

333
314
395
576

2052
952
1181
1541

374
259
349
418
536

2026
748
841
1040
1617

As these average V1 values show, even though the applicative by itself does not cause
root vowel alternations, the applicative-causative suffix combination does cause
significant auditory raising of [-ATR] vowels. The raising before the applicativecausative suffix is comparable to the raising which occurs when the causative suffix is
directly adjacent to the root.
In the case of /ɔ/ roots, just as we have seen elsewhere in this chapter, the back
mid vowels do not neutralize, but /ɔ/ is still significantly raised, as shown in the formant
measurements above. Also above, note that the F1 average for /o/ in basic verbs is 408
Hz, and the F1 average for /ɔ/ before the causative-applicative is 395 Hz. These values
for /o/ and /ɔ/ at first seem comparable, but when we compare these different phonemes
in the same environment, we see that they actually do not merge. For example, the F1 of
/o/ before the causative-applicative is much lower, at 314 Hz, which is still quite different
than raised /ɔ/, with an F1 of 395 Hz. Therefore, even though /ɔ/ is raised, it is difficult to
80

Note that Speaker B considered the /u/ verbs in combination with the applicative-causative suffixes to
have an unusual meaning and did not feel comfortable pronouncing them as good Ikoma words. For that
reason, we did not record either of the /u/-root words from the wordlist with this suffix combination. The
two words which I elicited, but did not ultimately record with Speaker B, were /ɣo-tuk-eɾ-i/ ‘to cause to dig
for’ and /ko-βuɣ-eɾ-i/ ‘to cause to say for.’ Another word from the list which Speaker B found awkward
was /ɣu-teɣ-eɾ-i/ ‘to cause to trap for.’ Though some of these derived verbal forms are admittedly not
terribly common in normal speech, other speakers acknowledged that they are at least grammatical.
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argue that it is phonologically [+ATR], because if that were the case, then we would
expect the /ɔ/ and /o/ formant averages to be much closer in this raised environment. This
creates an interesting situation in which the underlying /ɔ/ vowel is phonologically still
[-ATR] but is phonetically much like [+ATR] [o]. This is an interesting compromise, in
which the language allows for a phonologically disharmonic sequence of mid vowels,
which seem to both be phonetically [+ATR].
The data in (187) and (188) above provides good evidence that the causative
suffix not only affects the vowel quality of the preceding applicative suffix, but also that
the leftward spreading continues to the root vowel as well. Perhaps we could generalize
that spreading goes all the way to the left edge of the verb stem. However, because prefix
alternations are dissimilatory, harmony patterns seem to reset themselves at the left edge
of the verb stem, at which point the prefix directly adjacent to the verb root alternates as
described in Chapter 5 above.
6.6

Inversive-Causative

The second combination of mid-vowel and high-vowel suffixes is the inversivecausative. When the inversive suffix /-oɾ/ is combined with the causative /-i/, we find that
the causative has an effect on some of the inversive alternations, just as we saw with the
applicative-causative combination as well. Like the applicative, the inversive is also a
mid-vowel suffix, but the inversive alternations are more complex. As described in §6.3
above, the inversive suffix has three different alternations, depending on the preceding
stem vowel. The pattern is given in (189) below (repeated from (160) above).

229
(189) Inversive vowel harmony
-oɾ / -ok
-uɾ / -uk
-ɔɾ / -ɔk

following i, e, ɛ, o
following u, a
following ɔ

(root vowel: ɛ  e ? )

To summarize the inversive and inversive-causative harmony patterns, examples
of both patterns are shown in (190) below. Recall from §6.3 that [ɣo-teɣ-oɾ-a] is the only
potential example of the inversive suffix with the root vowel /ɛ/. With the lack of clearer
examples, inversive patterns involving this root vowel are unclear.
(190) Inversive and Inversive-Causative Verbs
Root V

Inversive

Example

InversInvers-Caus

Example

i

-oɾ

ko-ɾiŋg-oɾ-a

-oɾ-i

ɣw-itʃ-oɾ-i

e

-oɾ

ɣo-seb-ok-a

-oɾ-i

ɣo-seb-ok-i

ɛ

-oɾ

ɣo-teɣ-oɾ-a

-oɾ-i

ɣo-teɣ-oɾ-i

u

-uɾ

ko-huɲ-uɾ-a

-uɾ-i

ko-huɲ-uɾ-i

o

-oɾ

ko-hoɾ-ok-a

-oɾ-i

ɣo-soβ-oɾ-i

ɔ

-ɔɾ

ɣu-ɣɔɾɔɾ-ɔk-a

-ɔɾ-i

ɣu-ɣɔɾɔɾ-ɔk-i

a

-uɾ

ɣu-ɣaɾ-uk-a

-oɾ-i

ɣu-ɣaɾ-ok-i

As shown above, all root vowels, with the exception of /a/, have the same inversive
alternation with and without the causative. With /a/, however, the inversive vowel is high
when the FV is [-a], but it is mid when the FV is high. Additional examples with each
root vowel are below.
In (191) below I show several pairs of verbs with /a/ in the root. In the basic
inversive form, the extension has the high vowel [u], but in the inversive-causative form
the extension has the mid vowel [o].

230
(191) Inversive and inversive-causative with /a/ root vowels
a.
b.
c.

ku-naaɾ-uɾ-a

‘unfold’

ku-naaɾ-oɾ-i

‘cause to unfold’

ɣu-ɣaɾ-uk-a

‘return’

ɣu-ɣaɾ-ok-i

‘return (something)’

ɣu-tand-uɾ-a

‘tear’

ɣu-tand-oɾ-u

‘torn’

(Note: passive, not causative)

Note that this pattern occurs not only with the causative but with the passive and
perfective as well as. In (c), [ɣu-tand-oɾ-u] ‘torn’ has a passive [-u] suffix, but it causes
the same behavior as the high-vowel causative suffix. Similarly, the perfective [m-ba-ɣaɾok-iɾi] ‘they have returned’ has the inversive [-ok], not [-uk], when it is followed by the
perfective suffix [-iɾi].
Note, however, the inversive suffix remains high when the root vowel is [u], as
shown in (192) below.
(192) Inversive and inversive-causative with /u/ root vowels
a.
b.

ko-huɲ-uɾ-a

‘uncover’

ko-huɲ-uɾ-i

‘cause to uncover’

ɣo-tuk-uɾ-a

‘harvest (dig up)’

ɣo-tuk-uɾ-i

‘cause to harvest (dig up)’

We see, then, that the quality of the root vowel determines whether or not the [-uɾ] suffix
is lowered to [-oɾ] before a high vowel. These patterns could be the result of some sort of
lexicalized height dissimilation. More historical work in Ikoma and related languages
might explain these alternations.
As shown above, for all other root vowels, the vowel of the basic inversive is the
same as that found in the inversive causative. Examples of inversive-causative verbs with
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[i e o] in the root are in (193) below, with [i] roots in (a), [e] roots in (b), and [o] roots in
(c).
(193) Inversive-causative with /i e o/ roots
a.
b.
c.

ɣw-itʃ-oɾ-i

‘fill’

c.f. ɣw-itʃ-oɾ-a

‘be full’

kw-im-ok-i

‘take’

ɣo-teɣ-oɾ-i

‘cause to remove’

c.f. ɣo-teɣ-oɾ-a

‘remove’

ɣo-seβ-ok-i

‘cause to sprout’

c.f. ɣo-seβ-ok-a

‘sprout’

kw-om-oɾ-i

‘shell’

ɣo-soβ-oɾ-i

‘husk’

We see that in all cases, the vowel of the inversive remains [o], both with the FV [-a] and
the causative [-i].
For verbs with an /ɔ/ root, I have a single pair of examples showing the inversive
with and without the causative suffix, shown in (194) below.
(194) Inversive-causative with /ɔ/ root
ɣu-ɣɔɾɔɾ-ɔk-a

‘be straight’

ɣu-ɣɔɾɔɾ-ɔk-i

‘straighten’

These words are clearly related in both form and meaning, with the causative extension
as the only difference. It is possible that they were both formed with more than one
occurrence of the inversive, but for our purposes I focus only on the final [-ɔk] suffix. It
is striking that, with the exception of the causative suffix itself, the pronunciation of these
words is virtually identical. The high vowel has virtually no effect on the preceding
[-ATR] vowels. Any phonetic raising of /ɔ/ is only slightly detectable both auditorily and
in formant measurements.
Therefore, the inversive-causative combination is in some ways similar to the
applicative-causative combination, but in some ways it is different. These two suffix
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combinations are similar since the causative suffix affects the surface realization of the
preceding extension in at least some cases. However, the two combinations are different
since the causative’s effects are much less with the inversive, where it only changes the
suffix following /a/ roots. Another difference is that there is greater raising of the /ɔ/ root
vowel preceding the applicative-causative combination, whereas there is virtually no
raising of /ɔ/ in the root or the suffix preceding the inversive-causative suffix
combination.
6.7

Assimilatory effects on low vowels

As mentioned in previous sections and chapters, /a/ is often raised when followed by high
vowels, in both stems and prefixes. This is a different and in some ways more complex
issue to deal with in comparison to mid-vowel raising. The picture presented in §6.4.2
above, in which neutralization is used as the primary diagnostic for categorical
assimilation, does not work in the case of assimilation which results in a non-phonemic
segment. Without a phonemic [+ATR] counterpart to the low vowel, it is difficult to
judge whether or not it has become phonologically [+ATR], or if any observed raising is
simply the result of anticipatory tongue raising and is purely phonetic. This is indeed the
difficulty with many cases of /a/ raising in African harmony systems, as in Akan (e.g.
Clements 1981 and Hess 1992) and Kinande (see Gick et al. 2006 and references therein).
Each of these papers on Akan and Kinande exemplify the disagreements which exist
concerning how to deal with /a/ raising. Must it be dealt with in the phonology, or can it
be dismissed as purely phonetic?
In Ikoma, it is clear that there is some degree of low-vowel raising. The question
is whether it is phonetic or phonological. Because raised /a/ is not neutralizing, it is
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harder to prove categorical assimilation. And in fact, there are a number of reasons why it
is difficult to argue for full assimilation of the low vowel. In this section, I begin with a
summary of the arguments against categorical assimilation, given in (195) below.
Following this summary, I go into more detail and give examples of a number of these
points.
(195) Arguments for gradient (not categorical) assimilation of /a/
•
•
•
•
•

•

Any raising before /i/ could be attributed to anticipatory tongue height
raising, not [ATR] spreading.
There is also gradient assimilation of /ɔ/ and all other vowels, showing
that anticipatory tongue raising is indeed a property of the language.
There is interspeaker variation on the amount of /a/ raising.
Even within the speech of a single speaker, there is random variation in
the amount of raising, from word to word and repetition to repetition.
In prefixes and augments, there could be a more robust raising effects
between consonants than in word-initial position. This could explain why
raising is less consistent with the class 9 prefix /a-/ than with the class 2
prefix /βa-/.
If it were categorical it would have to refer to morphology, since raising
does not happen everywhere (e.g. not in some prefixes, such as class
9/10), so it would have to be a lexical rule. However, if it is a lexical rule,
we would expect native speakers to be aware of it, but they are not.

With these arguments in mind, I now briefly present some vowel formant analysis
which explains some of the statements above. I begin with looking at /a/ raising in verb
roots, then move to noun roots, and then look at prefixes. (196) below repeats part of the
table from (167) above, showing average formant values for the three [-ATR] vowels in a
basic verb root and with the four high-vowel suffixes.
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(196) Verb root vowel averages with different verbal suffixes (Speaker B)
Basic
CVC-a
F1
F2

Causative
CVC-i
F1
F2

Passive
CVC-u
F1
F2

Perfective
CVC-iɾi
F1
F2

Agentive
CVC-i
F1
F2

ɛ

476

1769

374

2026

410

1718

364

2074

344

2064

ɔ

467

967

418

1040

391

932

329

1055

380

1041

a

637

1382

536

1617

489

1112

518

1522

552

1590

The change of average F1 values from the basic averages are shown in (197) below.
(197) Change in F1 from the basic vowel before each dominant suffix
Causative

Passive

Perfective

Agentive

Subjunctive

CVCCVC-i

CVCCVC-u

CVCCVC-iɾi

CVCCVC-i

CVCCVC-e

F1

F1

F1

F1

F1

ɛ

102

66

112

132

83

ɔ

49

76

111

87

10

a

101

148

119

85

33

The fact that there is significantly less change in F1 of /ɔ/ and /a/ before the subjunctive /e/ suffix is probably the best indicator of whether the raising is phonological (and thus the
result of [ATR] spreading) or if it is gradient. We have seen elsewhere that categorical
raising of /ɛ/ happens not only before /i u/ but also before /e/ and possible /o/. However,
there is only a 10 Hz difference between basic /ɔ/ and subjunctive /ɔ/, and only a 33 Hz
difference for /a/. Because the low vowel already tends to have a broad range of
acceptable values, a 33 Hz F1 difference is barely perceptible. The degree of raising is
greater before the high vowel suffixes, which suggests that it very well could be a result
of tongue raising, not [ATR] spreading.
In noun stems, in §4.1 we saw that /a/ can co-occur with all other vowel
phonemes in any order. However, when followed by high vowels, /a/ sometimes has a
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slightly raised variant, similar to the raising with mid vowels which was described in the
previous section. The distinction is subtle, only partially predictable, and not within
native speaker awareness. The following examples in (198) have a slightly raised /a/ in
CVCV noun roots, presumably resulting from the high vowel in V2 position.
(198) Raised /a/ before /i u/
a.

b.

eɣi-táti

‘eyelid’

a-sáβi

‘rhinoceros’

omu-ɣaβi

‘heir’

a-sási

‘spark’

omu-káɾi

‘woman’

oɾu-βaɾu

‘side’

ama-satʃu

‘curdled milk’

Long /aa/ in V1 position is resistant to raising; when followed by /i u/, /aa/ is still clearly
quite low, measuring as low as nouns with a CaCa stem. We saw long-vowel resistence
to raising with the mid vowels in §4.2 as well.
There is also some variation between speakers. The raising is clearer in the speech
of Speaker B than Speaker A, though that is possibly because the typical unraised /a/ of
Speaker A is higher than the average unraised /a/ of Speaker B. Therefore, when Speaker
B’s /a/ is raised before a high vowel, the raised variant is more easily distinguished from
the unraised variant. For example, /a/ in [eɣi-táti] ‘eyelid’ sounds raised in Speaker B’s
recording, but not convincingly so in the recording by Speaker A. The table in (199)
shows a small sampling of words which were recorded by all four speakers in the study,
indicating which words by which speakers show evidence of raising. Words with
question marks indicate cases which are difficult to determine.
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(199) Differences in low vowel raising among speakers

omuomu-káɾ
káɾi

Speaker A

Speaker
Speaker B

Speaker C

Speaker D

raised ?

raised

not raised

not raised

not raised

raised

raised

raised

raised ?

raised

not raised

raised ?

raised

raised

raised

raised

‘woman’
eɣi-táti
‘eyelid’
oɾu-βaɾ
βaɾu
‘side’
amaama-satʃ
satʃu
‘curdled milk’
All four words have raised /a/ in Speaker B’s speech, whereas there is variation in which
of the words sound raised in other speakers’ recordings. Because the difference is subtle,
and I have recordings for only these four words with [a…i/u] for Speakers B, C and D,
determining whether or not a particular vowel is raised can be difficult to say with
complete confidence.
Low vowels are even less consistently raised in prefixes. A significant number of
class 2 and 9/10 prefix and augment vowels were measured, comparing prefixes before
both [+ATR] and [-ATR] root vowels, but the results were inconclusive and quite
inconsistent. One point that was somewhat consistent is that the class 2 /βa-/ prefix
vowel is more affected by [i u] in the stem than the class 9/10 /a-, tʃa-/ prefix vowels. The
class 2 prefix vowel is also raised more than the class 2 augment, which always remains
quite low. A small sample of prefix and augment vowel formant averages are given in
(200) and (201) below.
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(200) Class 2 [βa-] prefix measurements before select root vowels (Speaker B)
V1

F1

F2

No. of
tokens

iu

565

1269

8

ɛ

636

1373

2

(201) Class 2 [a-] augment measurements before select root vowels (Speaker B)
V1

F1

F2

No. of
tokens

iu

654

1359

8

ɛ

700

1385

2

There is a 71 Hz difference in the F1 average of the prefix vowel before [i u] and before
[ɛ]. It would be very difficult to argue convincingly that this level of raising is
categorical, especially since low vowels in general already has such a large range of
acceptable F1 values. And concerning the augment vowel, the higher F1 values indicate
that the vowel remains phonetically quite low before both [+ATR] and [-ATR] roots.
Finally, I include some data from class 9/10 prefixes /a-/ and /tʃa-/. In classes
9/10, the prefix vowels pattern more like the class 2 augment. They resist raising, even
when directly adjacent to stem-initial high vowels. In order to get a broader picture of the
(lack of) prefix harmony in this class pairing, I show vowel formant averages for the
prefix vowel for Speaker B in (202) below.
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(202) Class 9/10 prefix vowel averages before all root vowels (Speaker B)
V1

F1

F2

No. of
tokens

iu

679

1512

22

eo

740

1640

2

ɛɔ

665

1556

6

a

730

1546

8

ieou

684

1522

24

ɛɔa

702

1550

14

all

691

1533

38

Unfortunately, I had an unbalanced number of class 9/10 words recorded by this speaker.
There were many more prefixes available before [i u] stems than before any of the other
vowels, and I was only able to measure two tokens of the prefix before [e o].
Nonetheless, we can at least get some picture of situation. Strangley, the lowest F1 value
(and inversivly, the highest vowel) is the prefix before [ɛ ɔ], which has an F1 average of
665 Hz. This is very similar to the average before [i u], which is 679 Hz. The other three
vowels, [e o a], have a similar average, at 730 and 740 Hz. We see then, that we have two
different patterns emerging from the measurements, but they are not the patterns we
would expect.
When we average the prefixes based on [ATR] classes, as is done in the bottom of
the table, the prefix before [ɛ ɔ a] is indeed slightly lower than than the prefix before the
[+ATR] vowels, but the difference is only 18 Hz. If we step away from average values
and begin looking at individual F1 measurements, we see that F1 values range from 584
Hz to 831 Hz, but there are many [-ATR] V1s with prefix measurements in the 600-700
Hz range, and many [+ATR] V1s with measurements in the 700-800 Hz range.
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In summary, it is clear that some degree of low-vowel assimilation occurs,
especially in noun and verb stems. However, there is no convincing evidence which
suggests that it could be categorical assimilation. Prefix raising is even less clear, once
again suggesting that low-level phonetic assimilation is the most we can confidently
propose.
6.8

Summary

This chapter has given a detailed look at a number of Ikoma verbal suffixes and suffix
combinations. The table in (203) below summarizes all of the root and suffix vowel
alternations which have been described in this chapter. Under each suffix heading, I list
the underlying form of the suffix(es), and then for each vowel I list the surface form of
the root vowel and suffix when the two are combined. Parentheses draw attention to root
vowel alternations. Question marks indicate patterns for which limited data is available,
indicating that the analysis is tentative.
(203) Summary of root and suffix vowel alternations
V1

Applicative

Subjunctive

Inversive
/-oɾ, -ok/

Causative,
etc.
/-i/

Applicative
-Causative
/-ɛɾ -i/

InversiveCausative
/-oɾ -i/

/-ɛr/

/-e/

i

i -ɛɾ

i -e

i -oɾ

i -i

i -eɾ-i

i -oɾ-i

e

e -eɾ

e -e

e -oɾ

e -i

e -eɾ-i

e -oɾ-i

ɛ

ɛ -ɛɾ

(e) -e

(e) -or ?

(e) -i

(e) -eɾ-i

(e) -oɾ-i

u

u -ɛɾ

u -e

u -uɾ

u -i

u -eɾ-i

u -uɾ-i

o

o -eɾ

o -e

o -oɾ

o -i

o -eɾ-i

o -oɾ-i

ɔ

ɔ -ɛɾ

ɔ -ɛ

ɔ -ɔɾ

ɔ -i

ɔ -eɾ-i

ɔ -ɔɾ-i

a

a -ɛɾ

a -e

a -uɾ

a -i

a -eɾ-i

a -oɾ-i

Note the wide variety of suffix vowels which follow /a/. For both the applicative
and subjunctive, /a/ is followed by the underlying form of the suffix, which is [-ATR] and
[+ATR], respectively. In both cases, /a/ does not appear to cause alternations. This is in
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line with the noun stem co-occurrence patterns described in §4.1. There we saw that both
[+ATR] and [-ATR] mid vowels can following /a/, and that [+ATR] mid vowels are more
common. We can also attribute the lack of suffix alternations to a different behavior of /a/
in prefix harmony and suffix harmony. Leitch (1997) describes the case of Mbosi Oléé
(Bantu C20) in which low vowels cause [rtr] harmony in prefixes but not in suffixes.
Ikoma seems to have similar behavior in this respect.
This chapter has also described in detail two types of vowel raising. First, before
dominant suffixes, /ɛ/ is categorically raised to [e]. Second, before the same dominant
suffixes, /ɔ/ is noticeably raised, but it is not categorical. The low vowel /a/, and in fact
all other vowels, are also raised in a number of environments, but again, it is most likely
not categorical. These patterns are decisive evidence that featureal asymmetry explains
the data much more simply than any type of morphological asymmetry, such as that
proposed in root-contol harmony languages. In Ikoma, superficial [+ATR] spreading to
the stem is more important than preserving the quality of the root vowel. This is different
than the tendency described by Beckman (1997ː3) in her work on Shona vowel harmony.
She notes that “vowel harmony is initiated by the root-initial syllable, because
faithfulness to underlying contrasts in this position is paramount.” Though preservation
of contrasts in the root is a common pattern in many languages, it is also violated in many
harmony languages, including Ikoma.
A final theme throughout this chapter is the asymmetry between front and back
[-ATR] vowels. Harmony patterns indicate that there is a hierarchy in the “strength” of
[-ATR] vowels as triggers of [-ATR] spreading and targets of [+ATR] spreading (or,
[-ATR] delinking), as outlined in (204) below. All three [-ATR] vowels induce
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dissimilation in prefixes, but the table below shows their different behaviors concerning
stem and suffix harmony in verbs.
(204) [-ATR] vowel strength hierarchy
Vowel Strength
Stronger

Weaker

ɔ
a
ɛ

Triggers prefix
dissimilation




Spreads [-ATR] in
verb stems
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Target of [+ATR]
spreading




The back vowel /ɔ/ is the strongest [-ATR] trigger. It always spreads [-ATR] rightward
(except to high vowels) and is never a target of [+ATR] spreading. The front vowel /ɛ/ is
clearly weaker. The most obvious evidence of its weakness is that it is a target of leftward
[+ATR] spreading. There is no evidence of /ɛ/ spreading [-ATR] rightward in the stem,
but this is perhaps a result of other factors, such as the fact that the applicative suffix is
already [-ATR], and spreading [-ATR] to the subjunctive, which is a potential target,
would result in /-ɛ/ being in a restricted FV position.
Concerning the low vowel /a/, once again, other factors prevent us from getting a
full picture of its character as a [-ATR] vowel. Since the applicative is [-ATR], we do not
know if it would normally spread [-ATR] within the stem. Its behavior with the inversive
is also unusual, since it triggers an alternation from /-oɾ/ to [-uɾ]. Overall, we might
consider /a/ to be weaker than /ɔ/ since it does not spread [-ATR] to the subjunctive, but it
is stronger than /ɛ/ since it is not a target of leftward [+ATR] spreading. Of course this
fact could also be explained by the common constraint against low [+ATR] vowels.
Harmony in verb stems and suffixes is complex, and the analysis which I propose
in this chapter must remain tentative for a number of reasons, some of which I have
81

Even though /a/ does not seem to trigger alternations of the subjunctive and applicative suffix, it does
cause alternations of the inversive. As I describe above, the inversive, which is /-oɾ/ underlyingly, alternates
to [-uɾ] after /a/, perhaps as some sort of dissimilation.
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already touched upon. The first major complication to the overall analysis is that the
underlying form of the applicative suffix is not entirely clear. Recall that the most
obvious and transparent analysis is that it is underlyingly [-ATR], since this variant
occurs after all root vowels except for /e o/, where we find the [+ATR] variant. However,
if we posit a [-ATR] UF, it introduces several other challenges into the analysis, as
described more fully in §6.1. In particular, it requires us to account for apparent
rightward [+ATR] spreading from root to suffix—a pattern which occurs nowhere else in
in the language.
Aside from the applicative suffix, the second complication concerns the inversive
suffix. Because of a lack of inversive examples involving /ɛ/ root vowels, the inversive
pattern is also not entirely clear. There is a single potential example of the inversive with
this underlying root vowel, but the relationship between the basic and inversive form is
questionable. Without additional examples, it is impossible to be sure about whether or
not there is [+ATR] spreading from the inversive suffix to the root vowel /ɛ/. As I discuss
below, I set aside this issue until further evidence is found.
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Chapter 7:

Understanding Ikoma’s [ATR] markedness
patterns

Chapters 3 through 6 are primarily descriptive in nature, first describing the vowel
phonemes from a number of perspectives, and then describing the vowel harmony
patterns which occur in prefixes, noun stems and verb stems. These chapters also include
a significant amount of acoustic phonetic data in order to better describe the patterns and
to justify a number of analytical issues which must be dealt with during the process of
description, especially concerning the nature of root and suffix vowel alternations.
In the description of vowel alternations in prefixes, stems and suffixes, we have
encountered an interesting situation in Ikoma in which it seems that two opposite values
of the feature [ATR] are active in the language. Also, though both values of [ATR] are
marked in some sense, the resulting processes are not like we might expect. The [-ATR]
markedness exhibited in prefix alternations is strange; instead of a more normal process
of assimilation to the marked value, in Ikoma [-ATR] vowels trigger a prefix height
dissimilation. We have also observed an asymmetry in the strength of different [-ATR]
vowels. For example, /ɔ/ is more prone to spread [-ATR] and to resist [+ATR] spreading,
whereas /ɛ/ is more often a target of [+ATR] spreading. Concerning the apparent [+ATR]
spreading in roots and suffixes, it not only applies asymmetrically to front and back
vowels, but it also targets only short vowels.
When evaluating the many vowel patterns described in this thesis, at first glance it
seems intuitive that there is much more evidence of regular [+ATR] markedness (and
dominance) in Ikoma, especially since so many suffixes seem to spread [+ATR] to the
root. Nonetheless, despite the many places of clear alternation to [+ATR] vowels, there
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are other facts in the language (see a summary in §7.2.2 below) that would not be easily
explained by an analysis in which [+ATR] is the marked value. Instead, these facts
suggest that [-ATR] could actually be the more systematically marked value in Ikoma.
Another interesting point relating to this discussion concerns the observed
correlation between a language’s vowel inventory type and its marked [ATR] value,
which I first mentioned in Chapter 1. Casali (2003) shows that languages with the 7V(M)
inventory nearly always exhibit systematic markedness of [-ATR], not [+ATR].
Therefore, the discussion above concerning which [ATR] value is most clearly marked is
an important question for Ikoma, since the answer could have interesting typological and
theoretical implications.82 It is truly beyond the scope of this work to arrive at a
conclusive answer to this question. I do, however, discuss some of the relevant issues and
briefly hypothesize about a possible solution.
In §7.1 I discuss the concept of markedness, reviewing some contemporary
theories of [ATR] markedness in particular. I focus especially on work by Casali (2003),
who proposes an empirically well-supported correlation between a language’s vowel
inventory and its dominant (i.e. marked) [ATR] value. This theory of [ATR] typology
looks very promising, but the data presented above raises the question of whether or not
Ikoma is a possible counterexample to this hypothesis. This section also introduces
Casali’s distinction between “systematic” and “indirect” [ATR] dominance, which proves
to be helpful language for discussing this issue.
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Admittedly, many linguists will have no problem accepting both [ATR] values as being marked in some
sense. Within OT in particular, different rankings of constraints could result in some patterns which
preserve [+ATR] and others which preserve [-ATR]. So for some this discussion might seem irrelevant and
unnecessary. However, if Casali’s (2003) vowel system inventory is correct, there are some striking [ATR]
markedness tendencies which might call for a more restrained understanding of [ATR] markedness
behavior. Therefore, the discussion of Ikoma’s [ATR] markedness patterns will at the very least give us
another interesting example which can inform our understanding of [ATR] markedness in general.
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In §7.2 I review and discuss the relevant Ikoma facts more fully. I summarize the
main evidence supporting both types of markedness and then draw some tentative
conclusions. In §7.3 I discuss some possible historical explanations for Ikoma’s complex
synchronic state. I first give a brief overview of some of the other vowel systems in the
Mara Region and then suggest some of the possible historical paths which could have led
to Ikoma’s current harmony patterns.
7.1

Typology of [ATR] systems and [ATR] markedness

Typological and theoretical issues in the discussion of vowel harmony are often closely
related to the idea of markedness. Essentially, vowel harmony can often be described in
terms of an asymmetric dominanance of one feature (or value of a feature) over another,
and these types of phonological asymmetries are diagnostics of which feature is marked
and which is unmarked. More specifically, “the unmarked member of an opposition
patterns differently than other members in being the target of phonological processes”
(e.g. assimilation), whereas “marked features are assumed to resist modification” (Hume
2011:90, emphasis in original). There is also a strong connection between the concepts of
markedness and dominance. A common understanding is that the marked features or
segments in a language (e.g. ones which have the greatest distributional restrictions and
which spread to other segments) are also the dominant ones. Throughout this work I
assume a strong connection between these concepts. See §1.4.1 for an introduction to the
concept of markedness and the way this term is used throughout this thesis.
In the case of [ATR], if [+ATR] is active in a language, it is considered to be the
marked (or dominant) feature, and its opposite value (i.e. [-ATR]) is unmarked (or
recessive), and vice versa. However, having both values superficially active in the same
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language, as we find in Ikoma, makes it more difficult to understand its markedness
patterns and to evaluate how the language fits into a typological framework. Ikoma is not
the only language to have competing [ATR] values, so exploring other examples of these
patterns is surely helpful. In this section, I review some general theories of [ATR]
markedness and typological behavior of tongue root harmony systems. Then, in the
following section (§7.2), I address Ikoma’s markedness patterns in light of these theories.
7.1.1

Theories of ATR and markedness

A number of theories have been proposed to account for [ATR] markedness patterns
found in languages with tongue root harmony. I first briefly review some of the proposals
before moving on to look in more detail at a proposal by Casali (2003). Following Casali,
we can summarize that theories of [ATR] markedness differ especially along two linesː
(1) whether or not [+ATR] is expected to be universally dominant, or if [-ATR]
dominance is predicted as well, and (2) whether or not there is any correlation between a
language’s underlying vowel inventory and the dominant [ATR] value in that language.
Concerning the question of a universally dominant [ATR] value, the existence of
[+ATR] dominance is well-accepted, whereas the existence of [-ATR] dominance is still
debated. Much of the dialogue on the existence of [-ATR] dominance concerns the
7V(M) language Yoruba, as described by Archangeli and Pulleyblank (1989). Archangeli
and Pulleyblank (1994) allow for the existence of both [+ATR] and [-ATR] dominance,
but they argue that [-ATR] dominance is marked (in the sense that it is crosslinguistically less common, and not the default marked [ATR] value). Others, such as van
der Hulst and van de Weijer (1995) and Bakovic (2000), discuss apparent cases of both
[+ATR] and [-ATR] dominance, but they both conclude that languages which appear to
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manifest [-ATR] dominance (e.g. Yoruba) could probably be understood in other terms,
such as [low] harmony or stem control, respectively. Goad (1993) similarly reanalyzes
Yoruba harmony as involving the feature [low] instead of [-ATR] or [RTR], and suggests
that there is no such thing as [-ATR] harmony. If this is true, then [+ATR] would be the
universally marked (and dominant) value in languages with an [ATR] contrast. Note,
however, that later evidence from various dialects of Yoruba (Przezdziecki 2005), as well
as the well-attested patterns of Bantu C (Leitch 1997), shed additional light on the subject
and strongly suggest that there are other [-ATR] dominant languages which could not be
well-described with a [low] harmony analysis.83
Concerning the connection between vowel inventory and harmony type, the most
common assumption is that there is not one. Though Archangeli and Pulleyblank (1989;
1994) allow for both values to be dominant, they do not make any claims that the
dominant [ATR] value is at all predictable based on the vowel inventory. An early
proponent of a more general correlation between inventory and features was Goad
(1993), who argues for inventory-driven feature selection, in which a language’s features
are “determined on the basis of minimal contrasts among segments in a language” (241).
Causley (1999) follows Goad in a number of ways, also arguing for a strong
connection between segmental markedness, phonological patterning and a language’s
inventory. She focuses on a connection between the number of heights in an inventory
and the behavior of the vowel system. Causley and Goad both argue that tongue root
83

The Bantu C languages provide particulary strong evidence against a [low] harmony analysis, since the
low vowel /a/ does not trigger [-ATR] spreading as the vowels /ɛ ɔ/ do. A [low] harmony analysis would
require that these three vowels would all be considered [low], which implies that they would all be
harmony triggers. However, this is not the case in Bantu C. Therefore, Leitch (1997) argues that a vocalic
feature such as [rtr] is necessary. He summarizes the issueː “if [a] has the harmonic feature by virtue of the
representation, then why does [a] never induce harmony?” (245). With a feature geometry in which the
distinction between between [ɛ/ɔ] and [e/o] was also necessary to define [a] as a low vowel, how could the
“[rtr]/[low] hostility” observed in Bantu C be accounted for?
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features ([+ATR] in particular) are only active in four-height systems (equivalent to
Casali’s 5Ht inventory, as found in Akan), that is, after the three heights high, mid and
low have been exhausted. Causley’s height terminology is different than that used
throughout this thesis, so I exemplify hers in (205) below, showing her proposals of the
two possible three-height and four-height inventories (from Causley 1999ː171).
(205) Vowel heights as understood by Causley (1999)
a.

Three-height system
i

b.

u

high

e

(ə)

o

mid

ɛ

a

ɔ

low

84

(Noteː Casali’s 4Ht(H) and
4Ht(M) systems)

Four-height system
i

u

ɪ

ʊ

e

(ə)

ɛ

o

[atr]

(Noteː Casali’s 5Ht system)

[atr]

ɔ
a

[low]

As (a) shows, /ɛ ɔ/ are considered to be [low] in a 7V inventory, so that the distinction
between [e o] and [ɛ ɔ] is one of height, not [ATR]. Tongue root features are only
activated with an additional height distinction, as shown in (b). Causley and Goad both
propose that apparent [-ATR] harmony can therefore be interpreted as [low] harmony.
The only tongue root feature is unary [atr], thus there is no [-atr] or [rtr] activity.
I now move on to discuss more thoroughly one particular view of [ATR]
markedness, as found in Casali (2003). Casali’s view is similar to that of Goad and
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Note that Causley discusses only [e o] as the second degree vowels. It is unclear whether or not she
assumes that all 7V systems have [e o], not [ɪ ʊ]. As discussed in §1.4.2 and also in this section below,
Casali argues that we must distinguish between two types of 7V systems, allowing for either [e o] or [ɪ ʊ]
as the height 2 vowels.
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Causley in that he finds a strong correlation between a language’s inventory and its
harmony type. His perspective is also very different, however, since he views both
[+ATR] and [-ATR] as potentially dominant features in a 7V system, and that the
dominant value is dependent on the inventory, particularly on the nature of the height 2
vowels. [ATR] dominance is not simply dependent on the number of vowel heights, but
on which heights have a tongue root contrast.
As mentioned in the introduction to this thesis (see §1.4), Casali (2003)
distinguishes between three basic types of African vowel systems which display [ATR]
harmony. These are listed in (206) below (from Casali 2003:309). Note the
terminological difference compared to Causley’s in (205) above.
(206) African vowel systems with [ATR] harmony
a. 5Ht system

b. 4Ht(M) system

i

u

ɪ

ʊ

e

(ə)

ɛ
a

i

o

e

ɔ

ɛ

u
(ə)

i

u

[+high, +ATR]

ɪ

ʊ

[+high, -ATR]

o
ɔ

a

c. 4Ht(H) system

(ə)
ɛ

[-high, +ATR]
ɔ

a

[-high, -ATR]
[+low, -ATR]

The inventory in (a) is very common, and there is little controversy that tongue root
features are active in this type of inventory. The inventories in (b) and (c) are in focus in
this thesis, since these are the two possible inventories which we must consider for
Ikoma. The second inventory type, shown in (b), is what I refer to as a 7V(M) inventory.
It has seven vowels underlyingly at four different heights, and only the mid vowels have
an [ATR] contrast, which I argue is the case for Ikoma. The third system, shown in (c), is
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what I refer to as a 7V(H) inventory. It also has seven underlying vowels, but the [ATR]
contrast is in the high vowels, not the mid vowels.
Instead of tongue root activity being predicted based on the number of vowel
heights alone, Casali notes a strong correlation between the dominant [ATR] value in a
language and the height at which there is an [ATR] contrast. Essentially, his survey
reveals that the two inventories in (a) and (c) above, that is, those which have an [ATR]
contrast in the high vowels, overwhelmingly exhibit [+ATR] dominance. However,
languages with the inventory type in (b), which has an [ATR] contrast in the mid vowels
only, nearly always exhibit [-ATR] dominance.
Casali’s (2003) hypothesis is thus different than any of those mentioned above.
Unlike Goad (1993) and Causley (1999), it predicts languages with two different types of
7V systemsː those with [ɪ ʊ] as the height 2 vowels, and those with [e o] as the height 2
vowels. Unlike Bakovic (2000) and van der Hulst and van de Weijer (1995), it predicts
that [+ATR] is not universally dominant, but that [-ATR] can be dominant as well. And
unlike Archangeli and Pulleyblank (1989; 1994), Casali’s hypothesis predicts that
[-ATR] dominance is not only possible, but that its presence is in fact predicted,
depending on the inventory. In the following section, I discuss one more idea from Casali
which becomes especially helpful later in the chapter.
7.1.2

Systematic and indirect [ATR] dominance

One distinction which is potentially useful for understanding the patterns found in Ikoma
is that between what Casali refers to as “systematic [ATR] dominance” and “indirect
[ATR] dominance” (2003ː316), with the latter being similar to Bakovic’s (2000)
“dominance reversal.” Distinguishing these two types of dominance helps us to better
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evaluate assimilation patterns which superficially appear to be preserving one [ATR]
value over another (called “superficial [ATR] dominance” (Casali 2003ː 313)). Casali
defines the terms “systematic” and “indirect” dominance as in (207) and (208) below.
(207) Systematic [ATR] dominance
“superficial [ATR] dominance that arises in response to formal mechanisms
(whether they involve rules, constraints, representational assumptions, or some
combination of these devices) that directly favor one [ATR] value over the other”
(2003:316)
(208) Indirect [ATR] dominance
“superficial [ATR] dominance that arises indirectly in response to factors (e.g.,
root faithfulness …) that do not asymmetrically target one [ATR] value for
preservation or extension” (2003ː316)
This definition of indirect dominance is much like Bakovic’s idea called “dominance
reversal,” by which he refers to instances in which “a dominant vowel succumbs to a
recessive one” (2000ː120). This accounts for behavior of “idiosyncratically dominant”
vowels, that is, vowels which behave as dominant, but which have the opposite value of
the harmonic feature which is more regularly dominant in the language.
Casali (2002a) focuses on this very issue, describing a number of cases of
superficial [-ATR] dominance in very restricted environments in 9V languages that
otherwise clearly exhibit [+ATR] dominance. In each case, the apparent [-ATR]
dominance can be understood to result not from a systematic preservation of [-ATR]
vowels, but instead from a convergence of other factors (e.g. constraints against [+ATR]
low vowels and [-ATR] high vowels, idiosyncratic morphemes, root control, etc.). He
explainsː “[-ATR] dominance is limited to some specific context(s) involving a fairly
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small number of morphemes, with little or no indication that [−ATR] dominance is in
any way a regular and systematic property of the language” (2003ː345).85
Casali (2003) lists five examples of superficial [-ATR] dominance in 4Ht(H)
systems as well. Three languages (Talinga-Bwisi (Bantu), Kirangi (Bantu), and Eastern
Nawdm (Gur)) only exhibit [-ATR] dominance in coalescence patterns, while two others
(Kinande and Kimatuumbi, both Bantu) have [-ATR] dominant coalescence as well as
other limited instances of [-ATR] dominance. Once again, these instances can be
understood as indirect [-ATR] dominance, not the result of intentional preservation of
[-ATR] over [+ATR], since [+ATR] is clearly more dominant in each of these 7V(H)
languages. This distinction between systematic vs. indirect dominance (or, in other
words, between general dominance and dominance reversal) is therefore especially
helpful for making sense of cases in which both types of dominance seem to co-exist in a
language, which is clearly the situation in Ikoma.
Note also that in nearly all languages with dual superficial dominance patterns in
Casali’s survey, the [ATR] value which is clearly systematically dominant is consistent
with the system-dependent dominance predictions. For example, in all of the languages
with the 7V(H) inventory which have superficial patterns showing both [+ATR] and
[-ATR] dominance, [+ATR] is clearly the systematically dominant value, which is
predicted for a language with the 7V(H) inventory. Furthermore, the exceptional, lessexpected, more limited type of dominance in each of these languages can often be
analyzed as indirect, that is, a result of other factors which override the language’s
encoded markedness patterns. In order to allow for these more complex cases, the final
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Casali (2002a) lists seven languages (Akan, Lango, Lika, Puguli, Turkana, Toposa, Ninkare) with regular
[+ATR] dominance and more limited [-ATR] dominance.
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form of Casali’s “System-Dependent [ATR] Dominance” hypothesis is formulated as
followsː
[+ATR] is the systematically dominant value in languages in which [ATR] is
contrastive among high vowels (i.e., in languages with phonemic /ɪ/, /ʊ/); [−ATR]
is the systematically dominant value in languages with an [ATR] contrast among
mid vowels only. (2003ː358)
This revised statement allows for the inclusion of cases in which the systematically
dominant value aligns with predictions based on the inventory type, even if there are
other surface patterns which show indirect dominance of the opposite feature.
There is only a single potential 7V(M) counterexample to this hypothesis. Legbo,
a Cross River language of Nigeria, has the 7V(M) inventory, which otherwise always
correlates with [-ATR] dominance. However, in Legbo, there are two patterns suggestive
of [+ATR] dominance, which are coalescent [+ATR] dominance as well as the
assimilation of a single subject marker before a [+ATR] verb root. Since this evidence is
quite limited in scope, it is not a fully-convincing counterexample. Note that Ikoma also
has the 7V(M) inventory and instances of superficial [+ATR] dominance. If Ikoma’s
[+ATR] dominance is systematic, then Ikoma might be the most well-described
counterexample to Casali’s hypothesis. However, if the most convincing analysis is one
in which [-ATR] is systematically dominant, then Ikoma actually conforms to the
typological expectations, despite the surface patterns which suggest otherwise.
In the following section I review in detail an interesting case of dominance
reversal (i.e. indirect dominance) in Kinande, a Bantu language of Congo. I also suggest
that a parallel analysis could be applied to the harmony patterns of Ikoma’s applicative
suffix.
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7.1.3

Dominance reversal in Kinande (class 5) and Ikoma (applicative)

Kinande (Bantu JD42, [nnb]) is a language which exhibits clear systematic [+ATR]
dominance. Kinande has the underlying 7V(H) vowel inventory /i ɪ ɛ a ɔ ʊ u/ and the two
allophones [e o] which occur to the left of /i u/. Mutaka (1995) provides a detailed
description of Kinande vowel harmony, and Archangeli and Pulleyblank (2002) is a
recent theoretical account. In (209) below I show basic infinitive verbs with each of the
seven underlying vowels, as well as agentive (nominal) foms showing leftward [+ATR]
spreading. Basic infinitive verbs are formed with the class 5 prefix /ɛrɪ-/, and the agentive
is formed with the class 1 prefix /ɔmʊ-/ and the agentive suffix /-i/. The Kinande data
presented here is from Gick et al. (2006).
(209) [+ATR] spreading in Kinande (tone and allophonic vowel length omitted)
Root V

Infinitive

Gloss

Agentive

Gloss

i

ɛ-ri-lib-a

‘to cover’

ɔ-mu-lib-i

‘coverer’

ɪ

ɛ-rɪ-lɪm-a

‘to cultivate’

ɔ-mu-lim-i

‘farmer, cultivator’

ɛ

ɛ-rɪ-hɛk-a

‘to carry’

ɔ-mu-hek-i

‘porter, carrier’

a

ɛ-rɪ-kar-a

‘to force’

ɔ-mu-kər-i

‘forcer’

ɔ

ɛ-rɪ-bɔh-a

‘to tie’

ɔ-mu-boh-i

‘tier’

ʊ

ɛ-rɪ-hʊm-a

‘to beat’

ɔ-mu-hum-i

‘beater’

u

ɛ-ri-huk-a

‘to cook’

ɔ-mu-huk-i

‘cook (N)’

Note that in the infinitive, the prefix is [-ATR] before all root vowels except for [i u], in
which case it is [+ATR]. In the agentive, the [-i] suffix causes all leftward vowels (except
for the augment) to be realized as [+ATR]. This results in neutralization of the height 1
and 2 root vowels and allophonic raising of /ɛ ɔ/ to [e o].86 Evidence of [+ATR]
dominance comes primarily from the fact that [-ATR] root vowels become [+ATR] when
86

Note that these patterns of [+ATR] spreading to both stems and prefixes in Kinande are much like
patterns found in Zanaki, a 7V(H) language in the Mara Region, neighboring Ikoma. See §7.3.1 for a brief
description of Zanaki vowels.
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followed by [+ATR] vowels. Similarly, default [-ATR] prefixes become [+ATR] when
followed by a [+ATR] root. This is clearly not a case of simple root dominance, since the
root vowel itself is subject to alternation.
What is especially interesting about Kinande is that it exhibits an unusual pattern
which has been analyzed as dominance reversal. Hyman (2002) and Kenstowicz (2009)
describe a case involving the class 5 prefix. The class 5 prefix in the examples above is
the infinitive prefix in Kinande, but it is also used as a standard class prefix for class 5
noun stems. There is, however, an interesting difference between the nominal prefix and
the infinitive verbal prefix. The infinitive prefix is underlyingly [-ATR], as are most other
prefixes in the language, whereas the nominal prefix seems to be underlyingly [+ATR].
The relevant generalizations, repeated from Hyman (2002) and Kenstowicz (2009), are
summarized in (210) below. I have adjusted their transcriptions to match those used
elsewhere throughout this thesis.
(210) Kinande class 5 nominal and verbal prefixes
a.

Verbsː

[eri-] before /i u/
[ɛrɪ-] before /ɪ ɛ a ɔ ʊ/

UFː [-ATR] /ɛrɪ-/

b.

Nounsː

[eri-] before /i ɛ a ɔ ʊ/
[ɛrɪ-] before /ɪ ʊ/

UFː [+ATR] /ɛri-/

The simplest analysis of these patterns is that the verbal prefix is underlyingly [-ATR]
and consequently that [+ATR] spreads leftward from the stem to the prefix, just as we
discussed above concerning the examples in (209), and which is also well-attested
elsewhere in the language. The nominal prefix, however, has the opposite pattern. The
least predictable and most widely occurring allomorph is the [+ATR] form, which is good
reason to consider it to be underlying. This implies that [-ATR] spreads leftward from
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stem to prefix, but only from the [-ATR] high vowels /ɪ ʊ/, not the [-ATR] mid vowels /ɛ
ɔ/.
Therefore, in Kinande, a language in which [+ATR] is clearly the dominant value,
we now have a pattern in which [-ATR] appears to be spreading, but only in a very
restricted and well-defined instance, that is, with the class 5 nominal prefix. It is unclear
what sort of historical changes could have motivated this prefix to develop two different
underlying forms. Nonetheless, if we take the distributions of these allomorphs at face
value, we must concede that the underlying forms are actually different.
This process is striking in its similarity to the applicative pattern in Ikoma,
discussed in §6.1 above. For the purposes of this illustration, if we assume an analysis in
which Ikoma has [-ATR] as the systematically dominant value (which, as we will see in
§7.2, could actually be a tenable analysis), it is difficult to account for the apparent
[+ATR] spreading from the verb root to the applicative suffix. The applicative harmony
pattern is repeated in (211) below.
(211) Ikoma applicative vowel harmony
-ɛr
-er

following i, ɛ, a, ɔ, u
following e, o

Recall that the applicative in Ikoma is the only instance in which we find apparent
[+ATR] spreading from the root to a suffix. All other rightward spreading to suffixes is
from [-ATR] root vowels.
In both the Ikoma applicative suffix and the Kinande class 5 nominal prefix, the
underlying form of the affix is different than we would expect based on data from related
languages and based on other language-internal factors (e.g. underlying forms of other
affixes). In Kinande we expect the prefix to be [-ATR] underlyingly, but it is [+ATR]. In
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Ikoma we expect the suffix to be [+ATR] underlyingly, but it is [-ATR]. Also in both
cases, these affixes have dominant-valued underlying forms which assimilate to the nondominant value of the stem, but only when the stem and affix have an [ATR] contrast at
the same height. (Recall that only [-ATR] high vowels cause spreading to the high
[+ATR] Kinande prefix, and only [+ATR] mid vowels cause spreading to the mid
[-ATR] Ikoma suffix.) Hyman and Kenstowicz both conclude that the Kinande pattern is
a convincing case of dominance reversal, and I suggest that this analysis could work for
Ikoma as well.
Concerning the motivation behind the Kinande reversal, Hyman notes that it is
very rare for a prefix to spread its [ATR] value rightward to a root vowel, whereas
leftward spreading harmony is well-attested. These tendencies motivate a dominance
reversal in order to maintain harmony. He summarizes his explanation (2002ː22)ː
I propose that the underlying form of the class 5 prefix sequence is /ɛ-ri-/, but that
there is ATR-delinking … by what Bakovic (2000) terms “dominance reversal”.
This is triggered by the fact that /i, u/ cannot co-occur with /ɪ, ʊ/ within a word at
the lexical level in Kinande.
Hyman explains the superficial [-ATR] spreading in terms of “ATR-delinking.”
Therefore, there is still only one real dominant value in Kinande, but other factors (in this
case, a [+ATR] prefix and a dispreference for spreading from prefix to stem) have
resulted in a pattern of apparent spreading of the non-dominant value.87
Following a similar line of argumentation, I suggest that the applicative suffix in
Ikoma could very well be [-ATR] /-ɛɾ/ underlyingly, as I argue for above, having arrived
at this form via historical developments which are not clear at this time. Even if we
suppose a framework in which only [-ATR] is specified (as a way to directly encode

87

See Kenstowicz (2009) for an OT analysis of this pattern.
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[-ATR] markedness), the apparent [+ATR] spreading from root to suffix could be
understood not as [+ATR] spreading but instead as [-ATR]-delinking in order to satisfy
harmony requirements. We have seen elsewhere in the language, especially in prefix
dissimilation, that [ATR] differences across different heights (particularly in the order
[i/u…ɛ/ɔ]) are more acceptable than [ATR] differences at the same (mid) height. A
[+ATR] vowel in the root followed by a [-ATR] vowel in the suffix would produce a
disharmonic sequence of mid vowels. However, if [-ATR] is delinked from the suffix
vowel, then it satisfies harmony. This could also explain why the [+ATR] form of the
suffix only occurs following the mid vowels /e o/ and not the high vowels (which have
the [-ATR] form of the suffix). The sequence [CiC-ɛɾ] is not disharmonic and therefore
does not need dominance reversal in order to repair it.
This section has served not only to further illustrate the concept of dominance
reversal, but also to demonstrate how one of Ikoma’s unusual vowel patterns can be
explained with this concept.
7.2

Toward a unified analysis of Ikoma vowels

In the previous section (§7.1), I outlined various theories of [ATR] markedness, focusing
on Casali’s system-dependent [ATR] dominance hypothesis. I also discussed the
difference between systematic and indirect [ATR] dominance and then outlined a case of
dominance reversal in Kinande and compared it to the vowel harmony in Ikoma’s
applicative suffix. In this section, I use those ideas to guide our thoughts concerning how
we might evaluate vowel harmony in Ikoma. Because of the many instances of apparent
[+ATR] spreading, analyzing Ikoma in terms of systematic [+ATR] dominance is
perhaps the most immediately intuitive analysis. However, there are a number of reasons
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why a [+ATR] dominance analysis would be difficult. Though I do not attempt to solve
this problem, I do make some general observations and suggestions to point us in a
direction which seems promising for a comprehensive formal account of these patterns.
In the following subsections, I summarize the patterns which seem to indicate
[+ATR] markedness and then the patterns which are indicative of [-ATR] markedness. In
§1.4.1 of the introduction, I discussed a number of the most well-accepted criteria for
determining which features and segments in a language are marked, such as asymmetric
assimilations, resistence to spreading, distributional restrictions, etc. I have also discussed
the correlation between markedness and dominance. Recall that the marked features in a
language are the ones which are also generally dominant in the language. In other words,
segments with the most restricted distribution are usually the dominant, active, spreading
ones, and these are also usually resistant to alteration. In the following discussion, some
indicators are more often associated with “markedness” while others are more associated
with “dominance,” but it is helpful to remember that the marked value is usually the same
as the dominant one.
7.2.1

Potential indicators of [+ATR] markedness

I begin by summarizing all of the patterns in Ikoma which are suggestive of [+ATR]
markedness, shown in (212) below. Arguments and extended discussion of each of these
points have been presented in the previous chapters, so I only briefly summarize some of
the central arguments here.
(212) Potential indicators of [+ATR] as the dominant/marked value
a.
b.
c.
d.

Leftward [+ATR] spreading to /ɛ ɔ/ from [i u] in noun stems
Leftward [+ATR] spreading to /ɛ/ roots from high-vowel verbal suffixes
Leftward [+ATR] spreading to /ɛ/ roots from subjunctive /-e/ suffix
Rightward [+ATR] spreading from /e o/ verb roots to the applicative suffix
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Each of the points above refers to [+ATR] spreading, which is discussed in detail in §4.2
above (noun stems) and Chapter 6 above (verb stems), in which I make arguments for
categorical assimilation of /ɛ ɔ/ in nouns but only /ɛ/ in verbs.
For the sake of simplicity in the current discussion, I disregard [+ATR] spreading
in nominal stems. As I discuss in §7.3 below, it is likely that Ikoma previously had a
7V(H) inventory with [+ATR] dominance, which could be the historical origin of the
patterns of [+ATR] dominance still found in present-day Ikoma. It is of course difficult to
know for sure, but it is certainly a possibility that the [+ATR] spreading in noun stems is
the result of a historical process which has been lexicalized, especially since the patterns
are symmetric in nouns but asymmetric in verbs.
Points (b) and (c) above both refer to cases of apparent leftward [+ATR]
spreading in verbs. In Chapter 6 I described five different verbal suffixes which cause the
[-ATR] root vowel /ɛ/ to be realized as [e]. Though the process is regular and widely
occurring, an intriguing point to notice is that all instances of leftward spreading are
triggered by a vowel at the right edge of the word.88 Though the spreading seems to be
very broad and general, it is actually quite easy to define the specific environment in
which it occurs. The subjunctive is a final vowel and thus always at the end of the word.
Similarly, all of the high vowels which cause root vowel alternations are always final in
the word. 89 The identification of this word-final environment could have some real
implications for our understanding of which [ATR] value is most systematically,
88

I am grateful to Myles Leitch for noticing this pattern.
Recall from §6.3 that there is one potential example of the inversive suffix with an /ɛ/ root, but it is very
hard to know for sure about the underlying vowel of the root. I choose to disregard this potential example
for now for lack of data. If we find in the future that it does in fact spread [+ATR] leftward, then the
condition for [+ATR] spreading must be broadened, since the inversive does not occur at the end of the
word.
89

261
generally dominant. For example, we could argue that the existence of this well-defined
environment is suggestive that [+ATR] could be the more limited (and therefore not
systematic) dominant [ATR] value, and the apparent [+ATR] dominance could be the
result of some sort of edge effect.
Concerning the [+ATR] spreading to the applicative suffix, recall that this is the
only instance of rightward [+ATR] spreading in the language. Also, [+ATR] spreads only
from /e o/ in the root, not from /i u/, which suggests that the process might not necessarily
be motivated by preservation of [+ATR], but instead by a need for adjacent mid-vowels
to be harmonic. In the discussion in §7.1.3 above, I outline a dominance reversal account
of this pattern, based on an analysis in which [-ATR] is the systematically marked value
in Ikoma. I argue that the applicative is [-ATR] underlyingly and that it is subject to
harmony constraints which require mid-vowel sequences to be harmonic. It is very
unusual for dominant [-ATR] suffixes to spread leftward to [+ATR] root vowels, so
harmony is repaired by spreading [+ATR] from the root to the suffix. Alternatively, the
apparent [+ATR] spreading could be understood as a delinking of [-ATR] from the
suffix.
In summary, in Ikoma there are clear processes in which underlyingly [-ATR]
vowels are realized as [+ATR] vowels. Though these patterns are frequent, we have
identified a well-defined environment in which they occur. We have also seen that even
though the applicative does not occur word-finally, there are other possible explanations
for the apparent [+ATR] spreading. Similar dominance reversal accounts might be found
for the word-final cases as well. This leaves open the possibility that [+ATR] dominance
is not necessarily the only option for a unified analysis of Ikoma vowel harmony. Before
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further evaluating this idea, let us move on to review the potential indicators of [-ATR]
markedness and see whether or not there could be an alternative explanation for any of
those patterns.
7.2.2

Potential indicators of [-ATR] markedness

I now present the evidence which is indicative of [-ATR] markedness, shown in (213)
below.
(213) Potential indicators of [-ATR] markedness
a. Prefix dissimilationː triggered by the [-ATR] vowels [ɛ ɔ a]
b. Distribution restrictions: avoidance of [ɛ ɔ] in prefixes
c. Default affixesː underlying [+ATR], with one exception (the applicative
suffix)
d. Noun stem patternsː *[i/u…ɛ/ɔ]90 and only marginal cases of [a…ɛ/ɔ]
e. [ɔ] spreads [-ATR] to subjunctive and inversive suffixes
f. [ɔ] is resistant to [+ATR] spreading
g. Greater frequency of [+ATR] vs [-ATR] mid vowels in lexical roots91
The evidence listed above concerns prefix, stem and suffix harmony phenomena. This
shows that the indicators of [-ATR] markedness have a broad scope and could not be
easily defined or relegated to a specific environment or set of morphemes.
Concerning points (a) and (b), the distribution restriction on [ɛ ɔ] in prefixes, as
well as the prefix alternations themselves, are not easily explained without positing
[-ATR] markedness. To recap the facts concerning prefix dissimilation, recall that only
the three vowels [e o a] occur in prefixes which are not adjacent to roots and thus outside
of the harmonic domain. This is strong evidence that the underlying vowels of prefixes
are mid vowels, not high vowels. Furthermore, if the mid vowels are underlying, it
90

The lack of this pattern could very well be because of left-alignment of [–ATR]. In other words, if a
[-ATR] vowel occurs in V2 position, there must also be a [-ATR] vowel in V1 position. This is the pattern
in many Bantu C languages, which are clear cases of [-ATR] dominance. I thank Myles Leitch for pointing
this out to me.
91
Though frequency counts are a less-reliable indicator or markedness, it is still worth mentioning since
there is often a frequency-markedness correlation. Compare 26.5% of [e o] V1 vowels versus 17.3% for [ɛ
ɔ] in V1 position (see §3.2).
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logically follows that the high-vowel prefixes are the result of a vowel harmony (or, in
this case, dissimilation) process. Since the high-vowel prefixes occur only before [-ATR]
stem vowels [ɛ ɔ a], this indicates that [-ATR] is indeed the value which triggers the
alternation. Therefore, it appears that [-ATR] is the dominant, triggering value of the
prefix dissimilation. Despite the fact that [-ATR] only triggers the height alternation but
does not spread, in Chapter 5 I consider this harmony pattern to be functionally
equivalent to the more common type of [-ATR] dominance found in the Bantu C
languages and Komo.
Concerning point (c) above, another curiosity to point out is that the default value
in prefixes (and in fact the only [ATR] value which surfaces in non-low prefixes) is
[+ATR], which is also the superficially spreading value from [+ATR] suffixes. This is
unusual, since the spreading value in most languages is usually the opposite of the default
value of affixes (Casali and Leitch 2002). For example, in Kinande, Zanaki (see §7.3.1
below), and many 9V languages, [+ATR] is dominant, and prefixes are generally [-ATR]
by default. Conversely, in Komo and Bantu C, [-ATR] is dominant, and prefixes are
[+ATR] by default. In light of these more typical patterns, the fact that Ikoma has
apparent [+ATR] spreading and default [+ATR] prefixes is strange. It seems that one of
these facts must correspond to the systematically dominant value, and the other must be
the result of some other factor. For example, if we posit systematic [+ATR] dominance,
then it follows that Ikoma’s default prefix value is cross-linguistically unusual. On the
other hand, if we posit systematic [-ATR] dominance, then default [+ATR] prefixes are
expected, but [+ATR] spreading is not and must therefore be explained.
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Concerning point (d) above, it is true that one possible explanation for the lack of
the [i/u…ɛ/ɔ] stem sequence could be attributed to rightward-spreading [+ATR],
especially for those in favor of a [+ATR] dominance analysis. However, there are no
other regular patterns in the language in which [+ATR] spreads rightward from the high
vowels.92 In understanding the restrictions on [ɛ] and [ɔ] in noun stems, it is enlightening
to compare Ikoma’s patterns with noun stem vowel distribution patterns in other Bantu
languages. As mentioned in §4.1 above, to have restrictions on [ɛ ɔ] following [i u a] is
very typical of the Bantu C languages, which clearly have systematic [-ATR] dominance
(Leitch 1997). However, in 7V languages with systematic [+ATR] dominance, such as
Kinande and Zanaki, it is entirely ordinary to have a stem pattern such as [i/u…ɛ/ɔ]. On
the other hand, the common stem pattern in Ikoma [i/u…e/o], which is also typical in
Bantu C, is avoided in [+ATR]-dominant Kinande (Hyman 1999ː257). Recall as well that
there are only marginal cases of [a…ɛ/ɔ] in Ikoma noun stems, whereas [a…e/o] is much
more common. The avoidance of [ɛ ɔ] following [a] could not be explained by [+ATR]
spreading, thus making the [-ATR] markedness reasoning more appealing.
Many of the previous points concern vowel distribution generalizations, but
points (e) and (f) are perhaps more transparent since they refer to asymmetric
assimilations. We have seen that the back vowel /ɔ/ in particular is a “strong” [-ATR]
vowel which spreads [-ATR] within the verb stem and resists [+ATR] spreading from
word-final [+ATR] vowels. The fact that the [-ATR] vowel /ɛ/ is weaker in this regard
certainly confuses matters, but there is at least some precedent for having a closer
correlation between back vowels and [-ATR] (Archangeli and Pulleyblank 1994).

92

Recall that [+ATR] does appear to spread rightward from /e o/ root vowels to the applicative /-ɛɾ/ suffix.
However, [+ATR] does not spread from /i u/ roots.
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Therefore, when we look not only at markedness indicators in the form of
asymmetric [ATR] spreading, but also at other clues in the language, such as
distributional restrictions, we see the systematic ways in which a language’s [ATR]
markedness influences many static patterns as well. If we posit systematic [+ATR]
dominance in Ikoma, the patterns mentioned in this section are difficult to understand.
7.2.3

Assessing the markedness evidence

What is quite interesting about Ikoma is how ambiguous the dominance patterns really
are, especially at first glance. In the other cases of dual markedness from Casali’s survey
(mentioned in §7.1.2 above), it is quite clear which value is systematically dominant in
the language. In Ikoma, however, there is so much evidence on both sides of the issue,
and so many unusual patterns (e.g. prefix dissimilation, the unusual applicative and
subjunctive, and the asymmetric patterning of front and back vowels) that it is not
immediately clear.
We have seen cases of apparent [+ATR] spreading which are suggestive of
[+ATR] dominance over [-ATR]. However, we have also seen that there are a number of
facts suggestive of [-ATR] markedness, including distributional generalizations and
apparent [-ATR] spreading. Concerning [+ATR] spreading, recall that it occurs only from
word-final vowels (with the exception of the applicative), and the existence of this welldefined position means that [+ATR] could be the more limited (and therefore not
systematic) dominant value. On the other hand, indicators of [-ATR] markedness are
found throughout the word, in prefixes, stems and suffixes.
Concerning the rightward [+ATR] spreading to the applicative suffix, in §7.1.3 I
have already outlined one way in which this pattern could be explained, even if [-ATR] is
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systematically dominant. Perhaps similar dominance reversal accounts could be made for
the other instances of [+ATR] spreading. Even if we suppose an analysis in which only
[-ATR] (or [RTR]) is specified and [+ATR] is absent, the apparent [+ATR] spreading
could still be explained in terms of delinking the lexical [-ATR] specification from the
root vowel in order to satisfy other harmony constraints.93
One point which immediately becomes clear is that either way we go, Ikoma has
much to contribute to a theory of [ATR] markedness. Even for those who see no need to
decide on only one value as being the systematically marked value, Ikoma is still an
especially interesting example of how both values are apparently marked. And for those
interested in the concept of dominance reversal, Ikoma provides an array of interesting
data, since an analysis of either [+ATR] or [-ATR] dominance must account for at least
some patterns by reliance on dominance reversal.
In summary, an interesting path of exploration is one in which we account for the
Ikoma patterns in terms of systematic [-ATR] dominance, with superficial [+ATR]
dominance accounted for by other means. Ultimately, however, because of the
complexity and ambiguity of the data, we must also recognize that determining the
relative types of [ATR] dominance in Ikoma is not easily done outside of a specific
theoretical framework and analysis including assumptions about featural respresentations
and harmony driving constraints in particular.94 Therefore, even though I have outlined
places where an analysis of systematic [+ATR] dominance might be difficult, once again,

93

For example, imagine a constraint requiring [-ATR] to spread from the root to a suffix. Imagine also a
number of [+ATR] high-vowel suffixes. If there is also an undominated constraint against [-ATR] high
vowels, [-ATR] could not spread to the high suffix, and the winning candidate might be one in which [ATR] delinks from the root. This would look like [+ATR] dominance on the surface, but the constraints at
work are actually aiming towards spreading and preserving [-ATR].
94
I thank Rod Casali for pointing this out to me.
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only working through the possibilities in more detail will reveal whether or not it is
preferable.
Finally, remember that this exercise has practical applications. If future work
shows that Ikoma is most simply analyzed in terms of systematic [-ATR] dominance,
then it would conform to Casali’s hypothesis, further strengthening the typological
observations made in his (2003) study. Furthermore, if this typology continues to be
confirmed, it would be grounds for a more restricted theory of [ATR] vowel harmony,
especially one which correlates [ATR] markedness with a language’s vowel inventory.
7.3

An historical explanation of markedness behavior

In this section I discuss some possible historical factors which could have influenced
Ikoma’s vowel system and resulted in the unique patterns currently present in the
language. In particular, I seek to account for the development of both superficial [-ATR]
and [+ATR] dominance. I first briefly outline the basics of some representative vowel
systems of the 7V languages in Tanzania’s Mara Region, all of which are classified as
Bantu JE40 languages. I then discuss three possible histories of these language groups,
and how these histories could have resulted in Ikoma’s current state.
7.3.1

A brief overview of Mara vowel system variation

The data in this section comes from a variety of sources, but primarily from field notes
from participatory phonology and orthography workshops held by SIL Int’l in Musoma,
Tanzania during the years of 2006-2009. Some of this data has also been written up in
SIL orthography proposals. The only known published material is on the Kuria language,
whose unique vowel height alternations have received a number of previous treatments
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(Chacha and Odden 1998; Parkinson 1996; Cammenga 2004). The Kuria data presented
here is from the first two of the sources above as well as SIL field notes.95
The chart in (214) summarizes some of the main features of the vowel system of
four representative 7V languages in the region. Bantu classifications are from Maho
(2003), and ISO codes are from the Ethnologue (Lewis 2009). Note that underlining
indicates the variants which are most likely the underlying forms.

95

It should be noted, however, that these two sources diverge from SIL’s data concerning the prefix
alternations. SIL transcriptions indicate that prefix vowels are [ɛ ɔ] before [ɛ ɔ] in the stem but [e o] before
[e o] in the stem, whereas Chacha and Odden (1998) and Parkinson (1996) both have [e o] prefixes before
all mid-vowel stems. It is possible that the Kuria dialects spoken in Tanzania are different in this respect
from those spoken in Kenya, which seem to be the source of these published works.
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(214) Mara vowel system summary chart
Ikoma (JE45)
/i e ɛ a ɔ o u/

Zanaki (JE44)
/i ɪ ɛ a ɔ ʊ u/
plus [e, o]

Ikizu (JE402)
/i e ɛ a ɔ o u/

Kuria (JE43)
/i e ɛ a ɔ o u/

[-ATR],
[+ATR]
omo-ː i e o u
omu-ː ɛ a ɔ

[+ATR]

Height

Height

Prefix variants
with root
vowels
(Cl. 1 example)
Root vowel
Caus [-i] etcː
raising
/ɛ/  [e]
spreads at least
one syllable

ɔmʊ-ː ɪ ɛ a ɔ ʊ
omu-ː i u [e o]

umu-ː i u
omo-ː e o a
ɔmɔ-ː ɛ ɔ

umu-ː i u
omo-ː e o a
ɔmɔ-ː ɛ ɔ

Caus [-i] etcː
/ɪ ʊ/  [i u]
/ɛ ɔ/  [e o]
spreads through
the stem to the
prefix

Root vowel
lowering

no

no

Caus [-i] etcː
/e o/  [i u]
/ɛ ɔ/  [e o]
one-step raising
in stems before
[iu]; spreads to
left edge of word
no

Applicative
variants with
root vowels

-erː e o
-ɛrː i ɛ a ɔ u

-ir: i u
-ɪrː ɪ a ʊ
-ɛrː ɛ ɔ

-erː i e a o u
-ɛrː ɛ ɔ

Subjunctive
with root
vowels
Inversive
variants with
root vowels

-eː i e ɛ a o u
-ɛː ɔ

-ɛ (possible
allomorph [–e])

-eː i e a o u
-ɛː ɛ ɔ

Caus [–i]ː
/e o/  [i u]
/ɛ ɔ/  [e o]
one-step raising
in stems before
[iu]; spreads to
left edge of word
Applicative /-er/
lowers /i u/ roots
to [e o]
High vowel
loweringː
-erː i e a o u
rootː iu  eo
-ɛrː ɛ ɔ
unknown

-urː u a
-orː i (ɛ?) e o
-ɔrː ɔ

-urː u
-ʊrː ɪ a ʊ
(other root
vowels
unknown)

-urː i u
-orː e o
-ɔrː ɛ ɔ

Inventory
plus allophones
Harmony

same as
applicativeː
-orː i e a o u
rootː iu  eo
-ɔrː ɛ ɔ

The 7V languages in the region can essentially be divided into three groups based on
their harmony patternsː Zanaki, Ikoma/Ngoreme, and Kuria/Ikizu/Simbiti. Ngoreme
(JE401, [ngq]) is not listed above, but appears to be similar to Ikoma in many ways, most
notably concerning the prefix dissimilation. Simbiti (JE403, [ssc]) is not listed above, but
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is in many respects like Kuria.96 97 Note that both Simbiti and Ngoreme share Kuria’s
unusual root vowel lowering which occurs with the applicative and inversive extensions.
The one-step raising and lowering in Ikizu, Kuria and Simbiti prefixes and stems
is quite a different pattern than either of the more typical cases of [-ATR] or [+ATR]
dominance. They exhibit what could be considered a combination of both height and
[ATR] harmony, and I refer to them in this thesis as height harmony languages. The
incremental raising in these languages (e.g. /ɛ ɔ/  [e o], and /e o/ to [i u]) could be a
remnant of [+ATR] spreading, which would have raised both degree 2 and degree 3
vowels, since both sets would have been [-ATR] if the languages historically had a
7V(H) system. It is not uncommon for sound changes to cause a change from a more
expected [ATR] alternation to a less-usual height alternation (van der Hulst and van de
Weijer 1995).
7.3.2

Three possible histories of Mara’s seven-vowel languages

Based on the data in the previous section (as well as a variety of other data from these
languages) and other work on Bantu historical linguistics, we can entertain at least three
possibilities concerning the history of Ikoma and the other JE40 Mara languages. Two of
the hypotheses assume an immediate genetic relationship between all of the 7V Mara
languages, whereas one does not. This is an important issue, since there is neither
sufficient synchronic nor diachronic work on all of the languages to know how valid this

96

One difference between Kuria and Simbiti is that Simbiti only has the five vowels /i ɛ a ɔ u/ underlyingly
in the verb system, even though it has the additional vowels /e o/ in the noun system. The upper mid vowels
[e o] occur allophonically in verbs, but not underlyingly. Interestingly, there is evidence that Ngoreme has
also lost /e o/ as phonemes in verbs but similarly retains [e o] allophonically.
97
The prefix alternations in these languages appear to be quite similar to a group of Kru and “Togoremnant languages” referred to by van der Hulst and van de Weijer (1995ː 520). They show alternations
which occur in the language Santrokofi, in which /i u/ occur in affixes with /i u/ stems, /e o/ occur with /e o/
stems, and /ɛ ɔ/ occur with /ɛ ɔ a/ stems. These three-way alternations could be analyzed as combination of
both [ATR] and [low] spreading. See van der Hulst et al. (1986).
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grouping is from a genetic (not merely a geographic) standpoint. Recall that in the
introduction (§1.3), I note that Nurse (1999) calls into question the lack of evidence
available for evaluating the accuracy of the current classification of Great Lakes Bantu
languages in particular.
How sure are we that these languages constitute an immediate genetic family?
More specifically, could the 7V languages of Mara be split into two or more groups
which have different historical origins, so that genetic relationships between them are
farther up the tree than previously assumed? There is enough variation in the region for
this to be possible.98 If there is not genetic unity in Mara, we have little room to speculate
concerning Ikoma’s history, since it is not even a straightforward exercise to determine
which of the other languages Ikoma is most likely related to. Because the languages have
been in close contact for so long, without going through the comparative method it is
difficult to tell which features of the languages are inherited from the same source and
which are borrowed. And since there are both 7V(H) and 7V(M) systems in the region,
which exhibit [+ATR] dominance and total height (i.e. raising and lowering) harmony,
respectively, the genetic origin which we posit for Ikoma would certainly affect our
understanding of how it has developed its inventory and harmony patterns. This is a
difficult issue which we simply cannot be sure of without further comparative work.
Nonetheless, without making any claims concerning the genetic unity (or lack thereof) of

98
At the same time, however, there are many curiosities which confuse the picture. One example is from a
lexicostatistics study reported in a survey report (Hill et al. 2007) which reports that Ikizu and Zanaki have
87% lexical similarity, whereas Ikizu has only 61% lexical similarity with a Kuria dialect in the region.
However, recall from the previous section that Ikizu and Kuria share many more similarities in terms of
their vowel systems. Other features such as Dahl’s Law, the tense/aspect systems, noun classes, etc. often
suggest different historical divisions. Therefore, there is no clear answer on the surface about the history of
the region’s linguistic situation. Without using the comparative method and other means of digging deeper
into these patterns (which is beyond the scope of this thesis) we cannot reliably determine the subgroupings
or even the level of genetic unity of this group of languages.
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the Mara languages, I propose two other historical possibilities which assume some level
of genetic unity. In particular, it assumes that Ikoma and Zanaki are daughters of the
same proto language.
In the remainder of this section, I begin with the hypothesis which I find most
plausible, based on the most well-attested types of sound change patterns. In this
hypothesis, Ikoma would have historically come from a proto language with the 7V(H)
inventory /i ɪ ɛ a ɔ ʊ u/ and [+ATR] harmony, much like present-day Zanaki (as well as
Kinande, Rangi, etc). This hypothesis largely follows Stewart’s (2000) argument that the
Proto-Bantu (PB) vowel system was /i ɪ ɛ a ɔ ʊ u/, not /i e ɛ a ɔ o u/ as is argued for by
Hyman (1999).99 Stewart argues that even though /i e ɛ a ɔ o u/ (the inventory of the nonSavannah Bantu languages, i.e. Guthrie’s zones A, B and C) is more common crosslinguistically, the rest of Bantu (i.e. Savannah Bantu) generally has the /i ɪ ɛ a ɔ ʊ u/
system. He also argues that the most natural and plausible inventory change is *ɪ, *ʊ > e,
o, not *e, *o > ɪ, ʊ. With this background, it makes more sense to posit *ɪ and *ʊ as PB’s
second degree vowels. If this is the case, it is likely that Zanaki, as well as a number of
other present-day Savannah Bantu languages with the same inventory, have simply
retained the 7V PB inventory.
Stewart’s analysis could be good reason to argue that Ikoma most likely had the
same 7V(H) system as present-day Zanaki and then underwent the *ɪ, *ʊ > e, o sound
change. In support of this hypothesis, note that Hyman (1999) refers to Mould
(1981ː187), who suggests that “Gusii and evidentally all of East Nyanza (e.g. Kuria)…
show other adjustments to the systemː i̧ , i, e, u̧ , u, o, a > i, e, ɛ, u, o ɔ, a.” Therefore, we
99

Note, however, that Hyman reconsiders this position, and in Hyman (2003) he concedes that /i ɪ ɛ a ɔ ʊ
u/, with an [ATR] contrast in the high vowels, was likely the proto system, exemplified by present-day
Kinande, and well-attested in eastern Bantu languages.
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see that others have posited this inventory change as well. It is difficult to know exactly
how that change affected vowel harmony, but we can speculate. If the [+ATR]
dominance which we now see in Zanaki was also present in an earlier Ikoma vowel
system, perhaps some of the [+ATR] dominance patterns remained even after the
inventory change. The process of change might have looked something like that
described in (215) below.
(215) Possible stages of language change in Mara JE40 languages
•
•
•
•
•
•

Mara JE40 Proto language has inherited inventory /i ɪ ɛ a ɔ ʊ u/ (same as PB),
possibly with [+ATR] harmony
Sound change from *ɪ *ʊ > e o in all languages but Zanaki
Non-low prefix vowels previously had underlying height 2 vowels which were
[-ATR] /ɪ ʊ/, but with the sound change, underlying height 2 prefix vowels
became [+ATR] /e o/
Vestiges of [+ATR] harmony remain in Ikoma, with leftward [+ATR]
spreading from /i u/
Ikoma develops [-ATR] spreading and prefix dissimilation before [-ATR]
vowels
Kuria, Simbiti, and Ikizu keep underlying /e o/ in prefixes but have a threeway alternation, with /i u/ and /ɛ ɔ/ surfacing in prefixes as well. Kuria and
Simbiti also exhibit raising of root vowels before /i u/ and lowering of high
root vowels before mid vowels in verbal extensions100 (i.e. roots with /i u/
become [ɛ ɔ] before /ɛ ɔ/).

This can be represented graphically in the tree in (216) below.

100

As mentioned in footnote 96 above, Simbiti has only the lower mid vowels /ɛ ɔ/ in verbs, whereas Kuria
has all seven vowels in both verbs and nouns. Both Kuria and Simbiti have lowering of high vowels before
the applicative and inversive extensions, but the patterns are a little different because of the different vowel
systems in verbs. In Kuria, high root vowels lower to [e o] before these mid-vowels extensions. However,
in Simbiti, the high vowels lower as far as [ɛ ɔ] before [ɛ ɔ] in extensions.
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(216) Mara JE40 language change hypothesis
Proto Mara JE40
/i ɪ ɛ a ɔ ʊ u/
Zanaki
ɪʊ>eo
/i ɪ ɛ a ɔ ʊ u/
[+ATR] harmony
pfxs: ɔmʊ- and omu- Ikoma, Nata, Ngoreme
/i e ɛ a ɔ o u/
prefixesː omo- and omuleftward [+ATR] from /i u/

Kuria
/i u/  [e o] before [e o] extensions

Kuria, Simbiti, Ikizu
/i e ɛ a ɔ o u/
prefixesː omo-, ɔmɔ-, umuleftward [+ATR] from /i u/

Simbiti
Ikizu
/i u/  [ɛ ɔ] before [ɛ ɔ] extensions

The second hypothesis is the opposite picture of that presented above: Proto-Mara
JE40 had the /i e ɛ a ɔ o u/ system, and Zanaki is the innovating language, with the sound
change *e *o > ɪ ʊ. This second hypothesis has a number of difficulties. As Stewart
suggests, a sound change in this direction is not nearly as well attested. Also, it would
not explain why the majority of the 7V Mara languages have curious instances of [+ATR]
spreading (or raising in the case of the height harmony languages) even though they have
vowel inventories which are not only suggestive of [-ATR] dominance but also exhibit
[-ATR] (or lowering) harmony elsewhere in the language. On the contrary, Zanaki’s
vowel system is in many ways very typical of 7V Bantu languages and has no known
instances of the sorts of less usual harmony patterns as we find in the other 7V Mara
languages. Therefore, all evidence points to Zanaki as the conservative language of the
region, whereas the others are innovators of the 7V(M) system and of different types of
[-ATR] or height harmony.
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Much more historical work, as well as more detailed work on more of the Mara
vowel systems, must be done in order to confirm which hypothesis is correct. The
important point, however, is to note that Stewart’s conclusion that the PB system was
most likely /i ɪ ɛ a ɔ ʊ u/ sheds light on the possible history of Ikoma’s vowel system,
which in turn helps us to understand its unusual synchronic state. If, in the language’s
history, the second degree vowels were /ɪ ʊ/ instead of /e o/, with corresponding [+ATR]
dominance, it could explain the presence of superficial [+ATR] spreading.
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Chapter 8:

Concluding remarks

Ikoma is a fascinating language, typical of other Bantu languages in many respects, but
quite unusual in other ways. Some of the fascinating features include the height-changing
prefixes, the [ATR] markedness paradox and the front/back [ATR] asymmetry in verb
stem harmony. The [ATR] markedness issue could have interesting implications for a
theory of vowel harmony systems, since it at first glance it appears to be a potential
counterexample to Casali’s inventory-dependent [ATR] dominance hypothesis.
Nonetheless, it seems possible that there could be a formal account which posits [-ATR]
as the systematically dominant value, thus conforming to the hypothesis. Ikoma provides
an intriguing new set of data for theoretical linguists, and it has much to teach us about
dominance reversal. Further comparative work could also bring significant insights to our
understanding of how languages (and vowel systems in particular) change over time.
8.1

Summary of previous chapters

In this final section, I briefly summarize the contents of each chapter and then suggest
areas for future research. In Chapter 1, I introduced the Ikoma language and situated it
within Tanzania’s linguistically-diverse Mara Region. I also introduced typological issues
and vowel formant analysis methodology, both of which are important throughout this
work. Chapter 2 provides additional introductory material, but here I focused on giving
background to other aspects of the language outside of the vowel system. I described
nominal and verbal morphology, consonant phonology and tone.
Chapter 3 began the analysis of the vowel system, arguing that the language has a
7V inventory with /e o/ as the degree 2 vowels, as well as both phonemic and conditioned
vowel length. This analysis was supported by plenteous examples showing contrast in
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both nouns and verbs, and also by frequency measurements and vowel formant analysis.
Discussion of phonetic realization and native speaker perception of the vowels
strengthens the argument for this inventory.
Chapter 4 describes vowel harmony in bisyllabic noun stems, particularly
examining vowel co-occurrence patterns. Ikoma requires adjacent mid-vowels in the stem
to have the same [ATR] value. Of particular interest is that mid vowels before high
vowels are always [+ATR], which suggests that [+ATR] has either historically or
synchronically spread leftward in stems. Note, however, that only short vowels are
targets of this spreading. Long [-ATR] vowels /ɛɛ/ and /ɔɔ/ are resistant to [ATR]
assimilation.
Chapter 5 describes dissimaltory prefix alternations in both nouns and verbs. Only
the prefix closest to the stem harmonizes. Dissimilation is triggered by [-ATR] stem
vowels, but [-ATR] does not actually spread. Instead, prefixes alternate from /e o/ to [i u].
The analysis of both alternating and non-alternating prefixes is supported by vowel
formant measurements. I give a brief explanatory account of prefix dissimilation using
Optimality Theory, showing that this unusual pattern is actually a predicted repair
strategy under some constraint rankings.
Chapter 6 is a lengthy description of vowel harmony in verbal stems and suffixes.
The patterns are complex, involving alternations of both root and suffix vowels,
depending on the root-vowel and suffix combination. The description is complicated by
the fact that the root-vowel assimilation patterns are not entirely clear. Vowel formant
analysis shows that [+ATR] assimilation for front vowels is most likely categorical, but
in some cases the statistical evidence is not quite as strong as we might expect. For back
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vowels, on the other hand, there is clear gradient raising, but the [ATR] contrast in the
back mid vowels is not at all neutralized. I also discuss gradient raising of the low vowel
in various contexts.
Finally, Chapter 7 summarizes the thesis and connects it to previous typlogical
and theoretical predictions. I evaluated Ikoma in light of theories of [ATR] markedness
and suggested that it could be possible that [-ATR] could be the systematically dominant
value in the language, whereas instances of superficial [+ATR] dominance might be
explained by dominance reversal. I also propose a possible historical path for Ikoma,
which could explain why it could have developed patterns which are suggestive of both
types of markedness.
8.2

Areas for future research

There are many more areas of research to be explored before we can more fully
understand Ikoma’s vowel system. In particular, there are descriptive, historical and
theoretical gaps yet to be adequately investigated. One descriptive area not covered in
this thesis is longer noun and verb stems. More work is needed to uncover the cooccurrence patterns of longer stems and to determine if [+ATR] categorically spreads to
spans of more than one syllable. It would also be helpful to study vowel harmony in more
combinations of multiple verbal suffixes.
There is also room for additional phonetic studies, both acoustic, articulatory and
perceptual. Additional data of verb root alternations would be particularly helpful to
confirm or else revise my conclusions concerning front-vowel neutralization before the
high-vowel suffixes. More thorough perceptual tests could also be carried out with larger
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groups of Ikoma speakers in order to determine whether or not there is complete
neutralization in the raised environement.
There is great need for more theoretical work as well. The prefix dissimilation
patterns are an interesting puzzle in themselves. How can we explain the prefix vowel
alternations from mid to high before [-ATR] vowels? What phonological theory best
captures these facts? Is it possible to give a straightforward analysis of this pattern in
terms of height features alone (not [ATR]), which would result in a rule of height
dissimilation?
Beyond just prefixes, what would a detailed and comprehensive theoretical
treatment of Ikoma vowel harmony look like, taking into account prefix, stem and suffix
harmony, and even the front/back and long/short asymmetries? Could a comprehensive
account support an analysis of systematic [-ATR] dominance, in which all apparent
indicators of [+ATR] dominance could be explained by other factors? Or is systematic
[+ATR] dominance a viable option for Ikoma? And how do these conclusions affect our
understanding of the typological variation of vowel harmony systems?
Finally, some big-picture research questions concern the linguistic history of the
Mara Region. Do the JE40 languages truly constitute a single genetic sub-grouping? And
if so, what additional evidence is there for further subgrouping these languages? Does
other comparative work support the hypothesis that all of these languages evolved from
the Kinande-type 7V system with [ɪ ʊ] as the second degree vowels and [+ATR]
dominance? A more detailed comparative study of the vowel systems in the region will
likely provide more helpful evidence in understanding many of Ikoma’s unique vowel
patterns.
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Appendix A: Noun Class Chart
Class
Class

Prefix

Example Noun

Gloss

1

omo-

omo-ɾemi

farmer

omu-témi

king

1a

omuO

nɔɔɾa

agama lizard

2

aβa-

aβa-témi

kings

2a

βáa-

βáa-nɔɔɾa

agama lizards

3

omo-

omo-ɣóndo

farm

omu-

omu-ɣáate

bread

eme-

eme-ɣóndo

farms

emi-

emi-ɣáate

breads

eɾi-

eɾi-ʃeɾe

hoe

eɾii-

eɾii-to

leaf

6

ama-

ama-ʃeɾe

hoes

6a

ama-

ama-ntʃe

water

7

eke -

eke-hóoɾe

skull

eɣe-

eɣe-túmbe

chair

eki-

eki-mɔ́ɔɾi

calf

eɣi-

eɣi-sáka

thicket

eβe-

eβe-túmbe

chairs

eβi-

eβi-mɔ́ɔɾi

calves

9

an-

aŋ-giβo

clothing

9a

a-

a-hímbo

cane

10

tʃan-

tʃaŋ-giβo

clothing (pl)

10a

tʃa-

tʃa-hímbo

canes

11

oɾo-

oɾo-síɾi

rope

oɾu-

oɾu-ɣɛ́ndɔ

journey

aka-

aka-huuhé

small butterfly

aɣa-

aɣa-kɔ́

small gourd

oβo-

oβo-ɾito

weight

oβu-

oβu-tɔ́ɔti

bracelets

4
5

8

12
14
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15

oko-

oko-ɾéɣesa

quarrel

oɣo-

oɣo-ɣoɾo

leg

oku-

oku-βɔ́kɔ

arm

oɣu-

oɣu-ɣase

mold

16

aha-

aha-ɣíɾo

place

18

mo-

mo-mi-hɛtɔ

in the traps

19

ehe-

ehe-túmbe

small chairs

ehi-

ehi-kɔ́

small gourds

oɣo-

oɣo-síɾi

large rope

oɣu-

oɣu-kɔ́

large gourd

20
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Appendix B: Wordlist
The following is a list of approximately
1100 items from the 1700-item SIL
Comparative African word list (Snider
and Roberts 2004). Each entry includes
the word list number, citation form, part
of speech, and gloss. For nouns I also
include the noun class pairing in
parentheses, which indicates the
existence and form of the plural. The
citation form for nouns includes the
augment and noun class prefix, and the
infinitive form is used for verbs.
Morpheme breaks between stems and
prefixes are indicated with a hyphen.
Tone is marked only on nouns, since
verbs do not have contrastive lexical
tone. Acute accents indicate lexical high
tones, and low tones are unmarked. See
§2.4 for an introduction to lexical tone.
Recall that asterisks indicate nouns for
which tone is unknown or questionable.
0001
0002
0003
0005
0006
0007
0008
0010
0011
0012
0013
0014
0015
0017
0018
0019
0021
0022
0023
0024
0025
0026
0027
0028

omo-βeɾe n. body (3/4)
eɾi-ʃáakɔ n. skin (of man) (5/6)
omu-tú n. head (3/4)
oβo-ʃó n. face (14/6)
eɾ-íiso n. eye (5/6)
oɾu-ɣɔhɛ n. eyebrow (11/10)
eɣi-táti n. eyelid (7/8)
a-moni n. pupil (9/10)
eɾi-ɲɛ́ɛɾɔ n. nose (5/6)
om-óoŋgo n. bridge of nose (3/4)
oɣo-tú n. ear (15/6)
am-bútu n. cheek (9/10)
omo-nu n. mouth (3/4)
oɾo-ɾéme n. tongue (11/10)
eɾ-íino n. tooth (5/6)
eɾi-ɣeɣu n. molar tooth (5/6)
oɾu-sá* n. jaw (11/10)
eki-hamú n. chin (7/8)
eɾi-ɣoti n. neck (5/6)
an-koonó n. nape of neck (9/10)
eke-meɾo n. throat (7/8)
eɾi-ɾáka n. larynx (5/6)
oɾo-tʃwéɾi n. hair (11/10)
oɾu-ɾɛ́ɛsa n. beard (11/10)

0029
0030
0031
0032
0033
0034
0035
0036
0037
0038
0040
0041
0042
0044
0050
0051
0052
0053
0054
0055
0056
0057
0060
0061
0062
0063
0064
0065
0066
0067
0068
0069
0070
0071
0074
0075
0077
0078
0079
0081
0082
0083
0084
0085
0086
0087
0088
0090
0091
0093
0094

oβu-tʃɔ́ɔki n. body hair (14)
eki-hɛ́kɛ n. tuft (of hair) (7/8)
eɾi-βɛɣa n. shoulder (5/6)
eɣi-kɔ́mbɛ n. shoulder blade (7/8)
eɣe-kúβa n. chest (7/8)
oɾu-βɛ́ɛɾɛ n. breast (11/10)
oɾu-βaɾu n. side (11/10)
eke-ɾíβitʃi n. waist (7/8)
omo-kundé n. navel (3/4)
omo-túuti n. umbilical cord (1/2)
an-da n. stomach (9/10)
eɾi-ɣoβi n. womb (5/6)
omu-ɣɔ́ŋgɔ n. back (3/4)
eke-βóno n. buttock (7/8)
oku-βɔ́kɔ n. arm (15/6)
a-kɔ́ɔha n. armpit (9/10)
a-βuɣusi n. upper arm (9/10)
aŋ-gɔ́kɔ́ɾɔ́ n. elbow (9/10)
eki-ɲɛ́ɣɛ n. forearm (7/8)
a-ɲíŋga n. wrist (9/10)
eɣi-sáaɲi n. hand (7/8)
eɣe-kúndi n. fist (7/8)
ekj-aɾa eɣe-koɾo n. thumb (7/8)
a-ko e βj-aɾa n. knuckle (9/10)
oɾo-kómo n. fingernail (11/10)
oɣo-ɣoɾo n. leg (15/6)
oɾu-βáβaɾe n. hip (11/10)
eɾi-táŋgo n. thigh (5/6)
eɾii-ɾú n. knee (5/6)
omu-hándi n. shin (3/4)
eɣe-kuɾúuka n. calf of leg (7/8)
a-toɣoɾo n. ankle (9/10)
eki-ɾɛ́ŋgɛ n. foot (7/8)
eɣe-tíŋgiɾo n. heel (7/8)
eɾi-ɣúha n. bone (5/6)
omo-síimo n. bone marrow (3/4)
eke-hóoɾe n. skull (7/8)
a-kíítʃo n. breastbone (9/10)
oɾo-teté n. backbone (11/10)
oβ-ɔ́ɔŋgɔ n. brain (14)
a-kɔ́ɾɔ n. heart (9/10)
eɾi-téma n. liver (5/6)
a-híɣo n. kidney (9/10)
eɾi-sóoso n. lung (5/6)
oβw-ánda n. intestines (14)
a-sáaɾo n. bladder (9/10)
an-dúɾa n. gall bladder (9/10)
omo-ɣiha n. tendon (3/4)
a-kɛ́ɛβɔ n. vein (9/10)
ama-tɛ́ n. saliva (6)
oɾu-tɛ́ n. phlegm (11)
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0095
0097
0098
0099
0102
0104
0106
0107
0109
0110
0111
0112
0113
0114
0115
0117
0119
0120
0121
0122
0123
0124
0125
0127
0129
0130
0131
0133
0134
0135
0136
0137
0138
0139
0140
0140
0141
0142
0143
0144
0145
0146
0147
0149
0150
0151
0152
0153
0155
0156
0157

eke-miɾa n. mucus (7/8)
oɾo-ɣísoɾi n. tears (11/10)
ama-sáahɛ n. blood (6)
an-dúɾa n. bile (9)
ama-βí n. excrement (6)
ɣo-sima v. wink (eye)
ku-hɛtʃɛɾa v. breathe
kw-auɾa v. yawn
ku-hɛhɛɛna v. pant
ko-huuta v. blow (with mouth)
ɣo-tu ama-te v. spit
ɣu-kɔɾɔɾa v. cough
ku-βɛtʃɛɣɛɾa v. belch
okw-eɣesa n. hiccup (15)
ɣw-asimoɾa v. sneeze
ɣu-ɣɔnɛɾa v. grunt
ɣo-ʃiŋooɾa v. urinate
ɣo-suɾi v. break wind
ku-nɛ v. defecate
ɣo-siŋgisa v. shiver
ɣo-ɣiɾimoɾa v. sweat
ko-ɾu amasahe v. bleed
ko-ɾuɾa v. coagulate
ɣo-teni v. faint
eɾi-ɾɔ́ɔtɔ n. dream (5/6)
ko-βooka v. wake up
ko-ɾiɣi v. see
ku-mɔɔhɛɾɛɾi v. look at
ko-oɣu v. hear
ɣu-tɛɣɛɾɛɾa v. listen
ɣo-tʃoona v. smell
ɣw-ituuɾi v. feel
ɣo-tuɾi v. touch
ɣu-sama v. taste
ku-ɾaaɣɛɾa v. eat
ku-ɾe v. eat
ko-ɾoma v. bite
ɣu-sɛ (amiino) v. crunch
ɣu-takuna v. chew
ɣo-soɣoni v. gnaw
ko-meɾa v. swallow
ɣo-kuɾasa v. choke
ku-mɛɛsa v. lick
ku-ɲo v. drink
ɣw-ikaɾa v. sit
kw-imeɾeɾa v. rise up
ko-misi v. lie down
kw-inaaɾi v. turn round
eɾi-tambukeɾa n. footstep (5/6)
ɣw-ituuɾatuuɾa v. stumble
ɣo-soɣoɾa v. limp

0158 kw-aɣuɾa v. crawl
0159 ko-jaaɾa v. run
0160 ɣw-iʃaɣa v. swim
0161 ko-βuɾuɾuka v. jump
0163 ɣu-tatʃa v. stamp
0164 omo-titi n. trample (3/4)
0168 gu-tɛma oɾo-he v. slap
0169 kw-imeɾeɾa v. stand
0170 ɣu-taɣaɾaɾa v. straddle
0171 ɣw-ituɣeka v. lean against
0172 kw-iihiiɲa v. bend down
0174 ɣo-ɣiikaɾi v. seated
0175 ɣo-soŋoŋga v. squat
0176 ko-hiɣama v. kneel
0179 an-tʃeɾa n. hunger (9)
0180 ɣw-iɣota v. sated
0181 a-ɲóota n. thirst (9)
0182 ku-ɾɛu v. drunk
0183 ɣu-tamu v. tired
0184 ɣo-sundaɣɛɾa v. sleepy
0185 ko-wɛɛɾa v. rest
0189 eɾi-ɣúku n. hump (5/6)
0190 a-máaɾa n. baldness (9/10)
0191 ko-hukuɾa v. blind
0194 omo-tʃíɣaɾu n. impotent (1/2)
0195 omo-ɣómba n. barren woman (1/2)
0196 omo-hukú n. blind person (1/2)
0197 omo-kíɾo n. deaf (1/2)
0198 eɾi-ɣúku n. hunchback (5/6)
0199 a-taɣaɾja n. cripple (9/10)
0199a omu-ɾɛ́ma n. disabled person
(1/2)
0200 eɣe-ɣojó n. dwarf (7/8)
0201 eɾi-ɣíɾo n. giant (5/6)
0202 omu-ɾáɣáanú n. stupid person
(1/2)
0203 omo-kúŋgu n. senile person (1/2)
0204 omo-tʃúuɾu n. mad person (1/2)
0205 omu-hoɾu adj. healthy (person)
0206 omu-βaβaɾu adj. sick (person)
0207 kw-iɲahaɾa v. hurt oneself
0208 ku-hɔɾa v. heal
0209 omo-te n. medicine (3/4)
0210 gw-itegerera v. get well
0211 ko-ɾjoki v. revive
0212 eɾi-βimba* n. abscess (5/6)
0213 eɾi-kútʃu n. swelling (5/6)
0217 a-káβaβe n. goiter (9/10)
0218 eɾi-βɔɾɔ́ n. hernia (5/6)
0220 eɾi-ɣáati n. wound (5/6)
0221 oβu-βɔɾɔ́ n. pus (14)
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0223
0224
0224
0227
0229
0230
0231
0233
0236
0237
0238
0240
0244
0245
0247
0248
0249
0250
0251
0252
0254
0255
0257
0260
0261
0262
0263
0264
0265
0266
0268
0269
0270
0271
0272
0275
0276
0277
0278
0279
0280
0284
0285
0286
0287
0288
0289
0290
0291
0292
0294

a-ɲɛɛtɛ́ n. intestinal worm (9/10)
oβu-βáβaɾu n. disease (14)
oβu-ʃaaɣa n. disease (14)
am-bíti n. leprosy (9/10)
eki-hɛ́ɛnɔ n. fever (7/8)
oβu-hɛmbɛ́ɾɛɾa n. pain (14)
ku-ɲahaɾa v. hurt
ko-ɾoka v. vomit
ɣu-saaha v. diarrhea
ɣu-tʃaatʃaana v. itch
eri-méɲa n. life
oko-βuna* n. menstrual period (15)
kw-iβoɾa v. give birth
kw-iβoɾu v. be born
ɣo-koɾa v. grow up
omo-kuŋgu adj. old (person)
ɣo-ku v. die
oɾo-kó n. death (11/10)
omo-síɾi n. dead person (1/2)
kw-ihɛɛβa v. think
ɣw-iteŋeɾa v. hope
ku-maɲa v. know
oβu-ŋaini n. wisdom (14)
ɣu-taaŋgaaɾa v. stupid
ɣw-itakitaki v. confused
kw-eɣa v. learn
kw-eɣi v. teach
kw-eɾekeɾeɾi v. show
ko-hiita v. remember
kw-eβu v. forget
ko-ɾiɾiata v. rejoice
ɣu-sɛka v. laugh
ɣo-siiɣasiiɣa v. smile
kw-ihiɲɛɾɛɾa v. sad
ko-ɾeɾa v. cry
tʃaŋ-góɾi n. pity (10)
oβo-tíini n. fear (14)
go-tiini v. frighten
ɣu-taki v. startle
ɣu-kaɾaɾa v. angry
ku-hɔɾɛɛɾa v. calm
ɣo-siiɣa v. love
ku-ɾɛɣa v. hate
ɣu-taɾaaha v. despise
ɣw-iɣomba v. desire
ɣo-toɾani v. decide
kw-ahuɾa v. choose
ɣu-ʃaamu v. hesitate
kw-iβaɾeka v. abstain
ɣw-iʃeɾeɾeɾi v. allow
ku-hɔtʃɛɾɛɾa v. prevent

0296 ɣu-saki v. try
0298 ɣo-kindu v. fail
0299 ɣw-ikɔɾi v. pretend
0308 tʃa-sóni n. shame (10)
0309 oβu-háaɾi n. courageous (14)
0310 omo-tíini n. coward (1/2)
0313 omu-tɔβu adj. lazy
0319 a-ɲáakɔ n. hardship (9/10)
0321 ku-ɲaaka v. suffer
0322 ɣo-keŋga v. obstruct
0325 a-ɲɔ́ɔɾi n. problem (9/10)
0326 omó-óto n. person (1/2)
0328 omo-súβe n. man (male) (1/2)
0330 omo-tʃúŋgu n. white man (1/2)
0332 eke-ŋwɛɾɛ́ɾɛ n. baby (7/8)
0333 eɣi-saɾé n. twin (7/8)
0334 om-óona n. child (1/2)
0338 omo-βúɾéni n. young man (1/2)
0341 omooɲu* n. blood relative (1a/2a)
0343 sookoɾo* n. grandfather (1a/2a)
0343a ɣɔɔkɔ n. grandmother (1a/2a)
0344 taata n. father (1a/2a)
0345 iimá n. mother (1a/2a)
0346 omwito o ɣesuβe n. brother (1a/2a)
0349 maame n. mother's brother (1a/2a)
0350a maamoɲi n. mother's younger
sister (1a/2a)
0351 miʃeŋge n. father's sister (aunt)
(1a/2a)
0353 omu-táŋge n. firstborn (1/2)
0354 omw-íβoɾu n. descendant (1/2)
0356 om-úuke n. daughter (1/2)
0357 omo-tʃókoɾo n. grandchild (1/2)
0358 omw-ího n. nephew (1/2)
0359 eɾii-na* n. name (5/6)
0361 omw-íβoɾi n. in-law (1/2)
0363 omu-káɾi n. woman (1/2)
0366 maβjaɾa n. mother-in-law (1a/2a)
0367 βaamuku n. brother-in-law (1a/2a)
0368 kamaatí n. sister-in-law (1a/2a)
0369 omu-kú n. son-in-law (1/2)
0370 omu-kamóóna n. daughter-in-law
(1/2)
0371 omo-sino* n. widow (1/2)
0377 eɾi-tɔ́ŋgɔ n. tribe (5/6)
0378 oɾw-íβoɾo* n. clan (11/10)
0380 omu-saaní n. friend (1/2)
0381 omw-átani n. neighbor (1/2)
0382 omu-ɣɛndí n. companion (1/2)
0384 omu-ɣeni n. guest (1/2)
0386 omo-βísa n. enemy (1/2)
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0387
0388
0389
0390
0391
0392
0393
0395
0396
0397
0398
0399
0400
0401
0402
0403
0404
0405
0407
0409
0411
0413
0414
0415
0417
0418
0420
0421
0422
0424
0425
0426
0428
0430
0431
0433
0434
0435
0437
0438
0440
0442
0443
0444
0447
0451
0452
0453
0454
0455
0456

omw-igarurani n. traitor (1/2)
omw-íβi n. thief (1/2)
omu-káŋgati n. guide (1/2)
omu-tamiʃí n. messenger (1/2)
oβo-jó n. crowd (14/6)
omu-témi n. king (1/2)
omu-ɣáɾuka n. elder (1/2)
omu-sɛsɛ n. slave (1/2)
omo-ɾemi n. farmer (1/2)
omo-wésani n. fisherman (1/2)
omo-βjémi n. hunter (1/2)
omo-túɾi n. blacksmith (1/2)
omo-βómbi n. potter (1/2)
omo-ɾóki n. weaver (1/2)
omo-sintʃi* n. butcher (1/2)
omo-sóɾótʃa n. trader (1/2)
omu-hóki n. servant (1/2)
omu-sáβísáβi n. beggar (1/2)
omo-símbe n. prostitute (1/2)
omu-ɣaβo n. medicine man (1/2)
omo-túɾútúmbi n. sorcerer (1/2)
omu-ɾóoti n. fortune teller (1/2)
ɣu-tɛmɛɾana v. meet
ku-hɛɾɛkɛɾɛɾa v. accompany
ɣo-komana v. assemble
ku-ɾaɣani v. invite
ɣu-tɛ v. abandon
ku-ŋɔsa v. run away from
ku-hɛɛβa v. drive away
βo-heene adv. same
ɣo-keɾana v. different
ɣo-tuβana v. resemble
ɣu-tʃɔmɛɾu v. admire
eɣi-ɣámbo n. language (7/8)
a-ŋána n. word (9/10)
ko-βuɣa v. say
eɾi-ɾáka n. voice (5/6)
ku-ɾɛ ama-ŋana v. speak
ko-ɾeɣesa v. shout
ɣu-ɣambana v. chat
ɣu-tatuɾa v. stutter
ɣo-kiɾa v. silent
ɣu-kɛɛɾani v. greet
ko-βeɾekeɾa v. call
a-βakuɾi n. announcement (9)
ku-mɔɔɲa v. gossip
oβo-βíihi n. lie (14)
ko-βooɾi v. ask
ɣu-sasaama v. plead
ɣu-saβa v. request
ɣu-ɣaɾokeɾi v. answer

0460
0461
0462
0463
0464
0465
0467
0468
0470
0474
0475
0476
0478
0479
0480
0481
0482
0485
0486
0487
0488
0489
0491
0492
0493
0493
0495
0496
0497
0498
0501
0502
0503
0503
0504
0506
0507
0508
0509
0511
0513
0514
0515
0516
0517
0518
0519
0521
0522
0525
0527

ku-ɾaheɾi v. swear
ɣo-tokana v. insult
eɾi-toki* n. insult (5/6)
ɣu-tʃɛɛɾa v. slander
ɣo-tiini v. threaten
ku-haakaana v. argue
ɣo-siihi v. grumble
ɣu-kandaɾaɾa v. contradict
kw-aŋga v. deny
ɣu-saana v. persuade
ɣo-kumi v. praise
ɣw-itaβeɾi v. bless
kw-iheema v. boast
ko-βooɾeɾa v. tell
eɾi-ɣano n. story (5/6)
eki-ɾɛŋgi n. prov. (7/8)
oβu-ɣámbi n. speech (14)
ku-βaβata v. caress
ɣu-kɛɛɾani kwo miiɣa v. kiss
kw-ehana v. copulate
ɣu-ɣɔɔka v. suckle
ɣo-tiɣitiɣi v. tickle
oɾu-sáaɲi n. whip (11/10)
ɣu-sakeɾi v. help
ko-nenda v. protect
ɣo-tʃoŋga v. protect
ku-ɾɛɾa v. bring up
ɣu-tɛmi v. rule over
ku-ɾaɣeɾeɾi v. order
ku-hateka v. command
ku-hɔkɛɾi v. serve
ɣu-kaŋgata v. lead
ko-ɾu aɲuma v. follow
ɣu-tambana v. follow
ɣo-sooka v. obey
ku-naaha v. annoy
ko-ŋina v. deceive
oko-ɾéɣesa n. quarrel (15/6)
ku-ɾɔna v. fight
ɣw-ita v. kill
ɣu-tɛmɛɾani v. resolve
ɣu-saβɛɾa v. intercede
omo-sookaní n. compromise (1/2)
ku-hɔɾɛɛɾi v. appease
okw-iβa v. steal
ɣo-timba v. rape
ɣo-tena ekiina v. judge
oβu-hɛɛnɛ adj. fair (14)
oβo-βé n. guilt (14)
an-tʃáɣo n. penalty (9/10)
omw-ikari* n. inhabitant (1/2)
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0529
0530
0532
0533
0534
0535
0536
0537
0538
0539
0540
0541
0545
0548
0550
0551
0553
0554
0555
0560
0561
0563
0564
0566
0568
0569
0570
0571
0573
0575
0576
0577
0578
0581
0582
0585
0586
0587
0591
0593
0594
0595
0596
0598
0599
0600
0601
0602
0603
0604
0605

ɣu-saama v. migrate
a-se* n. country (9/10)
omo-ɣja n. town (3/4)
ekj-áɾo n. village (7/8)
oβu-ɾaaɾo n. camp (14)
omu-tɛ́ɛɾa n. market (3/4)
aŋ-giβo n. clothing (9/10)
ko-βeeka v. wear
ko-moβekeɾa v. dress
ko-ɾuusi aŋgibo v. undress
eki-ŋáaβi n. naked (7/8)
eɾi-hima n. hat (5/6)
an-dátʃáná n. robe (9/10)
eɣe-kwéɾa n. shoe (7/8)
ɣo-toŋga v. string
a-ʃaβaʃi n. bracelet (9/10)
oɾu-tɔ́ɔti n. ankle bracelet (11/10)
a-βete* n. ring (for finger) (9/10)
eɾi-kótʃo n. earring (5/6)
a-hímbo n. cane (9/10)
ɣw-iʃaaβa v. bathe
ɣw-iʃaŋguɾa v. wipe
oku-ŋɔɔβa v. cut (hair)
oɾu-ɲɛ́mbɛ n. razor (11/10)
a-ʃiʃíita n. toothbrush (9/10)
eki-ɲákuɾe n. food (7/8)
a-ɲama n. meat (9/10)
ama-ɣúta n. fat (6)
omo-sóɾi n. broth (3/4)
omu-ɣáate n. bread (3/4)
a-membé n. crust (9/10)
oβo-tu n. flour (14)
om-óoɲo n. salt (3/4)
a-ɲáŋgi n. feast (9/10)
oβu-hɔ́ɾɔ n. leftovers (14)
ama-βɛ́ɛɾɛ n. milk (6)
ama-sátʃu n. curdled milk (6)
ama-ɾó n. alcohol (6)
ko-ɾuɣa v. cook ugali
ɣw-ati v. cut open
eɣe-ténéka n. slice (7/8)
ɣu-tʃɛɛɲa v. peel
ɣu-saŋgɛɾani v. mix
ɣo-suutʃa v. strain
ko-hooɾa v. pound
ɣu-sɛ v. grind
ɣu-kɔɲa v. knead
ɣo-suna v. pluck
ɣu-tɛɾɛka v. cook
ɣw-eki v. roast
oɣu-kaɾaŋga v. fry

0608 ɣu-saamuka v. boil
0609 ɣu-ɣaasa v. ferment
0610 a-ɲɔ́ŋgɔ n. cooking pot (9/10)
0611 eke-huɾeɾó n. metal pot (7/8)
0612 a-ɲó n. pot (9/10)
0613 omu-tɛ́ɾɛ́βí n. ladle (3/4)
0614 eɾi-ɣíha n. cooking stone (5/6)
0615 oɾo-βohe n. grinding stone (11/10)
0616 a-ʃo* n. upper grinding stone
(9/10)
0618 a-kwíɾo n. pestle (9/10)
0619 eɾi-twáŋgeɾo n. mortar (5/6)
0620 eke-hóntʃo n. plate (7/8)
0621 eɣe-tiβá n. bowl (7/8)
0622 eɣi-sɛ́ntʃɔ n. cup (7/8)
0623 a-tʃóoɾi n. spoon (9/10)
0624 omo-suku n. bag (3/4)
0625 eɾi-sandéko n. box (5/6)
0626 a-sakɔ́ n. basket (9/10)
0627 an-dɔ́βɔ n. bucket (9/10)
0628 eɣi-kɔ́ n. calabash (7/8)
0629 omo-ɲéɾeɾe n. bottle (3/4)
0630 eke-huɲó n. stopper (7/8)
0631 a-kóɾomo n. handle (9/10)
0632 ɣu-kɛnɛna v. pour
0634 kw-iha v. take out
0635 ɣw-itʃoɾi v. fill
0636 ɣw-itʃoɾa v. full
0639 ɣw-iɣoɾa v. open
0640 ɣw-iɣaɾa v. close
0641 ko-ɾiβa v. stop up
0643 ko-huɲuɾa v. uncover
0644 ɣo-tindeka v. store up
0645 omo-kumbe* n. bundle (3/4)
0647 ko-βombeɾa v. heap up
0648 ko-ɾiŋga v. wrap up
0649 ko-ɾiŋgoɾa v. unwrap
0650 ɣo-komakoma v. pack
0651 eɾi-βáaɾa n. strap (5)
0653 oɾo-síɾi n. rope (11/10)
0656 ɣo-kundeka ɾi-kundu v. tie (knot)
0658 ko-ɾutɛɾɛɾa v. tighten
0660 ɣo-tititʃoɾa v. loosen
0661 ɣo-timboka v. loose
0662 a-ɲúmba n. house (9/10)
0665 eɣi-seku n. door (7/8)
0667 eɾi-βáŋga n. window (5/6)
0668 eɣi-sáɾa n. roof (7/8)
0669 eɾi-ʃóhi n. beam (5/6)
0673 eɾii-ko* n. kitchen (5/6)
0675 oɾo-ɣíto n. courtyard (11/10)
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0676
0678
0679
0682
0683
0685
0690
0691
0694
0695
0696
0698
0700
0701
0702
0703
0706
0709
0711
0712
0713
0714
0715
0716
0718
0721
0725
0727
0728
0729
0730
0731
0734
0735
0736
0737
0738
0739
0740
0741
0742
0743
0744
0746
0747
0748
0750
0751
0752
0754
0757

oɾu-βáɣo n. fence (11/10)
oɾu-táɾa n. granary (11/10)
a-suméeta n. well (9/10)
eɾii-ʃé n. garbage dump (5/6)
eki-ɲáweeɾa n. garden (7/8)
kw-aβɛka v. build
a-ɲeɲí n. whitewash (9/10)
a-ɾaŋge* n. paint (9/10)
eɣe-túmbe n. stool (7/8)
oɾo-ɾíɣi n. wickerwork (11/10)
oβo-ɾeɾe n. bed (14)
oɾo-moɾe n. lamp (11/10)
a-mémbe n. bell (9/10)
ɣu-ɣambi amembé v. ring
ɣu-kɔɾa v. do
omo-ɾemo n. work (3/4)
eke-ɾisá n. hammer (7/8)
eɾi-βóonóono n. lump (5/6)
eɾi-natá* n. kiln (5/6)
oɾu-βáwe n. wood (11/10)
ɣo-tena v. cut
ɾi-hínda n. log (5/6)
ɣu-kɔmba v. hollow out
a-háatʃe n. axe (9/10)
omu-suméeno n. saw (3/4)
eɣe-ɣómba n. knot (in wood) (7/8)
ɣo-tuma v. sew
oɾo-tʃi n. thread (11/10)
ɾi-ɾíŋgo n. hem (5/6)
a-sakɔ́ n. pocket (9/10)
ɣu-tandoɾu v. torn
ko-ɾoka v. weave
eɣi-tɛ́ɛwa n. broom (7/8)
ɣu-taɾeki v. sweep
ku-mɛɾɛmɛnti v. polish
kw-eɣi v. wash
ɣu-taha ama-ntʃe v. draw water
ku-mɔɔhi v. fetch
ɣo-tuka v. dig
a-βúusa n. rubbish (9/10)
ko-ɾema v. cultivate
omo-ɣóndo n. field (3/4)
oɾo-βéβe n. boundary (11/10)
eɾi-jajaani* n. barren (5/6)
ɣo-swɛɣa v. clear land
kw-ɛmi v. sow
ɣo-tʃiβa v. weed
ko-βoosa v. hoe
eɾi-ʃeɾe n. hoe (5/6)
eɾi-ɣɛsɔ n. sickle (5/6)
ɣu-ɣɛsa v. harvest

0758 ɣo-tukuɾa v. dig up
0759 ɣo-tu v. pick
0760 ko-ɾina v. harvest (e.g. honey)
0761 oɾo-βooká n. threshing-floor
(11/10)
0763 ko-hoŋga n. winnow
0764 kw-iɾuɾa v. winnow
0765 kw-omoɾi v. shell
0766 ɣo-soβoɾi v. husk
0767 ɣo-tuɣa v. domesticate
0768 a-túɣo n. herd (cattle, sheep)
(9/10)
0769 ko-ɾiiʃi v. herd
0770 omo-wáaɾa n. cattle pen (3/4)
0771 ku-βɔhɛɾi v. tether
0773 ɣu-kama v. milk
0774 ɣo-tuɾa v. castrate
0775 ko-βjema v. hunt
0777 ku-hɛɛβani v. chase
0778 eɾi-kóoɾi n. track (5/6)
0779 eɣi-saaɲi n. footprint (7/8)
0780 oβu-tá n. bow (14/6)
0781 omo-βjá n. arrow (3/4)
0782 oβo-sóŋgo n. poison (14)
0784 a-ʃéeki n. quiver (9/10)
0785 eɾi-tímo n. spear (5/6)
0786 eɣi-ɣɛsɔ n. knife (7/8)
0788 a-ɾúŋgu n. club (9/10)
0790 oβo-ɾimbó n. birdlime (14)
0791 omu-hɛtɔ́ n. trap (3/4)
0792 ɣu-tɛɣa v. set a trap
0794 kw-iɾuusi v. evade
0795 ku-ŋɔsa v. escape
0797 ɣo-sintʃa v. slaughter
0798 ɣu-ɣɔɔɣa v. to skin (animal)
0799 ko-wesana (tʃa-su) v. catch fish
0802 oɾw-ɛɾɔ* n. fishing net (11/10)
0803 omu-kandaɾá n. fishing line (3/4)
0804 an-dɔ́βɔ n. fishhook (9/10)
0805 oɾw-ámbo n. bait (11/10)
0806 ku-βa v. be
0807 kw-ɛnda v. need
0808 ku-βɔna v. get
0809 ku-ha v. give
0810 ɣu-ɣaɾoki v. return
0812 omw-ené n. owner (1/2)
0813 omw-áme n. rich man (1/2)
0814 omu-háβe n. poor man (1/2)
0815 kw-amiha v. be rich
0816 ku-haβeeɾa v. be poor
0817 oɾo-βiiɾí n. money (11/10)
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0820 ɣo-ɣoɾa v. buy
0821 ɣo-ɣoɾi v. sell
0823 i-koŋu adj. expensive
0824 eɾi-toβutoβu adj. inexpensive
0825 eɾi-ɣóɾi n. price (5/6)
0826 ɣu-ɣaɣana ɾiɣoɾi v. haggle
0827 eɾi-ɾehi n. payment (5/6)
0828 ko-ɾeha v. pay
0831 oɣu-saβasaβa v. beg
0832 ɣu-saβa a-síiɾe v. borrow
0833 ɣo-kuha a-síiɾe v. lend
0834 a-síiɾe n. debt (9/10)
0838 eɾi-ɣɔ́ɔti n. tax (5/6)
0839 oβo-ʃúɾu n. tribute (14)
0840 omu-ɣaβi n. heir (1/2)
0841 ɣu-ɣaβa v. inherit
0843 ɣu-ɣɛnda v. travel, go on a trip
0845 ɣu-ɣɛndaɣɛnda v. wander
0847 an-tʃeɾa n. path (9/10)
0848 ama-hukana* n. fork (6)
0850 ɣu-tɛɛɲa v. cross
0851 oβw-áto n. canoe (14/6)
0853 oku-ɾaβatʃa v. paddle
0855 ko-meɾu v. capsize
0856 ku-ɾɛɛta v. bring
0858 ɣo-toma v. send
0859 ɣu-ɣɛɣa v. carry
0860 ku-βɛɾɛka v. carry on back
0861 ɣw-itweka v. carry on head
0862 aŋ-gáta n. headpad (9/10)
0863 omo-ɾiɣó n. burden (3/4)
0866 eɾii-hé n. war (5/6)
0867 omu-ɾɛ́mbɛ n. peace (3/4)
0869 ɣatʃeɾo n. spy (1a/2a)
0870 ɣo-tʃonatʃona v. spy
0871 omo-jó n. sword (3/4)
0872 am-búnduki n. gun (9/10)
0873 eɣe-ɣuβa n. shield (7/8)
0874 ko-hitʃa v. conquer
0874a ɣo-kinda v. conquer
0875 ko-hitʃu v. defeated
0876 omu-βóhu n. prisoner (1/2)
0877 ku-hɔka v. plunder
0879 omw-émbo n. song (3/4)
0880 kw-emba v. sing
0882 ko-ɾoɾi v. whistle
0890 eke-ɾéeɾeesi n. harp (7/8)
0894 a-ɲéŋgo n. rattle (9/10)
0897 ɣu-tʃɔɔɾa v. draw
0900 ku-βaɾana v. play
0901 eɾi-βína n. game (5/6)

0902 eke-βónda n. tobacco pipe (7/8)
0904 eɾi-kúmbáte n. tobacco (5/6)
0906 eɾj-óβa n. God (5/6)
0908 eɾi-ʃambú n. demon (5/6)
0911 omo-téma n. spirit (3/4)
0912 ɣu-saβa v. request
0913 oɾu-βáŋgo n. blessing (11/10)
0914 ku-ɾɔɔta v. divine
0915 oβu-ɾɔ́ɔti n. prophecy (14)
0918 oβu-ɾɔɣɔ n. witchcraft (14)
0920 kw-iihiima v. curse
0923 ɣo-tooɾa obo-soŋgo v. poison
0924 eɣe-te n. amulet (7/8)
0927 omo-ɣiɾó n. taboo (3/4)
0929 ku-hɛɛɾana n. sacrifice
0931 ɲaaɾi n. dwelling place of dead
0932 a-suɣaɾa n. tradition (9/10)
0933 oβu-ɣeni n. feast (14)
0935 a-sáaɾo n. circumcision (9/10)
0937 eɾi-βuɾu* n. initiation (5/6)
0938a eɾi-ɾɔ́ŋgɔ n. celebration of
initiation (female) (5/6)
0939 ɣo-kwiɾa v. marry
0940 eɾi-ɾúɣa n. marriage (5/6)
0941 ko-ɾwatʃeɾu oβuku v. engaged
0942 eɾi-kwíɾeɾa n. brideprice (5/6)
0944 omo-kwiɾu n. bride (1/2)
0945 omo-kwiɾi n. groom (1/2)
0946 omu-ɾɛ́kaɾi n. polygamy (1/2)
0951 kw-ihiɲɛɾɛɾa v. wail
0952 ɣo-soŋgoɾeɾi v. comfort
0953 eɾi-hundúɣu n. corpse (5/6)
0954 ko-ɾjeka v. bury
0955 an-djó n. grave (9/10)
0956 am-behéɾa n. cemetery (9)
0957 a-tjéɲi n. animal (9/10)
0958 a-ŋɔ́mbɛ n. ox (9/10)
0959 a-sátíimá n. bull (9/10)
0960 a-ɲáβúuɾí n. cow (9/10)
0961 a-ɾɔ́ɔɾi n. heifer (9/10)
0962 eɾi-túɾe n. steer (5/6)
0963 eki-mɔ́ɔɾi n. calf (7/8)
0965 am-bɛ́ɾɛ́tɛ́ n. goat (9/10)
0966 an-dóme n. goat (male) (9/10)
0968 eki-ɲána n. kid (7/8)
0969 a-ŋɔ́ndu n. sheep (9/10)
0970 aŋ-gúɾuki n. ram (9/10)
0974 aŋ-gɔ́kɔ n. chicken (9/10)
0975 a-séɾéetʃá n. rooster (9/10)
0976 a-sɔ́ntʃɔ* n. hen (9/10)
0977 eɣe-tʃuɾi n. chick (7/8)
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0979
0980
0986
0987
0991
0993
0995
0996
0997
0998
1000
1001
1002
1003
1004
1005
1006
1007
1008
1010
1014
1015
1016
1018
1019
1021
1022
1023
1024
1025
1026
1028
1029
1030
1031
1032
1033
1034
1036
1037
1038
1039
1039
1039
1041
1042
1043
1045
1046
1048
1049

a-káŋga n. guinea fowl (9/10)
am-báata n. duck (9/10)
a-tíkéɾé n. donkey (9/10)
am-béetʃi n. pig (9/10)
a-séese n. dog (9/10)
ɲaamu n. cat (1a/2a)
an-tʃoɣú n. elephant (9/10)
aŋ-gúβu n. hippo (9/10)
am-bɔ́ɣɔ n. buffalo (9/10)
a-sáβi n. rhinoceros (9/10)
aŋ-geɾe n. warthog (9/10)
eke-βíse n. monkey (7/8)
aŋ-gúɣe n. baboon (9/10)
a-híti n. hyena (9/10)
am-bwé n. jackal (9/10)
eɣi-sɛɣɛja* n. antelope (7/8)
an-tʃéɣe n. zebra (9/10)
eɾi-ɾáɲa n. aardvark (5/6)
a-kuɾu maʃani n. pangolin
an-duɣí n. rat (9/10)
a-húku n. mole (9/10)
eɣe-kóɾóɾóotʃi n. mongoose (7/8)
eɣe-súsu n. hare (7/8)
eɣi-sáβo n. porcupine (7/8)
eke-ɾoŋgomusana* n. bat (7/8)
eɾi-tonó n. wild cat (5/6)
eɣi-ka n. civet cat (7/8)
ekj-ónde n. genet (7/8)
aŋ-gwe n. leopard (9/10)
a-ka n. lion (9/10)
0697 eɾi-ʃɛ́ɛɾɔ n. hide (5/6)
oɾu-hɛ́mbɛ* n. horn (11/10)
a-sukuβi n. hump (9/10)
eɣi-sɛ́βɛ n. udder (7/8)
omo-kéɾa n. tail (3/4)
a-kooɾóoto n. hoof (9/10)
oɾo-símbe n. mane (11/10)
eɾi-kɔnɔ n. elephant's trunk (5/6)
oβu-ɾáaɾo n. den (14)
ku-hama v. bark (v)
eke-βúuɾu n. bare teeth (7/8)
ku-ŋɔɔna v. growl
ko-heɾeɾa v. growl
ɣw-itima v. growl
eki-ɲoɲi n. bird (7/8)
eɾi-kooɾukooɾu* n. crow (5/6)
a-sáɾáɾí n. dove (9/10)
eɾi-ŋáɾi n. parrot (5/6)
a-koβooɾoɾo* n. partridge (9/10)
a-hɔɔtɔ́ n. heron (9/10)
eɾi-wésani n. kingfisher (5/6)

1052 ŋoŋooí n. stork
1053 a-nuŋgu* n. ostrich (9/10)
1054 ɲahumé n. owl (1a/2a)
1054a eke-hi n. owl (7/8)
1055 maɣemá n. eagle (1a/2a)
1056 oɾu-kɔɔhɛ́ n. hawk (11/10)
1057 a-mátóoɲí n. vulture (9/10)
1058 eɾi-βuɾi* n. feather (5/6)
1059 eɾi-βáβa n. wing (5/6)
1062 oɾo-suuɾí n. comb (of rooster)
(11/10)
1066 eɾi-βúɾúŋgé n. egg (5/6)
1067 eɾi-ɣoɣoto ɾe ɾi-βuɾuŋge* n.
eggshell (5/6)
1068 omo-ɾuɾe n. yolk (3/4)
1069 eké-ɲumba n. nest (7/8)
1071 ko-βuɾuɾuka v. fly
1076 ɣu-tɛmatɛma amaβaβa v. flap
wings
1077 ɣu-tɛtɛɾi v. cackle
1078 ɣu-ɣamba v. crow
1079 ɣu-tɔɔtʃa v. peck
1080 ɣo-tooɾa v. lay (eggs)
1081 ko-βumaɾɛɾa v. incubate
1083 a-su* n. fish (9/10)
1084 eɣe-síɣiti n. catfish (7/8)
1085 a-mome* n. mudfish (9/10)
1086 a-mamba* n. eel (9/10)
1089 eɾi-jaajeeɣa* n. gill (5/6)
1094 eɾi-koɾu n. snail (5/6)
1095 an-tʃɔ́ka n. snake (9/10)
1096 a-βwánana n. spitting cobra (9/10)
1098 a-βóosooti n. python (9/10)
1099 a-ɲaɾiɾi n. green mamba (9/10)
1100 a-ɲaɣáɾa n. lizard (9/10)
1101 nɔɔɾá n. agama lizard (1a/2a)
1102 ɲawambu n. chameleon (1a/2a)
1104 am-bóɾo n. monitor lizard (9/10)
1105 a-ŋwina* n. crocodile (9/10)
1107 ekj-oɾa* n. frog (7/8)
1108 a-kúɾu n. tortoise (land) (9/10)
1110 eɾi-ɾekeɾeɾo* n. fang (5/6)
1112 eɾi-ɣatʃooɾi* n. shell (5/6)
1113 ɣu-tʃɛɾɛɛɾa v. slither
1114 ko-ɾoma v. bite
1116 kw-iɾumata v. hiss
1117 moɣuuku* n. insect (1a/2a)
1118 a-káɾa n. flea (9/10)
1119 an-dá n. louse (9/10)
1120 eɣe-súɾi n. bedbug (7/8)
1121 eɾi-ŋúɲu n. maggot (5/6)
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1122 eɾi-séɾeβe n. cockroach (5/6)
1123 a-síisi n. ant (9/10)
1124 a-soŋgé n. soldier ant (9/10)
1125 a-sooɾóoɾo n. flying ant (9/10)
1126 omu-sɔ́ n. termite (3/4)
1127 oɾu-ɲawamboβe* n. spider (11/10)
1129 eɣi-táamooni n. scorpion (7/8)
1130 eɾi-híɾiŋgiti ma-βi n. dung beetle
1131 a-ŋúɲu n. jigger (9/10)
1132 eɾi-haɾaɾa n. grasshopper (5/6)
1133 a-ʃáanani n. cricket (9/10)
1134 aŋ-giɣé n. locust (9/10)
1135 eɾi-tʃanukeɾa maɲeɾo n. praying
mantis (5/6)
1136 eke-ɲíɲíɾá n. leech (7/8)
1137 ɲamaɣoɾó n. caterpillar (1a/2a)
1139 eɾi-ɣoŋgóɾo n. millipede (5/6)
1141 aŋ-gi n. fly (9/10)
1142 a-suná n. mosquito (9/10)
1143 an-tʃóki n. bee (9/10)
1144 eɣe-ɣí n. mud wasp (7/8)
1146 eke-huuhé n. butterfly (7/8)
1148 oɾu-ɾɛ́ɛsa n. antenna (11/10)
1150 eke-βeeɾéeɾa n. stinger (7/8)
1153 eɣi-sɔ́ n. termite hill (7/8)
1154 omu-tána n. beehive (3/4)
1155 oβo-ɾiβó n. beeswax (14)
1156 oβ-óoke n. honey (14)
1158 omo-té n. tree (3/4)
1159 eɾi-hɛɾɔ* n. ebony tree (5/6)
1166 omu-sɔŋgɔmá n. thorn-tree (3/4)
1167 omo-sisi n. tamarind tree (3/4)
1169 omu-náasi n. coconut palm (3/4)
1170 omu-ɾéŋgáaɾí n. raffia palm (3/4)
1171 omu-tɛndɛ* n. date palm (3/4)
1172 eɣi-sáka n. thicket (7/8)
1173 oɾu-ɲáaki n. grass (11/10)
1174 eɾi-koɾé n. bamboo (5/6)
1175 eɾi-tɛtɛ n. reed (5/6)
1176 eɣi-tóki n. weeds (7/8)
1177 eɾii-to n. leaf (5/6)
1178 oɾu-sá* n. branch (11/10)
1179 eɾi-tína n. trunk (5/6)
1180 eɾi-ɣɔ́kɔ n. bark (5/6)
1181 oβu-sɔ́ŋgɔɾu n. sap (14)
1182 eɣe-síke n. stump (7/8)
1183 omo-ɾja n. root (3/4)
1184 eɾi-ntoɲá n. bulb (5/6)
1187 eɾi-ɲaaki* n. grass-blade (5/6)
1188 eki-βaɾí n. flower (7/8)
1189 omo-ɾóŋgo n. bud (3/4)

1190
1193
1197
1200
1201
1202
1203
1204
1208
1213
1214
1215
1219
1227
1230
1232
1233
1234
1236
1237
1238
1241
1243
1244
1245
1246
1247
1248
1250
1252
1254
1255
1257
1259
1261
1262
1265
1266
1268
1269
1270
1271
1272
1275
1278
1279
1281
1284
1285
1287
1290

eki-meɾí n. shoot (7/8)
eɾii-hó n. thorn (5/6)
oβu-sɛɾa n. juice (14)
eke-βúuɾi n. corncob (7/8)
a-tétéɾé n. kernel (9/10)
am-búsúɾú n. seed (9/10)
eɾi-ɣɔ́kɔ n. skin (of fruit) (5/6)
eɣe-sóβe n. shell (7/8)
eɣi-tɔ́ɔkɛ n. banana (7/8)
eɾi-βaβajó n. papaya (5/6)
eɾi-náasi n. pineapple (5/6)
eɾi-βɛ́ɛɾa n. guava (5/6)
a-ɲaaɲá n. tomato (9/10)
eɾi-ɾiwá n. cassava (5/6)
a-númbu n. sweet potato (9/10)
eɾi-ndeké n. maize (5/6)
oβu-βɛ́ɾɛ n. millet (14)
eɾi-hɛmba* n. sorghum (5/6)
omu-tʃaɾé n. rice (3/4)
a-ŋáɾáŋgá n. groundnut (9/10)
oβu-kaanú n. sesame seed (14)
eɾi-kuwá n. sugarcane (5/6)
a-ŋuɾé n. rubber (9/10)
oβo-ɾóβa n. cotton (14)
ku-mɛɾa v. grow
ɣo-seβoka v. sprout
ku-ŋɔɔɾa v. ripe
ku-nɔɣa v. ripen
ko-βuʃa v. rotten
ku-ɲaaɾa v. wither
a-se n. world (9)
aha-ɣíɾo n. place (16)
eki-βáɾa n. grassland (7/8)
omw-éja n. open place (3/4)
eɾi-ɾɔβɛ n. ground (5)
eɣe-ɣoɾo n. mountain (7/8)
a-taɾaɾi n. valley (9/10)
ɾi-ɾóoma n. ditch (5/6)
eɾi-ɾiβa n. hole (5/6)
oɾu-ɲɛ́ɾɛ́ɾá n. crevice (11/10)
a-kɔ́ɔβɔ n. cave (9/10)
eɾi-táɾe n. rock (5/6)
eɾi-βohe n. stone (5/6)
oɾo-tu n. dust (11)
eɾi-tɔtɔ n. mud (5/6)
ekj-óma n. iron (7/8)
oɾu-hɛɾa* n. silver (11/10)
ama-ntʃe n. water (6)
a-ɲántʃa n. ocean (9/10)
eɾi-táŋga n. pool (5/6)
eke-ɾika n. spring (7/8)
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1292 om-ɔɔɾɔ n. brook (3/4)
1293 eɣi-táaɾo n. river (7/8)
1294 omu-ɣɔ́kɔ n. current (3/4)
1298 oβu-ɾaɾo n. bridge (14)
1299 eɾi-tíɾíitʃá n. island (5/6)
1301 omo-kúnda n. wave (3/4)
1302 eɾi-huɾu n. bubble (5/6)
1305 omo-ɾoɾo n. fire (3/4)
1307 a-sasi* n. spark (9/10)
1308 eɾj-óki n. smoke (5/6)
1310 oɾo-kú n. firewood (11/10)
1311 eɾi-káɾa n. charcoal (5/6)
1312 eɾi-βú n. ashes (5)
1313 eɾi-ɣoɾo n. sky (5/6)
1315 eɾi-ʃáaɾo n. cloud (5/6)
1317 eɾj-óβa n. sun (5/6)
1318 omw-ɛɾi n. moon (3/4)
1322 an-tʃɔ́ta n. star (9/10)
1327 eɾi-ɾéɣe n. noise (5/6)
1329 oɣo-tʃuuɾa v. squeak
1330 omu-káma n. wind (1/2)
1331 eke-ɾumbé n. harmattan (7/8)
1333 eke-ɾumo n. thunder (7/8)
1335 am-búɾa n. rain (9)
1336 oɾo-súusu n. drizzle (11/10)
1338 oɾu-mɛ n. dew (11/10)
1339 oɣw-itʃoɾeɾu n. flood (15/6)
1340 ko-oma v. dry up
1343 a-twiɣo n. rainy season (9/10)
1346 a-sa n. cold (weather) (9/10)
1347 oβw-éɾo n. light (14)
1350 eki-iɾiiɾí n. shadow (7/8)
1351 eke-ŋúuɾi n. darkness (7)
1352 eɾi-βáɣa n. time (5/6)
1359 wiiki adv. again
1366 ɣu-ɣaɲa v. wait
1366 ku-hɔɾɛɛɾa v. wait
1367 oɾo-síko n. day (11/10)
1369 om-óoka n. year (3/4)
1370 ɾéeɾo n. today
1371 itʃo n. yesterday
1374 βasiiɾe ɾuuɾe n. day after
tomorrow
1384 oβo-tíko n. night (14)
1385 eɣe-ɣíɾo n. thing (7/8)
1389 am-bɛrɛ n. front (9/10)
1390 a-mu-ɣɔŋgɔ n. back
1392 ɣateɣate n. middle
1393 aŋ-geɣu n. edge (9/10)
1398 oɾu-ɣɛ́ndɔ n. movement (11/10)
1399 okuutʃa v. come

1400
1400
1401
1402
1403
1404
1404
1405
1406
1407
1408
1409
1410
1411
1412
1413
1414
1415
1416
1421
1422
1423
1425
1426
1427
1428
1429
1430
1431
1433
1434
1435
1436
1437
1438
1438
1440
1441
1443
1444
1446
1448
1451
1452
1453
1455
1456
1457
1459
1460
1461

ɣu-jɛ v. go
ɣu-ɣɛ v. go
ɣw-iʃukɛɾɛɾa v. approach
ko-hika v. arrive
ɣu-saaɣa v. remain
ɣu-tanuɾa v. leave
ku-ɾɔβɔka v. leave
ɣu-ɣaɾuka v. return
kw-inaaɾa v. go round
ɣu-sɔha v. enter
ko-hoɾoka v. come from
ɣo-tiiɾa v. ascend
ɣw-ika v. descend
ɣu-ɣo v. fall
ɣw-itunda v. swing
ɣu-tɛɾɛɾa v. slide
kw-ihiɾiŋgiti v. roll
ɣu-santʃa v. spread
ɣw-ateka v. burst
kw-aŋgohi v. hasten
kw-imoki v. take
ɣu-saɾa v. snatch
ɣu-tɔɔɾa v. pick up
ɣu-ɣɔɔta v. hold
ko-βooki v. raise
ɣw-iki v. lower
ɣo-ɣwiʃi v. drop
ku-ɾɛkɛɾa v. throw
ku-ɾasa v. shoot
ɣu-ɣaɾuɾa v. turn over
ko-ɾuta v. pull
ko-ŋuɾa v. drag
ɣo-tuɣuta v. push
ko-jaaɾi v. steer
ko-heta v. pass
ko-heteeɾa v. overtake
ɣu-kɛɛma v. twist
ɣo-kuɲa v. fold
ɣo-suŋga v. hang up
kw-anekeɾa v. spread out
ɣu-tɛma v. hit
ko-hunana v. bump
ku-ŋaɾuɾa v. scratch
ko-ŋuuta v. pierce
ɣu-tanduɾa v. tear
ɣo-siŋgisi v. shake
ku-βandeɾeɾi v. squeeze
ɣu-kɔtʃa v. crush
ɣo-keɾani v. alter
ko-βuna v. break
ɣu-saɾi v. destroy
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1462
1463
1464
1465
1466
1469
1470
1471
1472
1473
1474
1476
1479
1480
1481
1483
1484
1485
1486
1487
1488
1489
1491
1492
1492
1493
1494
1496
1497
1499
1500
1501
1503
1504
1505
1506
1507
1508
1509
1510
1513
1514
1515
1516
1517
1518
1519
1520
1522
1526
1528

ɣu-saɾeka v. ruined
ku-ɾɔɔβani v. join
kw-iɾi v. accumulate
ɣo-koma v. gather
ku-hɔɔhi v. divide
ɣo-tooɾa v. put
ɣu-saaɣi v. leave
ɣo-tindeka v. keep
ko-βisa v. hide
ko-ɾumeeɾi v. lose
ɣu-taβaɾa v. look for
ko-huuta v. blow
ɣo-ɣuutʃaɣuutʃa v. fan
omu-ɣeɾi n. flow
ɣu-tɔɔɲa v. drip
ɣo-susuteɾi v. sprinkle
ku-haka v. smear
ko-meɾi v. dip
ɣu-tɔβɛka v. soak
ɣo-siisa v. wring out
kw-omi v. dry out
ɣo-tombatomba v. float
ko-hiɾu v. drown
kw-ɛɾa v. be white
ku-ɾɛŋgaaɾi v. shine
ko-βuusuka v. fade
ko-ɾemoka v. bright
ku-ɣɔɔti v. kindle
ko-ɾimi v. quench
ku-jaaja v. melt
ɣu-ɣaɾa v. singe
ɣu-taŋga v. begin
ɣw-iʃuka v. continue
omo-hikó n. end (3)
ɣo-tiɣa v. cease
ku-maɾa v. finish
ɣe-koɾo adj. big
ɣu-taɣaɾaɾa v. enlarge
ge-suhu adj. small
ɣo-suuha v. diminish
in-de adj. long
ko-ɾiihi v. lengthen
iŋ-guhe adj. short
ɣo-ɣuheehi v. shorten
in-tʃamu adj. fat
iŋ-keɾeɣeso adj. thin
iŋ-gaɾe adj. wide
ɣu-ɣaɾehi v. widen
eɣi-sɔŋgɔɾɔɾɔ adj. deep
ku-ɾɛŋani v. flatten
ko-βimba v. swell

1529
1530
1531
1533
1534
1535
1536
1537
1538
1539
1540
1541
1542
1545
1546
1547
1548
1549
1550
1551
1552
1553
1554
1555
1556
1557
1558
1559
1561
1562
1564
1568
1569
1570
1572
1573
1576
1577
1579
1583
1584
1588
1589
1590
1591
1592
1593
1594
1595
1596
1597

ko-βimbiɣana v. round
ɣu-ɣɔɾɔɾɔka v. straight
ɣu-ɣɔɾɔɾɔki v. straighten
ɾi-kúndu n. curve (5/6)
ke-ɾito adj. heavy
oβo-ɾito n. weight (14)
ke-hoho adj. light (weight)
ke-eɣi adj. sharp
ɣo-tjaaɾi v. sharpen (knife)
ku-βaatʃa v. sharpen
in-tuuhu adj. blunt
ku-hɔɔɾahɔɔɾa v. rough
ki-ɲɔɔhu adj. smooth
ku-ɾaɣana v. harden
ɣu-tɔβa adj. soft
ku-ɲɔɔhi v. soften
ko-ma adj. dry
ɣu-tɔβa v. wet
oβu-tɛɾɛɾi* n. slippery (14)
ku-mantɛɾɛɾa v. sticky
oβo-túuku n. heat (14)
am-bɛhɔ́ n. cold (9)
a-téemo n. color (9/10)
kj-eɾo adj. white
kiɾaβuɾu adj. black
βaaɾatu adj. red
oβo-ɾuɾu adj. blue
aɲaɾiɾi adj. green
mantʃanó n. yellow
ɾomooɾa adj. dark (colour)
tʃɔmɛɾu n. taste
eke-ɾúmba n. odor (7/8)
ko-hutʃa v. stink
ɣo-toɾa v. able
tʃaŋ-gúɾu n. strength
eɣi-tɔbu adj. weak
i-maŋgi adj. good
ke-βe adj. bad
oβu-hɛ́ɛnɛ n. truth (14)
omo-sineenu adj. ugly
ɣi-tʃɔmu adj. clean
i-he adj. new
ekaɾee adj. old
imu num. one
iβeɾe num. two
iʃato num. three
iɲe num. four
iʃaano num. five
iʃasaβe num. six
mohuŋgate num. seven
iɲaaɲe num. eight
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1598
1599
1619
1622
1627
1628
1630
1631
1632
1633
1636
1637
1638
1639
1640
1642
1645
1648
1649
1650
1651
1652
1653
1654
1655
1655
1656
1657
1658
1659
1660
1661
1662
1664
1666
1667
1668
1669
1671
1672
1673
1674
1674
1675
1676
1681
1683
1684
1685
1687
1688

kende num. nine
ikomi num. ten
eɾi-ɣana num. hundred
eɣe-ku num. thousand
kw-ɛŋgɛɾa v. add
ko-ɾuusi v. subtract
ɣo-tiβoka v. decrease
ku-βaɾa v. count
ɣu-tɛta v. arrange
ku-ɾɛŋana v. equal
ko-βoɾu v. lack
ɣo-siɾa v. used up
βj-ose adj. all
kj-aɾu adj. many
ɣe-suuhu adj. few
ke-ɾimi adj. whole
hohoose n. everywhere
eni pro. I
ije pro. you (sing)
iwe pro. he; she; it
itu pro. we
iɲu pro. you (pl)
iβo pro. they
ha-no dem. here
ha-aɾe dem. there
ha-jo dem. there
kuɾe adv. far
ha-ɣuhe n. near
masaaβa n. north
βatʃuuta n. south
ɾoɣoɾo n. east
a-ɲántʃa n. west
iɣoɾo n. up
am-bɛrɛ n. forward
okw-iɾo n. right
oku-mósi n. left
iɣoɾo n. over
ha-se under
a-ɲuma n. behind
ɾu-βaɾeka n. beside
mo-ose n. inside
iβaɾa n. in the wilderness
an-tʃe n. outside
ɣate n. between
kw-eɾekeɾa v. towards
eβende n. some
nuwe inter. who
neke inter. what
jiihe inter. which (one)
ɲiŋgake inter. when
ɣwake inter. why

1689
1691
1692
1693
1698
1699
1700

niŋgahe inter. how
na inter. and
eɾaβa inter. if
ɣo kuβa conj. because
haŋu adv. only
ɣwiʃeɾeɾi adv. yes
kwaŋga adv. no; not
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Appendix C: Vowel Formant Analysis Measurements
C.1 Speaker B Noun V1 Measurements (See §3.5.2)
Vowel (V1)
/i/

/e/

/ɛ/

Singular
am-bíti

Plural
-

Gloss
leprosy

omo-síɾi

aβa-síɾi

dead

oɾo-síɾi

tʃa-síɾi

rope

oɾo-ɾígi

tʃan-dígi

wickerwork

a-híti

tʃa-híti

hyena

omo-sisi

eme-sisi

tamarind tree

omo-βeɾe

eme-βeɾe

body

oɾo-teté

tʃa-teté

backbone

oβo-ɾeɾe

ama-ɾeɾe

bed

eɾi-ʃeɾe

ama-ʃeɾe

hoe

aŋ-geɾe

tʃaŋ-geɾe

warthog

an-tʃéɣe

tʃan-tʃéɣe

zebra

eki-hɛ́kɛ

eβi-hɛ́kɛ

tuft (of hair)

omu-sɛsɛ

aβa-sɛsɛ

slave

eɣi-sɛ́βɛ

eβi-sɛ́βɛ

udder

F1
280
301
334
330
340
314
318
322
261
274
288
314
320
334
292
287
258

F2
2262
2230
2251
2199
2247
2287
2150
2081
2351
2284
2320
2233
2266
2213
2142
2166
2143

F1 BW
28
31
18
20
24
24
17
31
44
39
41
36
42
35
34
37
35

353
364
342
370
389
398
385
345
387
396
371
361
377
354
348
341
399
379
370

2014
2025
2000
1872
1880
2105
2100
1951
1819
2046
2084
2129
2094
2221
2131
2229
2085
2253
2194

33
37
25
31
37
44
38
25
41
39
25
33
42
43
37
31
38
33
36

404
471
495
442
455
427
463
475
409

2145
2055
2028
1851
1743
1931
1757
1806
1871

46
51
33
82
68
204
47
36
61
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Vowel (V1)
/ɛ/

/a/

/ɔ/

/o/

Singular
eɾi-tɛtɛ

Plural
ama-tɛtɛ

Gloss
reed

oβu-βɛ́ɾɛ

-

millet

oɾu-táɾa

tʃa-taɾa

granary

eɾi-βáβa

ama-βáβa

wing

a-káɾa

tʃa-káɾa

flea

eɣi-sáka

eβi-sáka

thicket

eki-βáɾa

eβi-βáɾa

grassland

eɾi-káɾa

ama-káɾa

charcoal

oku-βɔ́kɔ

ama-βɔ́kɔ

arm

a-kɔ́rɔ

cha-kɔ́rɔ

soul

aŋ-gɔ́kɔ

tʃaŋ-gɔ́kɔ

chicken

am-bɔ́ɣɔ

tʃam-bɔ́ɣɔ

buffalo

eɾi-ɣɔ́kɔ

ama-ɣɔ́kɔ

bark

eɾi-tɔtɔ

ama-tɔtɔ

mud

oɣo-ɣoɾo

ama-ɣoɾo

leg

F1
430
466
435
434
403
392

F2
1899
1923
1989
1851
1906
1908

F1 BW
47
34
40
46
77
88

670
723
691
643
641
629
657
690
736
675
670
741
663
723
670
695
720
796
700
749

1554
1523
1546
1264
1274
1233
1246
1501
1486
1523
1539
1618
1479
1466
1489
1514
1518
1625
1558
1533

149
60
119
53
94
85
85
81
81
88
56
151
26
63
98
138
60
139
252
215

484
462
469
544
478
498
503
506
509
459
456
457
458
462
484
480
449
433
445
418

880
828
800
1024
962
933
928
939
946
826
825
838
884
897
868
902
1171
1229
1125
1138

33
26
35
38
99
97
49
41
41
39
33
30
49
52
48
50
68
76
84
56

340
362
357

798
825
801

27
34
33
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Vowel (V1)
/o/

/u/

Singular
eɣe-ɣojó

Plural
eβe-ɣojó

Gloss
dwarf

eɾi-kótʃo

ama-kótʃo

earring

am-bóɾo

tʃam-bóɾo

monitor lizard

eɣe-ɣoɾo

eβe-ɣoɾo

mountain

omo-ɾoɾo

eme-ɾoɾo

fire

omo-hukú

aβa-hukú

blind person

eɾi-ɣúku

ama-ɣúku

hunchback

a-húku

tʃa-húku

mole

eɣe-súsu

eβe-súsu

hare

a-kúɾu

tʃa-kúɾu

tortoise (land)

F1
340
340
334
347
365
343
371
399
394
343
347
403
364
379
363

F2
953
846
861
951
879
903
877
841
805
901
1000
1010
968
871
871

F1 BW
28
33
27
47
42
31
58
36
40
40
31
45
56
41
29

255
270
274
258
295
257
274
296
275
272
283
293
309
315

501
559
606
620
712
586
761
766
1130
751
974
730
692
855

34
23
27
31
30
36
34
53
44
37
28
27
37
26
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C.2 CVC-a Verb V1 Measurements for all speakers (See §3.5.2 and §3.5.3)
Speaker A
Vowel

Infinitive

/i/

ko-ɾiβa
‘plug up’
ko-hika
‘arrive’
ɣo-tiɣa
‘cease’
ɣo-siɾa
‘used up’
ɣo-tʃiβa
‘weed’

/e/

ko-ɾeɾa
‘cry’
ko-βeeka
‘wear’
ko-ɾeha
‘pay’
ko-heta
‘continue’
ko-ɾjeka
‘bury’

F1
341
371
366
297
339
367
346
341
355
370
358
348
351
347
365

F2
2235
2164
1900
2202
2343
2182
2183
2141
2148
2128
1962
1822
2285
2071
2188

499
482
452
454
456
425
449
455
459
412
403
374
443

1704
1734
1859
1864
1846
1870
2055
2015
1912
1933
1880
1866
1774

Speaker B
F1 BW
40
26
40
51
49
32
30
17
34
35
28
52
65
42

32
23
47
47
53
47
57
56
57
67

Speaker C

Speaker D

F1
329
309
312
306
298
302
328
317
326
326
334
327
303
298
334

F2
2376
2207
2420
2293
2273
2433
2316
2382
2336
2107
2123
2099
2462
2525
2489

F1 BW
24
40
33
30
40
36
30
32
32
31
28
34
35
49
41

F1
307
314
249
262
353
296
264
301
315
369
344
340
322
274
348

F2
2273
2207
2214
2269
2273
2356
2322
2337
2344
2184
2238
2300
2265
2296
2250

F1 BW
59
59
57
69
57
50
69
67
58
46
59
36
33
58
45

F1
358
382
349
339
356
380
412
417
413
400
413
397
394
386
381

F2
2404
2405
2378
2508
2457
2456
2277
2227
2389
2239
2204
2184
2178
2143
2248

389
396
414
384
379
410
436
406
408
390
375
353
388
394
411

1964
2149
1979
2029
2116
2120
1829
1861
1850
1912
2017
1870
1961
1927
1883

54
56
46
49
49
53
44
49
49
52
47
61
44
35
43

449
410
362
398
375
364
389
413
444
400
419
431
387
365
341

2013
2195
2136
2202
2168
2140
2195
2066
2179
2034
2144
2067
2382
2260
2301

67
78
56
107
82
76
79
73
78

480
480
455
423
441
439
471
472
440
438
455
471
503

2081
2127
2162
2205
2131
2218
2111
2131
2124
2032
1937
1928
2156

41
19
19
27
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Vowel
/ɛ/

Infinitive
ɣu-sɛka
‘laugh’
ku-ɾɛɾa
‘bring up’
ɣu-ɣɛsa
‘harvest’
ɣu-tɛɣa
‘trap’
ɣu-ɣɛɣa
‘take away’

/a/

ɣu-tatʃa
‘stamp’
ɣu-ɣaβa
‘inherit’
ɣu-saβa
‘pray’
ku-haka
‘apply’
ku-βaɾa
‘count’

/ɔ/

ku-βɔha
‘judge’

F1
503
477
477
540
546
554
483
488
488
482
483
458
502
508
464
595
597
515
621
625
639
566
557
544
504
571
589
634
608
608

Speaker A
F2
F1 BW
1860
1765
1713
1786
1623
1723
1980
35
1855
50
1945
63
1810
48
1744
58
1699
67
1705
56
1825
65
1810
61
1407
1401
1341
1253
1273
1376
1269
1298
1363
1239
1263
1315
1324
1277
1336

59
53
43
121
68
58
110
209
207
114
102
64

F1
474
475
482
455
520
495
447
417
430
484
469
459
486
480
479

Speaker B
F2
1882
1815
1816
1845
1864
1812
2017
1858
1989
1812
1797
1825
1721
1708
1753

F1
500
440
410
572
528
555
486
430
519
519
536
491
519
536
491

Speaker C
F2
2002
2031
2035
1814
1939
1980
1944
2174
2019
2069
2021
1999
2069
1985
1999

F1 BW
63
42
36
51
31
71
46
44
41
40
43
48
30
34
35

F1 BW
50
101
141
94
66
52
120
67
106
43
76
246
43
66
246

639
568
578
605
622
613
672
698
620
707
613
659
664
695
650

1665
1617
1612
1347
1327
1310
1413
1469
1354
1485
1422
1400
1434
1444
1398

128
78
69
97
70
72
56
97
40
148
121
115
66
71
66

635
681
697
705
803

1845
1661
1700
1552
1450

218
74
146
78
76

793
751

1493
1444

65
54

796
751

1488
1513

83
131

798
804
792

1518
1529
1545

43
55
37

464
447
427

865
838
820

40
20
28

337
336

737
733

83
99

Speaker D
F1
F2
565
1844
559
1910
481
1897
565
1979
564
2013
559
2005
490
1786
500
1833
511
2084
500
1836
520
1983
496
2001
479
1937
543
1909
501
1940
619
613
604
639
642
617
704
716
719
801
778
730
778
742
687

1770
1792
1779
1364
1404
1369
1395
1376
1366
1336
1343
1357
1393
1476
1388

569
559
537

914
894
934
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Vowel
/ɔ/

Infinitive
ɣu-sɔha
‘enter’
ɣu-kɔɾa
‘do’

F1
511
513
470
551
520
556

Speaker A
F2
F1 BW
964
47
971
60
959
47
1054
78
1005
62
1058
56

ku-hɔɾa
‘heal’

/o/

ku-hɔka
‘plunder’

436
450
460

888
850
959

ɣo-koɾa
‘grow up’

375
385
370
383
416
463
448
469
499
414
412
420
401
365
373

937
995
962
853
959
1038
888
946
1005
810
887
882
827
735
744

286
279
263
329
247
323

707
641
974
739
828
864

ɣo-toɾa
‘able’
ko-ɾoka
‘weave’
ko-βoosa
‘hoe’
ɣo-ɣoɾa
‘buy’

/u/

ɣo-sutʃa
‘strain’
ɣo-tuka
‘dig’

F1
455
461
458
464
474
477
486
454
449

Speaker B
F2
1054
1066
1052
975
946
958
998
968
957

F1 BW
48
47
47
87
39
44
68
47
118

71
74
82

F1
441
548
454
539

Speaker C
F2
972
1147
1163
864

F1 BW
109
223
150
95

543
503

1029
920

96
166

585
524
421

878
869
730

159
50
117

Speaker D
F1
F2
602
1127
580
1150
523
1108
600
1082
553
1093
587
1114
531
1063
546
1011
550
1126
555
991
570
1045
507
955

40
58
58
44
54
58
61
48
65
59
28
43

370
381
378
372
366
395
428
396
422
413
393
395
387
380
376

877
879
924
1009
1015
1057
1010
840
995
816
809
821
818
827
757

39
33
30
30
28
45
55
44
52
72
51
56
34
37
30

416
293
272
292
229
251
423
372
355
298
252
246
279
280
236

990
1010
925
1010
1106
1132
1069
1207
957
760
769
842
744
831
866

77
112
60
57
69
58
102
138
54
53
52
68
62
65
43

500
506
508
525
490
472
528
484
537
425
481
484
484
474
509

955
1014
1006
937
964
919
972
1037
1001
855
924
880
1088
1041
1017

34
49
28
29
27
50

289
281
294
269
294
295

806
758
737
728
803
820

23
28
31
28
27
39

309
340
287
325
252
200

891
995
1057
1060
649
812

87
69
65
78
65
35

342
353
328
381
372
377

994
1012
948
991
976
1050
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Vowel
/u/

Infinitive
ko-βuɣa
‘say’

F1

ko-hutʃa
‘stink’

265
258
292
337
338
333

ko-ɾuɾa
‘coagulate’

Speaker A
F2
F1 BW

989
913
813
923
902
869

40
39
48

333

F1
265
292
277
287
284
293
292
308
311

Speaker B
F2
560
617
603
984
1087
875
743
872
784

F1 BW
37
39
47
24
23
25
32
49
45

F1
294
307
262
238
200
241
307
329
307

Speaker C
F2
580
692
692
967
948
797
803
948
644

F1 BW
80

65
57
62
62
67
65

Speaker D
F1
F2
384
674
380
761
367
671
352
940
380
992
375
1046
368
921
377
980
362
967

301

Appendix D: Wordlists for formant measurements in verbal
suffixes
These lists show the wordlists which were recorded and used for the vowel formant
analysis of verbal stem and suffix vowel harmony, as described in Chapter 6.
D.1 Applicative Suffix (see §6.1)
Vowel (V1)
/i/
/e/
/ɛ/
/a/
/ɔ/
/o/
/u/

Applicative Verb
ɣo-tʃiβ-ɛɾ-a
ko-ɾiβ-ɛɾ-a
ko-ɾeh-eɾ-a
ko-βeek-eɾ-a
ɣu-ɣɛɣ-ɛɾ-a
ɣu-tɛɣ-ɛɾ-a
ɣu-ɣaβ-ɛɾ-a
ku-hak-ɛɾ-a
ɣu-kɔɾ-ɛɾ-a
ku-hɔɾ-ɛɾ-a
ko-βoos-eɾ-a
ko-ɾok-eɾ-a
ko-βuɣ-ɛɾ-a
ɣo-tuk-ɛɾ-a

Gloss
to weed for
to plug for
to pay for
to dress for
to carry for
to trap for
to inherit for
to apply for
to do for
to heal for
to hoe for
to weave for
to say for
to dig for

D.2 Subjunctive Suffix (see §6.2)
The following subjunctive verbs are inflected with the 1P subject marker /to-/.
Vowel (V1)
/i/
/e/
/ɛ/  [e]
/a/
/ɔ/
/o/
/u/

Subjunctive Verb
to-tʃiβ-e
to-ɾiβ-e
to-ɾeh-e
to-βeek-e
tu-ɣeɣ-e
tu-teɣ-e
tu-ɣaβ-e
tu-hak-e
tu-kɔɾ-ɛ
tu-hɔɾ-ɛ
to-βoos-e
to-ɾok-e
to-βuɣ-e
to-tuk-e

Gloss
let’s weed
lets plug
let’s pay
let’s dress
let’s carry
let’s trap
let’s inherit
let’s apply
let’s do
let’s heal
let’s hoe
let’s weave
let’s say
let’s dig
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D.3 Causative, Passive, Perfective, and Agentive Suffixes (see §6.3)
Root V
/i/
/e/
/ɛ/  [e]
/a/
/ɔ/
/o/
/u/

Gloss
weed
plug
pay
dress
carry
trap
inherit
apply
do
heal
weave
hoe
dig
say

Causative
ɣo-tʃiβ-i
ko-ɾiβ-i
ko-ɾeh-i
ko-βeek-i
ɣu-ɣeɣ-i
ɣu-teɣ-i
ɣu-ɣaβ-i
ku-hak-i
ɣu-kɔɾ-i
ku-hɔɾ-i
ko-ɾok-i
ko-βoos-i
ɣo-tuk-i
ko-βuɣ-i

Passive
ɣo-tʃiβ-u
ko-ɾiβ-u
ko-ɾeh-u
ko-βeek-u
ɣu-ɣeɣ-u
ɣu-teɣ-u
ɣu-ɣaβ-u
ku-hak-u
ɣu-kɔɾ-u
ku-hɔɾ-u
ko-ɾok-u
ko-βoos-u
ɣo-tuk-u
ko-βuɣ-u

Perfective (1P)
n-to-tʃiβ-iɾi
n-to-ɾiβ-iɾi
n-to-ɾeh-iɾi
n-to-βeek-iɾi
n-tu-ɣeɣ-iɾi
ɣu-teɣ-iɾi
n-tu-ɣaβ-iɾi
ku-hak-iɾi
n-tu-kɔɾ-iɾi
ku-hɔɾ-iɾi
n-to-ɾok-iɾi
ko-βoos-iɾi
n-to-tuk-iɾi
ko-βuɣ-iɾi

Agentive
omo-tʃiβ-i
omo-ɾiβ-i
omo-ɾeh-i
omo-βeek-i
omu-ɣeɣ-i
omu-teɣ-i
omu-ɣaβ-i
omu-hak-i
omu-kɔɾ-i
omu-hɔɾ-i
omo-ɾok-i
omo-βoos-i
omo-tuk-i
omo-βuɣ-i
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