estrictions described by Goldsmith (1990:18) is thit
in be associated with more than one vowel’. This
sneralized to present a restriction of the surfacing of
wpheme and the succession of two H's on adjacent
ttiction has been the creation of the LH Derivation
This rule triggers an LH melody whose effect is to
Nables away from the preceding H.
25 which have been highlighted in this paper include
itour before pause in final or penultimate positions.
vords was described. It was seen thal one of the major
em is s0 complex is because of substantial inflow of

ed at different periods and therefore caused different:

dpproach to Sukuma Tone" in Studies in Bantu
«ed.), SCOPIL 3: 245-257 USC,

sukima, Langue Bantu de Tanzanie: Phonologie et
1esis. Published by Editions sur les Civilisations,

mic Outlook of Tone in Sukurna. Ms,
nith, 1984, Autasepmental Studies in Bantu Tone,

systems”, In The Structure of Phonological
ler Hulst and N. Smith (eds.), Dordrechi: Foris

: m Sukuma”, In African Linguistics: Essays in
semikenke. D, L, Goyvaerts {ed.), 6:167-187,
“ompany, Studies in the Sciences of Language

Tohn

iental & Metrical Phonolfogy, Basil Blackwell,
sproach o Pitch-Accent' in Luganda” Ms.
wolution des systémes prosodiques dans les
est de 'Afrique orientale, Ph.D. Thesis, Paris.
cof Tone in the Structure of Sukuma. SOAS,

Vowel Height Assimilation in Bantu Languages

G, N. Clements
Cornell University

L. Introduction
The linguistic study of a population of closely related languages offers interesting
-~ possibilities for observing minimal patterns of variation across the same or very similar

wowel systems are quite similer at the level of underlying representation, at the surface they
show subtle differences in respect 1o how vowels of different heights may be sequenced
within: the stem or word, The study of these differences can shed light on the formal
representation of vowel height in phonologicel festure theory,

Many Bentuo languages preserve the 7-vowel system of Proto-Baniu in which vowels
“are arrayed in four heighes, as shown.in (1a). Others have reduced this to a 3-height
- ystem, usuedly theough the merger of the two highest ranks, as shown in (1b).

@ T-vowel (Proto-Banm, Kikuyu, 21e.} b S-vowel (Runyakore, Luganda, eic.)

height 4: i i

hengrht 3: i i i u
weighe 2: = 0 & 0
heighe 1: a a

In most Bantu vowel systems, phonological rules of height sssimilaton typically creats
siriking patierns of altemation. One very common pattern, described by Greenberg (19513
and attributed o Proto-Banom by Meeassen (19677, is illusirated below, Tn this pattern, the
firstvowel of a stem determines the height of subsequent vowels: [1] is lowered o [2] after
el and [o], and Ju] is lowered to [o] after [0). For example, in the T-vowel system of
Fikuyu, the appliad sulfix, which elsewhere has the form [-ir], appears o3 [-er] afier either
af the height 2 vowels, as shown in the second column in (2). (Tones are omicted in these
ek all following examples, since they are irmelevant o the rules under discossion.)
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(23 vowel height altermations in Kikuyu:

tiy-ir-a *stop for® ker-er-a ‘chop for’
nt-ir-a *work for' ror-er-i ook at’
rih-=ir-a ‘pay for 5.0 else’

kum-ir-a ‘rebuke for'

yamb-ir-a  ‘bark s’

The same alternations are found in languages like Runyakore which have reduced the
original seven vowels to five, The comparable alternations are shown in (3

() vowel height alternations in Runyakore:
hik-ir-a ‘reach for, armive’
kub-ir-a *fold for
gamb-ir-a  ‘say o’

reet-er-a
kor-er-a

“ring for'
‘work for’

Using the classificatory scheme in (1), we can generulize over these cases a5 follows:
height 3 vowels are lowered 1o height 2 after height 2 vowels, except that a back vowel is
lowered only after a back vowel.! ;

Mot recent treamments of vowel height in Bantu bave deseribed vowels in terms of the
hinary feamures [high| and [low]. In-other respects, however, analyses have differed. For
example, in systems with four vowel heights, the height 3 vowels have sometimes been
treated as [+high] and sometimes as [-high], This disagreement is reflected in the wide-
spread use of two different transcription systems for Bantu vowels. One ranseribes the
highest four vowels as /i w1 as shwn in (1), implying that the height 3 vowels are high,
“The other transcribes them as /i u @ of, implying that they are mid, Funthermore, while the
height 2 vowels have been most often trested as [-low], some analysts have chamcterized
them as |+How] (see seetion 3). A further problem grises from the fact that the features
[high] and [low] only characterize three heights, due to the fact that [+h zh] cannot combine
with [+low]. An additional feature is required to characterize the fourth height of languages
like Kikuyu, Many linguists have used [ATR] for this purpose, but others have used
[tense]. As aresult of these (and other) disagreements, there does nol yet £xisl a uniform
model for the represemution of vowel height in Bantu.

The aim of this paper will be 1 seek an improved model of vowel height for Bantu
languages, Bascd on a study of several representative patterns of height assimilation, it
will suggest that vowel height can be regarded as a uniform phonetic and phonclogical
parameter, charactedzed in terms of a single, binary feature |open]. This approach differs
hath from the standard feature system discussed above, in which vowel height is described
in terms of several formally unrelated features such as [high] and [low], and from
alternutive models in which vowel height is charncterized in terms of one-vilued Teatures,

Lb e ol o4 s Sl B
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also called particles (see, for example, Schane 1984), The new approach is deseribed in
thie next seotion.? The following sections apply it to several different Bantu vowel height
systems, and show that it provides a straightforward account of several different types of
assimilation processes, while allowing a uniform charseterization of vowel height ncross
superfically different systems.

2. A Hierarchical Model of Yowel Height

In the model proposed here, vowel height forms a uniform phonalogical dimernsion,
which we may designate by the feature [open). This dimension can be viewed as defining
an abstract phonological “space” which is divided into a series of regions, or registers.
The first level of division partitions the space into two primary registers. Either (or both)
of these primary registers can then be divided into two secondary regisiers. Either (or
both) of the secondary registers can then be subdivided in tum, and so on, This conception
it informally schematized in Figure 1:

lopen]
>
primary registers: , 2 2l
>
secondary registers: - i
lertiary regisiers: >
iu u €0 a

Figure 1; A hierarchical conception of vowel height.

At the top of this diagram we see a split of the vowel height space into two primary
registers, designated by the features [-open] and [+open]. Vowels can be assigned to either
of these primary registers, 1f no further distinctions are made, we have o 2-height vowel
systemn such as Classical Ambic /i wa/, in which the [-open]} vowels are Jiu/ and the
[+open] vowel faj. If one of the two primary registers is fuher divided Lo form two
sccondary registers, we have a 3-height system. In Classical Latin, for example, the higher
primary register, designated by [-open], is subdivided into two sccondary registers,
creating the 3-height system fiu eoaf, And registers can be further subdivided to create
successive new subregisters, yielding 4-height systems (such as that of Halian or Yoruba)
and eventually S-height systems (such as thay of the Sotho languages, discussed below),

In principle, since vowel height constinutes a uniform phonetic dimension, thers is no
upper limit on the number of subregisters that may be created. In reality, however, 5-
height systems seem to constitute a de fucto upper limit, due most likely to inherent limits
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on the ability of the auditory system to resolve differences between sounds that approach a
perceptuil threshold,

[ will cafl this conception a fierarchical model of vowel height. In arder 10 formalize
this model in terms of current multi-tiered feature theory, we may amy the binary featune
[Fopen] on several auosegmental ters, assigning each a rank from 1 to n. The feature
[*open| arrayed on a ter with any rank { assigns a vowel to one of the two rcgisters
characterized at rank § of the hierarchy, Thus, the feature [+open| on tier 1 assigns a vowel
10 the lower of the two primary registers, while [-open] on this tier assigns it to the higher
primary register. The same features on tier 2 assign vowels to the lower or higher of the
secondary registers, and so forth. This model is illustrated in (4), which represents the
vowels of Latin:

(4] iu 2,0 i
___.‘ ter 1: \)__, .\/__ p\/

apen;
,_r ter 2: : . _,+

In this diagram, the norlow vowels /i U e o/ are assigned to the higher of the two primary
registers, designated by [-open] on tier . Within this primary register, the high vowels /i
uf are assipned to the higher of the two secondary registers, and fe of are assigned 1o the
lower ene. fa/ is assigned 1o the lower of the two primary Tegisters, and (redundantly’ o
its lower (and only) secondary register, indicating that it is the lowest possible vowel in the
sysicm, phonologically speaking.

For convenience, we will hereafter designate any occwrrence of the feature [Fopen] on
tier i a5 [fopeni]. Thus, for example, [+openz| designates an occurrence of [+open] on
ter 2.

Matural classes are defined by identical feaiure specifications along any der. Thus in
(4}, /1w eof constitute a namral class since they are characterized by the feamre [-open)] on
tier 1, and similarly, /e o af constimie a nuturml class since they are chamoterized by [-open]
on tier 2, even though they belong to different primary reglsters,

The logic of this system requires that a vowel can only be characterized for a lower
register if it 15 also characterized for the higher register of which the lower register is a
subdivision. We may formalize this requirement in terms of a universal implication [open;]
= {openi.q ], which states that the presence of a lower-ranked feature in a vowel implics
the presence of a feature of the next higher-ranked category. Thus if [copen;] charae-
terizes o vowel, for somie value of «, [Popen;.;] must be present as well, for some (net
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necessarily identical) value of [i. To put it another way, the presence of o featre of any
lower register in o vowel “activites” all the higher registers. (This means, for example, that
2 vowel cannot be characterized for [+openz] unless it is also characterized for some value
of [open].) >

In this model, the prototypical Bantu 7- and S-vowel sysiems given in (1) can be
characterized s shown in (3). (Association lines are omitted bere for convenience.)

(57 the feature representation of vowel height systems:

a, 4-height systems @ iu iu eo @
{primury registers) open; i - - +
(secondary registers) openg: - = + +
(tertiary regisiers) openi: - ¥ + *

b, 3-height systems: iu ep &
(primary regisiers) open: = - +

{secondary registers) opena: - + +

Vowels are given here in fully-specified form with all redundant values filled in, m__.:..,iam
how they would appear in surface representations if no feature-changing rules umw:na 10
them. In agreement with most eurrent work (2.8 Clements 1987, }H:E._mm: 1958,
however, 1 assume that vowels are underspecified in underlying represeatations, and
receive their surface values through the opertion of redundancy niles. Thus, for nx...:.__Ea.
[+opens] and [+opens] are redundant in [+openq] (low) vowels, since Tn.ﬁn_.:_ mEJ:m
both [+opena and [+opens). Accordingly, these features will net appear in underlying
feature Tepresentations, and will be introduced in the course of derivations H_.,E_.,m: the
operation of redundancy and default rules. I will discuss underspecification below
whenever it is relevant to the discussion,

As (5} shows, 3-height systems are analyzed in the same way 45 the Latin vowels
shown in (4). In feature terms, 3-height systems form a strict subset of 4-height systems,
and are derived from them by eliminating [epens] from vowel representations.

Since [open] is @ binary feature, any vowel can be characterized ns cither [+open] m.a.
[-open] on cach tier, In & multitiered model of the sort proposed in n_n_ﬂn._._ﬁ (1983, .:.
press) and Sagey (1986), this means that cach vowel 15 potentially able 1o trigger d:nu. of
apssimilatory lowering (by spreading the feature [+open]) and assimilatory reising (by
spreading [-open]). In contrast, if [open] were mreated os a one-vilued feature _+Q_uﬁ.__.. as
in theories of particle phonology (Schane 1984), we would predict that only lowering
assimilation could ke place. Both types of assimilation oeccur in Bantu languages, as we
will see below,

By imposing a hierarchy on the registers, we express the view that some En.acnm
fundamental to a system than others. The more basic registers, such os the primary




a0

registers which distinguish the low vowels from all others, are typically those that involve
the most salient distinctions and that prove the most resisiant (o historical merger and syn-
chronic newtralizadon, [n conerast, the less basic registers, such as the erdary registers
which differentigie the height 4 and height 3 vowels, are often less well separated in
perceptual terms, and are frequently neomalized by historical mergers and by synechronic
rubes and constraints.

If we adopt the model in {3}, these patterns of merger and neutralization can be
expressed as the loss of a lower-ranked fearure category, such as [opens], from the set of
distinctive features. For example, as noted carlier in connection with {13, 4-height svsiems
typically simplify o 3-height sysiems through the merger of vowel heights 3 and 4 (that is,
juiu > iu). The model in (5) allows us to express this merger in terms of the loss of
[openg], designating the lertary registers,

We also find synchronic mergers in certain contexts, For example, the noun class
prefixes are reconstructed with only the four vowels /i | uaf in Proto-Bant (Meeussen
19677, and /1/ 15 elimingted from these prefixes in many modern Bantu languages, leaving
only three vowels fiua/, This system is also found in some suffix classes.” We can
represent such reduced systems by eliminating both of the lower-ranked registers, leaving
only the primary registers, as shown in (6) (/1 U/ are written in upper case to indicate their
archiphonemic stms in these sysiems):

16} reduced 3-vowel system: B |
{primary registers) openy: - +

(Here as in {5) both values of [openy] are given, although sidctly speaking [-open] is
redundant, being predictable from the sher features of 1/ and /UL

Let us consider now how the feature [open| can be integrated into & multi-tered model
of feature representation of the sort proposed in Clements (1985), Sagey (1986) and much
subsequent work. 1 suggest that each occurrence of the feature [open| links directly to an
aperiire node, which links in turn o the veealic node, This conception is illustrated in (7},
which represents the vowel [J] in the d-height system shown in {5,

(7 0oL

.,,E.En

u_mnm\\/

-0 5

Other vowel feamres (not shown here) link o the place node, although the intemnal smucture
of this node is not crucial to the present discussion, Given the model in (7), we predict that
any node can spread. Thus, for example, we expect that any occurrence of [open] cin
spread, as well as the aperture (and place) nodes themselves, These predictions are well
supported by Bantu duia, as discussed below.*

In an alternative view, one might suggest that the various tokens of [open] are linked
not as sisters (as in (7)) but one under another, forming a chain. This view would be
attractive, since it would express the hierarchical ranking of each feature [open;] directly:
the higher the feature, the higher its Tank. However, such a madel would predict that the
spread of any feamre [open)] entails the concomitant spread of all features linked under it
This prediction appears to be wrong. The evidence provided by scalar rules, to be
discussed in more detail in section 3, shows that the spread of a higher-level feature, such
as [openy], crucially does not entail the spreading of lower-ranked features, such us
[openz] and [opens]. In contrast, all evidence discussed in this paper is consistent with the
predictions of the model in {T), and accordingly we will continue 1o assume this maodel in
the Test of the discussion.

In this model, then, the height assimilaton Tules lluserated in {2} and (3) can be given i
unified statement as follows:

(B} Bantu Vowel Lowering {7- and 5-vowel systems):

aperture  gperiure

P condinons:
s g (1) stem domain
FOPEN 2 (i) strocture-preserving

This rule applies to the feare characterizations in (33, spreading the fearre [+openz]
from a height 2 vowel to a following vowel in the same siem. In both 7- and F-vowel
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systems, it will lower the height 3 vowels [iu] 1o height 2 [e o]. Vowels of lower heights
are of course not changed, since they are {+openz| already.

Condition (1) restricts the nule 1o the stem domain, Condition (ii) requires it to apply in
a structure-preserving fashion, that is, in such & way that it does not create feature
combinations not already present at the level at which the rule applies. (" This condition is
intended as u shorthand way of saying that the rule to which it is auached belongs to 4
strarum at which the marking conditions governing underlying feature combinations are stll
in force; see Kiparsky (1985) for fuller discussion.) Without this condition, the rule would
apply teo generally, lowering height 4 vowels as well as height 3 vowels, With this
candition, however, the rule cannot apply 1o height 4 vowels since the feature combination
that would result, namely [+opens, -open3], does not occur a0 this level.

We have tacitly assumed up to this point, crucially 1o the analysis, that the low vowels
of Bantu constitute a separate height, distinct from that of the mid vowels [e al. This
decision stems in pant from the fact that low vowels typically do not trigger height
sssimilation rules such as rule (%), This behavior is directly expressed in our analysis by
assigning low vowels a separate height ([+openi]), and explicitly excluding them from the
domain of height assimilaton rules® We will see independent evidence for the meatment of
low vowels as a separate height in our discussion of scalar rules in section 4,

In sum, given the analysis of Bantu vowels proposed in (5} above, rule (8) accounts
fiar the patterns of vowel sllemnation found in both 7- nnd S-vowel systems,

3. Total Height Assimilation in Kimatuumbi

Now that we have examined the most general pattern of vowel height assimilation in
Bantu languages, let os consider several morg idiosynemitic pattems,

One interesting example, illustrating rotad height assimilation (assimilatdon of all vowel
height features), comes from Kimatumbi, a Bantu languige of Tanzania deseribed by
Odden (1989, 19905, In this language, stem-inital yowels are drawn from the full set of
seven given earlier in (5a), while medial vowels are drawn from the reduced set of three
given in (63, These feature charscterizations are repeated below for convenience:

() Kimatumbi vowels

o, stem-initial b atem-medial:
fju iu eoc a LU a
open: - - - A . +
Open - - + +

opens: - - + +

The height assimilation rule causes a nonlow suffix vowel (o aciuire the height of
preceding nonlow vowel (not just of a height 2 vowel, as in the more widespread Bantu
rule (8) discussed earlier). Itapplics only within the domain of the stem. As in the case of
rule (8}, which may be its ancestor, this rule does not cause JUf 1o pssimilate 10 fel. In
contexts where this rule does nat apply, such as following & low vowel, noninitial /I and
fUJ are realized as [j] and [y]. Thus we find the following realizatons (fones dre omitied):

(10)  Kimatoumbi height assimilaton;

underiving: surface: example (srem):

P+ 1 B o= yipilya “thatch with for'
i+ U I +u libulwa *be ground”
TRC u o+ utika ‘be pullable’
g+ U 4+ u yupulwa ‘be served’

T | i+ i twikilwa e lifted” (of o lowd)
i+ U i + 1 tikulya “break with'
u+ u + i ugilwa “be buthed”
u+ U u + u kumbulya  ‘bent with'
e+ e + @ cheengeya  ‘make build’
e+ U g + U kwemulya  ‘comb’

VI | a + e boolelwa ‘he de-barked”
o+ U a + o bomaolwa ‘be destroyed”’
a4+ | a + | asimilwa  ‘'be borrowed’
a+ U a + u tyamulya ‘sneecze on’

In order to account for the total height assimilation, both {openz] and [opena] must spread,
We do not want 1o spread [apena] by a sepurate rule, since as Odden points out, the pr-
posed new rule would have to apply under exactly the same conditions (pnd have the same
set of exceptions) as the rule spreading [openz]. Mor can we modify rule (8) by stipuliting
that bath of these features must spread, since [openg] and [opens] do not by themselves
form & single constituent in phonological representations {cf. (7)) in the framework
assumed here, assimilation rules apply only to single constituents (Clements 1985).

An alternative is available, however, if following Odden’s original analysis, we allow
the entire apermire node (or height node, in Odden’s wrminology) spread, holding all
ather conditions constant. The revised rule is stated in (11).8
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(11) Kimamuumbi Height Assimilutdon:
vocalic
7" _ conditions;
aperture  apertre {1 stem domain

_ _ (i) lefe-to-right
-Opemny  -Openy

This rule spreads an aperture node characterized by the feature [-openi] to 2 vocalic node
characterized by the same feature. The second aperre node then delinks as a result of o
general convention disallowing branching configurations (Clements 1990}, Since iris the
aperture node itself that spreads, rather than any single feature, height assimilation is total.

Let us compare this feature analysis with an analysis using the aditional features
[high] and [low]. Since these two features can only chareterize i@ maximum of three vowel
heights, they are not adequate by iemselves 1o characterize a 4-height system such as thit
of Kimauumbi. In order o express four vowel heights, stan dard frameworks must
inroduce an addifonal feature such as [ATR], as shown below:

(12) i iu en a
low - - - +
high + + - -
ATR + 4 . ~

It will casily be scen that both analyses predict exacily the sume sct of niural classes.
Thus, comparing this chart to the one in {9}, we see that [celow| corresponds o [aopent].
[cehigh] to [-eopenz), and [eATR] o [-copens]. How, then, can these two analyses be
distinguished?

To answer this question, letus consider the formal nature of assimilagon more closely.
Current phonological theory requires assimilation miles to be expressed in terms of node
spreading, rather than the chunging of feature specifications as in earlier theories. This as-
sumption has been built into the rule formulntions given above, A further constraining
pssumption is that only single nodes muy spread; this assumption has also been LneoT-
porated into the analyses given earlier,

It follows directly from these assumptions that the height assimilation rule of Kima-
wumbi must be expressed as the spreading of » single node, In @ sysiem employing
Features like those of (12), what can this nede be? [t cannot he the dorsal node, in the
sense of Sagey (1986), since this node is defined in terms of the activity of the wngue
body, and [ATR] is & tongue root feature. Even if we were to extend the definition of
dorsal in such a way s 1o include the tongue root and link [ATR] under the dorsal node,

we would still be unable to express Kimatnumbi spreading, since the dorsal node also
dominztes the tongue body feature [back], which does not spread in this rule.

We must therefore assume & somewhat different organization from that proposed by
Sagey, in which a single node, such as the aperture or height node, dominates [highl,
[ATR] and perhaps [low]. But this assumption lewds to o oew problem. As is well
knowr, [ATR] defines the location of a vocal wact constriction defined in terms of the
activity of a specific articulator, the tongue root (Painter 1967, Lindau 1979). As an
articulator-bound feature, we would normally expect it to patteri with other articulitor-
baund features, perhaps under the domination of the place node (MeCarthy 1991} In miy
case, we would not expect il (o pattern with articulator-free features such as [high] and
[low]. Since [ATR] does pattern with the aperture Features in Kimamumbi, however, the
suspicion is raised that this feature is being improperly used as a stand-in for 4 true aperture
feature. In the analysis proposcd here, [ATR] is replaced by a genuine aperture feature,
[open3].”

To summarize, we have seen that a feature model incorporating the hierarchical feamre
[open] allows a simple and straightforward expression of the Kimatoumbi rule of toal
hicight assimilation. We have also discussed some considerations suggesting that an
analysis using [open] is more appropriate for the analysis of this rule thin a more traditional
analysis using the feares [high, [low], and [ATE].

4. Scalar Height Assimilation in Nzebi, Esimbi and Kinande

In this section we consider i new source of evidence for the hierarchical feature [open],
involving sealar rales: that is, mles that move vowels one step up or down wlong the height
scale.

4.1. Nzebi

A first example of sgalar height assimiladon can be cited from Nzebi, a Bantu
language of Gabon described by Guthrie (1968). Nzebi has a T-vowel sysiem as shown in
{1a), with an additional vowel [al, possibly deriving from faf, sccurring in positions of
reduced contrast, Guthrie uses the symbols fiueoeaa/forourfiyiueo a/, respective-
ly, and we follow his usage here. This practice is strictly notational, hawever, and does
ot reflect  different feature analysis. We therefore give Nzehi vowels the feature inter-

pretation in (13}, identical w that of standard 7-vowel systems as given in (5a) carlier:
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(13)  Nzehi vowels:
-du ep £o 4
openy: = - - +
openg: - - + +
OpEna: - " + +

Nzzbi has a pattern of alternation in verbs conditioned by the presence of the “fleeting”’
sulfix vowel /-if, which is overtly pronounced only in extra-careful speech and when
followed by an enclitic. This suffix markes certain verb tenses. In these tenses, the neangst
nonreduced moor vowel shifts up one degree in height, as shown below,

(14} plain shifted examples:
e i -bet-/-hbit{-1) ‘1o carmy”
o u -kolan-/~kulin(-i}  ‘to go down’
£ e -suem-/-suemi{-i} ‘o hide self’
2 o ~tood-/~tood (-1) o drmive”
a E -sal-f-sel(-{) ‘1o work!

The vowels /i W do not shift, as they are already high, The rule applies both to mono-
syllabic oots and to Toots with the suffixal extension [2], which shifis to [i], as is shown
in the second example above, According w Guthrie, all these shifts are newralizing, and do
not produce new vowel qualiies. Thus the rule i3 structure-preserving in its effect.

Given the feature assignments given in (13), we can state the vowel raising rule as
follows:

(15) MNezehi Vowel Ralsing

perture

s conditions: (1) stem domain
Gpem ki o (i} stucmire-preserving

This rule states that the feature [<open] spreads leftward onto @ preceding aperture node
bearing the feature |[+open] on the same ter. Condition (i) mestricts this rule to the stem
domain, and condition (1) states that it is structure-preserving in the sense discussed
above. As aresult of the spreading, the original feature [+open] is deleted. Although enly
the “fleeting” final vowel /i/ riggers this rule, no morphological conditioning is required,
since no other nonlow vowels oocur in the rule context, as long ns we assume that [a] can
be analyzed as underlying fa/l

7

What is novel about this rule in comparison with a rule like Bantu Yowel Lowering (3)
is the fact that no testriction is placed on the tier on which the [+open] [-open] sequence
must occur, That is, the rule is defined on [+open] |-open] sequences OCCUTTNg on any tier
in the representation, and can potentially apply to any of the ners lopenql, [opena], and
[opens]. This property of the rule, together with the structure-presarvation condition,
accounts for its scalar effect, To see this, consider how the rule is defined on the three
underlying sequences fe-1/, fe-if, and fa-if shown below:®

{16) e + i g + 1 a + i
aperture  aperture EPETIreE  ApCruTe aperiure  aperune

open 5

In the first of these sequences, rule (15) is defined only on tier 3; here, the fact that the rule
does not mention any specific tier does not raise any problem of interpresation. But in the
second and third sequence, the rule is defined on more than one tier. tn cach of these
example, however, only one of the potential applications is structure-preserving. Thus, in
the second sequence, the application of rule (15) to the [openz] tier ig structure-preserving
since it creates the feature representation [-open |, -openz, +opens]. This set of features
characterizes [e], which occurs independently in the systern. Therefore, rule (13) can
apply on this tier without violating the structure-preservation condition. However, if we
applied the rule 1o the [opens] tier, the result would be 4 novel feature combination
{[-openy, +opens, -opensl) which does not define any independently existing vowel in the
system. For similar reasons, the only structure-preserving application of rule (15) to the
third example is on the [openy| der.

The full st of “legal” applications of rule (15) is given below, with “=" indicaring lines
deleted in the ourput:
(17) e & ] E 4+ a + i

aperture  aperiune ppertun:  Aperire aperure  dperiure

opef g

= R S g + 1 g + 1
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This enalysis caphures the stepwise nature of vowel raising directly and economically,
making use of a single mle of the wimos! simplicity. |n contrast, a feature theory muking
use of the features [highl, [low] snd [ATR] would require 1 complex rule and special
assumptions simply in order to describe the facts, In such an analysis, the Naehi vowels
would hdve the same feature analysis as that of the corresponding Kimatuumhi vowels
shown in (12). Assuming this feature analysis, the vowel shift mle would have 1o collapse

the following three cases:

(18} (iy e-i, o—=u; [-ATR] — [+ATR]
(iiy &-+g 2-0: [-high] —= [+high]
(i) a-—-£: [+low] — [-low]

Lnder this analysis, [e o] are analyzed as [-ATR, +high] vowels. The change of [e o] o
{i u] is therefore 4 change in the feature [ATR], No simplification would result il we
analyzed [e 0] as mid, since [ATR] would then be required to distinguish the four mid
vowels. The problem here is that the single rule of height assimilation must involye
changes in three separle features,

These three changes can probubly be collapsed with the an gled bracker nomtion and/or
the Greek-leter variables provided by sinndard geaerative phonology. However, the very
fact that such powerful nowtional devices are required at all only emphasizes the
inappropriateness of these frawres for expressing sealar height assimilation, a nawral and
widely atested rule (Clements 1991). Mareaver, such an approach would be unable o ex-
plain why such special machinery is required for rules involving vowel higight, and no
other features. The Neebi facts therefore offer strong support for analyzing vowel heigh in
terms of the hicrarchical feature [open].

4.2, Esimbi

Let us now consider & more complex case of scalar assimilation, found in Esimbi, a
Broad Bantu langunge spoken in Cameroon. The present description s based upon 4 recent
article by Hyman { 1988), developing an earlier analysis by Stallcup (1980}

Esimbi surfice vowels are presented below. Following Hyman, T use the teanscription
system fi We 0 & 2 a/ with the same values as in Mzehi, 1ogether with A4/ for the high central
snrounded vowel found in stems. In the surface phonology, prefix vowels form o com-
plete 4-height system, while all stem vowels are high (e, height 43:

]
W

(19) Esimbi surface vowels:
prefises: slEms:
height4; 1 I %
height3: e
height2: £
height 1:  a

LR =

This system is o highly unusual ong; since in most langunges, roots show more vowel
contrusts than affixes,

In Hyman's analysis, which I follow in its essentials, the underlying vawel system is
quite different from the surface one, especially as far as the vowel distribution is con-
cemned. For prefixes, he proposes the reduced 2-height sysiem /1 U A/, and for stems, s
proposes the 4-height sysiem fiueaoeaa/l, The four underlying stem vowel heights are
neutralized at the surface by a rule assigning all stem vowels the value [+highl. Thus, all
front stem vowels dre realized as [i], both central stem vowels are realized as [i], and all
hack rounded vowels are realized as [u], This neutralization rule does not apply, however,
until after the operation of a rule thit transfers the height features of the stem vowel 1o the
prefix. Asa resultof this rule, for example, the prefix vowel {1/ is realized as (1], [e], and
[£] after height 4, height 3, and height | or 2 stem vowels respectively, und the prefix
vowel U/ has the parallel representations [ul, [o, and [2].

These patterns are summarized in (20, Notice that in the case of the third prefix vowel
{4/, ench alternant is one step lower in height than the corresponding /1-/ and /U </ alternant.
We return o this fact below.

(200 Esimbi prefix alternations:

prefis;
surface form before: M U A
height 4 siems: i u 0
height 3 stems: [ o £ e
a/_0.9
height 1 or 2 stems; £ a a

Each column gives the surface realizations of one of the prefixes before each of the vowel
heights. Thus, for example, when the prefix /I-/ occurs before a stem with the height 4
vowel /if or A/, it takes the form [i], when it oceurs before a stem with the height 3 vowel
Jfef or fof, it takes the form [e], and when it occurs before a stem with the height | or 2
vowel fef, (/. or faf, it takes the form [£]. Some examples follow (1ones are omiled}:
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{217 height4: f1-bif — [i-hil fgoat’

fl-suf — li-sul fsh’
height 3; J-ghef — |e—ghil “hushfowl"
J=baf - le-bil *canerit’
fl-s0f — [e-su] ‘hoe!
height 1/2:  [l-nyeme/ — [e-nyimil “amirnal”
M-z2f - [e~a] ‘snake’
J-tlaf — le-tli] *place’

Examining (20}, we see that the surface realizations of the prefix vowels /I and /U are
the result of combining their intrinsic place features (back, round) with their derived height
fentures (as inherited from the stem vowel), Their realizations before stems with the height
| vowel faf are unexpected if the low vowel constitules an independent fourth height (since
we would expect height 1 prefix vowels, not height 2 ones), and we rewm to this case
below.

These facts, as analyzed by Stalloup and Hyman, provide strong confirmation fer o
midel recognizing a separite height (or aperture) node. Without such a node, the spread of
all height features as a unit would be arbitrary, violating the otherwise well-motivated
principle that only single nodes and features can spread. With it, the analysis is straight-
Forward: vowel height transfer shifts the aperture node from the stem vowel 1o the prefix
yowel, 15 shown in (22) (intermediate nodes are omitted). We can thus view vorwel
height transfer as a type of total assimilation, like the Kimatuumbi rule discussed carlier,

{22} Vowel Height Transfer:

v o+ v
Aperiure

The analysis of the prefix vowel fA-/ is more complex, as the data in (20) show,
Although the surface realization of this vowel s always prediciable from the stem vowel, it
does not involve simple height assimilation as in the case of /1-/ and /U~ The basic
alservations we must account for are summarized below:

(237 when the underlying stem vowel Is! A~ Iy realized as:
heightd (i) height3 (o)
height 3 (eao) helght2  (e/2)

height Tor2 (eaa) height 1 (a)

i brief, the prefix vowel JA/ is realized a5 a vowel which is ane siep lower in heighe than
the underlying stem vowel. (However, it is low before a low stem vowel, which follows if
height | constitutes the “floor” in the system.)

A further irregularity in the analysis of /A/ concemns the fuct that it shifts to a rounded or
fronted quality before underlying stem vowels of height 3 and 4, on 4 partly arhitrary s..__m.._m.
The explanation for these shifts must be that if they did not take place, the oiherwise
nonoccurring surface vowels [3] and (4] would result. Tf this account is correct the fact
that no such shifts occur before height 1 and 2 vowels s explained by the fact that the
vowel resulting directly from the slepwise lowering process, [a], oocurs independently as o
surface vowel. Following Hyman (p. 260), we will account for these irregular realizations
in terms ol secondury processes, of no consequence 1o the eatment of vowel height.

The problem, then, is to account for the stepwise lowering effect of the prefix vowel
Af in a principled way. Let us give Esimbi vowels the analysis shown in (24). (As
before, we include redundant values for the convenience of the reader, though these are

assumed to be absent in underlying representations.)

(24} feamre analysis of Esimbi vowels:

Shems:; prefixes:

itu eao EAD 1" U a

open g - - B = =k
apeng - - +
openy = o +

This analysis treats Esimbi stem vowels as forming a 3-height system, with the height 2
vowel fAJ replacing the low vowel fa/ of Hyman's anaiysis. This decision is well moti-
vated on phenological grounds: the stem vowels fe 3 A/ behave identically with respect L0
vowel height mansfer, causing the prefix vowels /1, U/ 1o be realized as height 2 vowels
and the prefix vowel /A/ 1o be realized one step lower as a height | vowel. There is no
reason to distinguish these three vowels in terms of their underlying height, Under this
analysis, there are no height 1 vowels in stems, and the realizations in the botiom o of
(2003 are entirely regular throughout.

Consider now the prefix vowel fA/, which we have analyzed wnalyzed in (24) a5 &
height | vowel, We will assume that before Vowel Height Transter (22) applies, this
vowel trigpers & ule of stepwise Stem Vowel Lowering, applying from left 1o right ns
shown below (a5 usual, imelevant intermediale niodes are omitted):




[25) Stem Vowel Lowering:
apenture

'l

open: 4+ -

conditions: (i) word domain
(i} structure-preserving

This rule spreads the feature [+open] rghtward onto the aperture node of & vowel bearing
the Feature [-open]. The feature [+open] necessarily chiracterizes the /A-/ prefix, since no
other prefix has this feature, and stem vowels have only a single-member vowel melody
tef, Stallcup). The rule cannol apply across word boundaries due 1o condition (ih. Thus
the rule is triggered only by the /A-/ prefix, and it applies only 10 #n immediately following
stem vowel.

As in the case of Nieehi, this rule is constrained by structure-preservation (ef, condition
(i)}, and no restriction is placed upon the tier on which the sequence [+open] [-open]
occurs. Accordingly, the rule applies wherever it can, subject o struciure-preservation.
The application of (25) is illustrated below:?

(26) a + 1 a + @gao a + B34
2T, L T v + CV ¥ O+ ow
Aperiure apertune aperune dperire aperiure .n_._.mn:.d
open : + -nn + KHH. : = ) -
open + JCA— i - + +
open 5 3 . + # 5 s

By this rule, the aperture node of the stem vowel is lowered by one degree. The derived
aperture nodes are then shifted to the prefix by Vowel Height Transfer (22), as shown
below:
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(27)
v I B2 VYV +« C¥ ¥ ooy
aperiire %.ME_..E aperiure m_..mn,_a aperiire ..G.mr.:n
open ;¢ g _ it ] ¢ \\Q/
Open 4 . + " +
open 4 + + + ¥ +

The aperture node of the prefix vowel, now delinked, is deleied by the general conventon
which eliminates foating segments created in the course of derivation. The stem vowels,
lacking an aperture nexde, are assigned the Feature [-opena] (perhaps by a defiult mle, a5 in
Hyman's analysis), accounting for their surface realization as height 4 vowels.

As the reader will observe, this analysis represents the mirmor image inversion of the
Nzehi stem vowel mising rule. In Nzebi, a high suffix vowel raises 1 preceding stem
vowel by one step, In Esimbi, a low prefix vowel lowers a following stem vowel by one
step.

Agzain, 45 in the case of Kimatuumbi and Neebi, it would be technically possible to
aceount for these facts in terms of the standard feawres [high), [low], and [ATR] {or
|temse]). However, such an analysis seems less than fully satisfactory, for all of the
reasons cited enrlier. We might consider following a suggestion by Hyman 1o loosen the
maditional definition of [ATR] and interpret it as o third vowel height feature, whose
function is to shift vowel height “register” in a manner comparable 1o tonal downstep. But
in such a proposal, |ATR] would function quite differently from the way it functions in
languages with true ATR-bazed vowel harmony such as Akan, where it designates the
activity of the tongue root. Hyman suggests, therefore, that [ATR] might be underseood as
“a more general cover feature possibly involving different gestures in different languages
{height, quality, pharyngealization, centralizing, Aatiening, cte)” (p. 266). But such o
proposal opens the door (o considerable abstractness in phonological analysis. In contrast,
we have seen that the hierarchical feature [open] provides a simple and direct analysis of
sealar rules in Esimbi and Nzebi, and - by making the use of “cover features” unnecessary -
illows us o maintain the sirong and highly predictive position that any feature is defined in
a uniform and consistent woy from one language o another.



4.3, Kinande

We turn naw to @ discussion of a non-structure-preserving rule of scalar height
assimilation found in Kinande, 2 Bantu language of Eastern Zaire. Kinande has a standard
underlying 7-vowel system, for which we revert to the waditional mranscription system /i g i
ueoa Ourdmaare drawn primarily from the detiled study of Valinande (1285); for a
deseription of a somewhat different variety of Kinande, see Mutaka (1991),

The rule of interest to us here is Vowel Raising, according to which vowels rise one
degree in height before the height 4 vowels [] ], By this rule, the height 3 vowels [1u] are
ritsed 1o the height 4 vowels [| u], while the height 2 vowels |e 0] are raised to the upper
mid vowels [g 0], constituting a new, derived height, which we will call “height 20." 10

Examples are given in (28) below. Underlying representations of root vowels are
given at the left. Column A shows infinitives formed from the prefix sequence fe-ri-/;
here, both prefix vowels rise one step in height if the following root vowel is of height 4
(see (28a1).11 Column B shows agentive nouns formed from the sume verb roots as those
given in column A, These nouns are formed with the prefixes /o-mu-/, whose underlying
height 3 vowels are revealed as such by other forms like o~mu-tahi in which no following
height 4 vowel triggers assimilation. The agentive suffix i5 -}/, with an invariant height 4
vowel, This vowel triggers stepwise raising in all vowels 1o its lefi.

{28) Kinande Vowel Raizsing:
A B
a. fifs  e-ri-lim-a Ctoexterminate’  Q-my-ljm-j “the exterminator’
fuf: gri-hik-a o cook! o-mu-huk-j ‘the cook’
b. Jfif: e-ririm-a  ‘tocultivae’ gety-rjm-f ‘the farmer’
Md: e-ri-hum-a  ‘io beat’ g-mu-hum-j ‘the beater
c. fef:  e-ri-hek-a  C‘tocury’ o-mi-hek-j “the porier”
fof:  e-ri-bob-a ‘wiie’ p-muy-boh-j ‘the ter’
d. jaf: e-riesat-a Ctodancefplay' gemu-sat-i Cthe dancer’

The finsl example in {28d) scems to show that the low vowel fa/ does not undergo the mile,
hut allows assimilation to pass through it o the preceding prefix vowel. There are two
possible ways of accounting for this fact, One, proposed by Valinande (1983), is to
assume that the low vowel i transparent (o assimilation, scting neither s undergoer nor
blocker. The other, propossd by Hyman (1989), 1s to assume that the low vowel actually
does undergo the rule, but is later reassigned its original value, so that the effect of the rule
is cancelled out on the surface. In support of this analysis, Hyman points out that long low
vowels acmally do surface with the predicted raised value [Ac], a5 is shown by other forms
like [o-mu-kazlj] *woman' from the underlying stem /ka:li/. In this analysis, only the
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short vowel is neutralized. For present purposes it makes no difference which of these two

analyses we adopt. The important point is that the rule is scalar in effect, ciusing each
affected vowel 1o rise one step in heighe, and non-structure-preserving, since it produces
the novel vowel qualities [g o}, and perhaps [a:).

Consider now how Vowel Raising can be formulated. The stepwise nature of this rule
has led previous investigatons 1o believe thit it operates on the feature [ATR] {or [teasc]),
since these features have been described as functioning in similar ways in other languages,
wnel are in fact the only ones available, in standerd feature frameworks, o distinguish the
alternating pairs of vowels. However, if we used [ATR] 1o distinguish the height 3 and 4
vowels in Kinande and do not also use it in other Bantu languages (such as those discussed
elsewhere in this paper), we would be forced to claim that the Kinande vowel system is or-
ganized in n way fundamentally different from those of other, closely relaed languages,
There is little or no evidence that this is true: the only relevant respect in which Kinande
differs from its neighbors is that it has Vowel Raising. This minimal and guite superficial
difference should not foree us 1o postulate a fundamentally different underlying siructure.

However, the hierarchical feature [open| ean account for Kinande Vowel Raising rule
in a straightforward way. Let us assume that Kinande vowels arc underlyingly represented
in the same way as in other T-vowel Bantu languages, as shown in (3a). Vowel Raising
can then be deseribed by a rule spreading [-opena onto the aperture node of a preceding
vowel, as follows:

(297 Kinande Vowel Raising (non-struciure-preserving)
apenure  apenure

» _

-open,

This rule is not subject to a structure-preserving constraint, In consequence, not only will
it map [i] and [u] into [j] and [y], respectively, but it will map the height 2 vowels [e] and
[0} into the derived “height 2" vowels [¢] and [g].  In addition, i0we allowy it 1o apply 1w
the low vowels, it will raise faf to [A].

The complete sct of surface vowels derived by this rule is shown below:

(4 Kinande surface vowels:

iy iu  legl eo lal a
apeng - - - - + +
OpHEng = - + + + +
openy - + - + - +
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Motice that in this system, [opens] functions in a wiy analogous to [ATR] or [tense] in
previouws analyses.

The Kinande vowel system is of particular interest o feature theory due to the fact thit
its pattern of altenation, involving two ranks of high vowels and two ranks of mid vowels,
has previously been taken os imeducible evidence for the need for a feature like [ATR] (or
[tensel). IF the analysis given here is correet, it shows that patterns of this type can b
ereated by the spread of [open] at the lowest hierarchical level, making [ATR] (or [tensel)

formally unnecessary for this purpose. It remaing to Be seen whether other cages apparent-

Iy requiring one of these Features can be reanalyzed in similar terms. 12

5. Vowel Raising in Sesotho
We now consider the S-height vowel system of Sesotho, and show that it, too, is
susceptible to a straightforward analysis in terms of the feature [open].

The Sothe group of lnnguages, spoken in Southern Africa, nre possibly unique nmong
Bantu languages in having 5 {or perhaps 6) well-defined surface vowel heights, o
addition, they have a rule of mid vowel raising which raises lower mid (height 2) vowels
10 @ new “height 2. Unlike the raising rules of Narhe and Kinande, it is triggered not just
by height 4 vowels, but by any higher vowel. 11 is this aspect of the mule that will concemn
us here, The discussion will be based primarily on the recent analysis of Sesotho by John
Harris (1987}, with further data and generalizations drawn from Doke and Mofokeng
(19573, Kunene (1961), Mabille and Dieterlen (19613, and Khabanyane (1986, 1991 1.3

A chart of surface vowels is given below; a feature analysis will be proposed later. In
the numbering below, vowel heights 1, 2, 3, and 4 correspond historically to those Learing
ihe sume number in other Bantu languages, while height 2a is a Sotho innovation {not
corresponding to height 2a in Kinande). The following manscription uses g ¢ instead of
“a " for the height 2o vowels, o cxpress the fact that the difference berween “g, o and
“g 0" is not parallel to the difference between “1, w” and “i, u”. The rcuson for this will

hecome clear as the discussion proceeds.

(31) Sesotho vowels:

heigh 4: i U
heipht 3 i u
height 2a: e 0
height 2: e 0
height 1: a

Heights 2 and Za are well-separated phonetically, having the approximate [PA values [£ 2]
and [e o], respectively. There is also a further height, intermediate between 3 and 4, which

will be described laer.

Previous writers hove sugpested that the distinction between height 2 and height 2a
vowels is not underlying, but arses from a rule of Mid Vowel Raising to be discussed
below. ©will begin by showing thot ot the surface level, ul fenst, two distinet vowel seres
must be recognized. This is shown by minimal and near-minimal pairs such as the
following:

(32) minimal and nepr-minimal pairs involving heights 2 and Za;
bona qr bona “this one’
sesefala ‘1o become thin' sesebala ‘1o be quiet’
hlotse  ‘piece of dry skin or leather” hlgtsa ‘1o limp!
lihotlo  “bare patch of skin onanimal®  muhotle  ‘coot’ (species)

muetse  ‘back, side of animal® mietsg  Cway of doing'
POED ‘arror’ fsa ‘1o err’
pere hiorse perg *pear’

Muny more examples like these can be found in the extensive dictionary entries of Mabille
and Dieterlen (1961}, see also Khabanyanc (1991) and the examples in (36) below,

The rule of Mid Vowel Ruising {5 illustrated by the forms in (3331% Column A shows
unraised vowels, and Column B shows their raised aliernanes. The forms in (33a,1) show
that height 2 vowels are raised to height 2a before vowels of height 3 or 4. The forms in
(33c,d) show that they are also raised before the locative suffix (-0, which can be derived
from o more abstract form J-ind, with an underlying height 4 vowel (see Harmis 1987, and
additionu! evidence cited in (43)). The examples in (33u,c) involve single vowels, and
those in (33b,d) vowel sequences,

(33) Sesotho Mid Vowel Raising:

A unriised B: raised

1. -seb-a fposgip” m-seb-| ‘possiper’
-betl-a ‘sharpen’ -betl-yw-¢  ‘has been sharpened’
-rok-a ‘praise’ si-rok-| ‘poct’
-bal-a ‘rot’ si-bpd-u ‘rotten thing'
~betl-a ‘shirpen’ -batl-1 “nit 1o sharpen®
-ep-a *dig' -pp-ul-l-a Cdigout’
~hon-a ‘see’ -bon-1i ‘1o have seen’
~lioh-a ‘hend” -kob-ul-l-a ‘unbend’

b. -kob-eh-el-a ‘curve towards' Kob-eh-el-i “not w cerve wwirds'
-hlek-eh-a  ‘become clear” -hlek-eh-ile 'tohave becoms clear’
-hlohlon-a  ‘ifch’ -hlphlon-1  ‘notio deh’




c. lisapo ‘bone’ lisapgn (locative)
kopano ‘meeting, assembly’ kepancrg (Jocative)
d. sithole ‘deformed person’ sihplen (locativi)
theko ‘price’ thekin (locative)

pepenene ‘opén space’ pepenene-g  (locatve)

There is evidence tha not only height 3 and 4 vowels, but also height 20 vowels trigger
Mid Vowel Raising. This point is somewhat harder to demonsirate, since most surface
occurrences of height 2a vowels are created by Mid Vowel Raising iself. However, the
very fact that the rule applies Bteratively gives us a first argument for this view. Under
iterstive application, it first applics to the last member of a sequence of potental arget
vowels, changing e.g. underlying /-kob-eh-el-i/ to [-kob-eh-gl-i]. In subsequent iter-
ations, the derived vowels [¢] tigger new applicitions of the rule to preceding vowels,
giving the surface form [-kob-gh-gl-i]. Itis the second (and subsequent) applications of
the rule that show thit height 2a vowels are themselves wipgers for the reapplication of the
rule.

Let us briefly consider a possible aliernative analysis which does not require iterative
rule application. In this alternative, the two mid vowels would be viewed as sharing a
single aperture node s a result of the Obligatory Contour Principle (OCP) (McCarthy
19863, which, in its most general formulation, disallows adjucent identical nodes on any
tier. In the present case, this principle would disallow two adjncent identical aperture
nodes, and cause them to be collapsed into a single one. As a consequence, the vowel
sequence (o the stem ftetem-{ would share a single pperture node, ps shown below;

(343 . B t Bl
vocilic  vocalic

Mid Vowel Raising could then apply in a single step, in which case it would not offer any
crucial evidence that heighe 2n vowels can be rule rggers.

While this analysis is a possible one, there is some evidence that the OCP does not
operate as @ generil constraining principle in the segmental phonology of Sesotho. Harris
(1987) shows that Sesotho has a rule which deletes high fromt vawels between a voiced
coronal and any following coronsl. This rule can be stated roughly as follows (using
standare featres):

(353) I- Deletion
[-cons, +high, -buck] = @ / [+cor, +voiced] _ [+cor]

This rule creates QCP violutions ot the level of the entire segment {ie., the root node) in
examples like non-jn-e - non-n-e [nopnej ‘be fa, derived from underlying fnon-jl-e/
via o rule of nasal assimilation. [t also creates OCP violations at the level of the feature
[coronal] in exemples like bon-js-a — bon-s-a — [bontshal ‘show’, derived from under-
lying Mhon-js-a/. Such examples show that if the OCP applied to the aperturs der, it would
be as a special case, since OCP violations are 1olemted elsewhere. While an OCP-based
analysis of vowel sequences cannot be ruled owt in principle, there is little or no
independent evidence showing that the OCP operates elsewhere in Sesotho,'?

A second argument that height 2a vowels can migger Mid Vowel Raising comes from a
general restriction on surface vowel sequences, according to which height 2 vowels do not
cooccur with height 2u vowels in adjacent syllables, This constraint applies not anly 1o
height 2a vowels crepted by Mid YVowel Raising, but also to height 2a vowels occurring in
contexts where Mid Yowel Rudsing is not defined, as in word-final position.  Several
eximples of the latter type were given in (32), and further examples are given below:

i36)  thepe "kind of vegetable' sihlgkehleke ‘island
lelele ‘long, tall’ mukolokn ‘procession’
manqle ‘fertilizer’ ligitolo ‘ome with ricks'
sibele ‘rimnor’ shweshwe  ‘type of wild flower’

Such examples show that if a height 2a vowel occurs anywhere in o mid vowel sequence,
all vowels in that sequence must be height 2a, Thus we do not find “mixed” sequences like
*[e..e], *[0..0], *[e...e], and so forth. If we assumed that all height 2a vowels were
underlying in such exsmples, it would be u striking and unexplained accident that “mixed”
height 2 and 2a sequences do not occur, At best, we could rule them out with a special
wordl structure constraing, replicating the conditions under which Mid Vowel Raising ap-
plics. If instead we assume that the word-final height 2a vowels illustrated in (36) are
underlying (or possibly ereated by other rules operating before Mid Vowel Raising), and
that they trigger Mid Vowel Raising in preceding height 2 vowels, we account for the
absence of mixed sequences in a principled way. Thus if this analysis is correcr, height 2a
vowels must be Mid Vowel Raising riggers. 16

To summarize the discussion so far, we have seen evidence that Mid Yowel Raising
rafses height 2 vowels to height 20 when followed by o vowel of height 2u, 3, or 4 in the
next syllable. In o nutshell, it raises height 2 vowels by one degree when followed by any
higher vowel, How can we express this generalization in feature wrms?

W can provide a direct angwer 1o this question il we assume that the leature analysis
given carlier for the basic vowel heights 1, 2, 3, and 4 in other Bantu languages holds for
Sesotho as well, as shown by the specilications for [open|.3] in (37) below, Height 2u
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results from the split of the lower of the two secondary registers into o further pair of
subregisters (in the sense of fgure 1), opposing the upper mid vowels 1o the lower mid
vowels. We define this new pair of subregisiers in terms of a new [open] tier, which, as it
characierizes the least contrastive vowel height in the system (i.e., the one most subject to
neutralization), is ussigned the lowest rank 4. This gives us the following analysis, in
which redundant values arc once again flled in for clarty.

(371 Sesotho vowels:

height: 4 3 2 2 1

iy iu g eoc a
open | - = 2 & +
opens i - o+ + +
openj - + + + +
opend 4 : E + +

The class of all vowels that are higher than height 2 is a natural class, defined by the feamre
[-openy]. We can state Mid Vowel Raising as follows:

(38) Sesotho Mid Yowel Raising (structure-preserving):
dperiume apertune

_-m_._,n:r

This rule is structure-preserving, since it only creates vowels that already existin the rule’s
input. This means that it cannot apply to low vowels, since iT ivdid, it woold create a new,
previously nonoccurring series of upper low vowels (“height 10"} For this reason, itis
not necessary to explicitly restrict the set of larget vowels to [-open 1] (nonlow) vowels.!?

Onee again, it would be possible 1o deseribe the Sesotho fucts in terms of a sandand
feature system making use of the features [high], [low], and [ATR] {or [tense]). But such
an analysis is less straightforward. Suppose we were to assume an analysis like that given
in (12) for Kimatuumbi, with the height 2a vowels constituting an additonal, [+ATR]
series of mid vowels:

Al

(39) Sesotho vowels (using stndard features):

height: 4 3 2a 2 |

[y du &g eo a

Levwe = - = = +
high + + - > .
ATR A+ = ¥ - .

This analysis cannot identify the spreading node in Mid Vowel Raising as 0 natural cluss,
,.:ﬁ feature [+high] will not do, since if [+high] spreads it will incorrectly map height 2
into height 3, instead of height 2a. The feature [+ATR] will not do either, since it will not
account for the fact that height 3 vowels are also triggers.

We could solve this problem if we reanalyzed /e of a5 low, rather than mid vowels, as
proposed by Harris. In this case, the feature [ATR] would be distinctive only in the cliss
of high vowels, and the feature chart would become the following:

{40) Sesotho vowels (after Harris 1987
height; 4 3 2u 2 i
fu lu g9 eo =

low - . - + "
high o + - L 4
ATR + L

Ini this analysis, the spreading node is [-low], and the raising rule can be stated as follows:

(A1) Mid Vowel Raising (Harris 1987);

[-low)

_|u¢mnw

arownd

This statement nequires the target vowel 1o ngree in [Back] and [round]; the rule thes applies
1o fef and fo/, but not faf. 19

. ._._.___..;_n this snalysis can account for the data, it is less sptisfaciory than an analysis
involving [open], on several counts. First, the treatment of fef and Jof 15 [+low| vowels is
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motivated only by the mule in guestion. This analysis has no further phonological
maolivation, since faf does not otherwise paitern with the height 2 vowels as o class. Nor
does this treatment have any phonetic motivation, since fef and fof have the phonetic values
[£] and [2], not [@] and [o], and there is o considerable difference in first formant fre-
quency between fa/ and /e, of (see Khabanyane 1991). We could account for this dis-
crepancy by late realization rules assigning /& of the surfuce features [+ATR,-low] and fe of
the features [FATE, -low] for instance, but such mules only underscore the point that the
phonological analysis does not mesh with the observed phenetic realizations.

Similir remarks extend 1o the use of [ATR |, which is being used here as a “cover
feature” in the scnse discussed carlier in connection with Esimbi. As far as the acoustic
evidence is concerned, Sesotho gives no grounds for treating the five phonemic vowel
heights in terms of anything but a uniform phonetic parameter of vowel height. All vowels
tend 1o be of equal duration in similar contexts, and fall along a single, uniform seale us far
as first and second formans valucs ure concerned (see Khabanyane), In classical ATR-
based systems, such as that of Akun, the [+high, -ATR] vowels are not well separated in
first formant frequency from the [-high +ATR] vowels (Lindau 1975). Furthermore,
Segotho does not have @ System of “cross-height” vowel harmony pairing its different
vowel heights into overlapping sets, as do Akan and many other languages for which
[ATR]-type harmony hits been reported.

In the context of the comparative focus adopted in this study, an analysis in which /e of
are meated as low vowels is at odds with the analysis required on independent grounds for
other Bantu languages. We have scen that in Nzebi and Esimbi, and perhaps Kinande as
well, the relation of fa/ w fe, of is parallel to that of /e, of 10 fi, U/ the scalar raising and
lowering rules treat /a/ as the lowest point on & scale of vowel height on which /e, of
constitute the next step. This relation is not defined in 4 system in which fe, of are assigned
the same height as /af; in Sesotho, such a treatment would ultmately be motivated by only a
single rule in the language.

In contrast, we have seen thal o hicrarchical feature model using the fenture [open| per-
riits an analysis of Sesotho which is simple, close to the phonetics, and consistent with the
analyses of other Bantu languages. In this analysis. the core system of Scsotho (and that
of other Sotho languages, which are imilar in relevant respects) consists of its height 1, 2,
3, and 4 vowels, characterized in exactly the same way as the historically copnate vowel
heights in other Banta linguages.

Sesotho bears out two interesting predictions of the hierarchical feature model that we
hive not previously discussed. First, the miodel predicts that we should be able to find
rules that make reference to the class of vowels that are “higher than" {or alternatively,
“lgwer than'") some other set of vowels, This is because for cach vowel height, {hie system
provides a way of designating this class, This prediction is borne out by Mid Vowel
Raising, which refers to the elass of all vowels “higher than" height 2,

Second, the model predicts that hie rarchical subdivision 1s open-g nided, in the sense thit
there is no formal upper limit on the pumber of tiers 1o which [open] can be agsigned. The
earlier study of 4-height Buntu vowel syslems has shown that this number miy be three, bt
Sesotho shows that it may be gresier than three,

In fact, there is some evidence that Sesntho is n the process of undergoing yet afirther
phonological spiit, creating n fifih [open] ter. As described by Kuncne {19613 and Khaba-
nyane (1986), & rule of High Yowel Raising raises height 3 vowels 1o @ new beight 34,
intermediate between heights 3 and 4. “This rule applies to vowels under the following

conditions:

(42)  n. preceding a syllable containfng on of the vowels [ u] of hight 4;
b. preceding the locative suffix [-0] (derived from Ainfs
c. following a syllable conaining ane of the height 4 vowels [l of identical

backness o the affected vowel.

Some examples illustrting thesec CRSCS 1T piven below:

{43y a -bila ‘beil’ -hidjle  {perfect) “bidjsa  (causative)
-nuka ‘season’ qukjle  (perfect) -qykjsa  (causative)
b, sibl “4in’ sibj-n {locarive)
puhuluhule — ‘long sgo’ buhuyhghuly-n (locative)
Sirtpl “thigh’ sirupi-n (loeative)
¢, murif] ‘clay pot’

—rummla “iease, provoke!
~phythyluha  ‘become unfolded”

The distinction between the corresponding height 32 and 4 vowels is a subtle one, even for
listeners with phonetic training. Acoustic mensurements show mean first formant
differences between corresponding height 35 and 4 vowels ranging between 20 and & Hz
{Khabanyane, 1991}, However, these differences, though small, are ppparently
perceptible. In the very similar vowel system of Tswana, Cole reports that minimal pairs
such s [-biditsg] ‘call” {perfect siem) and [-biditse] “beat’ (perfect stem) are reliably
distinguished by native speakers (Cole 1949, 115). One might expect comparahle puirs (o
be distinguishable in Sesotho,

Given the subilety of the distinction between height 3a and 4 vowels, one might asx
whether the hicight 3n vowels arise through a rule of phonetic implementation, pather thin i
feature-changing phenological rule. If this were the case, they would have no direct
pearing on phonological feature miesdels, Some evidence fora phonetic rule analysis might
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be suggested by Khabanyane's observation (1986) thit in some contests, High Vowel
Raising does not seem to affect the first in a string of several vowels. This might suggest
that we are deating with a gradient implementation rule whose “window™ extends over
several syllables, affecting vowels most strongly at the end of the domain but only weakly,
ifatall, atthe beginning.

In spite of this observation, Further evidence suggests that High Vowel Raising may be
truly phonological in nature, As we have seen, this rule applies before height 4 vowels and
the nasal suffix [-g], though not before other high consonants, such as velar stops. On the
surface, these segments do not form a natural class. However, we have already remarked
that the nasal can derived from the more abstract sequence /-0 ot a point in the derivation
following the application of Mid Yowel Raising. We can explain the fact that [-n) triggers
High Vowel Raising if we assume that it still has the representation /~in/ at the point at
which this rule takes place. On this analysis, High Vowel Raising would triggered by the
natural class of high vowels [i u] alone. On the widely-held assumption thit phonological
rules precede phonetic implementation rules, this would argue that High Vowel Raising isa
phonological rle; since it crucially precedes the phonological rule reducing /-j0/ to syllabic
[n].

There is further evidence that High Vowel Raising may be phonological in nature,
which 1 ¢ite quite tentatively in the absenee of strict phonetic verification,  This evidence
comes from certain forms noted by Khabanyane (1986). The negative suffix /-1/,
illustrated earlier in several examples in (33), is realized as [-i] vnder the following
conditions:

(44) o before & noun object:
hu si phuphyth-j muthu  “not o shake off a persan’

ha a kup-1 mme he does not nsk mather’
b. after a vowel of height 4

b s) js=j ‘not to toke away’

hu 5 dul-§ not 1o sit"

Elsewhere, though stll riggering High (and Mid) Vowel Raising, it is realized as [-i]:

(45) hu si phuphuth-i ‘not 1o shake off”
ha a kup-i ‘he does not ask’
hu 51 seh-i ‘not o gossip’
b 51 kekot-i ‘not to knock'

What is curious is that the suffix triggers High Vowel Raising in such examples even when
it is realized ns the lower vowel [1]. In one possible analysis, the basic value of the suffix

could be taken gs /1/, which triggers High Vowel Raising in preceding height 3 vowels in
all contexis, and is subsequently lowered 1o [-1] after lower vowels in absolwe phrase-fingl
position, 1 these admittedly subtle facts cun be confirmed, they offer further cvidence that
licight 3a vowels may be phonologicel in niture: not only does High Vowel Raising pre-
cede another phonological rule (in this case, phrase-final lowering), but the vowel fifis
underlying, or derived by an early morphologically-conditioned rule.

If High Vowel Raising is a true phonologieal rule involving phonological features, it is
clear that no passible combination of the standard features [highl, [low], and [tense] 1ATR]
can give a straightforward acceunt of the height 3a vowels. In contrast, the hierprchical
model can account for them by allowing [open] to occur on a fifth tier, as follows:

46y Sesotho surface vowels:

hedghe: 4 3a i In 2 1

ju ju io gg eo a
apeng - - - - - |
open: - - - + 1 +
OpCn - + + + + +
operny - - - - + +
opens - - + + + +

In this analysis, height 3 vowels sre distinguished from height 3u vowels by the fexture
|opens). High Vowel Raising can now be expressed as the spread of the feature |-opens]
to from height 4 vowels o height 3 vowels,

Ta conclude this discussion of Sesotho, let us consider whether it is possible 1o col-
lapse Mid Vowel Raising and High Vowel Raising into 1 single, comprehensive Tule rais-
ing any nonlow vowel one degree in height before a higher vowel (cf. a similar supgestion
by Ladefoged 1989). Elsgant as such a proposal might appear, it is contradicted by the fact
that the nonderived mid vowels /e of are not raised before higher vowels. This 1s shown
by representative exumples like the following (Kunene 1961, Mabille and Dicterlen 1961):

(47) nonderived Je of followed by higher vowels:
a, ets-a ‘do’;
mu-gts-j ‘doer
mu-ets-ywa  victim'
els-j5-a ‘cause to do’
ets-ul-l-a ‘o unde’



b. fps-a ‘err':
mi-fos-| ‘one who errs’
bu-fos-j *fallibility”
mu-fos-uwa ‘one at the prejudice of whom i mistake
has been conumitied’
fos-js-a ‘canse Lo miss'

Note that the height 2a vowels in these stem cannol be derived by Mid Vowel Raising,
since they do not oceur in the context for this rule. The consonants fts, s/ do not provide a
regular raising context, as we see from examples like hiesa “to shiver’, poso ‘error’, khoso
‘string of beads worn around the loin®, sesela o avoid’, sosobana ‘io become wrinkled
or creased’, bokotsa ‘to pat’, hlotse 'picce of dry skin or leather”, kxhotso ‘peace’, cic.
Many other examples confirm the fact that heights 2a vowels ure not raised before higher
vowels. For example, the relative (or pronominal) prefixes have height 2a vowels to the
exclusion of all other nonlow vowels, These vowels do not shift in height, whatever the
height of the following vowel: ¢f. g-chitia ‘hornless’ {class %), o-muherd ‘big" (class 3).

In addition o these facts, Mid Vowel Raising applics under a variety of morphological
conditions which do not govern High Vowel Raising (see the references in note 14). It
thus seems that we are dealing with two independent fules, Mid Vowel Raising and High
Wowel Raising, which happen to overlap in their domain of application.

6. Alternative Theories of Yowel Height

We have seen reasons in the preceding discussion 1o believe that vowel height
assimilation rules of the sort found in Bantu languages cannot be adequately reated in
terms of (he standard Features [highl, [low], and JATR], In this section we consider
whether these rules might be better treated in other {nonhiermrchical) feature theories.

Stepwise (or scalar) raising and lowering rules have occasionally been cited as evidence
for multi-valued features (e.z. Johnson 1972, Lindau 1978), Specifically, it has been
suggested that vowel height can be deseribed in terms of a single, multivalued Teatore
[#High]. In such theories, a rule such as Nzebi Vowel Ralsing (15) might be expressed as
in (48

(48] WV = [n+1 Highl / __ [4 High|

This rule states that & vowel rises one step in height before i height 4 vowel.

One important differcnce between i multivalued feature theory and the binary,
hierarchical model proposed here involves their different smplications for the formal
description of assimilation. In autosegmental theory, assimilation is expressed as feature
spreading, as we have seen; 1o other formal treatment is available (Clements 19850,

However, rules like (48) do not express partial assimilation as nutosegmental spreading,
since they simply respecify one feature in the context of another, formally unrelated onc.
More problematically, we cunnot restate this rule in terms of putosegmentil spreading,
since spreading [4High] from one vowel (o another curries oul total, not partisl pssimi-
lation; it would cause all vowels 1o become [4 High] in the context of another [4 High|
vowel. Nor can we spread the values 1, 2.... independently of each other, since they wre
not independent features but specifications of the fearure [Highl, and cannot spread
independenly of the feature [High] iself. There is thus no wiy (0 express partial height
ussimilation (whether scalar or nonscalar) as autosegmental spreading in multivalued
feature frameworks as they are currenily formulated. '

Moreover, rules such as “V = [n+] High]" cannot express non-structure-preserving
vowel raising rules like that of Kinande in a strightforward way. In effect, such tules
would have to map not only height 3 vowels onto height 4, but also height 2 vowels oot i
new height 2a (and perbaps height | onto o new height Ta, depending on our analysis of
the low vowel). The computational machinery require to carry this out would be arbierary
and quite unconstrrined, Alternatively, one might propose to regard the underlying vowel
heights of Kinande as forming a discontinuous scale {6, 5, 3, 1), but there is no
independent evidence for such an analysis. As a last resort, the feature [ATR] could be
used as an abstract “cover” feature to supplement the multivalued feature [High], but it
would then be available to express all other types of sealar vowel raising as well, making
the multivalued specifications of [High| entirely superfluons.

The stepwise raising and lowering rules described above also raise problems for one-
vilued feature theories such as those proposed in particle theory (Schane 1984} and depen-
deney phonology (Anderson and Ewen 1987). In such theories, vowel height is expressed
in terms of @ one-valued feature a (usually called a particle, or component) designuting
vocal tract opening. In such theories, scalar lowering could be expressed by allowing more
than one occurrence of a in the representation of a given vowel, The Esimbi rule, for
example, could add a token of a to any stem vowel oceurring after the prefix fA-{. How-
ever, a5 one-vilued feature theories do not recognize any features corresponding vo [+high]
or [-open], they have no way of expressing scalar raising rules (or indewd, any Kind of
assimilatory raising rulest) in 1erms of the same formal mechanisms used elsewhere for thie
expression of assimilation. As a result, such theories strongly predict that raising rules
such as those of Nzebi, Kinande, Sesotho, and muany other lunguages should not exist,

We have seen, in contrast, that the hierarchical feature [open] can provide a simple,
direct account of a variety of assimilalory raising and lowering rules in Bantu languages,
while preserving a uniform system of underlying feature representation for Bantu vowels.
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7. Summary and Discussion

This study has argued for o new theory of vowel height, based on data from Bantu
puages. In this model, vowel height is characterized along a uniform phonetic and
phionological dimension, represented in terms of the binary feature [open). This feature is
hierarchical in the sense that it maps onto sets of successively embedded registers and sub-
registers, The rank of the tier on which [open] is amayed determines the higrarchical level
of the height register onto which il maps. As a hierarchical feature, [open] differs from
most other phonological features, with the possible exception of [high tone], which has
sometimes been characterized in similar hiernrchical terms (Clements 1983, Hymin 1986).

While individully, any of the Bantu systems discussed in this study could be described
by other feature systems with a greater or lesser degree of arbitrariness, tuken logether,
they provide a powerful argament for the hierarchical model, A highly desirable result of
the present study is that it hes succeeded in providing o uniform way of characterizing
Bantu vowels a1 the level of underlying representation, treating surface divergences as the
result of historical or synchronic assimilation rules. It seems appropriate that groups of
genetically and typologically refated languages should be characterized in such @ way as o
bring out their fundamental structure] unity, especially when this unity 1s not imposed on
them by arbitrary analysis, but follows deductively from an appropriately-chosen model.

In contrast to the waditional descriptivist view that “each language must be described in
its owm terms," that 15 without respect to the stctone of clogely related languages, we may
propose that closely related languages will, in o fully adegunote analysis, display an
important shared core of basic features of stucture, perhaps expressible as shared
parameter choices in the most general sense of this term. In phonelogy, for instance, these
might take the form of a shared set of underlying feature categorics, or # common core of
similar lexical rules, applying under similar conditions. Differences at more superficial
levels of stmctare will result largely from divergences in the rule system, increasing in
imporance as we proceed from earlier 1o later rule stratn, Such a comparative perspeetive
proves 1o be appropriate and revealing when applied to the analysis of the Baneu languages,
which form a homogenows unit comparable in their basic structural similarity 1o e.g. the
Romance or Chinese languages. Linguistic theories which allow us o bring genuine,
deep-seated relationships of this sort to light should be preferred to those that force us to
postulate different, unrelated analyses of fundamentally similar phenomena, The
hierarchical model of vowel height proposed here seems to represent an improvement over
earlier feature models in just these terms, since it makes it possible to attribute & common
shared system of vowel features 1o an interesting variety of Bantu vowel sysiems, many of
whose differences can be auributed 1o Tairly superficial aspects of their rule systems.

The theory of vowel height presented here, if correct, has several consequences for
feature theory, We have scen considerable evidence that it provides a better altemative for
the characterization of vowel Beight than do the standard feamres [high], [low], and [ATR]

(ot [tense]). These results should encourage a regxamingtion of the appropriaiencss of the
standarid features for analyses of other langunges and language groups.  We Tave ilso seen
that the hierarchical model provides o more pdequate trearmen of vowel height thin
alternative models making wse of 8 multivalued feature [#High] or o one-valued feature {or
particle) a. 1t appears that vowel height is in fact best viewed as a binary feature, but one
that cin be arrayed on multiple tdery.
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Moles

L' This rule extends to prefises in o few lanpuages (e.g. Gusil, Llogoori), prabably as an
innovation.  Also, [ul lowers 1o [0] afier [€] in some languages (e.g. Kongo), wlso
probably as an innovation, The fact that [u] generally assimilates only afier [o] and not
[&] may reflect a crosslinguistic tendency seconding to which one segment, A, is more
likely 1o assimilate 10 ancther segment, B, to the extent that A and B have more leanres
in common (Kiparsky 1988),

2 The present study Torms pert of a larger work in progress, in which the model is
extended to o wider range of phenomena (Clements 1990, 1991),

* In most 4-height langusges, however, the system of verb suffixes involves a contrast
among four or five vowels, Thus in Kikuyn, for example, the vowel of the cansative
sulfix /17 contrasts with the vowel of the applied suffix /~irf both in intrinsic height,
and in Failing to lower after height 2 vowels (see e.g. pu-Oer-f-a 'to cleanse'); the
same i§ true of the current past completive tense suffix Siref (eg f-ror-jre “we
looked ar').

4 Oulden (1989) pives further evidence in support of sepurate place and aperture nodes for
wviwels

5 In a possible aliernative analysis, we might regard faf as the default vowel in Bant in
the sense of Archangeli {see e.g. Archangeli 1984, 1988). In such an analysis, /a/
would be entirely featureless, and would receive its surfoce fertures by defolt rules



wolld be entirely featureless, and would receive s surface features by default rules
inserting [+open], [+opena] and other relevant features. Having no height features,
faf would have no aperture node and could not serve 8s @ trigger in the e, allowing us
1o eliminate the menton of [-openy] from its context, This analysis would explain quite
elegantly why low vowels do not have a lowering influence on other vowels. A
problem, however, is that under Archangeli’s other assumptions, rule (8] should
trigger the RROC (Redundancy Rule Ordering Constraint), which requires that a redun-
dancy rule inserting feature (@l applies before any rule mentioning [@F]. Given this
principle, rule (8) should require the prior application of 1he redundancy rule
introducing [+opens] in low vowels, and we would sill have o explicitly exclude low
vowels from the class of rggers.

Recall that since consonants do not have sperture nodes, they will not block the
application of this rule,

I leave open the question of whether [ATR] ever patterns with place features in other
bnguages, 1f it does not, one must guestion whether [ATR] is justified ns an
independent phonological feature, distinct from [open] on the one hand and [radical] or
[consteicted pharynx] on the other,

The following derivations erucially require that the rules inserting the redundant
leatures [+openg] and [+opens| under the aperture node of fa/ apply before rule (15)
docs. This effect is predicied by the RROC, mendoned in note 5.

As in the case of Nzebi (see note 8), the redundancy roles assigning the [eatures
[+openz] and [+opens] must apply before this rule does.

[n the variety of Kinande described by Valinande (1985), Vowel Raising applies
bidirectionally, subject o the same conditions in both directions. In the variety des-
cribed by Mutaka (1991, Vowel Raising applics rightward only under a more restricted
set of conditions. These differences, whether individual or dialecta], do not appear o
have any consequences for the feature analysis of Kinande, They will accordingly be
disregarded in the following discussion, which focuses on the leftward case.

In the variety of Kinande deseribed by Mutaka (1991), word-inital vowels are only
optionally affected by the mising rule.

Another Bantu language reported to have ATR-like vowel harmony is Tunen {see van
der Hulst et al. (1986) and references therein),

The Sotho languages include Tswana, Northern Sotho, and Sesotho (also known as
asouthern Sotho); see Tucker (1929) and Doke (1954) for general descriptions of the
group as a whole. While the present discussion concerns the particularly well-
documented case of Sesotho, nearly identical vowel systems are Tound in the other
Sotho languages, For fuller discussion of Tswana see Cole (1949, 1955), and for

Northern Sotho see Ziervogel (1967, In the carlier stages of preparing the present
account, T had the benefit of many discussions of Sesotho phonology with Evelyn
Khabanyane, a resident of Motsethabong district, Welkom, South Africa, who is the
author of the phonetic gnd phonolpgical studies cited in the text.

Mid Vowel Raising applies under a complex variety of conditions, some of which are
purely phonological and some of which are morphological. We will be concerned here
anly with the phonological environments, in which height 2 vowels are raised 10 height
2a when a higher vowel fallows in the next syllable. See Doke and Mofokeng (1957)
and Kunene (19613 for more complete descriplions,

See Odden (1988 and Yip (1988) for further discussion of the OCP, and evidence that
it does not operate o5 an automatic mechunism eliminating OCP violations wherever
they arise,

The facts are slightly more complicated than stated above, in ways that dio not affect the
main point. By a separate rule, o height 2a vowel triggers the raising of a following
height 2 vowel, as in gts-a ‘do’, kets-¢ ‘deed’, etseh-fle 'to be practicable’, This
rule does not gpply fo a vowel in the penultimate syllable, as shown by ets-eli-a "o
happen® and similar examples (Doke and Mofokeng 1957), Thus it would also be
possible to account for the examples in (36) by posiulating a height 2a vowel in the
penultimate syllable, which triggers spreading both leftward and rghtward. Even in
this analysis, however, height 20 vowels would have to he Mid Yowel Ruising triggers
to pecount for ity application in longer sequences such as those in mukeloka, e,
Harris (1987) argues that Mid Yowel Raising is a non-structure-preserving rule, since
he views the height 2a serles as entirely derived, Howewver, 1 have piven evidence
above that this series occurs underlyingly. Specifically, examples such as those in
{323 and {36), and many others of the seme sort nol considered by Hurris, offer reason
to believe thal height 20 vowels arc already present in representations at the point o
which Mid Vowel Raising applies in the synchronic grammar, (OF course, the rule may
have applied in a non-structure-preserving fashion at an earlier historical stage of the
lunguige, @ point not at issue here.)

This restriction is required in Harris's analysis, since, as we have remarked in note 17,
he regards this male as non-structure-preserving. Since we have shown the height 2u
vowels to occurin the input to this rule, however, we could regard the mle as struciure-
preserving, This will allow us to eliminate the [aback, cround] condition, since the
rule will not be able to assign [-low] w faf without viokating the siructure-preservation
condition (nonlow vowels must be front or rounded), With this modification, Harris®s
mule is compamble to the one in (38) in terms of formal simplicity.

This arpurment is originally due to Hayes {19007,
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Command and Fula d'um pronominals

Christopher Culy
University of Morth Carolina, Chapel Hill

1. Introduction

Since the earliest studies of anaphora, some notion of command has been
taken to be crucial to understanding the binding properties of pronouns.” In this
paper 1 argue that the binding properties of the d um forms in Fula must be
characterized without reference to any notion of command. This is a highly unusoal
situation for non-logophoric pronouns (Sells 1988) and provides support for a
Lexical Functional Grammar {LFG) analysis of binding propertics.

2. The daia

Fula is a language with noun classes, but 1 will be considering pronouns
from just one of the classes: the neutral (or fum) class. In addition, T will be
considering only the Object form (d'um), used as Direct and Indirect Objects, and
the Complement form (muud um/mum), used as Possessors, Objects of
Prepositions, and in certain other constructions which T will not detail here, The
forms are given in (1).

{1} Fula d'um forms
. Object d'um
b. Complement mund' umyinum

Although Fula exhibits a wide variety of dialectal variation (Culy 1990, the
data considered here are from three dialects that seem to have identical properties as
far as the Object and Complement pronouns are concerned. The three dialects are
Adamawa, spoken in Nigeria (East [934/67), Gombe, also spoken in Migeria
{Arnott 1970}, and Liptako, spoken in Burkina Faso (Bidaud and Prost 1982}

A word of cantion is in order; all of these sources are raditional descriptive
grammars, and as such give only positive data. Thave litle or no negative evidence
concerning the properties under consideration, On the other hand, there are no
counterexamples o the generalizations 1 will give. Thus, T think that these
prammars do give us o pretty accurate view of the pronouns in these dialects.

3, Agreement

There are three uspects of the binding properties of the dum forms, and
none of these aspects involve the notion of command. The first aspect could be
called a type of agreement. d'um forms are used only when they are coindexed with
non-pronominal MPs, as suggested by the examples in (2). In (2a), we hove a dum
form coindexed with the non-pronominal NP Bello. For comparison, in {2b,c) we
see the singular human class Complement pronoun maake, which normally cannot
be coindexed with non-pronominal NPs. In (2b) then, it must be disjoint from
Belle, while in (2¢) maake can be coindexed with the pronoun o (see also Culy and
Gnalibouly Dicko 1988 on a Fula dialect spoken in Mali),



