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Nouns of the shape in (10) make up the large majority of
nouns in Ewe!. Larger nouns are compounds, whose tonal
distributions are derived from the tonal patterns of compound
members. Consequently, it is crucial to understand the tonal
patterns of monosyllabic nouns. I will focus mostly on
monosyliabic nouns in the following; where relevant, I will
also bring in compound nouns to illustratte the point.
3.2.2. Tonal rules

Ewe tonal phonology is first discussed in Ansre (1961),
who provides a detailed and faithful description of the tonal
patterns of Ewe nouns and verbs. These patterns are first
analysed by Smith (1968), whose account 1is challenged
subsequently by Stahlke (1971) in his doctoral thesis on Ewe
phonolegy. The data discussed in this section are taken from
these three sources and Ansre (1966).

The analysis of tone presented below draws on some of the
enlightening insights provided in Stahlke (1971). 1In
particular, his detailed discussion of the nominal prefix
provides the baéis for analysing all monosyllabic nouns as
consisting of a prefix together with a nominal root, as shown
in (10). Moreover, his arguments against treating the high and

mid tones as basic, as proposed in Smith (1968), open the door

! Ansre (1961, 31) lists six noncompound nouns which are
polysyllabic. The tonal patterns of the first syllable of
these nouns do conform to those of monosyllabic nouns.
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to an analysis of Ewe in terms of three level tones, with the
mid tone as default. For these and some other insights into
the tonal phonology of Ewe, Stahlke (1971) deserves the
credit.

However, my analysis also departs from the account in
Stahlke (1971) in significant respects. First, I attribute the
presence of most high tones in monosyllabic nouns to H-Tone
Insertion while, under Stahlke (1971), these high tones are
either present in underlying representation or derived through
the suffixation of V. Second, this analysis draws on the
insights of underspecification, feature geometry and the
autosegmental theory, which were not available to Stahlke when
his thesis was written. Third, and, most significantly, my
analysis provides a formal account of tone-voice interactions,
which are derived in Stahlke (1971) through special devices
that mark as exceptional those roots with certain types of
onset consonants. From a micro point of view, this analysis is
significant in that it provides a better understanding of the
tone-voice interactions in Ewe. On the macro level it provides
a sufficiently articulated formal model within which tone-
voice interactions are explicated.

Noted above, Ewe distinguishes three level tones on the
surface. Full specification of these tones is shown in (l4a).
In the following analysis, I assume that H and L tones are

present underlyingly, represented as [+HI] and [+LO] in terms
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of featural specifications, as in (14Db).
(14) a. H M L b. H M L

HI + - - HT +
LO - - + LO +

Mid tones are derived through Default M-Tone Insertion:

(15) Default M-Tone Insertion: M
|
p --> U

In (15), M represents [-HI, -LO] in terms of tonal features.
In the following, I will continue using H, M, and L as
shorthand notations for ease of exposition, even though the
readers are to interpret them in terms of tonal features.

In addition to Default M-Tone Insertion, the analysis of
nouns involves three other tonal rules. First, H-Tone
Insertion is formally stated in (16):

(16) H-Tone Insertion:

H a. noniterative
|

B o--> u / # b. If +HI, then not +vd

H-Tone Insertion places a high tone on a tone-bearing unit
from right to left. This rule is not iterative and subject to
the path condition [If +HI, then not +vd].

Second, Sonorant L-Tone Deletion is necessary to explain
the patterning of sonorants with voiceless obstruents. This
rule is stated.in (17) .

(17) Sonorant L-Tone Deletion

L --> 06 / [+sn]
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Sonorant L-Tone Deletion removes a L tone placed in front of
a sonorant-initial root.

Third, to account for the presence of low tones‘requires
a L-Tone Link rule.
(18) L-Tone Link

L a. noniterative

(L[l.\)\\‘u b. If +LO, then not -vd
L-Tone Link assimilates a L tone to a following mora. In (18),
the parenthesis indicates that the trigger L can be linked to
a segment as in the nominal prefix & (lla) or it can be
floating (11b), with the parenthesis marks the optionality of
the segment a°’. This rule applies noniteratively, subject to
[If +LO, then not -vd].

These three rules, together with Default M-Tone
Insertion, provide an account of the attested and unattested

patterns of tones in Ewe nouns. In the next section, I

exemplify these rules through the data of monosyllabic data in

Ewe.
3.2.3. Derivations
This section takes the readers through the derivations of

three types of monosyllabic nouns. In section 3.2.3.1, I

2 This use of parenthesis does not indicate two
disjunctive environments for L-Tone Link. Under the rule
system developed by Archangeli and Pulleyblank (in prep.), a
rule trigger can be marked as either linked, free (meaning
floating), or unrestricted (either linked or free). L-Tone
Link is an instance of an unrestricted trigger.
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provide the derivations £for monomoraic nouns. I turn to
bimoraic nouns in section 3.2.3.2 before proceeding to semi-

bimoraic nouns in section 3.2.3.3.
3.2.3.1. Monomoraic nouns

There are three types of onsets; pairing these onsets
with three tones predict nice logical possibilities. As shown
in (19), five are instantiated; four are not attested as
marked by *...". In (19i), the pairings of a voiced onset with
three tones are shown; only one is attested. In (19ii), the
combinations of voiceless onsets with three tones are
presented; two patterns are attested. The data in (19iii)
display the pairings of sonorant onsets with three tones; two
patterns are attested.

(19) Monomoraic nouns: (a)-Cv?

i. Nominal roots beginning with a [+vd] obstruent

-~

a. Cv b. Cv c. CV
bé ‘thatch’ .e- .-
VU ‘blood’ .e- ..
vl ‘fight’ .o ...
da ‘snake’ ee. ...
dzo ‘fire’ ... .e-
a-zi ‘egg’ .o .en
ga ‘money’ ce- ...
ha ‘pig’ ...

gbeé ‘voice’ .o

3 Note that /f/ and /v/ represent bilabial fricatives,
/£/ and /v/ labiodentals, /kp/ and /gb/ labiovelars, and /x/
and /h/ the voiced and voiceless velar fricatives. The

superscripted ® marks nasalizaton on preceding vowels for
typographical ease.
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ii. Nominal roots beginning with a [-vd] obstruent

d. cv e. CV £. CV

... fu ‘sea’ fa ‘bone’
.. fe ‘debt’ a~-fi ‘ashes’
- te ‘yam’ ta ‘gun’
- tsi ‘water’ tsa ‘male’
... a-si ‘market’ s> ‘horse’
.- ka ‘rope’ ké ‘sand’
.ee xa ‘fish trap’ x& ‘broom’
- kpo ‘club’ kpé ‘stone’

iii. Nominal roots beginning with a sonorant

g. CV h. CV i. ¢cv

.. mo ‘face’ F11) ‘road’

- - nd ‘thing’

. fii ‘cow’ a-fii ‘bee’

.. a-fe ‘rubber’ ) ‘worm’

- lan ‘animal’ 14 ‘crocodile’
.. Ye ‘sun’ vé ‘white clay’
... a-wu ‘dress’ wS ‘flour’

... a-ye ‘trick’ vi ‘cutlass’

Of importance are unattested forms in (19): i) roots with
voiced obstruents cannot take a mid or high tone; ii) roots
with voiceless obstruents do not allow low tones; 1iii)
sonorant-initial roots cannot bear low tones. These gaps
follow principally from the analysis presented here.

Let’s start with the attested forms in (19a), (19f) and
(19i), which I illustrate with vu ‘fight’, &-f1i ‘ashes’ and 14
‘crocodile’ in (20). In (20a), I present the underlying forms
of these nouns; these forms are assumed to be toneless in
underlying representations. Moreover, I assume that both [+vd]
and [-vd] are present in underlying representation. In

principle, [+vd] can be taken to be the underlying value, with
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[-vd] inserted prior to L-Tone Link. As I have no evidence to
choose between these two choices, I assume the representations
in (20a) for ease of exposition. In (20b), I show thé'results
of H-Tone Insertion; note that in the left derivation, this
rule is blocked by [If +HI, then not +vd], as 1linking H
(=[{+HI]) vields a path between H and [+vd], banned by the
condition. (20c) shows the result of prefixation; (204)
presents the result of Sonorant L-Tone Deletion. L-Tone Link
applies in (20e), 1linking L to the mora in the left
derivation. In the middle derivation, the rule is blocked. In
the right deriwvation, the rule is not applicable as there is
no low tone present.
(20) Derivations for (19a), (19f) and (19i)
a. underlyving representation
n
/1 /
v u £
! !
+vd -vd

0 —F

b. high tone insertion

H
blocked by :
If +HI, then 1
not +vd /|

i
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c. prefixation
L L H L H
| | N
a8 B K 3
/] | /1 /1
v u a fi lo
| |
+vd -vd
d. Sonorant L-Tone Deletion
H 3
|
n/a n/a 1
/1
lo
e. L-Tone Link
L\
™ blocked by
/1 If +LO, then not n/a
v u -vd
|
+vd
£. surface
vi a-fi 16

There are three points worthy of comment in (20). First,
following a suggestion by Archangeli (personal communication),
the linking of H is derived through H-Tone Insertion, but not
by attaching a H tone suffix. Under the suffix approach, the
left column should have a floating H. Since Ewe does not
exploit the presence of this H tone, H-Tone Insertion is
preferred, for H is simply prevented from appearing by the

path condition.

The second point concerns the path condition: [If +HI,



136
then not +vd]. As shown in (20b), roots with initial voiceless
and sonorant consonants allow the docking of H. This condition
cannot be expressed as: [If +HI, then -vd]l. The Ilatter
condition would prevent the H tone from associating to a
sonorant-initial root; for sonorants are voiced in Ewe and
cannot receive the [-vd] specification.

Third, as pointed out in the introduction to section 3.2,
sonorant-initial roots pattern together with voiceless-initial
roots. This patterning is a consequence of Sonorant L-Tone
Deletion which removes the L tone in front of sonorants.

This analysis provides an account of the attested
patterns in (19a), (19f), and (19i). It also explains the
absence of the forms in (19c¢), (194), and (19g): bd, pa, and
ma. Recall that H-Tone Insertion is subject to [If +HI, then
not +vd]l; b of bd is voiced and blocks H-Tone Insertion.
Consequently, it is not attested. p of pa is voiceless and
blocks the application of L-Tone Link due to [If +LO, then not
-vd]. m of ma is sonorant; Sonorant L-Tone Deletion would
apply, removing the L tone prior to the application of L-Tone
Link.

So far we have accounted for the six of the nine
possibilities in (19). There are three patterns left to be
explained: i) ba (19b); ii) fe ‘debt’ (19e); and iii) la~
‘animal’ (19h). The pattern ba in (19b) is not attested. In

(21), I will focus on the two attested patterns. I will
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discuss the one unattested pattern until after the
derivations.

In (21la), I present the underlying forms of tﬂé nouns.
Like previous derivations, these forms are assumed to be
toneless. However, these forms are also marked as extratonal
in underlying representation indicated by the brackets.
Extratonality zrenders these forms invisible to H-Tone
Insertion in (21b). Prefixation takes place in (21lc); (21d)
results from Sonorant L-Tone Deletion. Extratonality remains
in force and L-Tone Link is again not applicable in (21le).
Loss of extratonality and Default M-Tone Insertion are shown
in (21f).

(21) Derivations for (19e) and (1%h)

a. Underlying representation
not 1) il
attested /[l] /[l ]
b a fle llian
|
-vd
b. H-Tone Insertion
not
attested n/a n/a
c. Prefixation
L L
33 43
i 1
attested fle llan

-vd
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d. Sonorant L-Tone Deletion
98
not n/a 4 l]
attested lilan
e. L-Tone Link
not
attested n/a n/a
£. Loss of Extratonality and Default M-Tone Insertion
L M M
| |
H u
not / | /|
attested £f e 1 a°
]
-vd
g. Surface
not
attested L [fe lar

This account of surface fe ‘debt’ and Ia” ‘animal’ relies on
extratonality, which provides an account of why these forms
resist the docking of tones through H-Tone Insertion and L-
Tone Link.

Invoking extratonality and then removing it appear to be
the most problematic aspects of this analysis of Ewe,
especially for someone who wishes to seek a principled
explanation of these patterns. As shown in (21), these forms
are essentially accounted for through stipulations in the
grammar. Even though I agree with this criticism, there are
two factors in favor of this analysis.

First, from the crosslinguistic studies of tone-voice, we
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know that voiceless onsets pattern with high tones and voiced
onsets with low tones. These correlations, expressed in terms
of path conditions, provide an account of the six attésted and
unattested monomoraic patterns discussed earlier in this
section. That is, from the crosslinguistic point of view,
these six patterns are expected. In contrast, surface forms
like fe and la" are not expected, given what we know about
tone-voice interactions.

Moreover, forms like fe and la" are derived through
marking them as extratonal: f<e> and I<a”>. In principle, the
unattested form ba can be marked as b<a>, which makes it
invisible to rules like H-Tone Insertion and L-Tone Link. This
analysis predicts that such a surface form as ba should be
attested. That surface ba 1s not attested makes the
patternings of onsets with mid tones asymmetrical. Marking
these forms in terms of extratonality is one way of stating
the asymmetric behaviors of these forms. For this reason, this
account in terms of extratonality is preferred over one that
treats these forms as the norm rather than as the exception.

The second factor in favor of this analysis is that it
accounts for the absence of ba and the presence of fe and la”.
Recall that (21f) <collapses the results of removing
extratonality and inserting the default mid tone into one step
for ease of exposition. Discussed in section 3.4, there is at

least one other phonological rule that intexrvenes between loss
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of extratonality and Default M-Tone Insertion. This rule is L-
Tone Assimilation, a rule that links and assimilates a L tone
iteratively to tone-bearing units that are not specified for
any tone®. This rule, together with loss of extratonality,
explains why forms such as ba are not instantiated in Ewe.

Suppose that b<a> exists as an underlying representation
as in (22a). As noted earlier, this underlying representation
is in fact predicted by my analysis which stipulate that fe
and la" are represented as f<e> and I<a”> in underlying
representation. Following the assumptions made in (21),
extratonality makes this form invisible to H-Tone Insertion.
Then prefixation applies, giving the representation in (22b).
Sonorant L-Tone Deletion does not apply to (22b); nor does L-
Tone Link as there is no tone-bearing unit. Then extratonality

is erased, yielding the representation in (22c).
(22) a. underlying b. prefixation c. loss of extratonality

L L

K. H K

/[;] /;] /1

b b b a

(22c) is the representation prior to L-Tone Assimilation. As

L-Tone Assimilation links and spreads a L tone, the form in

% For the discussion here, I assume that there is a

single rule of L-Tone Assimilation, even though there are two
separate 1rules of L-Tone Assimilation differing in
directionality, as demonstrated in section 3.4. Whether or not
L-Tone Assimilation is a single rule or two separate rules
does not bear on the point here.
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(22c) will always acquire the L tone regardless of whether it
is in isolation or in a sentential context. Consequently, even
though b<a> can be posited, this analysis would alwayé predict
the surface form ba because of the late L-Tone Assimilation.
Thus, L-Tone Assimilation functions as a rule of absolute
neutralization with :espect to ba, predicting that ba would
never be attested oh the surface in Ewe. This result is
accomplished through loss of extratonality.

Before closing this section, we should also ask why fe
and la" are attested on the surface. At the end of loss of
extratonality, fe is represented as L[fe, with a low tone
prefix present. Why does not L-Tone Assimilation neutralise
this form and turn it into fé? To be demonstrated in section
3.4, this is due to the fact that L-Tone Assimilation is
subject to [If +LO, then not -vd], just as L-Tone Link.
Consequently, whether L[fe is in isolation or in a sentential
environment, the L tone can never link, predicting the surface
form fe.

The explanation for the surface la® is slightly
different. The L tone prefix is rs=mcved through Sonorant I.-
Tone Deletion; so L is not present at the time of loss of
extratonality. So when this form is submitted to L-Tone
Assimilation in isolation, the rule cannot apply, predicting
the surface form la”. When this form is in the environment of

a L tone, it undergoes L-Tone Assimilation and surfaces with
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a low tone as lan.

Discussed in detail in section 3.4, L-Tone Assimilation
has all the properties attributed to it in tﬁe above
discussion. Even though I agree with the criticism that the
use of extratonality is stipulatory in my account, it does
provide a reason for the remaining three patterns: that is the
unattested ba and the two attested patterns fe and lan. I take
this as an encouraging sign in favor of the present analysis.
3.2.3.2. Bimoraic nouns

Noted in (8), there are 27 patterns predicted through
random pairings of three types of onsets together with three
level tones; three are attested in Ewe. In (23) below, I
present the 9 of the 27 patterns; the 18 unattested patterns
that end either with a mid or a low tone on the seccond vowel
are not shown for the sake of saving space. In (23i), the
voiced obstruent is paired with the three tonal patterns LH,
MH and HH; only LH is attested. In (23ii), the voiceless onset
is combined with the tonal patterns; MH 1is attested. In
(231ii) sonorants function as onsets; MH is instantiated,

again showing that sonorants pattern together with voiceless

obstruents.
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(23) Bimoraic nouns: CVV

i. Nominal roots beginning with a [+vd] obstruent

~ 7

a. Cvww b. cvv c. Cov
baa ‘mud’ - ...
vud drum’ ... ...
vidi ‘child’ - .e-
dod ‘hole’ .. ..
dzod ‘horn’ ... ...

P ) ‘large pot’... ..
gaé ‘money’ . ...
[ge€] ... ...
&-gbad ‘plate’ ...

ii. Nominal roots beginning with a [-vd] obstruent

d. cvv e. CVV £. CVV

.- peé ‘chisel’ ve-

.. foéd ‘guinea ...
corn’

- £ii ‘digging I
stick’

... tod ‘mortar’ ...

- Koén ‘soap’ ...

[koen ]
.- a-kpad ‘fish’ ...

iii. Nominal roots beginning with a sonorant

g. CVWW h. cvww i. cov
- mad ‘greens’ ...
- nuld ‘mouth’ .e-
... leé ‘bridge’ .en
eee vaa ‘air’

I will focus on deriving the attested patterns in (23)
before considering the unattested patterns. In (24a), I
display the underlying representations, using as examples vii
‘child’, fii ‘digging stick’, and leé ‘bridge’; like

monomoraic nouns, bimoraic nouns are toneless in underlying
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representation. H-Tone Insertion applies in (24b). Note that
H-Tone Insertion successfully lands a H tone on the second
mora even though the root-initial onset is voiced. This is
because H landing on the second mora is never on a path with
the [+vd] specification of the onset, even though [If +HI,
then not +vd] is in force. In (24c) and (24d), I show the
results of prefixation and Sonorant L-Tone Deletion. Then, L-
Tone Link takes place in (24e), which successfully links a L
tone to the left mora in the left derivation. But the rule is
blocked in the middle derivation because 1if L were to link, it
would form a path with [-vd], which is banned by [If +1O, then
not -vd]. With Default M-Tone Insertion in (24f), we derive

the correct outputs in (24g).

(24) Derivations for (23a), (23e) and (23h)

a. Underlying representation
B Ly |2 o
/1/ /V/ /1/
v i £fi le
| |
+vd -vd
b. H-Tone Insertion
H H H
HH LR pu
/1/ /1/ /17
v i fi 1l e

+vd -vd
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c. Prefixation
L H L H L H
| | o
B B Hu
/1/ /1/ /7
v i fi le
I |
+vd -vd
d. Sonorant L-Tone deletion
H
|
n/a n/a TRV
/7
le
e. L-Tone Link
L H
S
TR blocked by
/1/ if +LO, then n/a
v i not -vd
|
+vd
f. Default M-Tone Insertion
L M H MH
i P
LB 28
n/a /1/ /7
£fi le
|
-vd
g. surface
vii L[ fidi leé

Note that the low tone present in L[fii] triggers L-Tone
Assimilation just as their monomoraic counterparts in the

right environments. This L tone is removed when it surfaces in

isolation.
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Turning to the unattested patterns, we note that H-Tone
Insertion accounts for the absence of XM and XL tonal
patterns, where X can be L, M, H. Under the analysié proposd
in (24), bimoraic nouns are underlyingly toneless. When H-Tone
Insertion applies from right to left, these forms will always
acquire a H Tone on the second mora, predicting that XM or XL
should be attested. Thus, H-Tone Insertion accounts for the
absence of 18 patterns in (8b) and (8c).

With regard to the remaining six unattested patterns in
(23), the explanations varv. First, bad is not attested, as
shown in (23b). This is because L-Tone Link will always be
able to link a L tone to the left mora, thus ruling out bad.
Second, bdd is not attested as in (23c). This is due to the
fact that H-Tone Insertion applies noniteratively. But even if
H~-Tone Insertion were to apply iteratively, it would still be
blocked by I[If +HI, then not +vd]. The third unattested
pattern in (23d) is pad. This is accounted for by [If +LO,
then not -vd], which prevents a L tone from linking to a mora
immediately following a voiceless onset. The fourth unattested
pattern pdd in (23f) is accounted for because H-Tone Insertion
applies noniteratively. The explanation for the fifth
unattested patterns mad in (23g) lies in Sonorant L-Tone
Deletion. The sixth and last unattested pattern is méd in

(231i). This is due to the noniterative application of H-Tone

Insertion.
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3.2.3.3. Semi-bimoraic nouns
In terms of duration, semi-bimoraic vowels last anywhere
between monomoraic and bimoraic vowels. Like bimoraic vowels,
semi-bimoraic vowels carry two tones; consequently, 27 logical
patterns are attested. As semi-bimoraic patterns end with high
tones, 18 of the 27 patterns are eliminated. Of the remaining
9 patterns ending with a high tone, three are attested in
(25): i) the voiced onset cooccurs with only a LH tone pattern
(25a); while ii) the voiceless or sonorant onset appear only
with a HH pattern (25f) and (25i).

(25) Semi-bimoraic nouns: CVV

i. Nominal roots beginning with a [+vd] obstruent
a. cvv b. cw¥ c. CW¥
a-baa ‘mat’ ... ...
veé ‘throat’ cen .o
deé ‘oil palm’ ... een
dzii ‘sky’ ... e
zeé  ‘pot’ .o .e.
heé ‘knife’

ii. Nominal roots beginning with a [-vd] obstruent

é. ¢\ e. CV¥¥ £. cW

een .en fud ‘fur’
.o .e- tééd ‘pond’
.o .o kéé ‘sand’

iii. Nominal roots beginning with a sonorant

N~ -

g. CVv¥ h. cv¥ i. cW

2

.,
.

.

.

.
o]
M
M

‘palm nut’
‘cheek’
‘skin”

Kop
|E:|
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Semi-bimoraic nouns thus reveal two important properties to be
explained. First, nouns reveal three surface length contrasts
with semi-bimoraic nouns in the middle in terms of vocalic
duration. Second, semi-bimoraic nouns are both similar to and
different from the bimoraic nouns in terms of their tonal
patterns. Both semi-bimoraic nouns and bimoraic nouns with
initial voiced onsets reveal the LH patterns. With regard to
voiceless and sonorant onsets, they cooccur with a HH pattern
in semi-bimoraic nouns; bimoraic nouns take only a MH pattern.
Pending further motivation, I analyse the semi-bimoraic
nouns as monomoraic in underlying representation, as shown in
(26a), where the three attested tonal patterns are illustrated
through véé ‘throat’, fud ‘fur’, and a-I%5 ‘cheek’. Moreover,
these forms are underlyingly associated to H. H-Tone Insertion
takes place in (26b), applying successfully in the middle or
right derivations. It is blocked in the left derivation as the
onset is voiced. Continuing the derivations, we see the
prefixation and the application of deletion in (26c) and
(26d). Then L-Téne Link occurs, linking L to the mora in the
left derivation. In the middle derivation, the onset is [-vd]
and blocks the application of the rule. With the default rule,

the surface results of these rules are shown in (26g).



(26) Derivations for (25a),

(25f), and (251)

Underlying representation

a.
H H
| !
u K
/1 /1
v e £fu
| |
+vd -vd
b. H~-Tone Insertion
HH
blocked by I/
if +HI, then B
not +vd /1
fu
!
-vd
c. Prefixation
L H L HH
| t/
u u
/| /1
v e fu
| |
+vd -vd
d. Sonorant L-Tone Deletion
n/a n/a
e. L-Tone Link
L_ H
\wl
i blocked by
/1 if +LO, then
v e not -vd
|
+vd

o —F —t

Ut =

149

U—F —m

HH
i/

1>

[/
u
/1

HH
1/

1>

n/a
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£. Default M-Tone Insertion
M HH
| A/
n/a n/a 1 1
1 /1
a-1 >
h. Surface
veé L [fad® a-1=5

At the end of (26£f), we predict surface monomoraic nouns with
a single mora doubly linked to two tones. But on the surface,
these vowels are semi-bimoraic, lasting longer than monomoraic
nouns and shorter than the bimoraic vowels.

Under this analysis, semi-bimoraic length follows from
the tonal representations of semi-bimoraic nouns. In (26f),
semi-bimoraic patterns possess one mora linked to two tones.
When these representations are submitted to phonetic
implementation, they take longer to articulate because of the
two tones. Consequently, semi-bimoraic nouns are perceived to
last longer than monomoraic nouns which possess one mora
linked to one tone but shorter than true bimoraic nouns which
possess two moras linked to two tones. In section 3.3.2, we
demonstrate further evidence in support of this view of
phonetic implementation in Ewe.

Apart from accounting for the superficial three-way

* The low tone present in fuid is erased if it appears in
isolation, but does appear when placed in sentential contexts,
triggering L-Tone Assimilation.
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contrast in vowel length, this analysis derives the underlying
contrasts in these three types of nouns in Ewe. In underlying
representation, analysing the semi-bimoraic nouns as
monomoraic distinguishes them from bimoraic nouns. Prelinking
the H tones to the only mora in semi-bimoraic nouns
distinguishes them from monomoraic patterns.

Moreover, prespecification of H in semi-bimoraic patterns
accounts for the tonal similarities to and differences from
the tonal patterns of bimoraic nouns. Recall that both semi-
bimoraic and bimoraic nouns with initial voiced obstruents
surface with LH tones. As semi-bimoraic nouns are analysed as
monomoraic in underlyng representation, it is predicted to
block H-Tone Insertion, as shown in (26b). Lexical
prespecification of H explains the presence of the high tones
in semi-bimoraic nouns. Lexically prelinked H tones are also
instrumental in deriving the two instances of H tones, thus
distinguishing them from bimoraic patterns.

This analysis provides an account of the unattested
patterns as well. As shown in (25), the MH and HH patterns are
not attested with the voiced obstruents. The MH pattern is
ruled out because the low tone prefix is always able to link.
The HH is not possible because H-Tone Insertion is blocked
from applying to a monomoraic form with a voiced obstruent.

With voiceless onsets, the LH and MH are not attested.

The LH pattern is ruled out by [If +LO, then not -vd], which
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prevents the L from linking up to a monomoraic form with an
initial voiceless obstruent. The MH pattern is not attested
because the semi-bimoraic patterns are underlyingly monomoraic
with a linked H tone. Default M-Tone Insertion applies only if
there is a free mora, which the semi-bimoraic patterns do not
have.

The LH and MH patterns are not attested if the onset is
a sonorant. LH is ruled out because the L tone prefix is
removed before L-Tone Link. The MH pattern is absent due to
the lack of free moras. Thus, with slightly different
underlying representations, this analysis succeeds in deriving
the attested and unattested patterns of monosyllabic nouns in
Ewe.

Before closing this section, let’'s review the argument
for analysing the semi-bimoraic vowels as monomoraic and
bimoraic as bimoraic. This underlying contrast in terms of
moraic representations is especially important to demonstrate,
considering the superifical tonal similarities of semi-
bimoraic nouns with initial voiced obstruents to bimoraic
nouns with the identical class of onsets. This similarity is
highlighted in (27), with the data repeated from (23a) and
(25a) .
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(27) Surface tonal patterns of [+vd]-initial bimoraic nouns

Bimoraic (=23a) Semi-bimoraic (=25a)
baa ‘mud’ a-bad ‘mat’
vud ‘drum’
vii ‘child’ veé ‘throat
doé ‘hole’ déé ‘oil palm’
dzod ‘horn’ dzii “‘sky’

zeé  ‘pot’

heé ‘knife’
‘money’ [ggé] ...
a-gbad ‘plate’ .

z25 ‘large pot’
gaé

Given the tonal similarity, it would seem preferrable to
analyse both bimoraic and semi-bimoraic nouns in terms of the
same underlying representations. But as the examination of
compounding forms in (28) shows, the surface tonal similarity
obscures a length contrast in underlying representation. As
shown in (28a), bimoraic nouns are bimoraic in compounding
with a MH tonal pattern. Semi-bimoraic nouns are monomoraic in
compounding in (28b), with a single high tone.

(28) Bimoraic vs. Semi-bimoraic (Stahlke 1971, 207)

a. Bimoraic
Nouns Compounding
dzod ‘horn’ tsi-no-dzod ‘horn for drinking water’
gdd ‘gourd’ ga-god ‘0oil drum’

[ga-gdd]

b. Semi-bimoraic

zgé ‘pot’ ni-da-zé ‘pot for cooking food’
daa ‘date’ kosi-da ’Sunday’
heé ‘knife’ alanr-la-hé ‘knife for cutting meat’

Analysing the semi-bimoraic vowels as monomoraic and bimoraic

vowels as bimoraic in underlying representation derives the
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contrast of these forms in compounding.

According to Stahlke (1971), nouns used to form compounds
are representations prior to the attachment of the low tone
prefix & or L: that is, those representations in (20b), (21b),
(24b), and (26b). Evidence for this claim comes from
monosyllabic nouns taking the overt prefix &. wWhen these nouns

form compounds, the prefix is not present.

(29) Nouns Compounding
a-ti ‘tree’ a-fu-ti ‘orange tree’
a&-viui ‘dog’ &-dé-vd  ‘hunting dog’
a-fii ‘mouse’ gbe-fii  ‘field mouse’
a-tod ‘bird’ xevi-toé ‘bird nest’

The surface forms of these nouns in compounding in (29) show
that the forms in compounding are those prior to prefixation.
For bimoraic nouns, the representation corresponds to (30a).

For semi-bimoraic nouns, it corresponds to (30b):

(30) Bimoraic Semi-bimoraic
H H
| |
13 88
/11 /1
v ii. v e
| |
+vd +vd

Note that these are exactly the forms that show up in
compounding (28) and (29). This explanation of compounding
hinggs on analysing the semi-bimoraic vowels as monomoraic.
Thus, the underlying representations of semi-bimoraic nouns in

(26a) are justified.
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3.2.4. Summary

Section 3.2 analysed the tonal distributions of
monosyllabic nouns in Ewe. Section 3.2.1 provided the
preliminary information central to an understanding of
monosyllabic nouns. Section 3.2.2 1laid out the formal
statements of rules while section 3.2.3 accounted for the
tonal patterns of ﬁwnosyllabic nouns through step-by-step
derivations.

There are two important results in this section that are
worth reiterating. First, the data confirm the prediction that
the Prosodic Hypothesis makes about the right to left tonal

operation, graphically illustrated in (31).

(31) a. Monomoraic b. Bimoraic
c _H G H
K\ IN_-~7
[ HU
/1 /17
c vV c v
| |
+vd +vd

The Prosodic Hypothesis predicts that H-Tone Insertion will be
blocked by [If +HI, then not +vd] in (31a), but not in (31b).
This prediction is confirmed in section 3.2.3. The analysis of
monomoraic and semi-bimoraic nouns support the representation
in (31la), while the account of bimoraic nouns supports the
form in (31b). Thus, under the analysis, monomoraic nouns and
bimoraic nouns behave disjunctively, supporting the prediction

made by the Prosodic Hypothesis.



156
Second, Ewe supports the prediction regarding the left-

to-right tonal operation, as shown in (32):

(32) a. Monomoraic b. Bimoraic N
L. © L. ©
B m
/1 /7
c v cv
| |
-vd -vd

The Prosodic Hypothesis predicts that monomoraic and bimoraic
nouns should behave in an identical fashion in a left-to-right
tonal operation. This is again borne out by the behavior of L-
Tone Link in monomoraic and semi-bimoraic nouns vs. bimoraic
nouns.

In section 3.2, the analysis of monosyllabic nouns hinges
on two components: i) underlying representations; and ii)
rules. While providing the derivations, I tried to justify the
underlying representations assumed in section 3.2.3 whereas
the rules used in section 3.2.2 remain unmotivated. In the
next section, I turn to the motivation for the rules assumed
in section 3.2.2, which include: i) H-Tone Insertion; ii) Low
Tone Link; iii) Sonorant L-Tone Deletion.
3.3. Argumentation

In section 3.2, an analysis of tone is provided for Ewe
nouns. In addition to Default M-Tone Insertion, three rules
figure prominently in this analysis: i) H-Tone Insertion; ii)

L-Tone Link; and iii) Sonorant L-Tone Deletion. This section
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discusses the evidence in support of these rules. I will focus
on H-Tone Insertion first in section 3.3.1 before dealing with
L-Tone Link and Sonorant L-Tone Deletion in sections 3.3.2 and
3.3.3.

3.3.1. H-Tone Insertion

There are two ways to derive the high tones in
monosyllabic nouns. One, advocated in this chapter, is via H-
Tone Insertion. This rule derives the high tones in 1i)
monomoraic nouns such as a-fi ‘ashes’, 16 ‘crocodile’, ii)
bimoraic nouns such as vii ‘child’, fii ‘digging stick’, leé
‘bridge’, and iii) the second high tone in semi-bimoraic nouns
such as fud ‘fur’, a-1E5 ‘cheek’. One advantage of this
analysis 1is that it treats all monosyllabic nouns in an
identical fashion; it derives the high tones through a single
rule of H-Tone Insertion. Surface tonal variations result not
from the rule, but from the underlying representations of
tone. A disadvantage of this analysis is that surface forms
such as fe ‘debt’ and la” ‘animal’ are analysed in a somewhat
exceptional manner; they are marked as extratonal in
underlying representation.

The other way to derive the high tones is via suffixation
of a high tone. Ansre (1961, 26) proposes that bimoraic nouns
are made up of a monomoraic noun plus a high tone suffix.
Suffixation of the high tone explains why all bimoraic nouns

end with a high tone. However, this proposal runs into a
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number of problems that cannot be resolved.

First, if the high tone were a suffix, we would expect
some common semantic traits underlying the bimoraic néuns. But
as Stahlke (1971, 94) points out, bimoraic nouns reveal "no
common semantic content beyond the fact that they are all
nouns." He goes on to say: "The possibility that the final
high tone is a reflex of some nominalizing particle cannot be
dismissed, but it has certainly 1lost that <function
synchronically." Even if the high tone were a nominal suffix,
there would be no explanation of why monomoraic nouns did not
have the high tone suffix, being nouns themselves.

Second, under the suffixation approach, there is no
account of the high tone in monomoraic nouns. Nor is there any
account of the high tone in semi-bimoraic nouns. The
suffixation analysis stipulates the presence of a high tone
suffix in bimoraic nouns.

Third, Stahlke (1971, 93-97) suggests that the high tone
suffix can take either of the two forms: i) ¥; or ii) . As
monomoraic nouns can be c¥ or cv or cv, pairing ¥ with the
three types of the monomoraic nouns predicts the three surface
bimoraic nouns, as shown in (33a) through (33c). Combining
with the three monomoraic nouns predicts the three surface
patterns in (33a’) through (33c’). Note that in (33a’) through
(33¢’), two tokens of tone take longer to articulate and give

rise to semi-bimoraic vowels, as assumed in the above
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analysis.
(33) a. ¥ + Vv =--> *cv¥
b.cy + v --> cvv -
C. CV + VvV =--> cvv
a’ cv + 7 --> ¥’ --> i
b’ cv+ ° --> cv' --> *cv¥
A ’ v ~~—
c’ ¢cv + --> CV --> CcVVv

Unfortunately, taking v to be the suffix predicts the surface
form in (33a), which is not attested. Taking ~ as the suffix
predicts (33b’), which is not instantiated in Ewe, either.
Thus, under the suffixation proposal, there are two surface
gaps that cannot be explained.

Fourth, the suffixation approach leaves behind the
problem of deriving the high tones in monomoraic nouns and
semi-bimoraic nouns. Suppose that bimoraic nouns are made up
of a monomoraic noun plus a high tone suffix. Under this
assumption, monomoraic nouns and semi-bimoraic nouns do not
derive their high tones from suffixation. Excluding
suffixation, there are two other ways whereby the high tones
can be derived in monomoraic and semi-bimoraic nouns: i)
lexical prespecification; and ii) insertion. I demonstrate
below that either one of the two options 1s problematic.

Recall that the analysis via H-Tone Insertion (advocated
in this chapter) sets up four underlying representations for
monomoraic, semi-bimoraic, and bimoraic nouns, disregarding

the voicing specification for the moment.
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(34) a. b. c. H d.
1
! B 1 By
/1 H /1 /17
c Vv c-v cC Vv cC v

The form in (34a) corresponds to monomoraic patterns with high
or low tones. The representation in (34b) corresponds to
monomoraic nouns with the surface mid tone. (34c) derives the
semi-bimoraic pattern while (34d) the bimoraic pattern.

If high tones are derived through lexical
prespecification, then a H should be prelinked to the mora in
(34a) . The problem that lexical prespecification of H runs
into is how to distinguish the underlying representations of
monomoraic and semi-bimoraic nouns. As shown in (34c), semi-
bimoraic nouns are underlyingly monomoraic, with a prelinked
H. This representation is motivated by the behavior of semi-
bimoraic nouns in compounding, which requires the monomoraic
representation.

If high tones are derived by insertion, then it is
difficult to see how this rule of insertion can be formulated
without affectiﬁg the bimoraic patternm in (34d). Note that
this rule must be able to target both the form in (34a) and
the one in (34c); therefore, reference to the presence or
absence of a high tone is impossible. What the rule must refer
to is the absence of a second mora. That is, the rule must be
able to distinguish the bimoraic from monomoraic forms.

Presumably, this rule of insertion can be formulated as (35):
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(35) H-Tone Insertion: H
!
B --—> u /% #

This rule would apply to (34a) and (34c). But it would not
target either one of the mora in (34d).

Even though H-Tone Insertion in (35) accomplishes the
objective, it is problematic as well. First, the suffixation
approach must treat the presence of high tone in bimoraic
nouns in a different way from that of monomoraic and semi-
bimoraic nouns. Moreover, the suffixation analysis is much
more complex than necessary. It must stipulate the presence of
high tones in bimoraic nouns. Moreover, it must refer to both
sides of the environment in H-Tone Insertion in (35). If the
high tone is not suffixed but inserted (as advocated in this
chapter), we can not only get rid of the suffixation of the
high tone in bimoraic nouns, but also remove the left
environment in (35):

(36) H-Tone Insertion: H

|
B --> u / #

This rule is identical with the one proposed in (16).

This investigation of the suffixation approach shows that
the high tones are best treated in terms of H-Tone Insertion.
This rule derives the high tones in three types of nouns in a
uniform manner. For this and the reasons discussed above, I
prefer H-Tone Insertion to an analysis in terms of

suffixation.
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3.3.2. L-Tone Link
Suggested in section 3.2.2, there are two steps involved
in deriving the low tones in monosyllabic nouns in Ewé. First,
monosyllabic nouns must undergo prefixation of either a or °.
Then, the prefixal L tone is subject to L-Tone Link whose
application is determined by [If +LO, then not -vd]. In this
section, I will provide the motivations for the prefixation
and L-Tone Link.

3.3.2.1. For prefixation

Proposed in section 3.2.2, nouns are made up of a prefix
together with a nomimal root. This prefix has two surface
realizations in Ewe, as shown in (37):

(37) Low Tone Prefix

a.

o —

Evidence for the prefix & in (37a) is straightforward, as
shown by the data in (38), all of which possess an overt low
tone prefix.

(38) Evidence for a

a. a-zi ‘egg’ c. a-si ‘market’
b. a-ts

1 ‘male’ d. a-vui ‘dog’
The question is whether there is any evidence for positing the
floating L tone prefix for nouns which do not appear to

surface with any L tone such as td ‘gun’, fii ‘digging stick’,

etc..
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Stahlke (1971) demonstrates that even though the nominal
prefix may be segmentally missing, the low tone is always
present. One piece of evidence comes from sentence structures
where verbs immediately precede their object nouns - those
italisized in (39). As shown in (3%a), a verb like di ‘look’
remains unchanged when preceding a noun that starts with a
voiced obstruent. In contrast, the data in (39b) show that
monomoraic vowels of the verbs become semi-bimoraic and
acquire a low tone when preceding nouns with initial voiceless
obstruents. (39c) shows that the verbs pattern like (39a) when
they are placed in front of sonorant-initial nouns.

(39) Evidence for a floating tonal prefix for nouns (Ansre
1961, 63-64; Stahlke 1971, 160)

Verb Verb + Noun

a. Verbs appearing before a [+vd-initial noun
di ‘look’ mi-a-di da ‘they’ll look for a snake’
tsd ‘take’ me-ga-tsd gd 1ad ‘do not take the gourd’
kpd ‘see’ ko5 devi-4& da ‘look at the chilgd’

b. Verbs appearing before a [-vd]-initial noun
né ‘break’ wd-a-née rfd la ‘they’1ll break the bone’
di ‘look’ mi-a-dii tud ‘we‘ll look for a gun’
kp5 ‘see’ é-krD kpé ‘he saw a stone’

c. Verbs appearing before a [+son]-initial noun

ni ‘break’ me-ni yi adé ‘I broke a cutlass’
di ‘look’ é&-a-di né 1é& ‘he’ll look for the nut’
kp5 ‘see’ é-krs 15 ‘he saw a worm’

These patterns receive a straightforward explanation from the

analysis proposed in section 3.2.2, and exemplified in section
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3.2.3.
Recall that a noun with an initial voiceless onset has a
floating low tone as in (40a). This floating L tone associates
to the preceding vowel linked to the H tone, as in (40b). The
semi-bimoraic length of the vowel is again due to the fact
that the verb vowel is linked to two tones, which take longer

to implement phonetically.

(40) a. H L H H L H
| ! 1/ |
H H -=> M B --> dii ta
/1 /1 /1 /1
d i t u d i t u

Association of this L tone can be accomplished by the

following rule:

(41) Flcating L Association: H L

This rule links to a preceding vowel that is linked to a H
tone.

If this analysis is on the right track, it supports the
affixation of a floating L tone. It also argues in favor of
the analysis of semi-bimoraic nouns, whose semi-bimoraic vowel
length results from the tonal representations, not from the
moraic representations.

This analysis also provides an account of the verb forms
in (39a) and (39c). In (39a), the verb form remains unchanged
in front of a voiced obstruent-initial noun. This is due to

the fact that the floating L tone always undergoes linking by
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L-Tone Link; there is no floating L tone that is available for
Floating L Association in (41). In front of a sonorant-initial
noun, the verb also remains intact due to the absence of a
floating L tone. This L tone is deleted by Sonorant L-Tone
Deletion.

By analysing nouns as possessing a L tone prefix, this
analysis not only provides an account of the monosyllabic
nouns, but also accounts for the variations in verbs in (39).
I take this as evidence for positing a L tone prefix.

In addition to (39), Stahlke (1971) provides a further
piece of evidence in support of the presence of a low tone
prefix. Ewe possesses a syntax-level process that assimilates
a low tone to preceding syllables. For instance, the pair in
(42a) shows that a noun without the overt low tone prefix
initiates the low tone assimilation process just like the
nouns with the overt prefix & in (42a’). The left member of
each pair is illustrated with a sonorant-initial noun;
consequently, its prefix a shows up as a mid tone, rather than

as a low tone:

(42) Evidence for a floating tonal prefix for nouns (Stahlke
1971, 163-164)

a. me-fle anfuti vs. mé-flé te
‘T bought an orange’ ‘I bought yams’
a’ me-fle anuti vs. me-flé a-kpad

‘I bought an orange’ ‘I bought a fish’
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b. me-bu ye 14 vs. meé-bu fya 1&

*T respected the sun’ ‘I respected the chief’
b’ me-bu fyYe 14 vs. me-bu a-kpad 1l4.

‘I respected the sun’ ‘I respected the fish’

Evident from (42) is that a seemingly prefixless noun like te
‘vams’ triggers the low tone assimilation just like a noun
with an overt low tone prefix &-kpad ‘fish’. This suggests
that nouns in (42a and 42b) possess a low tone which initiates
the low tone assimilation process. Thus, low tone assimilation
provides additional support for the presence of a low tone
prefix.
3.3.2.2. For L-Tone Link

I propose in section 3.2.2 L-Tone Link, a rule that links
a L tone to a following tone bearing unit. This rule, stated
in (18), is repeated here as L-Tone Link I as in (43).

(43) L-Tone Link I

L a. noniterative
I\\~\
() s b. If +LO, then not -vd

Exemplified in section 3.2.3, this rule has five properties:
i) it is nonitefative; ii) it is subject to [If +LO, then not
-vd]; iii) it targets a following mora, whether or not this
mora is prelinked to a H tone; iv) it links a floating L tone
to a following mora; and v) it links a linked L tone to a
following mora. Demonstrated in this section, the formation of
imperative singular requires a similar rule in Ewe. This rule

possesses the first four of the five properties in (43) and
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thus provides independent support for L-Tone Link.

Ewe verbs divide into two tonal classes: i) High Tone
Verbs and ii) Non-high Tone Verbs. In forming the imperative
singular, the first H-toned syllable of the verb acquires a
low tone and surfaces with a LH rising. In addition, the first
monomoraic syllable becomes semi-bimoraic as a result of
imperative singular formation. This alternation takes place if
the stem begins with a voiced or sonorant onset as in (44a)
and (44b). But this alternation is blocked if the verb begins
with a voiceless onset as in (44c).

(44) Tonal Patterns of Imperative Verbs: High Tone Stems

a. C[-o-vd] +V ...
Imperative (PL) Imperative (SG)
mi-bi bii ‘bend’
mi-vén veén ‘smell’
mi-va vag ‘come’
mi-dé dod ‘arrive’
mi-dzé dzeé ‘appear’
mi-zi zii ‘press down’
mi-gud gua ‘postpone’
mi-hé heé ‘disperse’
mi-gbigbi gbiigbi ‘make nasty face’
b. Clasn] + V ...
Imperative (PL) Imperative (SG)
mi-mé mad ‘divide’
mi-nad naa ‘give’
mi-fidé fiod ‘be good’
mi-né eé ‘break’
mi-13414 1udld ‘be astonished’
mi-ya Yaé ‘scrape’
mi-wi wud ‘sow’
mi-ya vaa ‘go bad’



C. C[-Vd] + V ...
Imperative (PL)

mi-pd
mi-fa
mi-fé
mi-td
mi-tsé
mi-sé
mi-k&
mi-xé
mi-kpé

168

Imperative (SG)

pa ‘remove hair’
fa ‘polish’

£6 ‘split’

té ‘pound’

tsé ‘bear fruit’
sé ‘end’

k& ‘chip off’
xé ‘pay’

kpé ‘meet ’

Non-high tone verbs behave differently in the formation of

imperative singulars.

All wverbs show up with a low tone,

whether or not the onset is voiced (45a), sonorant (45b) or

voiceless (45c).

(45) Tonal Patterns of Imperative Verbs: Non-high Tone Stems

a- C[+Vd] + *J . o o
Imperative (PL)

mi-bu
mi-vu
mi-vo
mi-da
mi-dze
mi-zo
mi-he
mi-ga
mi-gbe

b. C[+son] +V ...
mi-me
mi-no
mi-fia
mi-ne
mi-1or
mi-ya
mi-wu
mi-yo

Imperative (SG)

ba ‘respect’

va ‘open’

vo ‘be free’

da ‘cook’

dze ‘split’

z ‘walk’

he ‘pull’

ga ‘turn soil over’
gbé ‘pluck’

me ‘roast’

no ‘drink

fia ‘pursue’

ne ‘groan’

1> ‘love’

Ya ‘scramble for’
wu ‘kill-

v ‘hurry’



168

C . C ['Vd] + v . e o
Imperative (PL) Imperative (SG)
mi-fa fa ‘plant
mi-fu fu ‘be white’
mi-tu th ‘grind’
mi-tsi tsi ‘grow’
mi-se sé ‘listen’
mi-xa xa ’‘lament’
mi-ko ko ’laugh’
mi-kpe kpe ‘be heavy’

I analyse the imperative singular formation as affixing
a L tone prefix. This L tone prefix undergoes a rule which I
shall refer to as L-Tone Link II for the moment. This rule is
formulated as (46):
(46) L-Tone Link ITI

I a. noniterative

~
~
-~

1] b. If +1L0, then not -vd
In addition, this L tone can also undergo L-Tone Association,
as stated in (47).

(47) L-Tone Association

L a. target: free

The condition on this rule is that the target mora must be
free, meaning that it is not linked to any tone.

These two rules account for the tonal patterns of
imperative singular verbs in (44) and (45). Consider the
derivations for the high tone verbs in (48). In (48a) I show

the imperative singular prefixation. L-Tone Link II applies in
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(48b) ; note that this rule blocked in the right derivation.
Then L-Tone Association is shown (48c); this rule is not
applicable in the left and right derivation because there is
no floating L tone. It does not apply in the right derivation
because there is no free mora.
(48) Derivations for the high tone verbs

a. Imperative singular prefixation

L H L H L H
| | |
8 H H
/| /1 /1
b i ma P u
. |
+vd -vd

b. L-Tone Link II

L_ H L_ H
=~ -~
u H blocked by
/| /| if +LO, then
b i ma not -vd
|
+vd

c. L-Tone Association

n/a n/a n/a
d. Surface
bii mad pd

The derivations for non-high tone verbs are similar.
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{49) Derivations for the non-high tone verbs

a. Imperative singular prefixation
L L L
23 28 [
/| /1 /1
b u m e fu
| |
+vd -vd
b. L-Tone Link II
L_ L_
T T blocked by
/1 /1 If +L0O, then
bu me not -vd
|
+vd
c. L-Tone Association
L\
H
n/a n/a /1
fu
|
-vd
d. Surface
ba me £u

What differentiates the non-high tone verbs from the high tone
verbs is the step in (49c). In (49c), the prefixal L tone is
able to associate, because the stem mora is not specified f-or
the mid tone, which is analysed as the default. As L-Tone
Association is not subject to [If +LO, then not -vd], L
successfully lands on the mora.

Exemplified in (48) and (49), L-Tone Link II has most of
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the properties that L-Tone Link I has: 1) it is noniterative;
ii) it is subject to [If +LO, then not -vd]; iii) it targets
a mora, whether it is linked to a H tone or not; and iv) the
L tone undergoing the rule is floating. The only difference
between the two rules is that there is no evidence that L is
ever realised on an overt segment preceding the stem. As L-
Tone Link I links a L tone regardless of whether it is linked
or free, I conclude that L-Tone Link II and L-Tone Link I are
a single rule. That L-Tone Link operates in imperative
singular formation provides independent support for the rule.

Moreover, the imperative singular formation also provides
support for the analysis in section 3.2.2 in another way.
Recall that semi-bimoraic vowels are derived in terms of a
single mora linked to two tones. As it takes longer to produce
two tones, the single vowel appears to be prolonged in
phonetic implementation, giving rise to the surface appearance
of semi-bimoraic length. The semi-bimoraic length, attested in
(442) and (44b), requires the same phonetic implementation
mechanism.

3.3.3. Sonorant L-Tone Deletion

In section 3.2.2, it is claimed that there is a mid tone
allomorph that is prefixed to nominal roots. 2s low tones are
posited in underlying representation, these mid tones are
derived through Sonorant L-Tone Deletion together with Default

M-Tone Insertion. I repeat Sonorant L-Tone Deletion here as in
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{50) :
(50) Sonorant L-Tone Deletion

L --> 0 / [+sn]

There are two issues to address in relation to Sonorant L-Tone
Deletion: i) whether or not there is indeed a mid tone variant
in front of a sonorant-initial stem; and ii) whether or not
these mid tones should be derived by Sonorant L-Tone Deletion
together with Default M-Tone Insertion. I will address these
two questions in turn below.

Claimed earlier, there are two mid tone allomorphs, as
shown in (51).
(51) a. M b. M

I
a

The evidence for the prefix a in (5l1a) is straightforward, as
illustrated by the contrast in (52).

(52) Evidence for mid-tone allomorphs

a-c f-sn]) + v‘ o e a-c[#.n] + v. .o
a. a-z1i ‘egg’ vs. a-yii ‘skin’
b. a-tsia ‘male’ vs. a-fii ‘bee’
c. a-si ‘market’ vS. a-wu ‘dress’
d. a-kpad ‘fish’ vs. a-maé ‘greens’

The evidence for (51b) is not so clear. The data of verb-
noun construction in (39) show clearly that the low tone
prefix is not present in front of a sonorant-initial noun.
Similarly, sonorant-initial nouns such as Ye ‘sun’ do not

trigger the low tone assimilation in (42b) and (42b’), which
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also indicate the absence of a low tone prefix. As the low
tone is present in underlying representation, it has to be
removed. Under the present analysis, this is accomplished
through Sonorant L-Tone Deletion. I will leave for future
research whether or not there is a floating mid tone present
in front of a sonorant-initial noun in Ewe.

It is clear from (52) that there is a mid tone allomorph.
From the behaviors of sonorant-initial nouns in verb-noun
constructions (39) and low tone assimilation (42), it is also
clear that the floating low tone is not present. This answers
the first question raised earlier.

The second question is concerned with whether there is
compelling evidence for the analysis wvia Sonorant L-Tone
Deletion advocated here. Part of the problem that this
deletion rule presents is that deletion of L must refer to a
feature [+sn] on an entirely distinct tier. Whether or not the
theory of rules should allow phonolcgical rules to have such
power remains a question.

But independently of this problem, there is still the
issue of whether there is a way out of the problem that
Sonorant L-Tone Deletion presents. As far as I can see, there
are at least three alternatives to Sonorant L-Tone Deletion.
First, both the low tone and mid tone variants are present in
underlying representation. This proposal claims that mid or

low tone variants are not predictable, a claim that is not
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consistent with the surface facts of Ewe.

Second, mid tone variants are treated as basic in
underlying representations. This means that low tone
allomorphs are derived. As floating low tones have to be
present in front of a noun with an initial voiceless or voiced
obstruent, the insertion of the low tone must refer to a
feature such as [-sn] and thus run into the same problem that
plagues Sonorant L-Tone Deletion.

Third, nouns without the overt prefix do not have a
floating L tone prefix. The low tones that are present in
nouns with initial voiced or voiceless obstruents are derived
through insertion. The problem with this proposal is how to
insert the low tone without referring to [-sn]. As indicated
by the verb-noun and low tone assimilation data, obstruents do
pattern as a natural class to the exclusion of sonorants.
Moreover, this proposal is forced to treat nouns with the
overt prefix in a different way from nouns without the overt
prefix. As both classes of nouns pattern in an identical

fashion, this proposal misses the generalization about Ewe

' nouns.

What this discussion shows is that it is at least as
problematic to express the generalization about the nominal
prefix via the logical alternatives to Sonorant L-Tone
Deletion. Even though I agree with the criticism that this

deletion rule raises some conceptual problems for the theory
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of rules, I derive some comfort from the fact that the logical
alternatives to this proposal are equally - if not more -
problematic.

To summarize, section 3.3 attempts to provide
justification for the three rules that figure centrally in the
analysis of Ewe nouns. As demonstrated above, the evidence
lean in favor of the present analysis in so far as H-Tone
Insertion and L-Tone Link are concerned. In the case of
Sonorant L-Tone Deletion, the evidence is indecisive in Ewe.
3.4. Low Tone Assimilation

In section 3.3.2, I argue that low tone Assimilation
supports the affixing of a low tone prefix in nouns without an
overt segment. Section 3.3.3 also exploits this rule as
evidence for deleting the low tone prefix in a sonorant-
initial noun. In this section, I will provide a detailed
examination of this phenomenon. This discussion is important
not only to L-Tone Link and Sonorant L-Tone Deletion, but also
to the nature of tone-voice interactions and the directional
parameter of phonological rules.

Two important results will emerge from this discussion.
First, L-Tone Assimilation supports a second prediction made
by the Prosodic Hypothesis. That 1is, leftwards low tone
assimilation 1is subject to blocking not by an intervening
onset but by an onset to the left of the mora that the tone is

spreading to. In (53), I underline the blocking onset.
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(53) L

T

K u
/1 /1
cv cv

Second, even though L-Tone assimilation appears to spread
bidirectionally, as suggested in Stahlke (1871), I argue
against bidirectionality as a parameter of phonological rules.

Consider the data for leftward assimilation in (54)
first. In (54a), a-me fi shows up with mid tones in front of
a sonorant-initial noun a-la”; this is because the prefix a
possesses a mid tone as a result of Sonorant L-Tone Deletion.
In (54a), a-mé fi1 surfaces with low tones when placed in front

of obstruent-initial nouns a-zi.

(54) Leftward Assimilation

a. no assimilation vs. leftward assimilation
a-me fi a-la 14 ad-mé fi a-zi 14
person-steal-meat-the person-steal-egg-the
‘A person stole the meat’ ‘A person stole the egg’

b. no assimilation vs. leftward assimilation
a-me 10 a-lar 1l& a-me 1>» a-zi 1&
person-love-meat-the person-love-egg-the
‘A person loved the meat’ ‘A person loved the egg’

The data in (54) demonstrate two properties of the
assimilation: i) the rule applies right to left; and ii) the
rule applies iteratively.

In addition to these two properties, there are a number
of other attributes that this assimilatory process has. First,

the assimilation can be triggered by a noun with an overt low
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tone prefix as well as by a noun without such an overt low
tone prefix, as shown by te and fya.

(55) Seemingly prefixless triggers: te and fya

a. me-fle amnuti vs. mé-fle te
‘T bought an orange’ ‘T bought yams’
a’ me-fle anuti vs. me-flé &a-kpad
‘T bought an orange’ ‘I bought a fish’
b. me-bu vYe 1lé& vs. mé-bu fya 1a
‘I respected the sun’ ‘I respected the chief’
b’ me-bu Ye 14 vs. me-bu a-kpad 1la
‘I respected the sun’ ‘T respected the fish’

Second, &a monosyllabic noun with an . initial +voiceless
obstruent blocks the leftward assimilation of the low tone as
shown in (56a). However, the same voiceless consonant f of a
verb does not block the docking of a low tone (56b):

(56) leftward assimilation: [-vd] of nouns blockin

a. a-fi 1> a-lam 14 vs. a-fi 1 a-zi 14
mouse-love-meat-the mouse-love-egg-the
‘A mouse loved the meat’ ‘A mouse loved the egg’
b. a-fi fi a-lam 1& vs. a-fi £fi a-zi 14
mouse-steel-meat-the mouse-steal-egg-the
‘A mouse stole the meat’ ‘A mouse stole the egg’

To summarize, there are four properties of the low tone
assimilation that need be accounted for: i) iterative; ii)
right to left; iii) triggered by a noun with an overt low tone
prefix or without it; iv) only [-vd] of nouns acts as an
opaque segment, not [-vd] of verbs.

To account for the data in (54) through (56), I propose

Leftward L-Tone Assimilation in (57). As indicated in (57a),
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this rule applies iteratively. It applies from right to left.
The parenthesis shows that the L tone can be linked as in a
noun a-kpad ‘fish’ or floating as in te ‘yams’. Lastly, the
rule is subject to [If +LO, then not -vd].

(57) Leftward L-Tone Assimilation:

L a. iterative
_ -~ b. [If +LO, then not -vd]: nouns only
no(R)

The derivations illustrating L-Tone Assimilation in (57)
are exemplified with data in (54b) and (56a). I call (58) a
"slow motion" view of Leftward L-Tone Assimilation. This is
because once the rule starts applving, it applies iterative.
Consequently, the steps in (58b) and (58c) are continuous and
not subject to rule ordering.
(58) Derivations: "slow-motion" view
a. Input representations

L L H

L L L H

[ | | b !

B B BB H B~ d L 33

P /1 /1 VA A 1 /1 /1 I /1 /1

a-me 1> a-zi 1la a-fi 1> a-zi 1la

b. Leftward L-Tone Assimilation

L L H - L L ‘L H

B H 83 |2 [ I B g B

b /1 /1 1 /1 /1 b /71 /1 I /1 /1

a-me 1> a-zi 1la a-fi 1> a-zi 1la
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c. Leftward L-Tone Assimilation
L L H L ’; L H
P | | -1 | l
33 o8 pH 33 M H\ p pop 3
b /71 71 [ /71 /1 /7t /1 P /71 /1
a-me 1> a-zi 1la a-fi 1> a-zi la

d. Surface

a-mé 1> a-zi 14& a-fi 1>» a-zi 1a&

As shown in (58c), Leftward L-Tone Assimilation can be
prevented from applying by a non-intervening onset consonant,
not by an intervening onset. These data confirm the prediction
made by the Prosodic Hypothesis in (53).

In addition to leftward assimilation, Ewe possesses
rightward low tone assimilation. As shown in (5%9a), fi a-la"
shows up with mid tones when preceded by a me, but with low
tones 1f preceded by a-d. Apart from directionality,
rightward assimilation possesses all the properties of
leftward assimilation, as expressed by Leftward L-Tone
Assimilation. First, the rule is iterative. Second, the
voicelessness of nouns blocks the assimilation as in (59b)°.

(59) Rightward L-~-Tone Assimilation

a. no assimilation rightward assimilation
a-me £fi a-la 14 vs. a-& fi 3-13» 14
person-steal-meat-the squirrel-steal-meat-the
‘A person stole the meat’ ‘A squirrel stole the

meat’

® Whether or not a seemingly prefixless noun like te
‘yvams’ triggers rightward assimilation cannot be tested as it
will always be blocked by the voiceless onset.
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no assimilation rightward assimilation
blocked
b. a-me fi a-lam 14 vs. a-fi £fi a-lam 1&
person-steal-meat-the mouse-steal-meat-the
‘A person stole the meat’ ‘A mouse stole the meat’

To account for rightward assimilation, I propose
Rightward L-Tone Assimilation in (60).

(60) Rightward L-Tone Assimilation:

L a. iterative
™S~ b. [If +LO, then not -vd]l: nouns only
() ¢

As stated in (60), Rightward L-Tone Assimilation is a
mirror image rule of Leftward L-Tone Assimilation. This raises
a natural question of whether or not these are truly two
separate rules as claimed by the above analysis or a single
rule applying bidirectionally. Stahlke (1971) in fact proposes
the bidirectional rule of low tone assimilation. However, upon
examination of data from another dialect of Ewe, it becomes
clear that the bidirectional application of a single low tone
assimilation is not sufficient.

Noted earlier, both leftward and rightward assimilations
are determined by [If +LO, then not -vd]. The above data all
belong to the Kpando dialect of Ewe. In the Peki dialect,
there are variations as to whether or not the [-vd] of nouns
blocks the assimilation. Shown in (61), rightward assimilation

is subject to blocking, but leftward assimilation is not.
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(61) Peki dialect of Ewe
rightward assimilation leftward assimilation
[-vd] of nouns blocking [-vd]} of nouns not
blocking
a. a-fi f£fi a-la~ 14 vs. a-fi fi a-zi 14
mouse-steal-meat-the mouse-steal-egg-the
‘A mouse stole the meat’ A mouse stole the egg’
b. da wu a-fi 1& vS. da wu a-fi eve

snake-kill-mouse-the
‘A snake killed the mouse’

snake-kill-mouse-two
‘A snake killed two

mouse’
What is evident from (61) is that there are two separate rules
of low tone assimilation, illustrated for Kpando in (62a) and

Peki in (62b):

(62)
a. Kpando
rightward assimilation: subject to If +LO, then not -vd.
leftward assimilation: subject to If +LO, then not -vd.
b. Peki

rightward assimilation:
leftward assimilation:

subject to If +LO, then not -vd.
no path condition is invoked.

As shown here, the low tone assimilation must be expressed as
two separate rules of low tone assimilation in Peki. One rule
is subject to the path condition while the other is not. Once
left to right and right to left rule applications are adopted
as separate parameters, there is no need for bidirectional
rule applications any more. However, invoking bidirectionality
in Kpando does not do away with the left to right and right to
left rule applications in Peki.

Consequently, a theory
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allowing only the two parameters is much more constrained than
one that allows bidirectionality in addition to left to right
and right to left rule application.

This result is significant for the theory of rules.
Archangeli and Pulleyblank (in prep.) demonstrate that there
are only two parameters governing the directionality of rules:
1) from left to right or rightward; and ii) from right to left
or 1leftward. They argue that bidirectionality should be
eliminated. The a}gument boils down to one of simplicity. That
is, once it is shown that it necessarv to posit left to right
and right to left rule applications as two separate
parameters, then the need for bidirectionality is preemptied.
The data from tonal assimilation provides an additional
argument against bidirectionality.

3.5. FPor Mapping Onsets to Moras
In the investigation of Ewe nouns, I assume that onsets

associate directly to moraic units in (63).

(63) a. G b. G
| I
it Bop
/1 /1
cC Vv cC vy

This representation of onsets 1is first proposed in Hyman
(1285), and assumed in later works such as Itd (1986), Zec
(1988), Ishihara (1991), Hayes (1991), and Levergood (1992).

An alternative is to map onset consonants directly to

syllables:



(64) a. (o] b. C
\

[ pp

| P

cC Vv c vV

This structure is assumed in such works as McCarthy and Prince
(1986), Hayes (1989) and Archangeli (1991).

Deciding between (63) and (64) is an empirical issue.
Katada (1990) cites siritori "hip taking" as evidence for the
onset representations in (63). In this language game, children
take turns in giving a word. The rule of the game is that the
first unit of the following word must match the last unit of

the preceding word. The data below demonstrate some legal

turn-takings:

(65) a. tonakai ‘reindeer’
b. itoko ‘cousin’
C. koi ‘carp’

The issue is to determine which unit - syllable or mora - is
the matching unit. Katada (1990) shows that it is the mora,
not the syllable. If it were the syllable, then kaigara
‘shell’ would be. a legal turn in place of {65b). However, this
is not the case. In addition, as illustrated by (65b) and
(65c), onset consonants must correspond as well. Siritori thus
supports analyzing onsets as part of a larger unit that
includes the following mora.

Data from speech errors in Japanese appear to be in

support of treating cv as a unit. Kubozono (1989) cites the
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following speech error data in Japanese. In (66a) the correct
form is given. But as illustrated by underlining, the vowel o
can be substituted by ku in the incorrect version.

(66) a. correct ko.ku.ro.0 do.go.ro.o ‘names of railway
b. incorrect ko.ku.ro.o do.ku.ro.o workers’ unions’

The data from siritori and speech errors are significant
in determining between the two representations in (63 & 64).
But they must be taken with a grain of salt. As Kenstowicz and
Kisseberth (1979) have demonstrated, external data like speech
errors and language games are known to disobey the rules and
constraints in languages. To what extent the Japanese data are
definitive remains an issue.

This section builds upon these two earlier studies by
offering language-internal evidence from Bwe. I demonstrate
below that a unified account of tone-voice phenomena demands
that onsets be mapped to moras, as opposed to syllables. In
addition, this section expands the Japanese data by
demonstrating that multiple onsets are all mapped directly to
moras.

In section 3.2.2, H-Tone Insertion is proposed to derive
the high tones in some nouns. This rule is shown to insert a
high tone from right to left in accordance with the path
condition: [If +HI, then not +vd]. Of importance to the point
here are the derivations of surface forms vii ‘child’ and fif

‘digging stick’. In (67a), I present the input
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representations. H-Tone Insertion applies in (67b), landing a
H tone on the last mora:
(67) Argument for (63)

a. underlying representation

(9] (9
I\ I\
pH pp
/1/ /17
v i f i
| |
+vd : -vd

b. H-Tone Insertion

¢ H G H
N I\
B H Hu
/17 /17
v i fi
| |
+vd -vd

In the left derivation, H successfully links to the ultimate
mora. The path condition [If +HI, then not +vd] does not
prevent the H for docking not because the path condition is
not invoked, but because there is no path between H (=[+HI])
and [+vd].

It is critical to the derivation of vii ‘child‘ to dock
H on the final mora. But this is exactly where mapping onset
consonants to syllables fails. Consider now what the
representations would look like if it 1s assumed that onsets

are mapped to syllables:
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(68) Argument against (64)

a. Underlying representation
c (]
\ \
HH T}
1/ 1/
v i £fi
! I
+vd -vd
b. H-Tone Insertion
G H
blocked by \
if +HI, then VAT
not +vd 1/
f i
|
-vd

With the onset consonant associated to the syllable, the
prediction is that [If +HI, then not +vd] should block the
docking of H to the ultimate mora. The line linking H to [+vd]
involves only one instance of the syllable and mora; that is,
there is a path between H and [+vd]. Since H-Tone Insertion is
governed by [If +HI, then not +vd], the predicted form would
be *vii rather than the correct vii ‘child’ with the
subsequent applications of L-Tone Link.

What happens to multiple onset consonants? Logically, two

possibilities still exist with syllables with more than one

onset segment:

(69) a. (o] b. G
| _ I\

8 pu

/71 /71 1

cc v ccvv
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(70) a. (s b. o]
\
i T
/1 /11
cCc v cCcC vV

In (69), both onset consonants are associated directly to the
mora. In (70), the first onset consonant is mapped directly to
the syllable, while the second one is mapped to the mora.
Monosyllabic nouns with multiple onsets support the
representations in (69).

Ansre (1961) and Stahlke (1971) show that a small class
of nouns contains multiple onset consonants: i) cl; ii) cr;
and iii) cy. The evidence for these being multiple consonants
comes from the core syllable reduplication: i) kIé ‘fade’ ->
kd-k1é6 ‘fading’; ii) yrd ‘bless’ -> ya-yrd ‘blessing’; iii)
byd ‘question’ -> ba-byd ‘questioning’. If these sequences of
consonants represent single consonants, the dropping of the
second member of the onset would not be expected. However if
they represent consonant sequences, reduplicatons of the above
sort are expected.

Tonally, as it turns out, nouns with multiple onsets
pattern in exactly the same fashion as nouns with a single
onset consonant. I illustrate the tonal patterns with nouns
with ¢l as the onsets: a-hl>én ‘antelope’ and kplx$5" ‘table’.

The representations based on (69) are given in (71):



(71) Argument for (69)
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a. underlying representations
G c
I\ I\
B HE
/711 //1 |
hl D e kpl o >
[ |
+vd -vd
b. H-Tone Insertion
G H C H
I\ I\
I A
//1 | /711
hli > en kpl D =o¢
! i
+vad -vd

H-Tone Insertion

should apply to both representations,

predicting (71b). With the prefixation of & or the floating L
and the subsequent application of L-Tone Link, the coxrect
surface forms are derived.

In contrast, the representations in (70) present the same
problem as those in (64).

(72) Argument against (70)

a. Underlying representation
(¢ (¢
I\ I\
Hu Hu
/11 /11
hl D e kpl o o>

| |
+vd -vd
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b. H-Tone Insertion
(4]
blocked by AN
if +HI, then L p
not +vd AR
kpl o >

|
-vd

H-Tone Insertion would be blocked from applying to the left
representation by [If +HI, then not +vd]. With prefixation and
L-Tone Link, the incorrect &-hlde® would be predicted.

The Ewe data offer proof for the onset representations in
(63). They are significant in that they offer language-
internal evidence from tone-voicing, which shows that onsets
must be mapped to moras, as opposed to sylllables. In
addition,' Ewe provides empirical evidence for the
representation of multiple onsets in (69), a representation
that neither siritori and speech error offer any evidence for.
3.6. Implications

This chapter investigates the tonal distributions of Ewe
nouns. Pointed out  earlier, there are 63 logical
possibilities; but only 11 patterns are instantiated in Ewe.
Demonstrated earlier, these limited distributions of tone are
the consequence of four rules operating on four different
underlying representations. The result is a principled account
of the 11 attested patterns and 52 unattested patterns of
monosyllabic nouns in Ewe. In addition, this chapter examines

the tonal patterns of imperative singular formations and the
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low tone assimilation phenomonon. These interactions provide
further proof for the analysis advocated in this chapter.

There are several significant results emerging from this
discussion. First, the Ewe data provide insights into the
representation of onsets. They demonstrate clearly that onsets
must be mapped to the mora, and only indirectly to syllables,
a result that is consistent with that of Kubozono (1989) and
Katada (1990). Moreover, the Ewe data are significant in
showing that multiple onsets must all be mapped to the mora.

Second, the evidence from Ewe confirms two important
predictions that the Prosodic Hypothesis makes about the right
to left tonal operations and their interactions with onset
voice. One regards the asymmetric behavior of monomoraic vs.
bimoraic nouns. Predicted by the Hypothesis, the right to left
H-Tone Insertion can be blocked by [If +HI, then not +vd] in
a monomoraic noun, but it can never be blocked in a bimoraic
noun. The second prediction concerns the leftward spreading of
tone. It is predicted that such spreading can be arrested by
a consonant to the left of a mora to which the tone is
spreading, but not by an intervening consonant. Leftward L-
Tone Assimilation instantiates this prediction in Ewe.

Lastly, this chapter advances our understanding of
opacity in Autosegmental Phonology. The standard view of
opacity in autosegmental theory has been that the blocking or

the opaque segment is in the middle and therefore in the way
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of spreading. This is reflected in the earlier no-crossing
view of opacity, advocated in Goldsmith (1976), Clements
(1981), as shown in (73)

(73) Goldsmith 1976 and Clements 1981, etc.
* oF RF

M~ _

VeeoV.eo.V
This view reflects itself in another way in the recent
analysis of Yoruba -ATR Harmony proposed in Archangeli and
Pulleyblank (1989, in prep.). They propose that Yoruba has a
rule of a leftward -ATR Harmony which has the three properties
in (74a) through (74c).

(74) Yoruba -ATR Harmony

-ATR a. subject to [If -ATR, then -hi]
_ -7 b. [-ATR] is linked
V...V c. iterative

According to Archangeli aad Pulleyblank, both representations
in (75) are ill-formed. In (75a), [-ATR] cannot associate to
the middle vowel because the middle vowel is not specified for
[-hi], as required by [If -ATR, then -hi]. In (75b), spreading
[-ATR] to the leftmost vowel creates the nonlocal spreading.

(75) Archangeli and Pulleyblank (1989, in prep.)

a. * -ATR b. * -ATR
Ve.Vo..V Ve..V...V
| ! | |

-hi -hi -hi -hi

What is essential to all three representations of opacity is

that the opague segment is in the middle and consequently in
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the way of spreading.

Demonstrated in this analysis of Ewe, H-Tone Insertion
and Leftward L-Tone Assimilation suggest that the above view
of opacity is incomplete. In neither H-Tone Insertion and
Leftward L-Tone Assimilation, the opagque segment is in the
middle. In both cases, they appear to the left of the mora
which the tone is associated to. What the tone-voice data
suggest is that a nonintervening segment can function as a
blocker, a type of opacity that is not encountered in previous

~autosegmental literature.
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CHAPTER 4

CONDITIONS ON TONE-VOICE

4.1. Introduction

Chapter 2 discusses the predictions of the Prosodic
Hypothesis regarding rightward tonal operations and their
interactions with consonants. Chapter 3 shifts attention to
predictions on leftward tonal operations and their
interactions with onset segments. This chapter addresses a
third set of predictions that the Prosodic Hypothesis makes
about path conditions invoked in natural languages.
Specifically, I discuss two issues: i) path conditions on
tone-voice; and 1ii) phonological motivations for path
conditions invoked in natural languages.

It becomes increasingly clear in recent autosegmental
studies that few phonological rules, if any, apply across the
board to all potential targets; phonological rules select one
set of targets to the exclusion of other sets. For instance,
Archangeli and Pulleyblank (1989) show that Yoruba [-ATR]
Spread applies exclusively to vowels specified as [-hi]. Poser
(1982) argues that Chumash Strident Assimilation targets only
sibilants. As a widespread process applying to vowels and
consonants, nasal spread selects only voiced segments in Akan

(Pulleyblank 1989).

There are several proposals on the formal expression of
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rule targets. The early and common practice specifies the
targets in the statement of the rule, as in Poser’s (1982)
analysis of Chumash Strident Assimilation. Others prefer
configuration constraints such as *[-ATR, +hil] (i.e.
Archangeli and Pulleyblank (1986), Paradis (1986, 1987, 1988,
etc.). In Archangeli and Pulleyblank {1989), Yoruba [-ATR]
Spread is determined by a separate statement that insists on
linking [-ATR] to nonhigh vowels. Pulleyblank (1989) advocates
implicational statements like [If o, then R], restricting
nasal spread to voiced targets in Akan.

These differences in formal mechanisms invoked point to
a need for a unified theory of conditions on phonological
representations and rules. This need becomes more urgent when
proposals such as Paradis (1986, 1987, 1988) and Calabrese
(1986, 1988) are taken into account, where conditions can not
only be invoked but also violated and repaired.

I review the Grounding Conditions Theory in section 4.2.
Sections 4.3 and 4.4 focus on phonological motivations for
path conditions inwvoked.

4.2, Conditions on Feature Combination

Frequently, phonological zrules select a subset of
potential targets. Previous solutions seek to define these
targets in formal statements of rules. With recent advances in

phonology, it has become obvious that such a solution is not

always optimal.
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There are two types of arguments advanced in support of
constraints. First, conditions unifies separate sets of facts,
as demonstrated in Paradis (1987, 1988) and Archangeli and
Pulleyblank (1988). Second, conditions express a single
generalization, one which is not statable if rule targets are
stated individually in each rule (Paradis 1987, 1988) and Peng
(1990) .

Recognizing the role of constraints points to a pressing
need for a principled theory of conditions; £for random
applications of conditions lead only to more problems than it
solves.

Section 4.2.1 reviews such a theory, referred to by
Archangeli and Pulleyblank (in prep.) as the Grounding
Conditions Theory. In section 4.2.2, I extend this model to
tone-voice relations and propose a set of conditions on tone-
voice interactions.

4.2.1. The Grounding Conditions Theory

There are two components to the Grounding Conditions
Theory: i) path'conditions; and ii) the Grounding Conditions.
Path conditions are formal mechanisms expressing relations
that hold of F-elements. The Grounding Conditions are
hypotheses regarding the path conditions invoked in
phonological systems.

Archangeli and Pulleyblank (in prep.) express path

conditions in terms of implicational statements in (1)
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(1) a. positive: If «, then B
b. negative: If ¢, then not 8

They define relations in terms of path:

(2) There is a path between o and 8 iff:

a. o and B belong to a linked set X of nodes/features,
and
b. in the set ), there is no more than one instance of

each node/feature.

Implicational statements express relations between the
antecedent o and the consequent R. Specifically, positive
statements express sympathetic relations between two F-
elements; negative statements state antagonistic relations
between two F-elements.

Positive and negative conditions in (1) are Dboth
statements on a; that is, conditions on whether o must combine
with 8 (la) or must not combine with 8 (1b). Thus, they are
different in assessing whether a representation is well or
ill-formed.

Consider the four possible relations or representations
that hold of any two F-elements; i) o alone; 1i) 8 alone; iii)
o and B together; and iv) neither o nor RB.

(3) Well-formed (wf) and ill-formed (if)

a B o,8 neither a nor 8
a. If a, then B if wf wf wt
b. If o, then not 8 wf wf if wit

A positive condition would rule that i) is ill-formed; but a
negative condition would pick out iii) as ill-formed.

These rulings are contingent upon the relations expressed
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by the path conditions. [If o, then RB] in (3a) demands that a
be linked to R on a path. A representation with o alone is in
violation of this condition. In (3b), [If «, then not 8] is a
negative condition prohibiting o« and B8 on a path.
Consequently, representations linking ¢ to B on a path are
ruled out.

According to Archangeli and Pulleyblank (in prep.), path
conditions can apply to representations and rules. When path
conditions are imposed on static representations such as
underlying representations, illicit representations are
banned. Thus, a representation with & alone is forbidden if
[If o, then B8] is invoked on underlying representations.

When path conditions govern phonological rules, only
those derivations that meet the conditions are allowed to take
place. For instance, suppose that [If «, then 8] governs the
application of o spread. This condition places a constraint on
the trigger o. When & spreads, it can land on the target only
if the resulting form satisfies the path condition.
Representations that do not conform to the conditions are
blocked.

In both cases, path conditions are assigned a passive
role. They do not alter an ill-formed representation through
insertion or deletion. Active use of path conditions would
mean that ill-formed representations are allowed at some stage

of a derivation. This position is untenable according to
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Archangeli and Pulleyblank (in prep.) unlike Calabrese (1986,
1988) and Paradis (1986, 1987, 1988).

According to Archangeli and Pulleyblank, relations,
defined in terms of path conditions, must refer to F-elements
that are active in the language. By definition, an inactive F-
element is absent in a representation and, hence, it cannot be
referred to by path conditions. F-elements specified in the
representations detexrmine which version of path conditions are
invoked in a given language.

Path conditions alone are not sufficient as a constrained
theory. Logically, relations between any two F-elements can be
stated in terms of path conditions, leading to a proliferation
of path conditions that can be invoked in any language.

To restrict the path conditions that can be invoked in
natural languages, Archangeli and Pulleyblank (in prep.)
propose the Grounding Conditions in (4):

(4) The Grounding Conditions

a. Path conditons invoked by language must be
phonetically motivated.

b. The strength of the phonetic motivation for a path
condition determines: i) the likelihood of invoking
a path condition and ii) the scope of a path

condition within a grammar.
Clause (a) in (4) imposes an absolute restriction on the
conditions invoked in natural languages. Path conditions

invoked in natural languages must correlate with the physical

and acoustic properties of human speech physiology.
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Clause (b) in (4) claims that whether and to what extent
a path condition is invoked hinges on the strength of the
phonetic motivation. "strength®” refers to how strong the
tendency or implication is.

As a hypothesis, the Grounding Conditions are
falsifiable. Clause (a) can be shown to be incorrect if a
language invokes a path condition of the set that is not
phonetically motivated. Clause (b) can be falsified if a
stronger path condition is invoked on fewer rules than a
weaker path condition.

This chapter addresses the hypothesis in Clause (a):
whether or not tone-voice path conditions invoked in phonology
are o0f the phonetically motivated. Mentioned above, what
determines the path conditions are F-elements present in the
representations. This section examines the phonological
evidence for positing certain F-elements and consequently
certain path conditions.

4.2.2. Conditions on tone-voice

The Grounding Conditions claim that path conditions
invoked in natural languages are grounded phonetically. This
claim partitions path conditions into two sets: i) the
phonetically motivated set and 11i) the phonetically
unmotivated set. There are thus two issues to address in
relation to these conditions: i) which ones of path conditions

are phonetically motivated; and ii) which ones of path
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conditions are invoked in phonologies of natural languages.
The issue in i) is a phonetic one, determined by phonetic
evidence. The question in ii) is a phonological one: hinging
on phonological data. The Grounding Conditions require that
ii) must be subsumed by 1i).

In this chapter, I address the phonological membership in
ii). While recognising that phonetic data are crucial in
determining the phonetic membership in i), I will postpone my
discussion of i) to Chapter 5.

In Chapters 2 and 3, I have assumed the tonal features in
(5). Crucially, two binary tonal features are assumed: 1i)
[#HI]; and ii) [+xLO]. These two features give rise to four F-
elements:
(5) Tonal F-elements

a. [+HI] b. [-HI] c. [+LO] d. [-LO]
Voice produces two F-elements:
(6) Voice F-elements

a. [+vd] b. [-vd]
Pairing four tonal F-elements with two voice F-elements gives
rise to a total of 32 path conditions, taking positive and
negative statements into account, but excluding pairings of
one tonal or voice F-element with another.

Sixteen of the thirty two path conditions are
phonetically motivated, accounting for half of the logically

possible path conditions between tone and voice. A strong
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claim made by (4a) is that only these sixteen can be invoked
in natural languages. These sixteen are listed in (7):

(7) Phonetically Motivated Conditions

a. HI/VOICING Condition:- If +HI, then -vd
If +HI, then not +vd

b. ~-HI/VOICING Condition: If -HI, then +vd
If -HI, then not -vd

c. LO/VOICING Condition: If +L0O, then +vd
If +L0O, then not -vd

d. -LO/VOICING Condition: Iif -10, then -vd
If -10, then not +vd

e. UNVOICED/HI Condition: If -vd, then +HI
I£ -vd, then not -HI

f. UNVOICED/LC Condition: If -vd, then -1LO
If -vd, then not +LO

g. VOICED/HI Condition: If +vd, then -HI
If +vd, then not +HI

h. VOICED/LO Condition: If +vd, then +LO
If +vd, then not -LO

An implicit claim underlying path conditions in (7a)
through (7d) 1is that consonant voice affects tone
phonetically. Consider [If +HI, then -vd] for instance. This
path condition, if applied to a rule of high tone spread,
imposes a restriction on the voice specification of the tone
anchor, suggesting that [-vd] dictates whether a high tone can
link.

Similarly, path conditions in (7e) through (7h) suggest
that tone determines voice. By applying [If -vd, then +HI] to

a rule of [-vd] insertion, we claim that [-vd] insertion can
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take place only if [+HI] is on a path with [-vd]. Hence, [+HI]
determines whether [-vd] insertion can proceed.

In addition, there are sixteen logically possible but not
physically grounded conditions, as shown in (8):

(8) Logically possible but not physically grounded conditions

a. If +HI, then +vd If +HI, then not -vd
b. If +LO, then -vd If +L0O, then not +vd
c. If -HI, then -vd If -HI, then not +vd
d. If -1LO, then +vd If -1LO, then not -vd
e. If +vd, then +HI If +vd, then not -HI
£. If +vd, then -LO If +vd, then not +LO
g. If -vd, then -HI If -vd, then not +HI
h. If -vd, then +LO If -vd, then not -LO

These sixteen path conditions result from random pairings of
tonal F-elements with voice F-elements. These are logical
opposites of those in (7). The Grounding Conditions claim that
these can never be invoked in phonology. This chapter
addresses whether or not these claims of the Grounding
Conditions are borne out in phonology.
4.3. Bwe H-Tone Insertion

In Chapter 3, H-Tone Insertion derives high tones in Ewe
nouns that are italised in (9). Here I have followed the
convention of using underlining to mark semi-bimoraic length

in Chapter 3.

(9) Under- Corresponding Surface Forms
lying [+vd] [-vd] [+8n] -
a. cv vu ‘fight’ fi “‘ashes’ 16 ‘crocodile’
b. cvv vii ‘child’ fii ‘stick’ leé ‘bridge’
c. cY¥ veé ‘throat’ fud ‘fur’ a-1=5%5 ‘cheek’
d. c<v> *kk fe ‘debt’ lan ‘animal’
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To explain why H-Tone Insertion fails to apply to vu ‘fight’
and véé ‘throat’, I propose that this rule is subject to [If
+HI, then not +vd]. Invoking this path condition prevents H-
Tone Insertion from targeting vu ‘fight’ and veéé ‘throat’.
Docking a high tone in these two forms produces a paﬁh.between
[+HI] and [+vd]. aAs [If +HI, then not +vd] expresses an
antagonistic relation between [+HI] and [+vd], g-Tone
Insertion is blocked from applying.

In this subsection, the central issue is to determine
whether or not this path condition is motivated in Ewe
phonology. Noted in the earlier discussion, path conditions
can only refer to the F-elements that are active in the
language. Inactive F-elements are not present in the
representation. In order to determine whether this path
condition should be adopted, it 1is essential to show that
[+HI] and [+vd] are active and, hence, can be referred to by
[If +HI, then not +vd].

4.3.1. For specifying [+HI]

Ewe nouns display three level tones on the surface: H, M,
and L. Following my analysis, H and L tones are present in
underlying representation. Mid tones are not specified. This
section addresses whether this is the optimal representation
as any one of the three tones can be left unspecified in a

surface three-tone system.

In the only two previous treatments of Ewe tones (Smith
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1968 and Stahlke 1971), there is a disagreement as to which

one of the three surface tones is not present in underlying
representation. Smith (1968) specifies without question H and
M tones in underlying representation. Stahlke (1971), however,
selects H and L tones in underlying representation. This
disagreement centers around whether the mid or low tone is
present in underlying representation.

Stahlke (1971) devotes two chapters, arguing against
positing mid tones in underlying representations. In short,
two types of arguments are offered: i) Smith (1968) fails to
take into account some data; and ii) Smith’s account is much
more complex than if low tones are specified. These two
arguments, together with the crosslinguistic tendency that mid
tones are usually unspecified in a three tone system, argue in
favor of Stahlke’s proposal. As my purpose here 1s to show
that high tones must be specified, I will not review in detail
the arguments presented by Stahlke (1971).

Of significance here is that Smith and Stahlke agree that
high tones need be specified. Their agreement follows from the
fact that mid and low tones alternate with each other, as
illustrated by the tonal patterns of monosyllabic nouns in

(102) and the syntax-level low tone assimilation in (10b):
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(10) Low/Mid Tones Alternations

a. vii ‘child’ vs. £ii ‘stick’ leé ‘bridge’
b. me-wu fii vs. mé-wi a-o i
‘T killed a cow’ ‘T killed a squirrel’

There is no need to posit both mid and low tones in underlying
representations as one is derivable from the other..

High tones do not participate in this alternation. 2as
shown in (9c¢), high tones must be present underlyingly in some
forms. Argued in Chapter 3, surface vii ‘child’ and véé
‘throat’ are derived from two underlying patterns: i) cvv and
ii) c¢¥. This 1is because they show up differently in
compounding forms: i) vii; and ii) vé.

In order not to specify high tones, high tones must be
removed from cVv, the only pattern that contains an underlying
high tone. This cannot be done by analysing the underlying c¥
as cv in underlying representation; for the surface form véé
‘throat’ (now analysed as cv in underlying representation)
cannot be distinguished from the surface form vu ‘fight’ (also
cv in underlying representation).

A second possibility is to analyse the underlying cv as
cvv. This possibility is also problematic. For surface vii
‘child’ (underlyingly as cvv) and veéé ‘throat’ (now also
analysed as cvv) cannot be distinguished.

A third choice is to analyse the surface vu ‘fight’ as

the underlying cv, vii ‘child’ as the underlying cVvv, and véé
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‘throat’ as the underlying cv. Even though these three forms
can be distinguished underlyingly, this proposal claims that
low tones are not predictable. If this predict;on. were
correct, we would expect such surface forms as *fu and *fif
corresponding to vu ‘fight’ and vii ‘child’. That such forms
are not attested argues against this proposal.

In summary, high tones -~ [+HI] - are specified in
underlying representation. Evidence comes partly from low/mid
tone alternations. Partly, it is necessary to specify high
tones in some underlying forms. I conclude that H tones must
be present in underlying representation.

4.3.2. For invoking [If +HI, then not +vd]

Selecting [If +HI, then not +vd] is forced by the tonal
behaviors of sonorant-initial stems. Recall in (9) that
sonorant-initial stems pattern in a fashion identical to the
tones of stems with initial voiceless obstruents.
Consequently, any account of voiceless stems should be able to
take care of the tonal patterns of sonorant-initial stems.

In Chapter 3, invoking [If +HI, then not +vd] blocks H-
Tone Insertion from applying to stems with voiced obstruents
as the syllable onset. But this path condition does allow high
tones to land on the stems with voiceless or sonorant onsets;
voiceless obstruents can never possess the {+vd]
specification; sonorants are redundantly [+vd] and are not

specified as [+vd] at the time of H-Tone Insertion. These are
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1llustrated in (11), repeated from Chapter 3:
(11) Specifying [+vd] in underlying representation

a. Underlying representation

B 12 23
/1 /1 /1
v u fi lo
| |
+vd -vd
b. H-Tone Insertion
H H
blocked by : :
if +HI, then p 18
not +vd /1 /1
fi lo
|
-vad

This account crucially hinges on the fact that sonorants are
not specified for [+vd] at the time of the application of H-
Tone Insertion. This assumption is not unusual as there is no
evidence that sonorant ([+vd] 1is ever exploited in Ewe
phonology.

If [If +HI, then -vd] is invoked on H-Tone Imnsertion,

then the representations in (12) are necessary.

(12) 33 33 5%
/1 /1 /1
v u fi lo
] I |
+vd -vd -vd

In order for H-Tone Insertion to land high tones on the stem
with the sonorant onset, it is crucial to specify [-vd] on
sonorants at the application of H-Tone Insertion.

These representations would derive the correct forms for
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monosyllabic nouns. However, they predict wrong forms with
respect to L-Tone Assimilation in Ewe. Recall that L-Tone
Assimilation is subject to [If +LO, then not :vd} . If
sonorants are specified as [-vd]l, they should block L-Tone
Assimilation. But they do not. Thus, sonorants cannot be
specified as [-vd]. I conclude in favor of invoking [If +HI,
then not +vd] in Ewe.

4.4. Nupe L-Tone Spread N

This section argues for a specific version of path
conditions invoked in Nupe phonology: [If +LO, then not -vd]l.
Discussed in section 4.2, a path condition is determined by F-
elements that are active in the representations. I show in
this section that high and low tones must be specified, but
mid tones are not. Moreover, [-vd] is necessary, thus in
support for invoking the antagonistic condition between tone
and voice.

To demonstrate this point, this'section examines a highly
productive rule of low tone assimilation in Nupe, referred to
as L-Tone Spread. This rule propagates a low tone to a mora in
the following syllable if this mora takes voiced or sonorant
consonants as syllable onsets. This low tone fails to land on
a mora with a voiceless onset.

In section 4.4.1, I analyse low tone assimilation data in
Nupe nouns. In addition to nouns, section 4.4.2 shows that

this process applies productively in verbs, where L-Tone
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Spread applies in three conjugations of verbs: i) future; ii)
continuous; and iii) perfective. Following the analysis,
section 4.4.3 addresses the tonal specification and argues for
the underspecification of mid tones. Section 4.4.4 considers
the specification for voice. On the basis of data consisting
of complex onsets, I argue that [-vd] - not [+vd] -~ must be
present underlyvingly.
4.4.1. Tonal patterns of nouns'

In Nupe, there are three lexically contrastive tones: i)
high; ii) mid; and iii) low. The data sets in (13a) and (13b)
illustrate the 1lexical contrasts with nouns; these same
contrasts are exemplified with verbs in (13c) and (134d):

(13) Lexically contrastive tones (Banfield 1914)

a. e-ki ‘hoof’ b. e-dé ‘bottom hinge’
é-ku ‘hades, sheol’ e-do ‘creek’
é-ku ‘medicine’ e-dod ‘mud’
c. ba ‘to be sour’ d. £é ‘to be’
ba ‘to cut’ fe ‘to pick’
ba ‘to beg’ fe ‘to skin’

Full and underspecified representations for tones in Nupe
are displayed below. In (14b), I assume that mid tones are not
present in underlying representation.

(14) a. H M L b. H M L

HI + - - HI +
LO - - + LO +

! My discussion of Nupe is based on data presented in
Banfield (1914), Smith (1967a, 1967b, 1969), George (1970),
and Hyman (1970).
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Nupe nouns comprise a nominal prefix e and a stem. As

shown in (13a) and (13b), this prefix has two tonal

manifestations: i) low and ii) mid. These two tones of the

nominal prefix are in free variation and unpredictable, as the
following data illustrate.

(15) Tonal patterns of nouns

a. Nominal prefix e/& with a [-vd]-initial stem
M-H e-td ‘pain’ L-H é&-t& ‘haste’
M-M e-to ‘buse’ L-M é&-ta ‘gap’
M-L. e-té ‘paddle’ L-L e-ta ‘stride’
b. Nominal prefix e/& with a [+vd]-initial stem
M-H e-dd ‘fish’ L-H ***
M-M e-du “‘thigh’ L-M é&-du ‘vyam’
M-L e-du ‘deer’ -1, é&-du ‘the Niger’
c. Nominal prefix e/& with a [+sn]-initial stem
M-H e-ni ‘song’ L-H ***
M-M e-na ‘name’ L-M é&-na ‘leaves’

M-I e-na ‘embroidery’ L-L é&-na ‘company’

In (15), the tonal patterns of nouns are shown as well.
With three lexically contrastive tones and two tones for the
nominal prefix, there are 2 X 3 combinations. All these six
combinations are attested in Nupe nouns with stem-initial
voiceless consonants, as in (15a). With respect to stems
beginning with voiced obstruents, five out of the six logical
possibilities are attested, as in (15b). The only gap is the
L-H pattern. 2An identical gap is observed in stems with
sonorants in initial positions in (15c).

This gap comes from low tone assimilation. As shown in
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(16a), the stems with voiceless onsets remain tonally intact

when the low tone prefix & is attached to the high tone stem.

This accounts for the presence of the L-H pattern when the

stem possesses an initial voiceless obstruent. In contrast, in

stems with initial voiced and sonorant consonants, the L-LH

pattern emerges

instead of the

illustrated in (16b) and (1l6c):

expected L-H pattern,

(16) Data for low tone spread from nouns

a. Stems with an initial [-vd] obstruent
/é&-pdgi/ -> [&-pdgi] ‘rupture’
/&-f&/ -> [&-f&] ‘rest’
/é-ta/ -> [&-td] ‘graft’
/é-sé&/ -> [&-84] ‘chair’
/é-tsi/ -> [&-tsi] ‘cork tree’
/e-cawd/ -> [&-cawd] ‘hardship’
/é-k&/ -> [&-k&] ‘time’
/&-kpd/ -> [&-kpd] ‘pillar’

b. Stems with an initial [+vd] obstruent
/é-bé/ -> [&-Dba&] ‘visit”’
/é-va/ -> [&~va] ‘lead’
/é-ada/ -> [&-au] ‘taxes’
/é&-zGr / -> [é-ztr ] ‘stitch’
/e-dzé/ -> [&-dz&] ‘sash’
/eé-jéci/ -> [é-jéci] ‘tree’
/é-gi/ -> [&-g1] ‘eating’
/&-gbdkds/ -> [&-gbdkd] ‘white ant’

c. Stems with an initial sonorant
/é-ri/ -> [&-r1] ‘witness”’
/e-1é&/ -> [&-18] ‘past’
/e-ma/ -> [é-m&] ‘sweetness’
/é-na/ -> ‘[&-ni] ‘track’
/e-wi/ -> [&-wii] ‘puckering’
/é-va/ -> [&-vE] ‘stench’
/é-hanyi/ -> [&-h3nvi] ‘ripping sound’

To explain this process, I posit a low tone assimilation
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rule, referred to as L-Tone Spread rule in (17):
(17) L-Tone Spread: L H a. noniterative

UB“ﬁ, b. [TIf +LO, then not :vd]

In (17), the F-element that undergoes spreading is specified
as L: that is, [+LO]. The mora which L is 1linked to is
parenthesized, meaning that L can be linked or £free. This
point will be discussed later in this subsection. The target
is marked as H, as L-Tone Spread applies exclusively in this
environment, as shown in (15). What is important for the
present discussion is that this rule is subject to [If +LO,
then not -vd], a path condition that expresses the
antagonistic relation between [+LO] and [-vd].

Consider the derivations for: i) é-f4 ‘rest’; ii) é-va&
‘lead’; and iii) é&-m& ’‘sweetness’. In (18a), I present the
underlying forms Then, prefixation takes place in (18b),
attaching a low tone prefix & to the stems. L-Tone Spread
applies in (18c), attempting to associate a L tone to the
following mora. This rule is blocked by é&-f4 ‘rest’ with its
[-vd] specification through [If +LO, then not -vd].

(18) Derivations

a. Underlying representation
H H H
| ! I
24 K K
/1 /1 /1
f a v a ma
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Prefixation
L H L H L H
| | | | | | -
32 33 38 H B g
] a I /1 I /|
e-f a e -va e -ma
|
-vd
L-Tone Spread
L H L H
blocked by M=~ [~~~
if +LO, then n 13 1 H
not -vd ! /] ] /1
e ~-va e -~-ma

I have shown L-Tone Spread assimilating a linked L tone

from the prefix to the stem. Under (17), a floating L tone can

also undergo L-Tone Spread. Data for spreading floating L

tones come from syllable inversion, a nominalization process

where verbs are turned into nouns by placing the initial

syllable of the verb at the end.

In (19a), verbs with initial mid tones are nominalized by

syllable inversion. Verbs with low tones in initial syllables

are displayed in (19b). In both cases, tones remain intact.

(19) Syllable inversion: two syllables (Smith 1969)2

Verb Noun

Mid tone in the initial syllable

sami ‘to greet’ misa ‘greeting’
gathgwa ‘to escape’ gwaga® ‘escaping’
lotu® ‘to work’ tu"lo ‘working’

2 Superscripted ® marks nasalization on preceding vowels.
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b. Low tone in the initial syllable
pada® ‘to dent’ da"pa  ‘denting’
zébl ‘to cross’ bize ‘crossing’
navo ‘to hate’ vona ‘hating’

Tonal alternations emerge in the verbs with a high tomne
on the first syllable. In (20a,) I show the forms with
voiceless onsets on the initial syllable; their corresponding
nouns show no tonal change. In contrast, initial high tone
syllables of verbs show up with a rising contour, when placed
at the right edge in (20b) and (20c).

(20) Syllable inversion: two syllables (Smith 1969)

a. High tone in the initial syllable: [-vd] obstruents

fédur ‘to sit’ dur £é ‘sitting’
tuyé ‘to expect’ véti ‘expecting’
séd"n? ‘to hurrv’ nigan ‘hurrying’
kpéri ‘to differ’ rikpé  ‘differing’

b. High tone in the initial syllable: [+vd] obstruents

bd"na ‘to shine’ nabar ‘shining’
daba ‘to visit’ bada ‘visiting’
dzddzd ‘to play’ dzddzd ‘playing’
gbddzi ‘to slap’ dzigbd ‘slapping’
c. High tone in the initial syllable: sonorants
mani ‘to rejoice’ nimd ‘rejoicing’
véava ‘to yawn vaya ‘yawning’

The same tonal alternations show up in trisyllabic or
longer verbs. (2la) shows the forms with initial low or mid
tones. (21b) displays the forms with initial high tones and
voiceless onsets. In (21c), the forms with initial voiced

onsets emerge with the same rising contours, exemplified for
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bisyllabic verbs:

(21) Syllable inversion: three or more syllables (Smith 1969)

a. Mid/low tones in the initial syllable
fuyeko ‘to be cold’ vekofu ‘being cold’

kpateté ‘to head-carry’ teétékpa ‘head carrying’

b. High tone in the initial syllable: [-vd] obstruents

cékati ‘to corner’ kdticé ‘cornering’
tigidigba ‘to caper’ gidigbatui ‘capering’

c. High tone in the initial syllable: [+vd] obstruents
bayesi ‘to expect’ yesiba ‘expecting’
dékaka ‘to sit kakada ‘sitting

cross-legged’ cross-legged’

My analysis of nominalization is similar to the account
of prefix-stem tonal alternations. I propose that Nupe
nominalization involves two subcomponents: i) switching the
first syllable cof the verb to the right edge; and ii) infixing
a floating L tone. Under this account, low tones (that form
surface rising tones) are analysed as part of nominalization.
As nominalization infixes a floating tone, L-Tone Spread
specifies its trigger as free as well in (17).

In the following, I illustrate the derivations for
syllable inversion with zébii "to cross", tuyé "to expect", and
gbddzd "to slap". In (22a), I present the underlying
representations, £followed in (22b) by nominalization. Note
that the initial syllable is removed and placed at the end and
a floating L tone is infixed. L- Tone Spread applies in (22c).

In the left derivation, the rule cannot apply because the
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target is not specified as H. In the middle derivation, L-Tone
Spread is blocked by [If +LO, then not -vd], as the target has
a [-vd] specification. L-Tone Spread is successful in landing
a floating L in the right derivation:

(22) Derivations for syllable inversion

a. Underlying representation

L L H H H H H
| \ / | ] | |
K g H g u u
/1 /1 /71 /1 /1
ze bu tuy e gb a dz u
|
-vd
b. Nominalization
LEHLL HLH H L H
\ / | I | I I
33 33 K K e 8
/1 /] /71 /1 /1
bu z e v et u dz u gb a
|
-vd
C. L-Tone Spread
H L H
blocked by I \
n/a if +LO, then 18 u
: not -vd /| /1
dz u gb a

Stray erasure eliminates the floating L tones, giving us the
correct representations for the desired noun forms.

This analysis of rising contours, as evidenced in Nupe
nouns, involves three mechanisms: i) L-Tone Spread; ii)
specifying H and L tones in underlying representation; and

iii) specifying [-vd] in wunderlying representation. 1In
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subsequent subsections, motivations will be provided for these
assumptions. In section 4.4.2, I argue for L-Tone Spread with
data from the verbs and demonstrate that tonal alternationms,
observed in three conjugations of verbs, require L-Tone Spread
in exactly the same fashion as Nupe nouns. In sections 4.4.3
and 4.4.4, the evidence for tone and voice specifications is
provided to support this analysis.

4.4.2. Tonal patterns of verbs

In section 4.4.1, it is shown that L-Tone Spread 1is
necessary to derive the tonal patterns of Nupe nouns. In this
section, I argue that this same rule is indispensable for the
tonal alternations of verbs.

In Nupe, future and continuous verbs are formed by
attaching to stems the prefixes: i) future 4&; and ii)
continuous é. In (23a), stems with initial voiceless
consonants are shown with future and continuous prefixes; it
is evident that tones remain intact with prefixation. In (23b)
and (23c), stems with initial voiced and sonorant consonants
are displayed with future and continuous prefixes. Unlike

(23a), the stems in (23b) and (23c) emerge with rising

contours.



(23) Stem

Future

Continuous Gloss

a. Stems with an initial [-vd] obstruent

pé a-pé e-pé
fa a-fa e-fa
ta a-ta e-téd
sé a-sé e-sé
tsd a-tsd é-tst
céka a-céka é-céka
ka a-ka e-ki
kpé a-kpé e-kpé
b. Stems with an initial
bé a-bé e-bé
van a-vin &-yr3n
dais a-dai» e-din
z& a-za é-z3a
dza a-dzu é-dzu
o« ~ ~ .Y ~ N ' 4 -~
J%baye ?-j%b ve g—j%baye
gi a-gi é-gi
gba a-gba e-gba
C. Stems with an initial sonorant
idba a-1a e-1a
ma a-ma &-ma
nana a-nana e-nana
wi a-wi &-wi
véyé a-yaya e-yéya

‘peel off’
‘rest’

*load’
‘accumulate’
‘card as cotton’
‘wanderxr’
‘harvest’

‘put on flesh’

[+vd] obstruent

‘come’

‘grope about’
‘strive’
‘rise’

‘wear’
‘describe’
‘curse’
‘draw’

‘be intimate’
lnipr

‘be well-dressed’

‘teach’
‘yvawn’
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A similar tonal alternation appears with the perfective

prefix, which usually shows up as 4. However, when this affix

is attached to the voiceless-initial stems,

remain unchanged in (24a).

the stem tones

The same rising contours emerge

when the perfective marker is prefixed to the stems, as shown

in (24b) and (24c):
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(24) Stem Perfective Gloss

a. Stems with an initial [-vd] obstruent

pa a-pa ‘be ripe’
fa a-fa ‘be dry’
téaci a-tdci ‘be crooked’
sé &-sé ‘be cracked’
tsd a-tsa ‘be too large’
cé a-cé ‘appear’
ké a-ké ‘be ripe’
kpé a-kpé ‘vacate’

b. Stems with an initial [+vd] obstruent
jole] a-bd ‘graze’
van a-viar ‘wander about’
débu &-dabu ‘be worn out’
z4 &d-za ‘swell”
dzéa ad-dza ‘break’
jédhili &-jahili ‘be ignorant’
géna a-géna ‘heal’
gbbégba a-gbdgba ‘be large’

c. Stems with an initial sonorant
14 &-18 ‘knit”’
md ad-mi ‘decay’
nédnd d-ndna ‘reflect’
wd a-wd ‘be hot’
vékpe a-yékpe ‘be stooped’

To account for these tonal altermations, I propose that
the three prefixes receive the following tonal
representations. Both future and continuous prefixes possess
a linked low tone in (25a) and (25b). But the perfective
prefix contains a floating low tone in addition to a linked
high tone.

(25) a. future b. continuous c. perfective
L L HL

l [ !
a e a
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It is crucial to represent the perfective prefix as possessing
a floating low tone, since the perfective affix never shows up
with rising contours.

The analysis of rising contours resulting from affixation
receives a straightforward account from L-Tone Spread. Recall
that L-Tone Spread specifies its trigger as unrestricted,
meaning that the low tone can link up to the following mora,
regardless of whether it is linked or free. The future and
continuous prefixes, 1in conjunction with the perfective
prefix, demand exactly the same specification for the trigger
in the formulation of L-Tone Spread.

In the following, I illustrate the tonal patterns of
verbs with a derivation for each of the three prefixes: i) &a-
pé& "peel off"; ii) é-m& "nip"; iii) &-bS "graze®. (26a) shows
the underlying representations, where it is shown that [-vd]
is specified on p. (26b) continues the derivations through
prefixation. In the left and middle derivations, the future
and continuous prefixes with prelinked L’s are attached. In
the right derivation, the perfective affix is prefixed to the
stem, with its prelinked H and the floating L. L-Tone Spread
is shown in (26c). In the left, L-Tone Spread is prevented by
[If +LO, then not -vd] from applying. The middle and right
derivations illustrate the application of the rule to a linked

and a free L:
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(26) Derivations for verbs

a. Underlying representation
H H H
| | I
3 23 g
/1 /1 /1
P a m a b o
I
-vd
b. Prefixation
L H L H H L H
! | | l | |
M o H K K 8
I /1 | /1 [ /1
a-pa e - ma a-bo
i
-vd
C. L-Tone Spread
L H HL H
blocked by M==-J | ~<d
if +LO, then 18 13 il 18
not -vd | /1 I /1
e -ma a-bo

The central point of this discussion is to show that L-
Tone Spread, posited to account for tonal alternations in
nouns and syllable inversions, is identical with the rule
required for the tonal alternations in Nupe verbs. I take this
as the independent support for L-Tone Spread.
4.4.3. For specifying L tones

Discussed earlier, the selection of a path condition
depends on the F-elements that are specified. In my above
analysis of Nupe, I have invoked [If +LO, then not -vd] on L-

Tone Spread, thus selecting the antagonistic relation between
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[+10] and [-vd]l. This and the next section will motivate the
specifications of these F-elements. In this section, I will
argue for the tonal specification of L tones in underlying
representations.

First, data for specifying L tones come from L-Tone
Spread. In conjunction with three distinctive tones, the mid
tone nominal prefix yields six 1logically possible tonal
patterns; all are attested in (15). This shows that mid tones
do not assimilate at all. In contrast, the low tone nominal
prefix spreads its low tome, eliminating the expected surface
L-H pattern. Comparing the mid tone prefix with the low tone
prefix shows that L-Tone Spread must make reference to L, but
not M tones.

Moreover, L-Tone Spread must mention H tones as well. In
(15), L-M and L-L patterns are both attested, showing that L-
Tone Spread applies only to initial syllables with high tones.
Specifying H tones on rule targets is shown to be necessary in
syllable inversion cases, where it is demonstrated that only
initial high toﬁe syllables of the verbs emerge with rising
tones, when placed at the end through nominalization.

Besides L-Tone Spread, there is some independent evidence
in support of specifying H and L tones, but not M tones. As
noted earlier, the nominal prefix shows up sometimes with the
mid tone and sometimes with the low tone. This is most evident

from the contrasts in (27):



(27) /e/ or /&/ (Banfield 1914)

a. e-t4 ‘pain’ vs. e-té
b. e-kpd ‘widow’ vsS. e-kpd
c. e-do ‘creek’ vSs. é-do
d. e-sa ‘seine’ vs. é-sa
e. e-fa ‘food’ vs. é-fa
f. e-gba ‘mat fence’ wvs. é-gba

In addition, a small percenta

ge
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‘haste’

‘post’

‘corn cockle’
‘fermentation’
‘surprise’
Ileg-l

of words possess

underlying rising contours in initial syllables, as shown in

(28) :

(28) Evidence for underlying floating

a. ga ‘to say’ b. bé
gd ‘to divide’ bé
ga ‘to pass’ be
ga ‘to speak’ beé

tones (Banfield 1914)

‘to
‘to
‘to
‘to

come in’
result’
repeat’
stare’

If the mid tone nominal prefix e and the low tone prefix

€ combine freely with the stems with any tone as in (28), it

is anticipated that both variants of the prefix should be able

to attach to stems with rising contours. This, however, is not

the case. The data in (29) show that only the low tone variant

can combine with the stems with rising contours:

(29) EBvidence for default mid tone (Banfield 1914)

~ b

a. wi e-wi *e-wii ‘puckering’
b. bada e-ba *e-ba ‘visit’

C. bé&sé é-beé *e-bé ‘pumpkin’

d. latad é-1atd  *e-1&td ‘revelation’

These data are supported independently by the observation

made by Smitn (1967), when he states:
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In general there is no phonetic restriction on the
juxtaposition of tones, except that in any noun of
structure /eC(w/y)V the first syllable, /e/, occurs
distinctively only on the low and mid tones. When

the second syllable is on the rising tone,
low/mid contrast is also neutralized,

this
and the

resulting tone is normally low, although rarely it

may be mid

Besides the tonal restriction in (29), the reduplication

data also point to the same explanation. As shown in (30), a

Nupe verb can become nominalized through reduplicating the

leftmost syllable of a stem. When the initial syllable of the

stem contains a high, mid or low tomne,

syllable shows up with the mid tone.

(30) Stems with

a. bé ‘to
1i ‘to
gbayé ‘to

b. nd ‘to
tun ‘to
godba ‘to
However,

initial level tones

come’ bi-bé
choose’ 1i-11
despise’ gbi-gbayé
extinguish’ nu-na
vomit’ tun ~-tun
surround gu-gbdba

the reduplicated

‘coming’
‘choosing’
‘despising’

‘extinguishing’
‘vomiting’
‘surrounding’

if the first syllable of the stem possesses a

rising contour, the reduplicated syllable emerges with the low

tone:

(31) Stems with

léna ‘to
lia ‘to
ga ‘to
gbwd ‘to
magbé ‘to
masa ‘to

The tonal restriction in

in (30) and

initial rising contours

mind’ li—léna
cut off’ 1i-li1a
say’ gi-ga
become loose’ gbtu-gbwd
assist’ mi-migbé
be tired’ mi-m3sa

(31)

‘minding’
‘cutting off’
‘saying’
‘becoming loose’
‘assisting’
‘being tired’

(29) and the reduplication data

can be accounted for by making two
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assumptions about tonal representations. First, underlying
rising contours are represented as a floating L and a linked
H. Second, mid tones are not specified. These assumptions,
together with L-Tone Spread, explains in a principled manner
both the attested and unattested patterns of tones, as shown
in (29) through (31).

Consider the derivations for e-b&d "visit" from (29), bi-
bé "coming" from (30), and gi-gd ‘"saying® from (31). The
underlying tonal representations are presented in (32a). Of
importance here is that underlying rising contours are shown
to possess a floating L followed by a linked H, as illustrated
by the left and right derivations. In the middle derivation,
the stem contains a high tone only.

{32) Derivations for (29) through (31)

a. Underlying representation
L H H L H
I | ]
L K H
/1 /1 /1
b a b e g a

b. Affixation/Reduplication

L H H L H

| ! !

H u K p u H
! /1 /1 /1 /1 /1
e -ba bi-be gi-ga
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c. Association
L H L H
: | : |
2% p n/a 18 13
| /1 /| /1
e -ba gi-ga

4. L-Tone Spread

L H L H
. Fe~-
24 K n/a u K
| /1 /1 /1
e -ba gi-ga

In (32b), the mid tone nominal prefix e is attached in
the left derivation to determine why the mid tone prefix is
not found on the surface in front of a stem with an initial
rising tone. Illustrated in (32), association and L-Tone
Spread neutralizes the distinction between a mid tone prefix
and a low tone prefix.

Regarding the middle and right derivations, the
reduplicative affix is attached. As assumed in (32b),
reduplication does not preserve stem tones in reduplicative
affixes®. This is because most reduplicative affixes surface
with mid tones. If stem tones are not copied through
reduplication, mid tone are automatically derived by the
default insertion of mid tomnes.

The low tones that emerge on reduplicative affixes are

3 Here I am concerned exclusively with the representation
of tones when reduplication takes place. For an account of
segmental properties of reduplication, see Hyman (1970a).
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derived through the left-to-right association, which maps the
floating L‘’s of the stems to the prefixes, as shown in (32c).
In (32d), L-Tone Spread takes place, assimilating the prefixal
low tones to stem-initial syllables, producing the expected
rising contours:

In addition to the attested patterns, this account
provides a principled explication of the absence of the e-c¥
tonal pattern. As demonstrated in (32), e has no tonal
specification in underlying representation; and consequently,
the floating L from the underlying rising contours can be
mapped onto the prefix through the left-to-right association.

This account of tonal patterns in nouns and reduplication
hinges crucially on the underspecification of mid tones. By
not specifying mid tones, the left to right association can
map the floating low tones to the prefixes. Through L-Tone
Spread, this account derives the desired rising contours that
show up in the noun and reduplicative stems. If mid tones are
not present, then high and low tones must be specified.
4.4.4, Por specifving [-vdl

The argument for specifying [-vd] and selecting [If +LO,
then not -vd] comes from stems with initial biconsonantal
clusters. L-Tone Spread treats clusters cw/cy in exactly the
same way as voiced or sonorant consonants alone: these
clusters are transparent to L-Tone Spread, as shown in (33a).

Consonant clusters consisting of an initial voiceless segement



229
followed by the glides block L-Tone Spread, just as the
voiceless consonant alone does, as in (33b).

(33) Data from consonant-glide clusters (Banfield 1914 and
Smith 1969)

Stem Future Continuous Gloss

a. Stems with an initial [+vd] obstruent with a glide
bwd a-bwd e-bwd ‘be rotten’
dzwar a-dzwan é-dzwan ‘flash’
nya a-nya é-nya ‘erect’

b. Stems with an initial [-vd] obstruent with a glide
twa a-twd &-twa ‘trim’
tswa a-tswé e-tswa - ‘watch’
tyér a-tyan e-tyan ‘be thin’

The analysis of the data in (33) is entirely consistent
with the earlier account of the tonal alternations in nouns
and verbs. In (34a), the representations differ only in that
the stems begin with consonant clusters. These clusters are
mapped to the mora in accordance with the conclusion in
Chapter 3. In (34b), the application of L-Tone Spread is
blocked by [If +LO, then not -vd] in the left derivation.
Because there is no {[-vd] specification in the middle and
right derivations, L-Tone Spread successfully lands a L on the

succeeding stem syllable.
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(34) Derivations for (33)

a. Underlying representation and affixation

L H L H L H
| i | ] | |
M 83 28 83 13 |3
| /71 | /71 | /71
a - tsw a a - dzw a" a -ny a
|
-vd

b. L-Tone Spread

L H L H

blocked by ==l = ~<d
if +LO, then 11 i n 18
not -vd I /71 I /71

a - dzw an a-nya

If [+vd] is specified and, consequently, [If +LO, then
+vd] is invoked on L-Tone Spread, the correct tonal patterns
cannot be derived. Recall that L-Tone Spread assimilates a low
tone to a soncrant-initial stem as well as a voiced-initial
stem.

(35) Stems with an initial glide

wi a-wi e-wli ‘teach’
vaya a-yava e-yaya ‘yawn'’

Invoking [If +LO, then +vd] on L-Tone Spread renders it
necessary to insert [+vd] on sonorants before L-Tone Spread
takes place. Sonorant-initial stems behave tonally in an
identical fashion as voiced-initial stems. In order for L-Tone
Spread to apply to sonorant-initial stems, [+vd] must be
filled in on sonorants.

However, the problem arises from onset clusters. As shown
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in (36a), [+vd] is specified in the underlying
representations. In (36b), the default insertion of [+vd]
applies. In (36c), L-Tone Spread yields a rising contour for
each of the three derivations:

(36) Derivations based on specifying [+vd]

a. Underlying representation and affixation
L H L H L H
| | ] | | |
K u K H u o
I s | //1 | /71
a - tsw a a - dzw a» a-nya
I
+vd
b. Default insertion of [+vd]
L H L H L H
I | I | | |
B K K K u p
| /71 I /71 | /71
a - tsw a a - dzw a" a-nya
| \/ \/
+vd +vd +vd
C. L-Tone Spread
*L H L H L H
=== === | It |
u u u K 13 g
| //1 | /71 | /71
a - tsw a a - dzw a» a-ny a
| \/ \/
+vd +vd +vd

The left derivation incorrectly gives rise to a L-H contour on
the stem syllable. This result follows from the fact that L-
Tone Spread is dictated by [If +LO, then +vd]. Since the left
derivation consists of a [+vd] specification, the stem-initial

mora becomes an eligible target for L-Tone Spread.
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The central point of this discussion is to argue against
specifying [+vd]. By specifying [+vd], it is necessary to
select the path condition [If +LO, then +vd], one which gives
rise to incorrect tonal patterns.

Before concluding this section, I would like to motivate
one assumption made in the above analysis. That is, cw and cy
are clusters rather than as single consonants with the glide
release. Hyman (1970) argues that cw and cy are not made up of
consonant clusters in Nupe. He bases his argumentation on two
pieces of evidence. First, he claims that cw and cy are the
only consonant clusters in Nupe if they are analysed as
consonant sequences. Consequently, to treat cw and cy as
clusters complicates the Nupe grammar®.

This argument 1s at best a weak reason for treating cw
and cy as single consonants. For it is hardly rare to find
languages with one or two types of consonant clusters. Ewe, a
member of the Kwa family just like Nupe, allows only c¢l, cr,
and cy clusters: gla "jaw", tré "calabash", and fyd "axe".

Hyman bases his second argument on the tonal patterns
analysed earlier. On the basis of contrast between (37a) and
(37b), Hyman claims that L-Tone Spread treats the two
instances of glides differently. In (37a), there is no rising

contour; in (37b) L-H contours arise from Low Tone Spread.

4 This line of argument is also found in Sagey (1986)
when she discusses the Nupe data.
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(37) Evidence for treating Cw/y as C*¥ (Hyman 1970)

a. /e-twd/ -> [etwd] ‘be t;imming'
/é-tyd/ -> [étydl] ‘be mild’

b. /&-wi/ -> [éwi] ‘puckering’
/é-yvé&/ -> [&v8&] ‘no’

Hyman takes (38) as an indication that the two instances of
glides in (37a) and (37b) are different.

In my analysis, the tonal patterns in (37a) are expected.
The explanation for the lack of contours has nothing to do
with the glides. Of significance in (37a) are the voiceless
consonants that precede the glides. The [-vd] specification of
t blocks the application of L-Tone Spread through {[If +LO,
then not -vd]. Consequently, the data in (37) say nothing
about the glides at all.

As a matter of fact, when the reduplication data are
considered, there is strong evidence in support of treating cw
and cy as clusters rather than as single consonants. Discussed
earlier, verbs become nominalized through reduplicating the
first syllable of the stem, illustrated in (38a) and (38b). In
stems containing cw and cy, it is predicted that cw and cy
should be retained if they are single consonants. But this is

not the case. The glides in cw and cy never emerge in the

reduplicative prefixes:
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(38) Further evidence for treating Cw/y as clusters (Smith
1969)
a. bé ‘to come’ bi-bé ‘coming’
1i ‘to choose’ 1i-11i *choosing’
gbayé& ‘to despise’ gbi-gbdyé ‘despising’
b. nd ‘to extinguish’ nu-nd ‘extinguishing’
tur ‘to vomit’ tu" -tu" ‘vomiting’
gdba ‘to surround gu-gdba ’surrounding’
c. fva ‘to drift’ fi-fya ‘drifting’
tyéan ‘to be thin’ ti-tyar ‘being thin’
tir -tyan
d. twa ‘to trim’ ti-twd ‘trimming’
tu-twa
kpwd ‘to be cheap’ kpi-kpwd ‘being cheap’
kpu-kpwé
lwa ‘to heed’ li-lwa ‘heeding’
lu-lwa
rwa ‘to pour’ ri-rwa ‘pouring’
ru-rwa

To analyse cw and cy as consonant clusters is consistent

with the known facts of the core syllable reduplication (G.),
discussed by McCarthy and Prince (1986). Evident from the data
in (38), the reduplicative template is a core syllable, that
is, cv. According to this template, the non-initial consonant
is removed through the left-to-right asscciation, since the
initial onset consonant alone saturates the template.

If cw and cy are single consonants, then it 1is predicted
that both the ¢ and its glide release will be mapped into the
onset position of the template, predicting patterns that are
never attestced.

I conclude that cw and cy are consonant

clusters, as assumed in the analysis of tones in Nupe.
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4.5. Voicing/Height conditions
In sections 4.3 and 4.4, evidence is adduced in support
of HI/VOICING and LO/VOICING conditions in (7a) and (7c): i)
[If +HI, then not +vd]; and ii) [If +1LO, then not -vd]. The
issue still to be addressed is whether there is evidence in
favor of positing the path conditions expressing the relations
of voice with height features in (7e) through (7h). Moreover,
it remains to be shown that the set of path conditions posited
in (7e) through (7h) represents the correct set. These are
empirical questions and the answers to them will have to be
determined on the basis of empirical evidence. At present, I
do not have any phonological evidence in support of these path
conditions. In the following, I focus on discussing the
reasons for positing the path conditions in (7e) through (7h).
First, let us clarify one point. The path conditions in
(7a) and (7b) impose voice conditions on the landiing sites of
tonal spread. By invoking these conditions, it is implied that
the onset voicg of the target syllable can affect the
spreading of tone. The path conditions in (7e) through (7h)
are tonal constraints on the landing sites of voice F-
elements. Consequently, by positing these conditions in (7),
the claim is made that tone can affect the realization of
voice in consonants.
The latter claim is related to a controversy over the

nature of the tone-voice interaction in the 1970s. The
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controversy centers on whether the interaction is
unidirectional (that is, voice affects tone, but tone does not
affect voice) or bidirectional (voice affects tone and tone
affects voice). As the proponents of the unidirectional
hyothesis, Hyman and Schuh (1974) and Hyman (1976) deduce most
of their evidence from the survey of African languages and
argue that it is much more common to see tonal spread blocked
by voice than to see that tone influences the wvoice
realization of consonants. However, Maddieson (1974, 1976)
contends largely on the basis of historical data from 2Asian
languages that cases abound which show that earlier tonal
divisions lead to more recent voice divisions.

What is not controversial here is that voice affects
tone. As demonstrated by Ngizim, Ewe and Nupe, the voice of
onset consonants in the target syllable is a key factor in
determining whether tonal spread takes place.

At issue is whether tone can impact on voice. From the
survey of recent findings, it seems plausible to hypothesize
that tone can effect changes in the realization of voice. In
a series of papers on voice perception, Massaro and Cohen
(1976, 1977) argue that the pitch determines to a large extent
the perception of voice. Moreover, they show that pitch is a
steady cue of voice perception on a par with such well-
established cues as voiced onset time.

The issue then becomes whether such influence is strong
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enough to be phonologized in the sound systems of languages.
In a recent squib, Poser (1981) argues that Jabem, a
Melanesian language of New Guinea, provides such a case. He
shows that voiceless obstruents appears in exclusively high
toned syllables whereas voiced obstruents occur in low toned
syllables. If Poser is right in showing that voice is to be
predicted from tone, then Jabem provides a case where tone
affects voice. However, given the limited data on Jabem, a
detailed study cannot be undertaken.

Taking into consideration the studies by Massaro and
Cohen (1976, 1977) and Poser (1981), I believe that it is too
early to conclude that the tone-voice interaction is
unidirectional and to exclude the path conditions in (7e)
through (7h) £from the phonetically motivated set does not
appear to be the right solution. But as stated earlier, this
is an empirical issue, the solution to which will have to
await further and detailed studies on this subject.

4.6. Conclusion

The central goal of this chapter is to provide language-
internal evidence for the tone-voice path conditions in (7).
To this goal, I demonstrate that the HI/VOICING condition [If
+HI, then not +vd] is essential for the account of the tonal
patterns of Ewe monosyllabic nouns. Through the investigation
of L-Tone Spread in Nupe, evidence is adduced in support of

the LO/VOICING condition [If +LO, then not -vd].
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This chapter is also significant in establishing that
voice is a binary feature. Mester and Itd (1989) and Cho
(1990), among others, have argued that voice is privative,
meaning that voicelessness is to be expressed in terms of the
lack of the voice specification. This position is analysed and
refuted by Peng (1991), who shows that [-vd] must be referred
to by Dahl’s Law in Kikuyu. The evidence presented in support
of specifying [-vd] in Nupe further reinforces the position
against privative voicing.

In relation to Chapters 2 and 3, this chapter focuses on
a third aspect of the mechanism invoked to account for the
tone-voice patterns: that is, path conditions. To the extent
that there is evidence in favor of anchoring tones on moras
and mapping onsets to moras, the resulit of this chapter
further establishes that the Prosodic Hypothesis is plausible.
In the next two chapters, the validity of this approach will
be further reinforced when the phonetic side of tone-voice and

other approaches to this phenomenon are taken into

consideration.



239
CHAPTER 5

PHONETIC ASPECTS OF TONE-VOICE

5.1. Introduction

Chapter 4 has shown that HI/VOICING and LO/VOICING
conditions are invoked in phonological systems. Under the
Grounding Conditions Theory, these conditions must be
phonetically motivated. One major goal of this chapter is to
examine the phonetic evidence behind the set of phonetically
motivated conditions in (1):

(1) Phonetically Motivated Conditions

a. HI/VOICING Condition: If +HI, then -vd

If +HI, then not +vd
b. -HI/VOICING Condition: If -HI, then +vd

If -HI, then not -vd
c. LO/VOICING Condition: If +10, then +vd

If +1L0, then not -vd
d. -LO/VOICING Condition: If -1LO, then -vd

If -1LO, then not +vd

e. UNVOICED/HI Condition: If -vd, then +HI

If -vd, then not -HI
f. UNVOICED/LO Condition: If -vd, then -LO

If -vd, then not +LO

g. VOICED/HI Condition: If +vd, then -HI
If +vd, then not +HI
h. VOICED/LO Condition: If +vd, then +LO

If +vd, then not -LO
Before we establish phonetic proof for these conditions,
it is important to understand the phonetic claims that are
made by these conditions. In (la) through (1d), voice

conditions are invoked on tonal operations. Consegquently,
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these conditions claim that voice affects tone!. In section
5.2, I discuss acoustic evidence, which shows that onset voice
effects changes in fundamental frequencies (F,) of following
vowels.

Conditions (le) through (1h) place tonal constraints upon
voice operations. These conditions state that tone influences
voice. Section 5.3 substantiates this claim in two ways: i)
systematic F, variation determines whether [-vd] or [+vd] is
perceived; and ii) F, is one of the key cues to voice
perception on a par with voice onset time (VOT).

An additional goal of this chapter is to address the
claim that tone and voice are independent of each other. This
claim is explicit from the Prosodic Hypothesis, which insists
on representing tone and voice in terms of two independent
sets of features.

This is a controversial stand. There is a strong
inclination in phonetic and phonological literature to
identify a single source behind tone and voice and represent
them as such. This inclination 1is reflected in Halle and

Stevens (1971), Lieber (1987), etc. Section 5.4 investigates

! Following Ladefoged (1975) and Borden and Harris

{1984), I take tone (linguistic) to refer to pitch variations
that give rise to meaning differences among lexical items.
Pitch is a psychological event, a sensation not subject to
instrumental manipulation. In acoustic terms, tone is
equivalent to fundamental frequency (F,), which measures the
basic rate of vocal cord vibration.
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the phonetic basis for the Single-Source Hypothesis. I argue
that tone and voice controls involve largely independent
physiological mechanisms, which are consistent with setting up
independent features for tone and voice.

5.2. Effects of voice on tone

Chapters 3 and 4 identify the role that onset consonants
play in blocking tonal insertion or spread in Ewe and Nupe.
This contrasts with codas in Ngizim in Chapter 2, which
further establishes the role of onsets in tone-voice
interactions. This section takes a close look at the unique
relationship between onset voice and tone, focusing in
particular on the claim that onset voice affects tone.

In section 5.2.1, I address the effects of onset
obstruent voice on F, of following vowels. Evidence from
English, Swedish, Yoruba and Siamese shows that onset voice
makes significant contributions to F,. Section 5.2.2 considers
sonorant voice in Burmese. Taking the results of these two
sections together, I argue that acoustic data lead to two
conclusions: i) voicelessness of obstruents and sonorants
increases F, of following vowels; and ii) voicedness of
obstruents and sonorants lowers F,.

F, is measured in three ways: i) F, at vowel onset; ii)
peak F,; and iii) mean F,. The graphs in (2) illustrate the
typical F, contours of vowels following different classes of

consconants. Note that F, contours are broken for both voiced
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and voiceless obstruents because ocbstruent production requires

a momentary closure of the vocal tract, forcing a temporary

interruption of vocal cord vibration.

(2) Typical F, Contour Shapes (Lea 1973)

— fundamental frequency

UNVOICED
CONSONANT

b

(a)
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(b)
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F, at vowel onset is measured at the starting point of the F,
contour following the interruption. Peak F, represents the
highest point of the contour following the interruption; mean
F, is the average value of F, measurements at various points
of the contour following the interruption to the rest of vowel
duration?.
5.2.1. Effects of obstruent voice on F_

This section is concerned with F, perturbations that
result from the voice qualities of preceding obstruents. I
survey four types of languages: i) stress language (English);
ii) pitch-accent 1language (Swedish); i1ii) register tone
language (Yoruba); and iv) contour-tone language (Siamese).

Data from these four languages converge unequivocally on one

2 In this footnote, I provide some pertinent information
of the studies to be surveyed in this section. These studies
include: i) House and Fairbanks (1952); ii) Lehiste and
Peterson (1961); iii) Lea (1973); iv) Gandour (1974); wv)
Léfquist (1975); vi) Hombert (1977b); and vii) Maddieson
(1984) :

No. of Languages Tyoes Test

Study Subjects of Subjects of Data Frames

H&F 1952 10 English Nonsense huC;VC;

L&P 1961 5 English Nonsense CcvC

Lea 1973 2 English Nonsense hdC;VC;

Gan 1974 1 Siamese Nonsense Cv:

L6f 1975 3 Swedish Nonsense C;V:C;Vn
CiVCi :Vn

Hom 1977b 2 Yoruba Unknown Ci

Mad 1984 3 Burmese Real cv
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single conclusion: voicedness causes lowering of F, whereas
voicelessness induces increased F,.
5.2.1.1. English

English offers a significant number of voice contrasts of
obstruents in syllable onset, which include /p/b, t/d, k/g,
£/v, s/z, /8, &/3/®. Thus, English provides a strong and
important case whereby the impact of obstruent voice on F, can
be investigated.

The three different measurements of F, are all available
for English obstruents. In Figure (3), F, values at vowel
onset are presented, which represent rough estimates of
Figures 7 and 8 in Lea (1973, 38-39).

In the first row of the table, capitalized letters mark
sounds at those points of articulation. In the [-voiced] row,
F, values at vowel onset are provided for voiceless
obstruents. F, values at vowel onset are provided for voiced
segments in the [+voiced] row. Variation represents the
difference by subtracting voiced F, from voiceless F,. For
instance, 170Hz under /P/ stands for the F, of the vowel
following the voiceless /p/; 148Hz marks the F, following the

voiced /b/; 22Hz is arrived at by substracting 148 from 170.

* Even though /&/ is a well-formed onset, its voiced

counterpart /Z/ is not in English. Thus, F, measurement for
/Z/ is missing.
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(3) F, values at vowel onset (Lea 1973)

X

P T K F S S] S

[-voiced] |170 172 176 169 179 182 168 187

[+voiced] | 148 145 150 141 142 136 --- 142

Variation{ 22 27 26 28 37 46 --- 45

One striking pattern emerging from (3) is that F, values of
vowels following voiceless obstruents exceed those following
voiced obstruents by a minimum of 22 Hz. This sharp difference
in F, at vowel onset is a direct reflection of the frequency
contour, as depicted in (2). F, at vowel onset following a
voiceless consonant starts at the highest point and drops down
gradually. Following a voiced consonant, F, begins at a lower
point, climbs shortly to the peak, and then trills down. Thus,
the F, difference at vowel onset is the sharpest.

In addition, measurements for peak F, are conducted of
English obstruents. The results of two studies are displayed
in (4). As shown by Lehiste and Peterson (196l1), peak F,
values after voiceless obstruents lead those féllowing their
voiced counterparts. Even sharper variations are evident from
the data based on the estimates of Figures (7) and (8) in Lea

(1973).
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(4) Peak values of F,

P T K F S (O] S ¢

Lehiste and Peterson (1961)

[-voiced] |175 176 176 173 175 173 173 177

[+voiced] | 165 163 163 155 169 161 --- 161
Variation| 10 13 13 18 6 12 -z 16
Lea (1973)

[-voiced] {170 172 176 169 179 182 168 187

[+voiced] [162 151 163 153 153 149 --- 154| ~

Variation 8 21 13 16 26 33 --- 33

It is worth noting that the variations for peak F, in Lea
(1973) register a slight decrease from the variations for F,
at vowel onset, shown in (3). This decrease is expected once
we take into account the F, contour. As evident from (2), the
sharpest difference in F, between voiceless and voiced
obstruents occurs at vowel onset. Following voiceless
consonants, F, at vowel onset remains identical with F, at the
peak of the contour. However, F, at vowel onset is slightly
lower than peak F, following voiced segments. Consequently,
variations for F, at vowel onset are expected to be bigger.

Mean F, is calculated on the basis of measurements made
at various points of F, contours following consonant release.
As the F, contours following voiceless and voiced consonants

begin to get closer the further away they get away from the
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onset consonants, it is expected that variations of mean F,
are smaller than variations of F, at vowel onset or at vowel
peak. This expectation is confirmed by House and Fairbanks’
(1953) study of mean F,:

(5) Mean values of F, (House and Fairbanks 1953, 108)

P T K F S
[-voiced] 128 127 127 124 126
[+voiced] 121 121 123 122 123
Variation 7 6 4 2 3

This survey of the studies of F, in English reveals one
robust conclusion: F, following voiceless obstruents exceeds
F, following their voiced counterparts. In addition, it 1is
evident that F, variations between voiceless and voiced
segments are at their peak usually at vowel onset.
5.2.1.2. Swedish

Lofgvist (1975) investigates the influence of voice on F,
on the basis of speech from three Swedish speakers (two
speakers of Southern Swedish and one speaker of Southwestern
Swedish). He examines F, of stressed vowels, focusing on two
tonal accents in Swedish.

These two accents manifest themselves differently in the
two dialects. In Southern Swedish, tonal accent 1 is
characterized by an early fregquency peak in the stressed vowel

and tonal accent 2 by a late frequency peak. These two tonal
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accents differ from their counterparts 1in Southwestern

Swedish; tonal accents 1 and 2 both possess a much earlier

frequency peak than those in Southern Swedish. F, data at

vowel onset are presented in (6); peak F, values are shown in

(7):
(6)

F, values at vowel onset

Long Vowels Short Vowels

Accent 1 Accent 2 Accent 1 Accent 2
[-voiced] 153 149 146 145
[+voiced] 144 122 110 111
Variation 9 27 36 34

(7) Peak values of F,
Long Vowels Short Vowels
Accent 1 Accent 2 Accent 1 Accent 2
[-voiced] 171 177 156 157
[+voiced] 153 161 142 149
Variation 18 16 14 8

As evident from (6) and (7), voiceless consonants clearly lead

voiced consonants in F_, regardless of tonal accents and

vocalic length. In addition, the Swedish data are significant
in showing that voice-induced F, changes are independent of
tonal accents.

The Swedish data are consistent with English in another

respect. Except for the tonal accent 1 of long vowels, the
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variations in peak F, register a slight decrease from F, at
vowel onset. F, for accent 1 of long vowels is affected by the
speaker of Southwestern Swedish, whose F, values for voiceless
and voiced obstruents are extremely close.

5.2.1.3. Yoruba

Clear acoustic evidence has been presented linking
voicedness with low F, and voicelessness with high F,. These
correlations are detected in English (a stress language) and
Swedish (a pitch accent language). I demonstrate in this
section that they are instantiated in Yoruba as well, a
register tone language spoken in Nigeria.

The importance of Yoruba lies in another respect. Yoruba
mirrors closely Ewe and Nupe in that they all possess three
register tones. Moreover, Ewe and Nupe are members of the Kwa
language family like Yoruba. Thus, Yoruba data have a more
direct bearing on the languages discussed in Chapters 3 and 4.

Hombert (1977b) measures F, at vowel onset, wusing
syllables made of [ki] or {gi] in three different tonal
environments: high, mid or low. F, for voiced [g] vs. unvoiced
[k] are shown in (8), which are based on estimates of F, in

figure 2 (Hombert 1977b).
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(8) F, at Vowel Onset

HIGH MID LOW
[-voiced] 185 165 152
[+voiced] 144 135 122
Variation 41 30 30

Clearly, unvoiced consonants induce the increase in F, and
voiced consonants lead to a drop in F,. As a result of the
voice-induced perturbations, F, variations exhibit a minimum
of 30Hz.
5.2.1.4. Siamese

Gandour (1974) reports the study of Siamese, a contour
tone language spoken in Thailand. He concludes that 1like
previous studies, F, values are significantly disturbed by
prevocalic consonants. The F, values for five tones as a
function of voice are given in (9):

(9) F, at Vowel Onset (Gandour 1974, 342)

HICGH MID LOW FALLING RISING
[-voiced] 137 130 122 141 125
[+voiced] 123 120 109 133 114
Variation 14 10 13 8 11

The data for voiceless stops are based on average values for
three series of voiceless stops: i) voiceless unaspirated; 1i)

voiceless plain aspirated; and iii) voiceless breathy
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aspirated. The data for both voiced and voiceless obstruents
stem from average values of bilabial and alveolar stops [p, b,
t, d] followed by [i, u, al.
5.2.1.5. Duration of F, perturbations

One question to be addressed is how long postconsonantal
F, differences as a function of onset voice are significant.
This is a pertinent question considering that i) F, values for
voiceless vs. voiced obstruents are quite close for some
measurements and ii) F, contours of postconsonantal voiceless
obstruents tend to merge with those of postconsonantal voiced
obstruents towards vowel offset, as evidenced by the gravh in
(2) .

There is no definitive answer to this question in
acoustic studies of F,. In his study of Siamese, Gandour
(1974) reports that the impact of voice on F, is significant
up till 30 ms into the following vowel for voiceless
consonants and 50 ms for voiced consomnants. Hombert (1977b)
concludes that the impact on F, is limited to 40-60 ms for
Yoruba. In another study, Hombert (1975) reports that the
effect of voice on F, is significant even at the point of 100
ms following the consonants in English. Unfortunately, it is
not clear when the effect becomes insignificant statistically.
By far the longest impact exerted on F, by onset voice is
reported for Swedish for Lofgvist (1975), who reports that

this impact lasts all the way until the end of a long vowel in
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Swedish (in the neighborhood of 260 ms from the onset
consonant) .

Though these statistics reveals language-specific
variations, there appears to be some consistency as well. One
pattern that emerges from this survey is that Siamese patterns
together with Yoruba as opposed to English and Swedish.
Hombert (1977b) explains this opposition by attributing it to
the distinction between tone and nontonal languages. He claims
that the relatively short impact of voice on F, in Siamese and
Yoruba is due to the fact that tonal languages minimize
consonant-induced F, changes in order to maximize tonal
contrasts. In contrast, nontonal languages do not distinguish
lexical items in terms of fundamental fregquencies alone, and
thus allow consonantal influence to persist well into the
following vowel.

This explanation is not entirely consistent with some
other studies. Mohr (1971) reports on the basis of studies of
Mandarin, Russian and German speakers that "the influence of
the preceding consonant is confined to the early part of the
vowel." He goes on to say: "In fact, fundamental frequencies
at the end of vowels are nearly identical with those of vowels
not preceded by consonants." Mohr’s study suggests that the
statistical basis upon which Hombert’s explanation in terms of
tonal vS. nontonal languages may not be true

crosslinguistically. Mandarin is a tonal 1language while
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Russian and German are clearly nontonal.

So what does this survey tell us? There is a strong, if
not absolute, tendency for languages to confine the impact of
voice on F, to the first wvowel that £follows the onset
consonant. This is consistent with studies in Siamese, Yoruba
and English. To a large extent, this is also consistent with
Swedish, whose impact 1is reported to be around 260 ms.
According to Mohr (1971), an average vowel lasts anywhere
between 180 ms to 260 ms. Thus, the Swedish data appear to
coincide with this generalization.

In addition, we cannot rule out the claim that tonal
languages prefer to confine the impact on F, to the early part
of the first vowel. Data from Yoruba and Siamese support this
claim. And data from Mandarin {(Mohr 1971) are alsc consistent
with the claim. In contrast, how long nontonal languages allow
the impact on F, to persist into the following vowel remains
to be a question, the answer to which will have to wait for
future investigation.

In summary, this survey of four langauges converges on a
single conclusion: prevocalic voiced obstruents induce low F,
and prevocalic unvoiced obstruents give rise to high F,. This
result 1s crucial. It shows that attested phonological
interactions, expressed by path conditions in (la) through
(1d), are acoustically based.

In addition, F, perturbations are generally restricted to
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the first post-onset vowel. This phonetic fact is reflected by
the Prosodic Hypothesis. As argued in Chapter 3, the onset is
mapped to the following mora. This prosodic structure
identifies the onset and the subsequent vowel as forming a
subunit within the syllable, a unit that does not exist
between the onset and any other unit in the syllable. This
subunit allows the expression of tonal blocking by onset voice
only if tone docks on a vowel adjacent to the preceding onset.

Recall that H-Tone Insertion is never subject to blocking
if it associates a H tone to the second mora of the bimoraic
noun in Ewe. In contrast, this H tone lands on the first mora
only if the preceding consonant is not voiced, as dictated by
[If +HI, then not +vd]. The closeness of the onset and the
following vowel is directly enccded in the prosodic structure,
as they are both dominated by a single mora.

Whether or not tone-voice systems in other languages
behave like Ewe H-Tone Insertion remains a question to be
explored. But that Ewe H-Tone Iﬁsertion reflects the phonetic
duration of the impact on F, is an encouraging sign that the
line of inquiry, advocated by this thesis, is on the right
track.

5.2.2. Bffects of sonorant voice omn F,

Section 5.2.2 considered the impact of prevocalic

obstruents on F, contours. This section addresses whether

prevocalic sonorants exert a similar effect on F, in languages
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with a voice distinction in sonorants. Maddieson (1984)
reports a study of Burmese with voice contrasts in sonorants:
i) [-voiced] = /m, n, i, n., 1/ vs. ii) [+voiced] = /m, n, ii,
N, 1/. His study, based on authentic Burmese words in three
tonal environments, demonstrates that voiced and unvoiced

sonorants behave just like obstruents.

(10) Burmese (Maddieson 1984)

FALLING RISING CREAKY
[-voiced] 226 203 227
[+voiced] 182 178 183

Variation 44 25 34 -

F, for unvoiced sonorants can lead that of voiced sonorants by
as much as 44 Hz.

In languages with no voicing contrast in sonorants,
prevocalic voiced sonorants exert a similar lowering effect on
the F, of the following vowels. As shown in English by Lehiste
and Peterson (1961) and Lea (1973), F, following voiceless
obstruents sharply exceeds F, following voiced sonorants at
corresponding places of articulation: 175 Hz for [p] vs. 162

Hz and 167 Hz for [m] and [w].
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{11) English: F, of sononants and [-voiced] obstruents

P m W t n r 1 g v

L&P 1961 175 162 167 176 161 166 164 173 164

Lea 1973| 170 165 158 172 156 160 160 168 161

However, comparing voiced obstruents to their voiced sonorant
counterparts shows that their F, values are similar:

(12) English: F, of sononants and [+voiced] obstruents

P m w d n «r 1 zZ v
L&P 1961} 165 162 167 163 161 166.164 --- 164
Lea 1973] 162 165 158 151 156 160 160 --- 161

(12) shows clearly that voiced sonorants and voiced obstruents
are similar in their effects on postconsonantal F,. This
result is significant: it demonstrates that voiced sonorants
behave alike acoustically, no matter whether voiced sonorants
are from a language with no sonorant voice contrast (English)
or from a language with a sonorant voice contrast (Burmese).

The results regarding English sonorants are not generally
agreed upon. There is a tendency to ignore the lowering effect
of voiced sonorants on F, and consider voiced sonorants
different from voiced obstruents. Lea (1973, 43) is one such
example, who concludes that "central F, values in voiced
obstruents are about 13% lower than in sonorants®. Citing

Chistovich (1969), Lea suggests that voiced obstruents effect
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F, lowering, but not voiced sonorants. But careful scrutiny of
(12) shows that Lea’s conclusion is not even supported by his
own data. If voiced sonorants do not affect F,, we should
expect them to have higher F, than voiced obstruents, but this
is not the case, as shown by the contrast between /b/ (162 Hz)
and /w/ (158 Hz).

Burmese data are significant in establishing that
sonorants interact with F, just like obstruents. They also
shed light on the role of voiced sonorants in languages with
no voicing contrast like English.

If voiced sonorants like English lower F,, then why is it
that voiced sonorants in such languages appear to have no
effect on tone? For instance, sonorant voice 1is not
contrastive in the three languages discussed so far: Ngizim,
Ewe and Nupe. Yet voiced sonorants are transparent to high and
low tone operations. If phonetics is the sole determinant,
these voiced sonorants are expected to block high tone
operations. That this is not the case requires an explanation.

The phonological explanation for the failure of sonorants
to block tonal operations lies in underspecification. [+vd] is
redundant and is not present when tonal rules apply. This
appears to be the correct solution. As discussed in Chapter 2,
Ngizim adjacent obstruents agree in voice. But a voiced
sonorant can precede or follow a voiceless obstruent: gamsid

‘laugh’ and IPkIgk ‘softish’. This suggests that at the
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application of tonal operations, sonorants are not specified
for [+vd].

F, is measured after those sounds are produced. [+vd]
must be filled in when the articulation is made, giving rise
to the lowering effect on postconsonantal F,.

To conclude section 5.2, prevocalic sonorants effect F,
changes in a way identical to obstruents: i) voiceless
sonorants and obstruents raise F,; and 1i) wvoiced sonorants
and obstruents lower F,. These data provide strong phonetic
motivation for those path conditions in (la) through (1d).

[If +HI, then -vd] claims that high tone and
voicelessness are compatible. [If +HI, then not +vd] implies
that high tone and voicedness cannot cooccur. Evidence that
prevocalic voiceless consonants raise F, provide direct
confirmation for these path conditions. These data also
support [If -HI, then +vd] and [If -HI, then not -vd].

[If +LO, then +vd] suggests that low tone and voiced
consonants are compatible. [If +LO, then not -vd] states that
low tone and voiceless consonants cannot cooccur. As shown in
this section, voiced consonants lower F,, demonstrating that
these two path conditions are phonetically motivated. Acoustic
data are also in favor of [If -LO, then -vd] and [If -LO, then
not +vd].

5.3. Effects of F, on voice

In addition to path conditions in (la) through (1d4),
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there are eight path conditions in (1) that invoke tonal
constraints on voice operations. Take UNVOICED/HI conditions
for instance. [If -vd, then +HI] define as targets of [-vd]
operations as those on a path with the F-element [+HI]. This
condition claims that tone can affect voice. As tone 1is
measured in terms of F,, this section considers F,-induced
changes in voice perception as an argument for the path
conditions in (le) through (1lh).

Massaro and Cohen (1976) investigate the contribution o§
two independent cues to the perception of voice: i) F, at_
vowel onset and ii) voice onset time (VOT). In their
experiment, synthetic syllables made up of /si/ or /zi/ are
presented to five subjects at varying points of F, and VOT.

A follow-up study is repbrted in Massaro and Cohen
(1977), in which similar synthetic syllables are presented to
six subjects. In this latter experiment, F, at vowel onset and
VOT are covaried with a third cue-frication-to determine the
contributions of each of the three cues to the perception of
voice. In both studies, Massaro and Cohen conclude that F, at
vowel onset and VOT are important cues which determine whether
/si/ or /zi/ is perceived. Frication, however, has little or
no effect on the percepﬁion of /s/ vs. /z/. Voice judgements
as a function of increases in F, and VOT are displayed in

(13). As shown in (13), /si/ Jjudgements increase with

increasing F, and VOT:
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(13) Degrees of si-ness judgements for four levels of F, and

voT
F, (Hz) VOT (msec)

Subject 163 183 206 224 30 60 90 120
1 .33 .40 .58 .69 .42 .45 .52 .61
2 .27 .43 .61 .73 .38 .45 .57 .60
3 .24 .44 .56 .69 .45 .47 .50 .56
4 .34 .45 .56 .64 .29 .44 .57 .67
5 .31 .43 .55 .72 .35 .42 .59 .64
6 .28 .39 .55 .80 .46 .50 .50 .55

Average .30 .42 .57 .71 .39 .46 .54 .61

According to Massaro and Cohen, the sounds are judged more
like /si/ with increases in F, and with increases in VOT.
These data support the path conditions in (le) through (1h);
that is, increased F, correlates with voiceless perception
while lowered F, with voiced perception.

Moreover, they report that the impact of F, on voice
perception is predominant in middle VOT values while the
impact of VOT is strong in middle F,. This shows that F, and
VOT are 1largely independent cues with one becoming more
important in cases of ambiguity.

Massaro and Cohen (1976, 1977) also study the impact of
F, at other points of the postconsonant frequency contour. F,
values at these other points are ineffective as cues,
establishing F, at vowel onset as the key determinant in voice
perception. As F, at vowel onset is measured right after

consonant release, it shows that the impact of F, is strongest

at the point closest to the preceding consonant. This result
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is consistent with the studies on the impact of voice on F,,
which show that voice has the largest effect on F, at vowel
onset.

Like previous studies, these works also demonstrate that
a unique relationship exists between an onset and an
immediately following vowel, a relationship that does not
exist between an onset and other subsequent segments. The
Prosodic Hypothesis captures this unique relation by
designating the onset and the adjacent vowel as part of a
moraic unit.

In addition to Massaro and Cohen (1976, 1977), Haggard
(1969) and Haggard, 2Ambler and Callow (1970) reach similar
conclusions on the role of F, in determining voice perception.
They calculate the voice judgements by using synthetic
syllables that are ambiguous between /bi/ and /pi/. These
syllables are presented at three different F, values. The
results indicate that increasing F, leads to an increase in
/pi/ perception.

These studies show that F, can dictate voice perception.
From the phonetic point of wview, this conclusion is not
surprising. But whether or not tone can affect voice in
phonology remains a question.

As early as 1970's, there is a controversy over whether
or not tone can affect voice. Advocates of the Unidirectional

Hypothesis claim that voice affects tone but tone does not
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affect voice (Hyman and Schuh (1974) and Hyman (1976). On the
other side, Maddieson (1974, 1976, 1978) and Poser (1981)
argue for the Bidirectional Hypothesis; namely, tone can
affect voice and voice can also affect tone.

This discussion of perceptual studies cannot hope to
settle this controversy, as the debate centers on whether or
not tone-affects-voice interactions can be phonologized in any
language. By focusing on the perceptual studies, I hope to
show that such interactions are plausible from the phonetic
view. For this reason, I have included those conditions in
(1e) through (1h).

5.4. Explanations of F, Variations

Sections 5.2 and 5.3 identify two correlations:
voicelessness and high F,; and voicedness and low F,. These
correlations are thus far based on acoustic and perceptual
data. This section considers the articulatory bases of these
correlations, investigating whether or not these correlations
result from a single physiological mechanism, a hypothesis
which I will refer to as the Single Source Hypothesis.

There are two assumptions one can make regarding the
outcome of this line of inquiry. One assumption is that these
correlations are dictated by a single mechanism; namely, the
Single Source Hypothesis. The other is that these correlations
may be the result of an interplay of several physiological

mechanisms; that is, the Multiple Source Hypothesis.
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The Single Source Hypothesis is desirable and expected as
part of the research methodology. Identifying a single speech
mechanism provides a ready explanation of these correlations.
But as a goal in itself, this hypothesis is not justified. It
oversimplifies human speech physiology and clouds the very
interactions to be explained.

Many phonetic studies on tone-voice correlations have
made this assumption as part of their research methodology.
What is problematic is that they have taken the Single Source
Hypothesis to be the only goal, brushing aside the possibility
that the Multiple Source Hypothesis may be the outcome.

In section 5.4.1, I review three such theories,
identifying the central and the only agenda in these theories:
the Single Source Hypothesis. Section 5.4.2 provides a
critique of these theories, showing that their conclusion is
often at odds with their own findings. In section 5.4.3, I
address the issue of pitch and voice control. I demonstrate
that pitch and voice are controlled by a set of largely
independent mechanisms, in support of the Multiple Source
Hypothesis.

2An implication of this discussion is that features for
tone and voice are to be kept separate, as initially proposed
in the literature and advocated in this thesis. Section 5.4.3

removes the articulatory basis upon which such proposals as

Halle and Stevens (1971) are founded.
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5.4.1. Three theories of pitch-voice correlations

This section offers a brief introduction to the three
leading theories of pitch-voice productions: i) the
aerodynamic theory; ii) the horizontal tension theory; and
iii) the vertical tension theory. The purpose is to reveal the
one and the only goal underlying them: the Single Source
Hypothesis.

The Aerodymanic Theory. The aerodynamic theory takes the
rate of air flow across the glottis to be of paramount
importance in explaining tone-voice interactions. An increase
in air flow is responsible for high F, and voicelessness. A
reduction in air flow links voicedness with low F,.

Production of voiceless consonants requires that vocal
coxrd vibration be prevented. The aerodynamic explanation
attributes this task to increased air flow. Thus, glottal air
flow is strong at consonant release, especially when voiceless
production is accompanied by aspiration. Increased air flow
generates a higher—than-normal Bernoulli effect, which draws
vocal folds together more quickly and thus creates a higher
speed in vocal cord vibration and consequently higher F, at
vowel onset (Ladefoged 1968 and Lea 1973).

Production of voiced segments does not require a similar
high rate of air flow across the glottis. Unlike voiceless
consonants, vocal cords must be sufficiently lax to start

vibrating. Moreover, there is a certain amount of closure
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involved in the production of obstruents. This closure builds
up oral pressure and thus reduces the pressure imbalance
between supraglottal and subglottal regions. This pressure
drop slows down the adduction and abduction of vocal folds and
produces a lower Fo which persists into vowel articulation
(Ohala 1970 and 1973, Abramson 1975, and Hombert and Ladefoged
1976).

The aerodynamic theory focuses on the rate of air flow as
the key that correlates tone and voice. Increased air flow is
responsible for the interaction of voiceless segments with
high pitch; reduced air flow is necessary both for the
production of voiced consonants and lower F,.

The Horizontal Tension Theory. Halle and Stevens (1971)
posit vocal cord tension as a primary mechanism governing
tone-voice correlations. Under their proposal, the correlation
between high tone and voicelessness results from stiffening
the vocal folds. In contrast, slackening vocal folds underlies
the low pitch and voice interaction.

Halle and Stevens attribute the high F,-voiceless
correlation to stiffening the vocal cords. One effect of
increasing the vocal cord stiffness is that it enlarges the
glottal aperture. Under appropriate conditions (for instance,
a certain degree of glottal aperture and lack of airflow),
this increased stiffness arrests vocal cord vibrations and

gives rise to voiceless consonants. While it is harder to
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vibrate stiffened vocal cords, stiffness leads to increased
oscillations in the vocal cords and consequently higher F,
once vibrations are initiated.

The explanation for the lowered F, and voicedness hinges
on the relative tension in vocal cords. In order to achieve a
voicing state, the wvocal cords need to be slackened.
Slackening vocal cords reduces glottal aperture, making it
easier to initiate and maintain vocal cord vibration. However,
laxing vocal cords also reduces the rate of wvocal cord
vibration; for tensed vocal cords generate more elasticity.
This decrease in vocal cord vibration accounts for a lower F,
induced by voiced obstruents.

The Vertical Tension Theory. Like the horizontal tension
theory, advocates of the vertical tension theory consider the
vocal cord tension to be the link between pitch and voice.
They disagree with Halle and Stevens (1971) in the source of
tension. Halle and Stevens suggest that thyroarytenoid and
cricothyroid muscles are involved in controlling the tension
in vocal cords. However, Hombert, Ohala and Ewan (1979) take
the vertical placement of the larynx to be responsible for
adjusting the tension in the vocal folds. Raising the larynx
stretches the vocal folds, leading to an increase in vocal
cord tension.

Citing Ewan and Krones (1974), they point out that the

larynx position is consistently higher for production of
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voiceless obstruents than for articulation of voiced
obstruents. Similarly, it is well-documented that larynx
elevation is correlated with variations in F,: the higher the
larynx, the higher the F,. This identical elevation explains
why voiceless consonants condition higher pitch. In contrast,
lowered larynx position is associated with voice.d consonants
and lower F,, explaining why voiced consonants are usually
coupled with a decrease in F, at vowel onset.

Even though these three theories £focus on different
aspects of production as the key to explaining tone-voice
correlations, it is apparent that they share one central goal:
to explain tone-voice correlations in terms of a single
physiological or aerodynamic mechanism. As part of the
research methodogy, this assumption is anticipated. But as a
goal in itself, the research is misguided. As shown in the
next section, the conclusions drawn are at odds with their own
findings. In consideration of the known facts about pitch and
voice production, this view of the pitch-voice correlations is
too simplistic and cannot be maintained.

5.4.2. A critique’
This review of three leading theories of tone-voice

identified three sources: i) glottal air flow; ii) horizontal

4 To provide detailed critisizms of the three theories is
beyond the purpose and scope of this section. For such
critisizms, see Fromkin (1972), Anderson (1978), Hombert,
Ohala and Ewan (1979), and Maddieson (1984).
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tension; and iii) vertical tension. In order to show that one
of these three factors is primary, it is necessary to
demonstrate that the other two factors are insignificant. Such
evidence is not offered for any of the three theories. As the
following critique shows, these theories clearly acknowledge
the role of other parameters even though they favor one to the
exclusion of other parameters. Without empirical evidence,
this selection is at best a theoretical bias.

Take the horizontal tension theory for instance. To
explain the link between pitch and voice, this theory selects
the vocal cord tension as the determinant. A careful scrutiny
of this theory shows that this selection is highly arbitrary.
In explaining stiff vocal cords, Halle and Stevens (1971, 202)

states:

Increased stiffness of the vocal cords will inhibit
vocal cord vibration  under the following
circumstances: (a) when an obstruction in the vocal
tract causes the intraoral pressure to build up and
hence the pressure across the glottis to decrease;
(b} when the glottis is spread to cause a wider
aperture or when it is constricted.
Halle and Stevens clearly identify three key factors in the
production of voiceless consonants: i) stiffening vocal cords;
ii) pressure drop across the glottis; and iii) widening the
glottal aperture. However, their preference is clearly vocal
cord stiffening. What is it that prevents the following

paraphrases?
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(14) Paraphrases

a. A decrease in pressure differences across the glottis
will inhibit wvocal cord vibrations under the following
circumstances: (a) an increase in vocal cord stiffness or
(b) an increase in glottal aperture.

b. An increase in glottal aperture will inhibit wvocal cord
vibrations under the following circumstances: (a) an
increase in vocal cord stiffness or (b) a decrease in
pressure differences across the glottis.

In (l4a), pressure drop across the glottis is identified as

the key to arresting vocal cord vibration; (14b) focuses on

glottal apperture.

In order to tease out the different roles that these
three factors play in prohibiting vocal cord vibration, it is
important to demonstrate that the effect of one factor is
primary. Unfortunately, there is no such evidence in Halle and
Stevens (1971).

A similar bias is implicit in the vertical tension theory
as well. Hombert, Ohala and Ewan (1979) attribute the high
pitch-voicelessness correlation to the upwards movement of the
larynx. As explained earlier, raising the larynx stretches the
vocal cords and consequently generates a larger glottal
aperture, making the articulation of voiceless consonants
possible. Moreover, moving the larynx tends to tense the vocal
cords, giving rise to higher F,.

In explaining why implosives are potential tone raisers,
Hombert, Ohala and Ewan (1979) offer the following

explanation:
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J. Ohala 1976 presents data from a mathematical
model of speech aerodynamics that support the
plausibility of a claim (attributed to Ladefoged)
that the rapid lowering of the larynx during
implosives can generate such a high rate of glottal

airflow that the F, can be raised above the normal
level.

Two points are clear from this citation. First, any
explanation based on vocal cord tension alone cannot account
for why certain consonant types raise the pitch of following
vowels. For larynx raising and larynx lowering cannot both
increase the tension of vocal cords without other factors
playing a role. Consequently, they cannot both be cited as
conditioning the increase in F, alone. Second, some other
factor must be brought in to explain the interaction. In this
particular case, the aerodynamic factor-the glottal airflow-is
offered as the explanation.

Even though different theories may differ in which
mechanism they select as the dominant factor in tone-voice,
they acknowledge explicitly or implicitly the role that other
factors play. As such, one cannot help wondering what it is
that leads one to identify a single source despite lack of
evidence.

The Single Source Hypothesis is a by-product of an
assumption that all three theories subscribe to: voice-
conditioned F, changes are inevitable. This inevitability

receives a ready answer if one mechanism underlies the control

of both tone and voice.
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But is this assumption warranted? Kingston (1986) reports
a study based on Tamil, a language which contrasts long and
short stops. Phonologically, 1long stops are predictably
voiceless and short ones are predictably voiced. If F,
variations are deliberately introduced, they should not appear
after stops as voice is allophonic. But on the other hand, if
F, perturbations are inevitable, they should appear regardless
of the phonological status of voice. The results show no
significant difference in F, in vowels following voiceless vs.
voiced consonants.

Tamil establishes that voice-induced F, perturbations are
not attested across the board in all languages. This suggests
that F, variations may not be inevitable and F, control may be
independent of voice control.

Tamil provides positive evidence against the Single
Source Hypothesis. By allowing the possibility that more than
one mechanism may be at work - the Multiple Source Hypothesis
- we may begin to understand and explain the interactions of
different factors in producing the consistent acoustic effects
in English, Swedish, Yoruba, Siamese and Burmese.

5.4.3. Pitch and voice productions

Section 5.4.2 has focused on the claims and assumptions
of the three tone-voice theories to show that the Single
Source Hypothesis is not supported. In this section, I will

focus on speech production mechanisms of tone and voice to
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argue against the Single Source Hypothesis. Specifically, I
will address two issues: i) What factors affect tone and voice
productions? and ii) How are these factors controlled by
speech production mechanisms?
5.4.3.1. Pitch production

Lehiste (1970) 1lists five factors that affect tone
production:
(15) Physiological Correlates of Tone
the mass of the vocal cords
. the tension of the vocal cords
the elasticity of the vocal cords

. the value of the subglottal pressure
the damping of the vocal cords

(I e o NE o 1)

Even though most researchers agree that all five factors in
(15) play a role in determining F,, they disagree as to which
one or ones is/are more important. For instance, Ladefoged
(1975) points to vocal cord tension in (15b) as a key factor
in pitch control although he is consistent with Lehiste (1970)
in attributing an important role to the rate of air flow
caused by subglottal pressures in (15d). Borden and Harris
(1984) take (15a) through (15c) to be key factors involved in
pitch manipulation.

In relation to tone-voice correlations, there is a
consensus over the three factors in (15b) through (15d). Of
the three factors, vocal cord elasticity in (15c) is usually
subsumed under vocal cord tension. It is generally assumed

that wvocal cord tension controls the elasticity of vocal
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folds: the more tense the vocal cords, the more elastic they
are. Consequently, physiological factors involved in tone-
voice boil down to two major factors: i) tension and ii)
subglottal pressure. As demonstrated in section 5.4.1,
supporters of the two tension theories emphasize the role of
i) whereas the aerodynamic theory advocates ii).

Control of Tension. Examination of tone-voice studies
reveals that vocal cord tension is manipulated physically in
two ways, referred to earlier as horizontal tension and
vertical tension. According to Halle and Stevens (1971), who
base their conclusion on theoretical studies modeling larynx
physiology, wvocal cord tension can result horizontally from
manipulation of two major muscle groups: thyroarytenoid and
cricothyroid muscles. This result is shown to be true on the
basis of data from human subjects. Further, in support of
horizontal tension, Lofgvist, Baer, McGarr, and Story (1989)
report significantly increased activity in cricothryroid
muscles in the production of high pitch and voiceless
obstruents in Swedish.

Tension can stem from the vertical movement of the larynx
as well. This movement results from tilting the larynx from
the hyoid bones in the anterior-to-posterior direction,
creating the surface impression of vertical movement. Even
though Hombert, Ohala and Ewan (1979) are the first to put

forward a theory of vertical tension, most researchers have
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assumed that vertical tension plays a crucial role in
explaining pitch-voice correlationms.

For instance, Maran (1971, 10-11) observes on the basis
of his study of Jinghpaw speakers that "the thyroid cartilage
is raised up to 4mm from the neutral or rest position for the
CV syllables with high tones and lowered correspondingly for
the low tone." Lehiste and Peterson (1961) and Ladefoged
(1968) also point out the role that larynx elevation plays in
explaining not Jjust pitch-voice but pitch-vowel height
correlations. Behind all these studies, there is one central
assumption; raising the larynx has the effect of tensing the
vocal cords, which gives rise to higher F,. This explains why
voiceless consonants and high vowels both tend to raise or
possess high F,.

Control of Subglottal Pressure. Pressure in subglottal
regions is crucial in regulating the rate of air flow across
the glottis. In order to generate air flow, a pressure
imbalance must be created between subglottal and supraglottal
regions. Subglottal pressures originate from the lungs, which
are made up of spongelike tissues. Lungs form a cavity with
the rib cage and diaphragm, both of which can be controlled
independently. To produce higher subglottal pressures requires
either a downward movement of the rib cage or an upward
movement of the diaphragm or both. In explaining why imposives

condition higher pitch, Hombert, Ohala and Ewan (1979)
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introduce a third factor-a downward movement of the larynx,
which can also give rise to a higher than normal subglottal
pressures.

This brief examination of pitch production shows that
physical factors that affect pitch control are more complex
than any one of the three theories would lead us to believe.
While there may be disagreements as to which factor is
primary, vocal cord tension and subglottal pressures are both
commonly taken to account for tone-voice correlations. Pointed
out in this section, control of either vocal cord tension or
subglottal pressures involves more than one part of speech
physiology. 2As each part so identified is controllable
independently of others, any selection can amount to an
arbitrary theoretical bias without the backing of experimental
evidence.

5.4.3.2. Voice control

There is a general agreement that three interdependent
factors are involved in the production of voiced vs. voiceless
consonants. These factors are: 1) vocal cord tension; ii)
subglottal pressures; and iii) glottal aperture (Lehiste and
Peterson 1961, Ladefoged 1968, Halle and Stevens (1971), and
Maddieson 1974, 1976). Among these factors, vocal cord tension
and subglottal pressures have been discussed in relation to
pitch control in section 5.4.3.1. So I focus on glottal

aperture in this section.
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Glottal Aperture. Glottal aperture refers to the distance
between the two vocal cords. This distance is controlled
mainly by arvtenoid cartilages-two bone-like structures that
flank the vocal cords (lLadefoged 1975). In the production of
voiced consonants, aryvtenoid cartilages move towards each
other with the consequent effect of reducing glottal aperture.
In the case of voiceless consonants, the cartilages move away
from each other, creating a larger than normal glottal opening
and thus making it more difficult to set wvocal cords
vibrating. Bowever, this is not the only means whereby glottal
aperture can be manipulated. As suggested by Halle and Stevens
(1971) and many others, increasing tension in the vocal cords
also results in setting apart the vocal cords.

Moreover, it is evident that control of arytenoid
cartilages and tension in the vocal cords can vary
independently to produce the desired result. For instance, in
the production of so called "murmur" or creaky voice sounds,
the vocal cords can be set vibrating while thev remain apart.
In contrast, the production of so <called creaky or
laryngealized sounds, the vocal cords can be tightly close
without vibrating. This shows that the principal means of
controlling glottal aperture can be independent.

To summarize the results in the above two sections,
controls of pitch and voice both involve more than one part of

human speech physiology. In the case of pitch, two factors are
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isolated: vocal cord tension and subglottal pressures. In
addition to these two factors, voice production involves an
additional aspect: glottal aperture. These results are

summarized below:

(16) Physical Adjustments Involved in Pitch/Voice Control

Pitch/Voice Control| Physical Adjustments Involved

tension horizontal|vertical

Pitch
pressure rib cage diaphragm larvnx
tension horizotal |vertical

Voice pressure rib cage diaphragm larynx
aperture cartilagesitension

To summarize section 5.4, there is no empirical evidence
that supports the conclusion that acoustic and perceptual
correlations of tone and voice are the work of a single
physiological or aerodynamic mechanism, namely the Single
Source Hypothesis. As my critique shows in section 5.4.2, it
is often the case that one factor is favored while the roles
of other factors are acknowledged. If the complex dynamics of
pitch and voice productions is taken into account, it becomes
inevitable that the conclusion, drawn by the three theories of
tone-voice correlations, requires much more scrutiny than it
has been subjectd to.

The significance of this section is apparent. It casts

serious doubt on the myth that there is a single physical
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mechanism that unites high tone.and voicelessness and low tone
and voicedness. Such a myth is the cornerstone upon which
proposals of identical features for tone and voice are based
(i.e. Halle and Stevens 1971, Lieber 1987, etc.). This
discussion renders dubious the very assumption that these
proposals are based on.

If physical correlates of tone and voice features are not
tension (as expressed by [+stiff] and'[tslackl) or some other
physical properties like glottal air flow, what do these
features stand for? In Chapter 1, I propose [+HI] and [+LO] as
tonal features. Following Maran (1971), I suggest that they
correspond to acoustic fundamental frequencies (F,): [#HI]
refers to raised F, while [xLO] refers to lowered F,. Voice
contrasts are still stated in terms of [+vd], with [+vd] and

[-vd] referring to the presence or the absence of vocal cord

vibration.
5.5. Conclusion

The Grounding Conditions partition path conditions into
two sets: i) phonetically motivated set; and ii) phonetically
unmotivated set. In Chapter 4, phonological evidence is
presented in support of invoking conditions that belong to the
phonetically motivated set. This chapter ccmplements Chapter
4 by providing phonetic evidence for the set in i).

In set 1i), four pairs of conditions place voice

constraints on tonal operations, implying that voice
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influences tone. Data from English, Swedish, Yoruba, Siamese,
and Burmese confirm this claim. Voicelessness raises F,
whereas voicedness lowers F,. These data show: i) high F, is
sympathetic with voicelessness, but antagonistic with
voicedness; and ii) low F, is sympathetic with voicedness, but
antagonistic with voicelessness.

The phonetic motivation is provided for four other pairs
of path conditions: i) UNVOICED/HI; ii) UNVOICED/LO; iii)
VOICED/HI; and iv) VOICED/LO. These conditions impose tonal
constraints on voice operations, implying that tone affects
voice. Perceptual evidence drawn from English confirms this
claim: high F, leads to voiceless perception and low F, to
voiced perception.

In addition, the impact of voice on F, and vice versa is
shown to be limited to the immediately following vowel. This
phonetic fact is consistent with Ngizim and Ewe, where it is
shown that an onset consonant can affect the landing of tone
on the immediately following vowel, but not the coda consonant
or the second vowel of a bimoraic syllable.

The last section of this chapter focuses on the
articulatory aspects of tone and voice. I demonstrate that the
explanation for tone-voice correlations does not 1lie in
identifying a single physiological or aerodynamic factor.
Through examination of pitch and voice control, it is shown

that pitch and voice can both be controlled independently by
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more than one phvsiological or aercdvnamic factor, which is in

turn handled by more than one physiological mechanism. The

significance of this section is that it refutes the Single

Source Hypothesis which proposals of identical features for

tone and voice rely on.
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CHAPTER 6

ISSUES IN TONE-VOICE CORRELATIONS

6.1. Introduction

Previous chapters have focussed internally on the
predictions and assumptions of the Prosodic Hypothesis. In
this chapter, I would like to move beyond the Hypothesis and
examine an alternative tone-voice proposal.

There are frequent references to and descriptions of
tone-voice in phonological literature: i.e. Ewe (Ansre 1961,
Stahlke 1971), Zulu (Cope 1959, 1970; Rycroft 1963, 1980),
Jingpho (Maran 1971), Ngizim (Schuh 1971), Nupe (George 1970),
Jabem (Poser 1981), Ebrié (Lojenga 1985), etc. But tone-voice
cases have received little theoretical interest so far; formal
accounts of tone-voice are scarce. Most accounts of tone-voice
are descriptive (i.e. Ansre 1961, Cope 1959, 1970, Rycroft
1963, 1980, Poser 1981, etc.) or language-specific (i.e. Maran
1971, Schuh 1971, Stahlke 1971, Laughren 1984 for Zulu, and
Lojenga 1985).

Lieber (1987) is one exception for three reasons. First,
she has articulated a model that makes clear, testable

predictions about tone-voice. Second, she has tested this
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model against actual tone-voice datal. Third, her theory is
claimed to be universal, applving to tone-voice systems in
other languages. Consequently, Lieber (1987) presents a
comparable theory worth scrutiny.

More importantly, Lieber (1987) draws attention to some
important issues on tone-voice phenomena and the
misconceptions surrounding these issues. Two of these issues
are: 1) tone-voice 1s a phonetic, not a phonol;gical
phenomenon; and ii) tone-voice can be handled in terms of
assigning identical features to tone and voice (i.e. Halle and
Stevens 1971). As Lieber (1987) has taken explicit stands on
these issues, it is worth examining them as they bear on our
understanding of tone-voice phenomena.

Section 6.2 briefly introduces Lieber (1987), focusing on
the two mechanisms that play a central role in her account of
tone-voice: 1i) thé Duplicate Feature Filter (DFF); and ii)
Spillover. In Section 6.3, I examine the DFF, a general
constraint on autosegmental representations. I argue that the
DFF is problematic, both conceptually and empirically. Section

6.4 addresses the three claims Lieber mekes regarding

! This point is important. There are several proposals in
the literature that purport to explain tone-voice
interactions. But one finds no phonological study undertaken
of tone-voice systems using such proposals (i.e. Halle and
Stevens 1971, Walker 1989, Duanmu 1992, etc.). I find it
difficult to assess these proposals which are not backed up by

empirical investigations of tone-voice in phonological
systems.
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Spillover. I demonstrate that none of these claims is borne
out.
6.2. Lieber (1987)

Lieber (1987) analyses tone-voice interactions in Ngizim
in terms of two formal mechanisms: i) the DFF; and ii)
Spillover. This section takes a close look at these mechanisms
and some other assumptions that Lieber has to make in order to
explain tone-voice interactions. As Lieber bases her proposal
on tone-voice in Ngizim, it is probably fitting to start with
Ngizim.

Lieber draws her Ngizim data from Hyman and Schuh (1974,
106) . These data are identical in nature with those in Chapter
2, but come from different paradigms in Ngizim. In (1), tone
lowering is illustrated; tone lowering applies across a voiced
or sonorant onset in (la) and (1b), but not across a voiceless
onset in (lc). In (2), tone raising is displayed; tone raising
takes place across a voiceless and sonorant onset in (2a) and
(2b), but not across a voiced onset (2c).

(1) Tone Lowering

a. mu.gba bai -> mu.gba bai ‘it’s not a monitor’
b. maa.xr@m t@m -> maa.r@m t@m ‘big nose’
c. $ii.td bai -> $ii.td bai ‘it’s not pepper’

(2) Tone Raising

a. néd-kaa.stiw -> nd-k&a.siw ‘T swept’
b. a-rdp.ci -> a-xlp.ci ‘open’
c. néd-ba.kd -> na-ba.k® ‘I roasted the meat’

tlu.wai tla.wai
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Consequently, Lieber’s account of Ngizim is directly
comparable to the account offered in Chapter 2.

Lieber (1987) proposes that consonants are prespecified
for tones. Inspired by Halle and Stevens (1971), she proposes:
i) voiceless obstruents are prespecified for high tones, ii)
voiced obstruents are prespecified for low tones; iii)
sonorants are not prespecified for any tone. This proposal is
identical in spirit with Halle and Stevens (1971) in assuming
that voicelessness and high tone and voicedness and low tone
are identical, expressable in terms of identical features. She
differs from Halle and Stevens (1971) in proposing that high
tones and low tones are what unite voicelessness and high tone
and voicedness and low tone, respectively.

In addition to specifying different tones on consonants,
Lieber further proposes that vowel tones are independent of
consonant tones. Vowel tones are "autosegmental®; but
consonantal tones are specified "in the core®", meaning that
they are linked to laryngeal or root nodes in terms of feature

geometry?.

2 Lieber (1987) does not address the subsegmental

organization of features. But as she explicitly states that
she considers tonal features to be laryngeal features (Lieber
1987, 173), "in the core" translates directly into "linking to
the laryngeal node"™ in the terms of £feature geometry.
Moreover, Lieber states that vowel tones are "autosegmental",
meaning that they are suprasegmental or independent of a
segment. As consonantal tones are not "autosegmental" in the
same sense, "in the core" can also be interpreted as
indicating that consonant tones are subsegmental or part of a
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In tone-voice languages, consonant tones undergo what
Lieber (1987) refers to as a "phonetic spillover® rule.
(3) Spillover

Prolong tone features of consonantal onset onto following
vowel.

Spillover is not tone lowering. Tone lowering takes place
when vowel tones spread. Consider the representations of tone
lowering. In (4a), the intervening consonant is voiceless and
prespecified for a high tone. In (4b), this intervening
consonant is voiced and associated to a low tone. In (4c), the
intervening consonant is sonorant; no tone is prespecified.
Spillover applies rightward, giving rise to dotted lines

(=...). Tone lowering spreads vowel tones, producing the

broken lines (= ---).

(4) a. [-vd] b. [+vd] c. [+sn]
H L
.. P,
v cyw vev v Ccv
.~ l/” |-
L L L

Similarly, tone raising, together with Spillover, produces

three representations, except that H tones spread in (5):

segment. Under this interpretation, consonant tones can be
dominated by root nodes in terms of feature geometry.
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(5) a. [-vd] b. [+vd] c. [+sn]
H L
I~.. P,
v cwv vCv vecy
L -~ PRy
H H H

Shown in (1) and (2), voiceless onsets block tone lowering and
voiced segments block tone raising. This means that vowel tone
spread must be blocked in (4a) and (5b).
To block vowel tone spread in (4a) and (5b), Lieber
(1987) invokes the DFF:
(6) Duplicate Feature Filter
* [oF;]
[ﬁ;j]

|
[YF;]

The DFF °"scans® the representations in (4) and (5) and ®rules
out as phonetically uninterpretable those which have
simultaneous and conflicting values for duplicated features®
(Lieber 1987, 171).

Vowel tone'spread in (4a) would yield a representation
where the rightmost vowel is specified for both L and H. In
(5b), H spread would give rise to a vowel that is linked to
both H and L. Under the DFF, both representations are ill-
formed; consequently, vowel tone spread is blocked only in
those two cases.

Consider some derivations as an illustration of Lieber

(1987). In (7a), I display the input representations for tone



lowering. Spillover applies in (7b),

tones to following syllables.
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assimilating consonant

Tone lowering takes place in

(7c), spreading the vocalic low tone. In the right derivation,

tone lowering is blocked by the DFF.

(7) Derivations for Tone Lowering

a. Input representations
L L H
P |
mu.gba bai maa.r@m tem
| bt/ VAN |
L H H L H H
b. Spillover
L L H
S AN [
mu.gba bai maa.r@m tQm
| b0/ 1/ 1 1
L H H L H H
c. Tone lowering
L L H
N AN N
mu.gba bai maa.r@m tqm
l--3F 1/ L% |
L H H L H H
d. Desired results
L L H
N N I\
mu.gba bai maa.rm t@m
[l V4 | £ |
L H L H
mu.gba bai maa.rdm t@m

blocked
by the DFF

Tone raising is derived in a similar fashion except that

vocalic H tones spread in (8c).



(8)

Derivations for Tone Raising

Input representations

H H
| |
na-kaa.suw

I VA
H L H

Spillover

H H
B, R
na-kaa.suw
| 1/
H L H

Tone raising
H H
na-kaa.suw

=%/
H L H

Desired results

H H

IN 1N
na-kaa.suw

1/ 7 1
H L H

nd-kia.siw

H

/1
a-r@ep.ci
P !
H L H

/I
a-rgp.ci

H L H

H L H

&-r@p‘ci
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L H

na-ba.k@
[
H L H

L H
l‘-‘ r‘,
na-ba.kQ@

H L H

blocked
by the DFF

L H

R A
na-ba.k@
[
H L H

na-ba.k@

This discussion shows that the two components that f£igure

centrally in Lieber (1987) are: i) the DFF; and ii) Spillover.

These two mechanisms,
consonants,
Ngizim.

mechanisms carefully,

In the next two sections,

together with prespecifying tones on
are supposed to derive tone-voice patterns in
I will examine these two

showing that they are plagued by

considerable theoretical and empirical problems.
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6.3. The Duplicate Feature Filter

Proposed in Lieber (1987), the DFF is a universal
condition on autosegmental representations. It prohibits
representations where two conflicting values of a feature are
associated simultaneocusly to a single segment. I demonstrate
below the conceptual and empirical problems with this
universal condition on autosegmental representations.

6.3.1. Conceptual problems

In her review of Lieber (1987), Archangeli (1988)
identifies two conceptual inconsistencies with the DFF. One
concerns the definition of the DFF. In deriving the desired
results in (7d) and (8d), Lieber suggests that the DFF blocks
vowel tone spread if ‘simultaneous and conflicting values for
duplicated features’ result from the ‘spillover’ of
consonantal tones.

Archangeli (1988) points out that Lieber’s interpretation
of "simultaneous" is inconsistent with the standard assumption
about autosegmental representation. The representation at
issue is displayed in (9). Tl represents the consonantal tone
and T2 and T3 the wvowel tones.

(9) T1

Tl is not linearly ordered with either T2 or T3; under the

standard interpretation, Tl is simultaneous with both T2 and
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T3 (Goldsmith 1976, Sagey 1988, Hammond 1988) . However, Lieber
assumes that Tl is simultaneous with T2, but not with T3 in
her account of Ngizim.

In addition, Lieber’s use of the DFF is novel and
inconsistent with the way that conditions are used to block
autosegmental representations. Note that in (7) and (8),
Spillover is ordered before tone lowering and raising. As a
result, when vowel tone spread takes place, it is subject to
blocking by the DFF.

In her account of Ngizim, Lieber orders vowel tone spread
before Spillover. Under the standard interpretation, the DFF
can only block Spillover, as Spillover yields representations
inconsistent with the DFF. However, Lieber uses the DFF to
block the applications of both vowel tone spread and
Spillover, a novel use of conditions that is not justified.

Pointed out by Archangeli (1988), these two conceptual
inconsistencies weaken the explanatory power of the DFF. As a
conseqguence, tone-voice interactions remain unaccounted for in
Lieber (1987).

6.3.2. The problem with Ewe

Lieber claims that her proposal applies to other tone-
voice languages. In this section, I take a close look at this
claim, applying her proposal to an account of Ewe. I argue
that the DFF must be virtually unrestricted in order to derive

the desired outputs in Ewe.
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Chapter 3 reveals that eleven tonal patterns are
instantiated in Ewe nouns. Of these patterns, £five are

monomoraic nouns. Three of these five patterns are repeated in

(10) :

(10) a. vu ‘fight’

b. fi ‘ashes’

c. 16 ‘crocodile’

Consider the account of (10) under Lieber (1987). As
analysed in Chapter 3, these three forms are not specified for
any vowel tones in underlying representations. Following

Lieber (1987), I present consonants with prelinked tones:

(11) Derivations for (10a)

a. underlying representation
B H H
/1 /1 /1
v u fi lo
! |
L H

Under my account, high tones are derived via H-Tone Insertion
which is subject to [If +HI, then not =+vd].

This account is not available to Lieber (1987). Under her
account, H-Tone Insertion must apply independently of any
condition. Tonal blocking by consonants is expressed by
Spillover in conjunction with the DFF. Spillover is a low-
level phonetic rule, which is always the last rule to apply
(Lieber 1987, 173). Thus, the derivations proceed as in (1llb).

Prefixation takes place in (llc), while (11d) shows Sonorant
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L-Tone Deletion.

b. H-Tone Insertion
H H H
| | [
12 23 3
/1 /1 /1
v u fi lo
| |
L H
c. Prefixation
L 51 L H L H
| | |
3 u u
/1 /1 /1
v u f 1 lo
| ]
L H
d. Sonorant L-Tone Deletion
H
]
n/a n/a 5
/1
lo

L-Tone Link follows Sonorant L-Tone Deletion, linking the
prefixal L tone to the stems. Under my analysis in Chapter 3,
L- Tone Link i; subject to [If +LO, then not -vd], which
prevents it from landing on fi “ashes’. In Lieber (1987),
Spillover is responsible. Consequently, L-Tone Link should be

able to link to the left and middle forms:
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e. low tone spread

L. H L H
~<l T~<d
32 33
/1 /1 n/a
v u fi
] |
L H

Then Spillover applies. Under the standard assumption, the
onset H tone should be blocked from spilling over into the
following vowel, giving rise to the forms in (11f).

f. Spillover

L\ H
~
blocked
/1 by the DFF n/a
vy
l,/
L
*vi *fy 16

Lieber’s proposal generates two incorrect forms out of three.

The desired results should be those shown in (1lg):

g. Desired results

L\ H L H H
~~ . | I
|2 B n
/1 /1 /1
v u £ i lo

1/ |

L H
vu fi 16

To yield the desired results, the DFF must be able to
trace back through three phonological rules to remove the

linking of H in vu ‘fight’. In addition, the DFF must be able
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to return to the application of L-Tone Link and remove the
association of L in the middle derivation. Obviously, this use
of the DFF is too powerful to constitute a constrained theory
of autosegmental processes.

In summary, this section demonstrates that the DFF is
fraught with problems. On the conceptual side, Archangeli
(1988) identifies two areas where Lieber departs from accepted
practices in autosegmental literature. One concerns the
interpretation of "simultaneous"; the other the use of
conditions to block autosegmental representations that are
ill-formed. These problems weaken the power of the DFF. On the
empirical side, this section tests Lieber (1987) against Ewe
and shows that the DFF is too unrestricted to be a condition
on autosegmental representations.

6.4. Spillover

Spillover plays a fundamental role in Lieber’s account of
tone and voice in Ngizim. Without Spillover spreading tones to
following wvowels, the DFF would never apply to tone-voice
representations. This section investigates the claims and
assumptions that Lieber makes regarding Spillover.

In section 4.1 of her book, Lieber (1987) makes three

important claims concerning Spillover:
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(12) Three Claims Concerning Spillover

a. Consonantal influence on tones is to be expressed as
*prolonging” consonantal features onto following vowels.

b. Prolonged consonantal features are identical with tonal
features because they share the "same articulatory
gestures".

c. Spillover is a "low-level phonetic rule" (Lieber 1987,
170), which is "always the last thing to occur in the
derivation® (173).

I argue that all three claims are problematic.

6.4.1. On "prolionging"

Chapter 5 has shown that voicing-induced F, perturbations
are in general limited to the vowel that immediately follows
the onset consonant. This is most evident in Yoruba, a member
of the Kwa language that 1s most closely related to the
languages examined in this thesis. Shown by Hombert (1977b),
consonantal influence on F, persists 60 ms into the following
vowel. As an average vowel lasts from 180 ms to 240 ms, the
impact of voicing is restricted to an adjacent vowel.

As shown in Chapter 3, H-Tone Insertion in Ewe 1is
consistent with the phonetic data on the duration of the
impact that voice exerts on F,. Recall that H-Tone Insertion
is subject to [If +HI, then not +vd].

Consider the derivations for vu ‘fight’ and vii ‘child’
with respect to H-Tone Insertion. In (13a) I present the input
representations for these two forms; (13b) displays the

application of H-Tone Insertion. A high tone lands on the
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second vowel in the right derivation; but in the left
derivation, [If +HI, then not +vd] blocks H-Tone Insertion
from linking a high tone to the vowel.

(13) Derivations

a. input representation

8 3
/1 /11
v u vii
| |
+vd +vd
b. H-Tone Insertion

H
blocked by |
if +HI, then uu
not +vd AR
vii

Ewe nouns reflect the phonetic restriction. Shown in (13),
tone insertion is subject to blocking only if it targets an
adjacent vowel.

These phonetic and phonological restrictions follow from
the Prosodic Hypothesis. Onset consonants form a moraic unit
with the following vowel; thus, a tone associated to this mora
is on a path with onset features. As long as path conditions
are invoked, the onset, with appropriate featural
specifications, can block the 1landing of tone on the
immediately following vowel.

But in the case of bimoraic nouns like vii "child", there
are two moraic constituents, with the second vowel forming its
own moraic unit. Under the definition of path, a tone

associated to this mora is never in a path relationship with
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the onset. Thus, the Prosodic Hypothesis derives the limited
impact of voice on tone.

Under Lieber (1987), there is no restriction to how far
consonantal features spill into following vowels. Recall that
vowel tones are represented autosegmentally on one tier.
Consonantal tones are projected in the core on another tier,
as shown in (l14a). As such, there is no priori reason for
consonantal tones not to spread onto both of the following
vowels, as shown in (14b):
(14) a. T T b. TT

TJ,J, f\',\',

g -
D

T T
Thus, Lieber (1987) predicts that consonantal influence can
persist onto the second vowel of a bimoraic syllable.

This prediction remains to be substantiated. Lieber
(1987) offers no such phonological evidence. To the best of my
knowledge, there is no such evidence in the literature. The
survey of the phonetic evidence in the four languages in
Chapter 5 suggests that this prediction is phonetically
implausible. As Spillover is claimed to be based on phonetic
facts, this prediction remains to be supported.

6.4.2. On "same articulatory gestures"

In addition to "prolonging®, Lieber (1987) also claims

with regard to Spillover that tone and voice are controlled by

the same articulatory gestures. This claim forms the basis for
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positing identical features for tone and voice, which generate
via Spillover representations relevant to the DFF. Defined in
(6), the DFF prohibits representations only if they contain
segments that are linked to two conflicting values of a single
feature. Without positing identical features for tone and
voice, the DFF would never be relevant.

As evidence for the claim, Lieber (1987) cites the
following paragraph from Ladefoged (1968, 42):

Many consonant articulations cause a variation in the
rate of flow of air through the glottis. This results in
a variation in the pitch because the rate of vibration of
the vocal cords depends in part on the force with which
the cords are blown apart and sucked together by the
airstream. Voiced stops and fricatives tend to cause a
decrease in the rate of flow through the glottis, and
hence a lowering of the pitch, since, in accordance with
the principle of economy of effort, all speakers I have
observed do not bother to make the delicate adjustments
in the tension of the vocal cords which would compensate
for the decrease in flow. Conversely, during the first
part of a vowel after the release of a voiceless stop or
fricative there is a high rate of flow, which results in
an increase in pitch as long as there is no countering
adjustment in the tension of the vocal cords. It follows
that the actual frequency of a given tone as pronounced
by a given speaker will vary in accordance with the
consonants at the beginning of the syllable.

Discussed in Chépter 5, Ladefoged advocates the aerodynamic
theory to explain tone-voice correlations. Crucially, the rate
of airflow across the glottis is identified as the key that
correlates high tone and voicelessness and low tone and
voicedness. This proposal is clearly expressed in the above

citation.

What is unexplained is theat Lieber (1987) endorses Halle
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and Stevens’s (1971) proposal as well. Recall that Halle and
Stevens (1971) propose that high tone and voiceless obstruents
share the feature [+stiff vocal cords] and low tone and voiced
obstruents share [+slack vocal cords]. As discussed in Chapter
5, what forms the basis of their proposal is the belief that
there is a single articulatory mechanism underlying tone and
voice: horizontal vocal cord tension.

By adopting Ladefoged and Halle and Stevens, as Lieber
(1987) has done, the conclusion appears to be that there is no
single articulatory mechanism that underlies tone-voice
correlations. As pointed out in Chapter 5, Ladefoged (1968)
identifies the rate of air flow across the glottis as the key,
whereas Halle and Stevens (1971) point to vocal cord tension.
Air flow and vocal cord tensions cannot both exist if the
claim is that tonal and voicing features share a single
identical articulatory gesture.

Argued in Chapter 5, there is no phonetic evidence
supporting the claim that tone and voice are manipulated by
identical physiological mechanisms. As Lieber’s proposal
hinges critically on this claim, we have yet to see the
phonetic evidence for it.

6.4.3. On "low-level phonetic rule"

A third property that Lieber (1987) attributes to

Spillover is that it is a "low-level phonetic rule" (170)

"which is always the 1last thing to occur" (173). Lieber
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continues by saying (173):
Finally, and most importantly, this analysis ties the
effects of the depressor consonant rules to their
articulation and treats depressor consonants in exactly
the same way that consonantal interference in other
languages was treated.
Evident from this quotation, Lieber believes that her
spillover account of Ngizim applies to other language with
similar tone-voice phenomena. This is a strong claim, one
worth scrutiny.

One advantage that Lieber attributes to her spillover
proposal is that ®"it provides some explanation for the fact
that depressor consonants only affect fully assembled tonal
melodies; for the most part, the effects of depressor
consonants are low-level phonetic effects.®

This advantage is stipulated and does not follow £rom any
principle in Lieber (1987). There is a fundamental distinction
between a phenomenon that has a phonetic explanation and a
rule that is phonetic. Just because tone-voice interactions
have a phonetic (more precisely, acoustic) explanation, it
does not mean that rules that express these interactions are
phonetic.

To establish Spillover as a phonetic rule, one should
examine whether Spillover behaves as a phonetic rule.
Arguments of this sort are absent. The only evidence Lieber

(1987) offers is the citation from Ladefoged (1968, 42), who

suggests an aerodynamic explanation for tone-voice
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correlations.

This is surprising. As early as (1983), Liberman proposes
four criteria whereby phonetic rules are distinguished from
phonological rules:

(15) Criteria distinguishing phonetic from phonological rules

a. Phonological rules are restricted to binary use of
features; phonetic rules involve gradient use of

features.

b. The number of phonological entities is bounded; the
number of phonetic entities is in principle unbounded.

c. The consequences of phonetic rules often involve matters
of temporal structure and coordination.

d. Phonetic rules cannot have lexically-conditioned
exceptions.

None of the four criteria is referred to by Lieber in
determining that Spillover is a phonetic rule. The conclusion
is that this claim is stipulated in Lieber (1987).

In addition, that Spillover is a phonetic rule is claimed
by Lieber to be applicable to other languages. This claim is
not substantiated, even though there is evidence for ordering
tone-voice rules after all other rules in Ngizim (Schuh 1971).

One language that is claimed to be accountable by
Spillover in Lieber (1987) is Nupe. As shown in Chapter 4,
Nupe has a Low Tone Spread rule that interacts with
consonantal voicing; that is, the low tone cannot assimilate
to the following vowel unless the intervening onset consonant

is voiced: é-tu ‘graft’ vs. e-dd *é-du ‘taxes’.
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There is evidence in Nupe that Low Tone Spread is a

lexical rule. For it functions as a morpheme structure

constraint, which, according to Kiparsky (1985), is a strong

indication of the rule’s lexical status. In Nupe, such
sequences as VC .V are wiped out, as shown in (16):

(16) Low Tone Spread functions as a morpheme structure
constraint (Banfield 1914)

a. Low-[~-vd] -High Low-[-vd] -Rise

beka ‘smell sweet’ -
fétswa ‘fan’ -—-
1lisdafi ‘account’ -——
ké&tikatl ‘trade corduroy ---

cloth’
b. Low- [+vd] -High Low-[+vd] -Rise
- bagba ‘rank’
-—- fayé ‘be attractive’
-—— ledu ‘clay’

- alubdsa ‘onion’

Pulleyblank (1986) examines Liberman’s (1983) suggestion
that postlexical rules are equivalent to phonetic rules. He
concludes that this claim is too strong. He shows that the
sound systems of languages are best represented as three
components: i) lexical; ii) postlexical; iii) phonetic. He
argues that the phonetic component is ordered after both the
lexical and postlexical components. If Pulleyblank (1986) is
right, then Low Tone Spread cannot be a phonetic rule. Nupe
offers a counterexample to the <claim that tone-voice
correlations are the results of the low-level phonetic

spillover from preceding consonants.
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6.5. Conclusion

This chapter examines the two mechanisms that Lieber
(1987) invokes to account for tone-voice interactions in
Ngizim: i) the DFF; and ii) Spillover. With respect to the
DFF, I show that Lieber’s definition and interpretation of the
DFF are inconsistent with standard assumptions. Moreover, the
DFF is empirically flawed once Ewe 1is taken into
consideration. There are three claims that Lieber has made
regarding Spillover. None of these claims is wvalid.

Besides critiquing Lieber (1987), there is an additional
goal in mind: to clarify some of the myths surrounding tone-
voice interactions. One such myth is that tone-voice is a
phonetic phenomenon because tone-voice interactions have a
strong phonetic tie. In section 6.4, we see that Lieber (1987)
perpetuates this myth by claiming without any evidence that
Spillover is a phonetic rule.

Another such myth is that tone-voice interactions are
themselves an indication that an identical mechanism 1is
responsible for the production of tone and voice - a view that
is most directly expressed in Walker (1989). In Chapter 2
through Chapter 4, I have shown that this assumption does not
have to be made in order to account for tone-voice. In Chapter
5, I have demonstrated that phonetic evidence is yet to be
presented for this assumption. In this chapter, I show that

making this assumption, as Lieber does, does not necessarily
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lead to a solution to tone-voice.
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CHAPTER 7

SIGNIFICANCES AND IMPLICATIONS

7.1. Introduction

Focusing on tone-voice interactions, this thesis shows
that this empirical problem can receive a revealing
explanation from the Prosodic Hypothesis. Laid out in Chapter
1, the Prosodic Hypothesis exploits familiar prosodic
representations and path conditions in an account of tone-
voice. As a conseguence, the Hypothesis handles successfully
the ¢two challenges of tone-voice: 1i) "cross-~segment”
interactions; and ii) "cross-tier" interactions.

Before concluding this thesis, I would like to address
two issues: i) what has this thesis accomplished; and ii) what
remains to be investigated. In the next two sections, I would
like to address these two questions in more concrete terms,
highlighting the contributions as well as stressing the key
areas where research is called for.

7.2. Significances

This thesis makes empirical and theoretical
contributions. On the empirical side, this thesis advances our
knowledge of tone-voice, emphasizing the importance of facts
about tone and <voice that are frequently ignored.

Theoretically, this thesis advances our understanding of
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opacity, highlights the important roles of phonetics, and
strengthens our assumptions about tonal and onset
representations.

7.2.1. Empirical contribution

Pointed out earlier, tone-voice correlations have
received considerable attention at least £from descriptive
studies. Yet such attention is focused almost exclusively on
the so called archetypical patterns of tone-voice correlations
in (1).
(1) Patterns of Tone-Voice

a. Onset voiced obstruents are transparent to low tone
spread. But voiceless obstruents are opaque.

b. Onset voiceless obstruents are transparent to high tone
spread. But voiced obstruents are opaque.

C. Sonorants are transparent to both low tone and high tone
spread.

Though the patterns in (1) are important generalizations, they
do not exhaust the range of variations that tone-voice can
have. A tone-voice theory constructed on the basis of (1)
alone cannot but fail to take into account important facts
about tone and voice.

This is, unfortunately, the reality with phonological
studies on tone-voice interactions. From the earliest
descriptive statements to the most recent formal accounts of
tone and voice, certain facts about tone-voice are

consistently ignored even in those languages where such facts
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are relevant. There are at least three areas that can be
identified as such.

One area that has yet to be considered concerns the
behavior of coda consonants in tone-voice interactions. There
is a general assumption that coda voice never affect; the tone
on preceding vowels. This assumption requires scrutiny in a
language like Ngizim, which allows a full range of consonants
to serve as codas. But codas are neither referred to in
Schuh’s (1971) description of tone-voice interactions in
Ngizim nor taken into account by the tone-voice proposal
advocated by Lieber (1987).

Another area that is ignored is how onset consonant
clusters pattern in tone-voice interactions. All descriptions
of tone-voice focus on v.cv sequences. But languages with
v.ccv sequences do exist. It would appear to be a natural
question to ask whether or not the patterns in (1) can still
hold of tonal spread that propogates rightward in a v.ccv
sequence. But this issue is never raised in descriptive and
formal statements of tone-voice interactions in Ewe and Nupe
even though both languages possess onset consonant clusters.

A third area concerns the directionality of tonal
operations. The tonal spread most often referred to in
descriptive and formal studies involves the rightward tonal

spreading, as shown in (2a).
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(2) a. rightward spreading b. leftward spreading
T T
N ad’
cv.cv Ccv.cv

As tonal spread frequently involves right-to-left operations,
one wonders what would happen to tone-voice interactions under
such circumstances. This question is pertinent in Ewe with
right-to-left rules of H-Tone Insertion as well as Leftward L-
Tone Assimilation.

The empirical importance of this thesis is the
rocognition of these facts in constructing a unified theorxry of
tone-voice. Tone-voice is not just the patterns in (1), as
published literature would lead us to believe. To construct a
theory on the basis of (1) alone not only underestimates the
complexity of tone-voice but also misses important
generalizations concerning tone-voice.

Demonstrated in this thesis, taking into account these
facts contributes considerably to the model of tone-voice
constructed here. For instance, the consideration of coda
consonants informs us about the 1role of prosodic
representation in the account of tone-voice. The incorporation
of data with consonant clusters suggests the specific
specification of voicing. The right-to-left rule of H-Tone
Insertion reveals the limited impact of onset consonants - a
phonological fact that is consistent with the phonetic studies

of F,. This fact in turn leads to the construction of a theory
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that reflects the phonological and phonetic reality. Thus this
thesis advances our empirical knowledge of tone and voice by
bringing a set of facts to bear upon the archetypical patterns
identified in (1).

7.2.2. Theoretical contributions

This thesis makes a number of contributions to
phonological theory. In this section, I will discuss these
contributions as they bear on Grounded Phonology, the prosodic
theory, and the featural representation of tone and voice.

Grounded Phonology. Grounded Phonology, proposed in
Archangeli and Pulleyblank (in prep.), is based largely on
examination of the interaction of ATR with other features. The
importance of this thesis is that it increases the empirical
coverage of Grounded Phonology.

This thesis increases the empirical coverage of Grounded
Phonology in two senses. First, this thesis examines the tone-
voice phenomenon, which is not discussed by Archangeli and
Pulleyblank (in prep.). Second, interactions between ATR and
other features are interactions among segmental £features;
tone-voice correlations are interactions between segmental
features (voice) and suprasegmental features (tone).

In addition to increasing the coverage of Grounded
Phonology, this thesis advances our understanding of opacity.
Previous discussions of opacity focus on representations like

(3); where the opaque segment (= x) is in the middle or in the
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way of spreading:

(3) a. F b. F
== w=""1
K..oXe..X X...X...X

Examination of tone-voice reveals that opacity is not
restricted to (3). Opacity can arise even out of
representations as shown in (4), ¢ being what blocks tonal
operations:

(4) a. T b.

S e
c g,dyc

T
-
v
(4a) illustrates a right-to-left tone insertion; (4b) displays
a right-to-left tone spreading.

What is evident from (4) is that it is not necessary for
an opaque segment to be in the middle to block an operation.
The crucial thing is that the blocking segment must be in the
right geometric relation to the target. This relation is
defined by path conditions. To the extent that path conditions
can handle the challenges presented by (4), I take it as a
strong argument in support of the Grounding Conditions Theory
in Grounded Phoﬁology.

The Prosodic Theory. Most recent discussions on the
feature hierarchy focus on the representations of subsegmental
features. This thesis studies the representation of tone, a
question that arises naturally out of the investigations of

the hierarchical representations of features. I argue that

tone docks on moraic units. By linking tone to mora, this
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prcpssal directly encodes the prosodic nature of tone in its
representation.

In addition, this thesis reaffirms the conclusion drawn
by Kubozono (1989) and Katada (1990) concerning the
representation of onsets. That is, onsets are associated to
moras and only indirectly to syllables. Kubozono (1989) and
Katada (1990) base their conclusion on the external evidence
from speech errors and language game. The significance of this
thesis is that it provides language-internal evidence from
tone-voice interactions in support of mapping onsets to moras.
Moreover, this thesis extends their conclusion by showing that
multiple onsets are all associated tc moras, a question that
cannot be considered in the Japanese context.

The Featural Representation of Tone and Voice. A
recalcitrant problem that confronts any account of tone-voice
is how to express the blocking of tonal operations by onset
consonants. Pointed out earlier, the dilemna presented by
tone-voice is that it presents a case of "cross-segment" and
"cross-tier" interactions.

The typical solution is to represent tone and voice with
identical features, as articulated in Halle and Stevens (1971)
and many of its variants. As argued in this thesis, this
proposal and its variants are not only unnecessary but also
based on the phonetically unsupported assumption that tone-

voice interactions are the result of a single physiological
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gesture, that is, the Single-Source Hypothesis.

To summarize section 7.2, I have emphasized the
contributions of this thesis to the tone-voice phenomenon and
Grounded Phonology, the prosodic theory and the representation
of tone and voice features. But more importantly, the thesis
provides a unified theory whereby the varied patterns of tone
and voice can be examined.

7.3. Implications

This thesis makes a number of testable predictions
concerning sonorant onsets, consonant codas, and voicing
operations. My following discussion focuses on specifying in
as much detail as I can the predictions following from the
Prosodic Hypothesis. Whereever possible, I will contrast these
predictions with those made by some existing proposals. My
goal is to provoke more research in this area so that we can
better understand the nature and complexity of the tone-voice
phenomenon and the theory we construct to explain them.
7.3.1. Sonorant onsets

Sonorant onsets are typically transparent to tonal
operations. This is evidenced in Ngizim. Shown in Chapter 2,
both tone lowering and tone raising assimilate across sonorant
onsets in Ngizim. The issues to address here are: i) What
predictions does the Prosodic Hypothesis make about sonorant
onsets? and ii) Are they supported by empirical evidence?

While answers to ii) will have to await further research, I
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can address i) in this section.

There are two predictions that the Prosodic Hypothesis
makes about sonorant onsets. The first prediction concerns the
behavior of sonorants if sonorants are redundantly voiced.
With respectito Ngizim, Ewe, and Nupe, sonorants are shown to
be completely transparent under such a condition.

The issue is whether or not redundantly voiced sonorants
can be opague to tonal operations. The prediction is ves.
Following Grounded Phonology (Archangeli and Pulleyblank in
prep.), I assume that redundant F-elements are inserted by
rules, not by redundancy rules. If redundant F-elements are
filled in by rules, [+vd] insertion can be ordered before
tonal operations. As long as relevant path conditions are
invoked, sonorants are predicted to interact with tonal
operations.

The second prediction concerns the behavior of sonorants
if sonorants contrast in voicing. In such languages, either
[+vd] or [-vd] has to be specified. Consequentlyv, the
prediction is that such voice specifications can and should
interact with tonal operations under appropriate conditions.

In contrast, Halle and Stevens (1971) make a different
prediction concérning the second prediction. Recall that Halle

and Stevens classify consonants in terms of (5):



314

(5) Voiceless Voiced
Obstruent Obstruent Sonorant

Stiff vocal corxds + - -
Slack vocal cords - + -

By definition, this proposal does not recognize the
possibility of a voicing distinction in sonorants. It
therefore denies the‘possibility'of sonorant voice interacting
with tonal operations.

This prediction is also true of other variants of Halle
and Stevens (1971). For instance, Lieber (1987) proposes that
sonorant onsets are not specified for tone. As a result,
sonorants can never block tonal operations as there is no tone
that spills over into following vowels.

Even though we cannot yvet test these predictions, the two
predictions of the Prosodic Hvpothesis are plausible from the
phonetic point of view. As discussed in Chapter 5, redundantly
voiced sonorants in English exhibit a lowering effect on F.,
suggesting that the first prediction is phonetically
plausible. Evidence from Burma, discussed by Maddieson
(1984), shows that voiced and voiceless sonorants exhibit
behaviors identical with those of voiced and voiceless
obstruents in support of the second prediction.

In addition, there are some phonological data suggesting
that the first prediction is not that far-fetched. In his
description of tonology in Zulu, Rycroft (1963, 46) includes

as depressor consonants such sonorants as /m, n, 1/. As there
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is no evidence that Zulu sonorants contrast in voicing, the
suggestion is that voiced sonorants can depress the tones of
the following vowels. While the phonetic and Zulu data do not
constitute as phonological evidence for these predictions,
they appear to be consistent with the Prosodic Hypothesis,
suggesting that additional research is called for in this
area.

7.3.2. Coda consonants
This thesis makes testable predictions about the
behaviour of coda consonants in tone-voice interactions. There
are two specific predictions concerning coda consonants. The
first prediction is that coda consonants are not able to block
tonal operations if they are moraic. As shown in (6), linking
the tone (T) to the left mora does not give rise to a path
between tone and coda voice. Under the Prosodic Hypothesis,
whether or not a path condition is invoked on the tonal
operation, the voice specification of coda consonants will not
make any difference:
(6) T ©
~1\
2
/i1
cvece
iéd
Ngizim confirms this prediction.

There is a second prediction that this thesis makes

concerning coda consonants. That is, coda consonants, if not
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moraic, can block a tonal operation as long as a pertinent
path condition is invoked. The representations at issue are
displayed in (7), depending on whether coda consonants are

mapped to the syllable or the preceding mora:

(7) a. . © b. T ¢
Y ! |
u\ "
/| / 1\
cve c Vv e
| |
+vd +vd

In either (7a) or (7b), linking tone to the only mora creates
a path between tone and [+#vd]. As long as path conditions are
invcked, coda consonants are predicted to exhibit blocking
behaviors just as onset consonants. So far, there is no
empirical evidence to suggest that this prediction is either
correct or false.

These two predictions contrast with Halle and Stevens’
(1971) proposal of identical features for tone and voice.
Under that proposal, coda consonants should behave in a
fashion identical to onset consonants. Both coda and onset
consonants should block tonal operations. According to this
proposal, the predictions should not vary depending on whether
coda consonants are moraic or not.

In addition, there is an additional phonetic implication.
If it is true that whether coda consonants are moraic or not
makes a difference, it 1is predicted that this will be

reflected in phonetic studies as well. More specifically, in
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a language with moraic coda consonants, the phonetic
prediction will be that there should be no effect from voice
on F, of preceding vowels. Moreover, in a language where coda
consonants are not moraic, coda consonants should be expected
to perturb F, of the preceding vowel.

There are some acoustic data suggesting that the first
phonetic prediction is correct. The data come from English
where coda consonants are moraic phonologically. The table in
(8) is adapted from the data presented in Lehiste and Peterson
(1961). 2As shown 1in (8), F, of vowels preceding voiced
consonants can sometimes exceed that of vowels preceding
voiceless consonants

(8) F, and Postvocalic consonants

P T K F S 0 S ¢

[-voiced] |174 168 170 169 169 170 163 174

[+voiced] | 166 168 164 169 171 171 165 168

Variation 8 0 6 0 -2 -1 -2 6

This result with respect to English coda consonants is
replicated in Mohr (1971) and Lea (1973). Thus it appears that
there is some evidence in support of the first phonetic
prediction.

There is no evidence in support of the second phonetic
prediction. The absence of evidence may be explained by the

fact that no effort has been made in this direction. Since the
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question of moraic vs. nonmoraic consonants has never been
raised up until this thesis, the standard assumption has been
that coda consonants do not affect the F, of the preceding
vowel on the basis of evidence from English.

What this discussion suggests is that urgent
investigations are needed to determine the role of coda
consonants in tone-voice interactions. Specifically, .it is
predicted that nonmoraic coda consonants are expected to block
tonal operations as long as path conditions are in force.
Moreover, coda consonants, if not moraic, are expected
phonetically to effect changes in F, of the preceding vowel.
Both the phonological and phonetic predicticins will have to
wait for further inquiry.

7.3.3. Voicing operations

In preceding tone-voice discussions, I have shown that
voice can block tonal operations. However, this thesis leaves
unénswered the question of whether tonal specifications can
interact with voice operations. Suggested in Chapter 4, the
prediction is that the latter cases should exist. This
prediction is based on two reasons. One reason is that changes
in F, can determine whether a voiced or voiceless consonant is
perceived, as suggested in section 5.3. Moreover, Poser (1981)
has argued that Jabem is a case where tonal specifications
affect voicing operations. Given the phonetic and phonological

reasons, it does not appear implausible to leave open the
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possibility that tone can affect voice.
7.4. Conclusion

This chapter has focused the discussion on the
contributions and implications of the Prosodic Hypothesis.
With respect to the contributions, it is shown that this
thesis contributes to the understanding of tone-voice,
Grounded Phonology, and the prosodic theory. Moreover, it is
suggested here that the proposal makes falsifiable predictions
about sonorant onsets, coda consonants, and the tone-affects-
voice cases.

While this list of predictions is not exhaustive, they
suggest some avenues for further investigation. Pointed out
previously, tone-voice interactions have received 1little
formal interest in phonological studies. By devoting an entire
thesis to tone-voice, I hope to have shown that this
phenomenon is more complex than hitherto assumed and careful
examination of tone-voice will vyield results that are

significant, both empirically and theoretically.
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