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1. Introduction

In the discussion on the structure of the syllable» several models have been 
put forth. Recently, there has been a trend, particularly among linguists in 
the United States, (e.g., Hyman (1984,1985), McCarthy & Prince (1986), Ito 
(1986,1988), Hayes (1989), Archangeli (1989,1991)), towards models in which 
the concept of mora, defined as the element which expresses phonological 
weight, plays a major role in syllable structure. More specifically, syllabic 
subconstituents and elements expressing syllabic weight have been identi­
fied with each other.

Hyman (1984,1985) was the first to contribute to the current wave of 
interest in the mora as a syllabic building block. In his theory, moras re­
place syllables altogether. He takes the radical view that it is not the syl­
lable which is basic, but syllabicity. The basic concept expressing sylla- 
bicity is the Weight Unit (WU). Each segment has a WU. Onset consonants 
become weightless by the working of the universal Onset Creation Rule 
(OCR), given in (1) (1985:15):

(1) ®  X e.g. (X) x

[+cons] [-cons] t a

The circle around the X  indicates that this element is delinked and sub­
sequently deleted. The OCR reduces the underlying two WU’s of the se­
quence ta to one. Hence it expresses the fact that onsets are generally not 
weight-bearing. At the same time, the OCR accounts for the general obser-

* We thank Karl Heinz Ramers, Henk van Riemsdijk, Norval Smith, Richard 
Wiese and Martha Young-Scholten for comments on earlier versions of this paper.
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vation that in a CVC sequence, the C belongs to the second syllable.
Hyman does not wish to distinguish between Cs and Vs. In his theory, 

the most sonorous element dominated by a WU is the ‘bearer* of syllabi- 
city. This assumption was strongly criticised in a review by Odden (1986). 
Odden shows that under Hyman’s assumptions it is not possible to distin­
guish between elements which only differ in syllabicity, e.g., English ‘ear’ 
[ir] vs. (reduced) ‘your’ [jr] (1986:670). Odden also points out (1986:670- 
671) that Hyman’s theory cannot account either for the contrast between 
syllabic and nonsyllabic C’s in comparable environments. This contrast oc­
curs in certain languages, e.g. Kimatuumbi.

Hayes (1989) tries to remedy Odden’s objections to Hyman’s theory. In 
this article the author devises a different moraic syllable model and tries to 
show that this particular version of moraic theory is capable of explaining 
phenomena of compensatory lengthening (henceforth: CL). According to 
Hayes, his theory predicts the existing types of CL and excludes the non­
existing types.

Hayes’ theory which has been quite influential during the past two years, 
has been widely accepted as a theory of the internal structure of the syl­
lable. We wish to challenge this theory and the concept of an internal syl­
lable structure based on the mora in general, and to show that a true con­
stituent model of the syllable, based on autosegmental principles of struc­
ture building, is more adequate.

Below, we will give a summary of Hayes’ theory. Then, we will show that 
this theory entails a breach of fundamental and necessary assumptions in 
nonlinear phonology. We will also show that some important facts on which 
the theory is based were incorrect.

The second half of this paper consists of the outline of a theory of syl­
labification based on principles of association and representation which are 
truly autosegmental in nature. We show that this theory can account for all 
genuine CL cases and excludes the non-existing types of CL, while it does 
not encounter the theoretical difficulties characterising mora theory.
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2. The moraic theory of Hayes (1989)

2.1 Syllable structure and syllabification

Hayes argues that various types of compensatory lengthening phenomena 
provide evidence for a model in which segments are dominated by moras, 
rather than by skeletal elements (X’s, or Cs and Vs). By using moras, syl­
lable weight is expressed directly in the syllable structure. Vowels normally 
bear a mora underlyingly, while consonants do not. It is in this point that 
Hayes’ theory differs significantly from Hyman’s: elements which are not 
usually syllabic do not underlyingly bear a mora in Hayes’ theory (except for 
geminate consonants, see below).

In a language in which both CW and CVC syllables count as heavy, the 
following structures are assumed for the three types of syllables (|i = mora):

(2) a.

ft (= [ta])

t a t a
\ /

(= [ta:]) (V- V
I I

t a t

(= [tat])

In a language where a CVC syllable does not count as heavy the structure of 
this syllable is:

(2) d. a

A
/  K
t a t

In this theory, there are two sources for moras. Moras can be underlying 
or can be assigned by rule. Let us first take underlying moras. The three 
way contrast between nonsyllabic vowels (glides), short vowels and long 
vowels is expressed by the contrast in domination by zero, one and two 
moras respectively. The forms in (3a,b,c) represent a glide, a short vowel 
and a long vowel respectively (Hayes 1989:256).

(3) a.
= /j/

b. g
/i/

ft H
1/ = /i: /  
i
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As for consonants, geminates are underlyingly represented as being domi­
nated by one mora, while single consonants are not dominated by a mora:

(4) a. b. p
= /n/ I = /nn/

n n

Syllabification in Hayes* mora theory takes place by “(a) selection of certain 
sonorous moraic segments, on a language-specific basis, for domination by 
a syllable node; (b) adjunction of onset consonants to the syllable node, and 
of coda consonants to the preceding mora” (1989:257):

( 5 )  a . a <7 b . 0 0
1 / l \ A
H A V- t1 = »

1 1 / 1 1 / 1 / ! v
t  a t  a t  a t a  t a t  a

c . a
1

CT
I

d . (7 a
1

H

1

V
1

1

(I =*• (1
1

I1

1 1 N 1 1
a  t a  t a  t a n t  a n t a n t

Hayes treats syllabification only in a cursory manner. He does not explain 
why coda consonants are linked to a mora while onset consonants are 
linked directly to the syllable node. Note that the second part of his sylla­
bification proposal (the adjunction of the onset and coda consonants) in fact 
consists of the working of the autosegmental convention of dumping. In (5c) 
the derivation produces a light CVC syllable, because there is only one 
mora. Languages in which a CVC syllable counts as heavy, are assumed to 
have an additional language specific rule, which assigns a mora to a con­
sonant in a specific position: the Weight by Position rule (1989:258):

(6) Weight by Position

0 o
1 N
p p p where o dominates only p
I I I
a ß  a ß

If this rule is present in the rule inventory of the language in question, the



288

derivation of a CVC syllable proceeds as follows:

(7)

I
t a t

(j
I
V-
I

t a t

V- =* /H
I (Weight by /  | 
a t Position (6)) t a t

Heterosyllabic geminates are syllabified as follows:

(8) <y a <7 <7 a a
1 1 1 / N  f

g ( Xg = »  |t |t |t =» 
I I I  I I I

p m  =* 
1 t 1 Ï 7 iI I I  I I I

a n a  a n a a n a a n a

The consonant melody linked to the second mora is “flopped onto the 
following vowel-initial syllable. This creates an onset (hence a preferred 
syllable structure).” (Hayes 1989:258). This is all Hayes says about the 
mechanism of flopping. It is apparently conditioned by the fact that the fol­
lowing syllable is vowel-initial and that the preferred syllable structure is 
consonant-initial. Note that although Hayes uses the term ‘onset*, the onset 
has no formal status as a node in Hayes’ theory.

Note also that the mechanism of‘flopping* is different from normal onset 
formation in Hayes’ model. As we have mentioned above, normal onset 
formation is an instantiation of the autosegmental concept of dumping. 
‘Hopping* however is not dumping, because the element (the consonant) 
which is linked to the second syllable node is already linked to syllabic 
structure. Neither is it spreading, because the node to which the consonant 
is linked (a) is already linked to other elements. We will come back to the 
question of ‘flopping’ below in section 3, when we evaluate the merits of 
Hayes* theory. For reasons that will become clear below we will refer to 
this type of ‘flopping* as ‘simple flopping* (as opposed to ‘double flopping’, to 
which we will come shortly).

2.2 ‘Classical* compensatory lengthening

We now come to the processes of CL. The role of moras in CL is that they 
are preserved when the elements they dominate are deleted. Then, other,
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nondeleted, elements can spread to them. An example is Latin cEnus 
/kasnus/ -* [kainus] ‘dog’ (a case of‘classical* CL (Hayes 1989:262)):

Apart from this ‘classical* type of CL, Hayes presents other types. We men­
tion a few of them here, as an illustration.

2.3 The ‘double flop’

First, the ‘double flop*. This term refers to CL phenomena where the loss of 
the onset of a syllable results in the lengthening of a vowel in the preced­
ing syllable. Examples are the following forms in Ancient Cyrenaean and 
Ionic1 Greek: *£evFoç =$ Çtjvoç {ksenwos kseinos) \stranger\ *ô8Fôç => 
<!>8ôç {*odwos => o:dos) ‘threshold\ The lengthening process resulting from 
the loss of the F (w) is usually classified by philologists of Ancient Greek 
(like Bartonëk 1966:68-70) as the third compensatory lengthening of An­
cient Greek.2 Of this process, Hayes gives the following account (1989:

1 Hayes mentions that the form as shown here could be found in Ionic (his 
sources are apparently Steriade (1982:118) and Wetzels (1986:310)). However, as 
Buck (1955:49-50) and Lejeune (1972:82,159) indicate, the forms o:dos (<î>8ôç) and 
ksernos (Çrjvoç) are found in Cyrenaean (a Doric dialect), while in Ionic the forms 
are found as oùSôç and ÇsTvoç respectively. The ou and the et here indicate vowels 
(often transcribed as ff, ê) whose quality was more closed than the sound indic­
ated by to [o:] and 7] [e:]. The ou in time became raised to u: in the relevant dia­
lects (Lejeune 1972:230). The reason for the difference between <*), tj and ou, ti is 
that in many dialects, (as Attic and Ionic) the omikron and the epsilon differed in 
quality from the omega and the eta respectively, the short vowels being more 
closed. As a result, the lengthened varieties of o and e retained the quality of their 
short counterparts and did not fuse with w, tj (Buck 1955:28).

2 The process termed by Hayes as ‘double flop* is by no means limited to the 
‘third CL*. It is also displayed by forms where the lengthening was the result of 
the loss of another consonant like in Attic-Ionic *àyys\ôoci àyyzikai (angelsaj

angeilaj) ‘announce’ (inf. aor.), Homeric (= Early Ionic) *sxpivdE Ixplve 
(ekrinseekri:se) ‘judge* (3rd pers. sing, aor.) (Lejeune 1972:126-128) (see also 
Bubenik 1983:58, Steriade 1982:148 and Wetzels 1986:306).

(9) a a a
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266):

a
N

a a
N

a
i\

a
l\

a
A

a a 
N / \

k  n =» V- ^ V- (Jt =* V- H VV
1 1 /1 1 1 1 1 1 1 /1 1 1/ /  1 1
o d w o s o d o s 0 d o s o d o s

Here the d is detached from the second mora and is linked to the second 
syllable. Presumably, because the d cannot be a geminate in this dialect 
(Hayes remains silent on this point), the mora is emptied, and the vowel can 
spread to the mora, hence it is lengthened. The double flop differs from the 
‘single flop’ in that the d is detached from the first syllable. Hayes does say 
why the ‘double flop* occurs. He writes (p. 266) “when the /w/ deletes the 
/d/ desyllabifies, eliminating the highly marked syllable juncture od.os. The 
resyllabification empties a mora and allows the preceding vowel to leng­
then.” We could interpret this in two slightly different ways. Either the d 
delinks first and is then linked to the second syllable, or the linking to the 
second syllable is an independent process, identical to the ‘simple flop’ (see 
above), but which this time triggers the delinking of the consonant from the 
second mora of the first syllable, because the language in question does not 
allow for geminates (i.e., multiply linked consonants). Although Hayes is not 
explicit on this matter, the name ‘double flop’ seems to suggest the second 
possibility.

2.4 CL through vowel loss

A third type of CL we wish to exemplify here as an example of the treat­
ment of CL in Hayes’ theory is CL through vowel loss. An example is the 
Early Middle English form [tab] which changed into [tail], Modem Eng­
lish tale (Hayes 1989:268, quoting Minkova 1982 and Hock 1986). After the 
deletion of the schwa dominated by a mora the principle of Parasitic De­
linking takes effect. This principle reads (Hayes 1989:268): “Syllable struc­
ture is deleted when the syllable contains no overt nuclear segment.” The 
effect of Parasitic Delinking on the output of schwa deletion process is as 
follows:
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(11) a. a a1
b. o <J 

a h
C. a

A A => /  / A n
/ \ / I (schwa drop) / | /

y

(parasitic delinking) / 1
t a 1 9 t a 1 t a 1

Note that the mora has been conserved, due to a stability effect- When the 
form in (11c) has been arrived at, the CL process of Middle English, which 
says “fill empty moras by spreading from the left” (Hayes 1989:269), takes 
effect. This results in the following derivation:

a. o b. a c. 0

A /I V-
/ I /  ^ / 1 /\
t a 1 t a 1 t a 1

3. Criticism of Hayes’ theory

So far the illustration of Hayes1 theory. At this point a short and preliminary 
evaluation of the mora theory is in order. The advantages of Hayes* theory 
are at first sight twofold: (i) there is a direct representation of the syllable 
weight in the syllabic structure and (ii) the phenomena of CL can be ac­
counted for easily. Hayes contrasts his theory on CL with theories involving 
other types of syllable structure and demonstrates that under the assump­
tion of these types, one can just as easily derive nonexisting types of CL as 
existing ones. Therefore, these theories are devoid of explanatory power. 
This type of theory is termed ‘X-theoiÿ by Hayes, because the processes 
take place at the skeletal level. We will come back to this in a moment.

3.1 The nature of the representation

Unfortunately, there are severe drawbacks to Hayes* theory. Let us first 
consider the nature of the multilinear structure Hayes uses. Since the type 
of representation Hayes uses is in fact a set of dominance relationships, 
one would consider his representation to be a metrical one. However, as 
we have seen, he also uses autosegmental principles like spreading and 
dumping. Therefore, one would think the representation is autosegmental. 
This leaves us with a question. Autosegmental and metrical representations
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each have their own defining restrictions. In each of the subtheories, auto- 
segmental and metrical, there are theory-specific notions which have re­
ceived their motivation through these restrictions. Therefore, for both the­
ories, we need to consider whether Hayes’ theory complies with the re­
spective restrictions.

3.1.1 Moraic syllable structure and autosegmental theory

Let us first consider Hayes’ type of representation from an autosegmental 
point of view. To do this, we should investigate whether his representa­
tions in fact comply with the constraints of autosegmental phonology. One 
immediately notices a lack of congruence in the theory of mora assignment: 
while a syllable-initial consonant (or onset consonant, but note that the on­
set has no formal status as a node in mora theory) is directly linked to the 
cr-node, in the case of vowels there is an intervening g-node. This particular 
type of configuration has been devised, as we have seen, to express the 
fact that syllable-initial consonants do not contribute to syllable weight, 
while vowels (and sometimes postnuclear consonants) do, as well as to pro­
vide a medium, through the principle of moraic conservation, for the pre­
servation of syllable weight (i.e., compensatory lenghtening).

Hayes uses the mechanisms of spreading and dumping which have their 
motivation in autosegmental phonology, as a device for establishing links 
between elements on differents tiers. In the autosegmental model, the 
multi-layered phonological representation is a metaphor for relationships 
between members of different ordered sets of elements. The ordered sets 
are the tiers which in themselves constitute linear sequences of elements 
(hence the ordered character of the sets). The relationships between mem­
bers of the sets are the association lines between these tiers. One of the 
essential constraints which define autosegmental phonology is the con­
straint that if association of one element to another element takes place, 
this second element should be on an adjacent tier. Association cannot skip 
tiers on which elements are located and link elements which are in the 
same plane (or bidimensional space), but not on adjacent tiers. In other 
words, the restriction is that elements of a given set can only be linked with 
members of one other single set of elements above them and another single
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set of elements below them. We call this restriction the principle of planar 
tier locality;3

In fact, planar tier locality is a necessary consequence of the idea of the 
plane. To see this, one should realise what happens if one makes it possible 
for an association line to go through a tier without being linked to an ele­
ment on it. If one wishes to link three elements x, y and z which are on 
three different tiers in one plane, there is only one possibility if planar tier 
locality is to be obeyed, i.e. the configuration in (13a).

x b. x c. yc d. >: e. x f. >k B1 J
1 N N / I / I
y y y y y y y
1 1/ 1 / N \ l
Z 2: 2: 2: 2: 2: z

If, on the other hand, one does not wish to obey this principle, the rep­
resentations in (13b,c,d,e,f,g) become equally possible. We see that the 
number of possible representations is septupled. Not without understate­
ment perhaps, one could say that non-observance of planar tier locality 
makes the theory less restrictive. In fact, with this demonstration it is easy 
to see that if there is no requirement to be local for a link, the whole idea 
of tier ordering is meaningless and there is consequently no difference (in 
terms of possible relationships between elements) between a plane (a 
bidimensional space) and a space with an infinite (or more precisely: un­
specified) number of dimensions.

A related problem is the one concerning the interpretation of the pos­
sible representations. If one drops the requirement of planar tier locality, 
e.g. the following configurations would be possible.

(14) a. a b. a

A
t a  a t

The only reason why these particular configurations do not occur is that 
Hayes’ rules happen not to generate them. The configurations in (14) are,

3 We owe part of this argument to Richard Wiese.
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however, not ruled out in principle by any geometrical principle in Hayes* 
theory, and at least it should be possible to ascribe interpretations to 
(14a,b) (and also to representations of the type of (13b-g)). But it is totally 
unclear what the systematic phonetic interpretations of (14a,b) could be. In 
a theory which uses autosegmental principles, as Hayes* theory seems to 
do but which, in addition, obeys the principle of planar tier locality, con­
figurations like in (14) cannot occur.

Planar tier locality, together with the prohibition of crossing association 
lines (perhaps the most fundamental principle of nonlinear phonology, intro­
duced by Goldsmith (1976)), and the general principles of Euclidian geo­
metry (only one line can be drawn between two points, lines cannot ‘jump* 
one another) are defining properties of autosegmental phonology. If one 
does not obey them, the mechanisms of association, spreading and dumping 
in autosegmental theory become infinitely powerful. This is so, because 
then any element on any tier can be linked to any other element on any tier. 
If one accepts this as a possibility, anything goes and there are no restric­
tions on representations whatsoever (and there is no theory). As we have 
just seen, Hayes* theory, although it crucially uses the autosegmental mech­
anism of dumping, fails to obey planar tier locality.

3.1.2 Moraic syllable structure and metrical theory

As mentioned, Hayes* theory seems in fact also part of metrical phonology. 
One of the defining notions of metrical theory is the notion of hierarchy 
and, related to this, the notion of dominance (in autosegmental theory, only 
the notion of multilinear representation is crucial). But one of the results of 
the representation adopted in Hayes’ theory, in conjunction with the fact 
that autosegmental conventions like spreading and dumping are operational 
in syllable structure in this theory, is that the notion of dominance has be­
come meaningless.

To see this, recall from the previous subsection the fact that in this rep­
resentation planar tier ordering is not obeyed. As a result, by the working 
of the association conventions, or by the application of a rule, it is possible 
to link any element to any other element through any element in the same 
plane, regardless of the intervening tiers. This situation is intolerable for
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any solid theory using multitiered representations, including metrical the­
ory. The type of representation in question cannot be used to express dom­
inance since it cannot be decided what the relationship (in terms of domin­
ance) between two elements is. In dominance relationships, a starting sym­
bol (in syntax: S> CP\ or E, in metrical phonology U for utterance, in one 
version of autosegmental phonology X  for a skeletal slot) is linked to the 
lowest element through intermediary elements.

Let us now look at restrictions proper to metrical theory. Metrical the­
ory, just like the X-theoiy in syntax (Jackendoff 1977), crucially uses the 
notion of head (or designated terminal element) and the principle of binary 
branching. Originally (as in Liberman & Prince 1977), metrical theory used 
the binarity involving the nodes s (strong) and w (weak). The simplest form 
of metrical phonology does not use nodes with catégorial labels, as in the 
following example (taken from the introductory article by Van der Hulst and 
Smith (1985: 30)):

a a a a a

Very early in the development of metrical theory (in fact starting with 
Liberman & Prince 1977), labeled nodes (like feet) within the metrical tree 
were assumed. But the branching remained strictly binary, because this is 
the result of a very fundamental principle: in the metrical theory proposed 
by Hayes himself (1981,1982,1987),4 even for the unbounded feet (where a 
designated terminal element can be preceded or followed by an in principle 
unlimited number of elements within the same foot, in contrast to binary 
feet) the branching principle of the foot itself is binary. For instance, a right 
dominant foot containing five syllables has the structure as in (15) (with a

4 In his 1987 article, Hayes uses grids instead of trees. These grids, however, 
can be translated into trees, and are equivalent to them in the relevant aspects. 
Hence the criticism expressed here is also valid for Hayes (1987).
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foot symbol (<p) dominating the tree), and not as in (16), which is an ill- 
formed structure in Hayes’ (1981,1982) theory:

(16) <p

w w w w s
(7 0 0 0 0

Binary branching is in fact the expression of the idea of relative strength of 
elements with respect to each other on a given tier. Let us now look at syl­
lable structure again. Hayes (1989:269,277,292) assumes the following 
structures for syllables starting with more than one consonant:

(17) a. o b. o c. o

s n u  s i e  s p r e

The i in (17b) is interpreted as a glide because it is not dominated by a mora 
(cf. (3a)) (the example is from the putative5 Middle English form [pasiens]

[pa:sjens] (Modem English [pejjons])).
The n-ary branching here is a result of the syllabification model chosen 

by Hayes. This syllabification model, which lacks intermediaiy nodes, 
through which binary branching can take place, is itself the result of the 
fact that no difference is made between subsyllabic nodes and moras. If 
one does assume branching nodes below the level of the syllable for onset 
consonants, this means that one has to identify which nodes contribute to 
weight, and which do not. The direct representation of syllable weight in 
geometrical terms, which as we have seen is one of the advantages of 
Hayes’ theory, would be lost. In fact, we would be back in the same old 
situation in which one had to state that certain nodes (e.g. the onset (= the 
branching node before the mora)) do not contribute to syllable weight, 
while elements dominated by the other nodes, like nucleus and coda (or 
rhyme) do.

It has to be concluded that Hayes’ theory obeys the defining properties

5 See section 4.8 (below) on the working of CL in the word patience.
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and restrictions of neither autosegmental nor metrical theory. This leaves 
us with the question of what the defining restrictions on representation of 
his theory are (if there are any). Unfortunately, we cannot answer this 
question, since Hayes does not provide us with any further theoretical 
basis. We are therefore forced to conclude that Hayes (1989) uses notions 
of autosegmental and metrical theory that, because they have been taken 
out of their theoretical context, have no motivation.

3.2 The principle of moraic conservation

There is a second major point on which Hayes1 theory violates the basic 
assumptions of metrical theory. As we have seen in CL by vowel loss (cf. 
(11)), the mora continues to exist, although the element which it dominated 
as well as the element it was dominated by, have been deleted. It is peculiar 
that this element continues to exist, while a higher element, the syllable 
node, In the same dominance structure is deleted as a result of the deletion 
of a lower element, the segment (as a result of parasitic delinking).

Therefore, one could ask why the mora does not undergo parasitic de­
linking as well in this case, just as the syllable. This question in fact remains 
unanswered: ‘moraic conservation1 is vital to the theory, but is not needed 
for any other phenomenon than CL. It is therefore not independently mo­
tivated, and is just an axiom needed in the theory. We will come back to 
this question in section 3.5, when we take a close look at Minkova’s (1982, 
1985) accounts of CL through vowel loss.

3.3 High vowels and glides

Another interesting point is the behaviour of high vowels and glides. As was 
mentioned in the introduction, one of the drawbacks of Hyman’s theory re­
ported by Odden, is the fact that there can be no contrast between two 
otherwise identical elements in the same environment. This was remedied 
by Hayes through allowing syllabic segments (e.g. high vowels) to be domin­
ated by a mora underlyingly, while he assumed that corresponding nonsyl- 
labic elements (e.g. glides) are not dominated by a mora. This, however, has 
other, but related, undesirable consequences. Although in many languages,
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one can observe a contrast between syllabic segments and corresponding 
non-syllabic ones in the same environment, perhaps the more normal case 
is that there is an alternation in syllabicity of the segment type in question, 
conditioned by syllable structure. Thus, normally, a high vowel in front of a 
non-high vowel will become a glide. In order to account for this state of af­
fairs, Hyman developed his universal Onset Creation Rule (given in (1), 
above). A drawback is that there is a fair number of exceptions which can­
not be accounted for, because it is claimed that the rule is universal. The 
change made by Hayes makes it indeed possible to account for otherwise 
identical segments to be syllabic or nonsyllabic in the same environment. 
But in the majority of cases, the choice of the realisation of a segment as 
a high vowel or as a glide depends on whether the segment is in prevocalic 
position or not.

For these cases, Hayes cannot account. To account for them, one would 
have to devise a rule that deletes the mora from an underlying element (as­
suming that it underlyingly bears a mora, as a high vowel would do), or one 
that adds a mora to an element (e.g. to a liquid when this liquid becomes 
syllabic under certain conditions). If one posits that these rules are uni­
versal, we are back to the original problem pointed out by Odden, namely 
that (i) there are certain languages which do not obey these rules and that 
(ii) certain forms in certain languages do not obey these rules, whereas 
otherwise they do obey the rules.6 In fact, Hayes seems not to have really 
solved the problem noted by Odden.

3.4 Spreading and ‘flopping*

There is another problem concerning glides. Although the notion of spread­
ing plays a crucial role in the account of CL in moraic theory, other appar­
ent occurrences of this mechanism cannot be accounted for because the

6 This latter situation is found in French, where there is free alternation bet­
ween high vowels and homorganic glides, if a postconsonantal high vowel is in 
hiatus position, e.g, i/er[lie] ~ [lje] ‘to bind’, Vouest [luest] ~ [lwest] ‘the West’. 
In certain words, however, especially of foreign origin, the element in this position 
is always a glide (and as such does not trigger the deletion of schwa in the article 
le) e.g., le yaourt [la jaur(t)] ‘the yoghurt1 (see Kaye & Lowenstamm 1984: 135ff).
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node to which spreading should take place is lacking. A clear case is the 
spreading to onset position. An example is the apparent insertion of a hom- 
organic glide after a high vowel followed by a heterosyllabic vowel in many 
languages (Dutch, English, French, German, just to mention a few) in a 
word like piano. In a theory involving full subsyllabic constituents, the 
spreading can be described in a fully autosegmental way:

0 a
/ \

<7
/ \

<T CT 
/ \  / \

a
/ \

0 R 0 R
1 1 1

0 R
1 1

=* 0 R 0 R
1 ^  1

0 R
1 1

P 1 a n o p i a n o

In Hayes’ theory, this would have to be accounted for by the syllabification 
rule of adjunction of prevocalic consonants (mentioned above):

(19) a a a a a a
1 1 1  / /  ti it (i =*. m
i l  I /  / 1

p i a n o  p i a n o

Because the i is adjoined to the following syllable node and is not domin­
ated by a mora which itself is dominated by the second syllable, it is real­
ised as Jin this syllable (cf. (3a)). In this way, the high vowel functions in a 
way identical to the geminate n mentioned above (the (single) ‘flopping’ 
case, see (8)). This is the moment to take a closer look at ‘flopping’.

In fact, the mechanism of ‘flopping’ receives no motivation at all in 
Hayes’ theory. All that is said about this is that it takes effect if there is a 
following vowel- initial syllable (1989:258). “This creates an onset (hence a 
preferred syllable structure) ...” (ibid., italics ours). Although Hayes ident­
ifies the reason for this linking, he cannot in effect achieve this by spread­
ing, since the onset is not a node in the syllable geometry he proposes. 
Hence he has to invoke flopping in a teleological way: it “creates an onset, 
the preferred syllable structure” (ibid.). If onset is a genuine node, the 
reason why the linking takes place is independent of any ‘goal’. In fact, 
‘flopping’ is not a general principle and will therefore have to be stated as 
a rule (although Hayes does not formulate one).

Whereas ‘flopping’ is a specific rule, in a theory where empty onsets are



300

genuine nodes (and not just mnemonics for potential geometrical configura­
tions), it can be replaced by a general spreading process (here spreading of 
the glide to the empty onset). In contrast to ‘flopping’, spreading is the 
result of a general convention, and need not be stated as a separate rule for 
this specific occasion. Because it is an instantiation of a general conven­
tion, this linking (which here boils down to glide formation) provides us with 
insight as to why it actually takes place.

The drawbacks of the moraic model of the syllable in this respect be­
come even more apparent if one looks at an alternative to this type of glide 
formation, viz. glottal stop insertion. If there is no high vowel available for 
spreading to onset position, a default consonant may be inserted into an 
empty onset position,7 which is often a glottal stop. Consider the word 
Theater in German, which may be pronounced as [the:?a:tB]. The mech­
anism of default value assignment is one of the basic conventions of auto- 
segmental phonology, as developed by Goldsmith (1976) and others. Pulley- 
blank (1983) has shown that spreading of an adjacent element (originally this 
was limited to tones) is not always automatic, and may be replaced by de­
fault value assignment. This means that the neutral value is assigned to a 
specific position. For onsets, we can assume that the default element as­
signed is the neutral consonant, which is often a glottal stop:

(20) a a a
/ \ / \

0 R
1 I

0 R
I

0 R

th e
» i

1 1 
t B

In a moraic model of the syllable, a specific rule would have to be devised. 
Because this rule would have to be specifically stated, the fact that the pro­
cesses of glottal stop insertion and of high vowel spreading are comple­

7 In Dutch there is also spreading if the left vowel in a hiatus is a mid vowel. 
Hence theater in this language is pronounced with a glide: [te jaito»]. If one 
adopts the idea that the glottal stop and the glide in this position are indeed the 
result of the workings of two competing mechanisms, instead of idiosyncratic 
rules, the difference between the two closely related languages becomes a minor 
one. This is what one would expect in the first place. Under the moraic model of 
the syllable, however, the difference between the two languages is considerable.
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mentary is not accounted for, while it is accounted for in the constituent 
model of the syllable, because both are conditioned by the empty status of 
the onset. In addition, this rule would be of a complex nature: a glottal stop 
would have to be inserted in intervocalic position and would have to be ad­
joined to the second syllable.

3.5 Ignoring arguments for a foot-based account

Having discussed the theorical basis of Hayes* theory, we must now say a 
word about its empirical basis. For this, recall from section 2.4 the CL 
through vowel loss (tah tail) which occurred in Middle English. This 
kind of CL is well attested for many languages, but not exactly in the way as 
Hayes suggests. Arguing against the general idea that there was simple open 
syllable lengthening in Middle English whenever this syllable was stressed, 
he states that Minkova (1982) “who took the trouble to collect all the forms 
of early Middle English that have undergone the rule” stated the “real gen­
eralization which holds for 97% of the relevant cases”, which would be that 
“a stressed penult in an open syllable lengthened just in case a word-final 
schwa was dropped” (Hayes 1989:266).

If one takes the trouble to look for oneself and see what Minkova has 
actually written, a slightly different picture emerges. Hayes is correct in 
stating that the lengthening process should be concomitant to the deletion 
of the vowel in the following syllable. But it turns out that there is a second 
condition: “MEOSL [Middle English Open Syllable Lengthening] affects 
only fully stressed disyllabic words, and we can think of them as major 
class words. In terms of rhythmic organization this would mean that the 
first light syllable will in all likelihood be a foot-initial syllable” (Minkova 
1982: 48, italics ours). Words of more than two syllables were not affected 
by MEOSL. Hayes fails to mention this important detail.

The reason for this second condition is, according to Minkova, metrical: 
more specifically it is foot-based. “Phonologically, the syllable affected 
must be characterized as ‘weak’ rather than ‘open*. [..] The lengthening of 
the short vowel should be attributed to the principle of preservation of the 
overall rhythmical weight of the foot” (Minkova 1982:51). In a later article 
(Minkova 1985), not discussed by Hayes (1989), Minkova elaborates and
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formalises her theory. She refers to Giegerich (1981,1985), Nakatani and 
Shaffer (1978), O’Connor (1973) who all mention (in different ways) “that 
monosyllabic lexical items are distinguished from the syllables stressed or 
unstressed, of polysyllabic words in terms of greater duration” (Minkova 
1985:169, quoting Giegerich 1985:12). She then says (1985:170) that the 
answer must lie in “the principle of phonological isochrony in stressed- 
timed languages as English.” The only option for a monosyllabic foot to 
achieve durational parity with other, polysyllabic, feet is to lengthen the syl­
lable.

She postulates that the well-balanced foot in English has the form 
[S W (W)]. She explains the fact that forms of more than two syllables 
were not affected by syllable lengthening as follows: “Though schwa was 
lost in words of three and more syllables, the resulting structures were 
well-balanced [S W (W)] metrical frames: there was no significant change 
in the category of foot type” (1985:173). Monosyllabic forms resulting from 
vowel loss like in talo=î ta:l underwent the lengthening in order to conform 
to the well-balanced metrical frame. In fact, for the same reason, not only 
monosyllables resulting from vowel loss, but other lexical monosyllables 
also underwent this vowel lengthening. Monosyllabic forms imported from 
Anglo-Norman like peak, boot, coat, gout, gown also got lengthened once 
they became part of the Middle English lexicon (1985:166,174). Further­
more, this lengthening has also taken place in Late Old English words like 
wë/‘weir, wër'mari, bët‘better (1985:173).

Minkova assumes that feet dominate syllables, syllables rhymes, rhymes
syllabic peaks, peaks segments. Under her theory the change took place as
follows (1985:171): 

(21) a. F b. F (F = foot; R = rhyme; P = peak;
1
0

1
a S = strong; W = weak)

1
R1

1
R

\
P

1
P

1 A
s S W
V « V V »

The process depicted in (21) is the result of the fact that the foot structure
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in (21a) was ‘imperfect'. This “calls for a change down the ranks; [..] the 
‘orders’ for change percolate down to the peak level, where ‘strengthening’ 
takes the shape of branching’’ (1985:171) (we will return to this idea in sec­
tion 3.7, where we present the treatment of CL through vowel loss in our 
own model).8

The process was undergone by originally monosyllabic words of Anglo- 
Saxon and Anglo-Norman origin, and by monosyllables that had arisen from 
vowel loss. Additional motivation for this foot-based analysis is that nonlex- 
ical, words like have, were, are which were also subject to schwa loss, did 
not undergo the lengthening. “They will not normally constitute feet in iso­
lation and will therefore be ineligible for readjustments following schwa 
loss” (1985:173). Apart from these arguments there are more arguments in 
favour of a foot-based account in Minkova’s (1985) paper. It would lead us 
too far astray to reproduce them here, but we feel that the ones presented 
above are convincing enough.

Hayes does not provide the reader with an explanation as to why he 
chooses to ignore the arguments in favour of Minkova’s foot-based account. 
In contrast to a foot-based account, his analysis cannot explain why (i) 
words of more than two syllables and (ii) function words like have, were, 
are do not undergo the lengthening. Neither does it explain the lengthening 
of originally monosyllabic words, to which the CL through vowel loss in 
Early Middle English seems clearly related.

With Minkova’s analysis, we can safely assume that the rhythmic organis­
ation is responsible for the lengthening phenomenon. Rhythmic organisation 
in fact cannot be expressed within the syllabic structure. It seems that the 
CL is here not the result of moraic conservation, but of a minimal foot 
quantity requirement

Note that the idea of foot conservation is much more straightforward 
than that of moraic conservation: we have seen above (section 3.3) that 
moras were conserved although the material they dominated (segments) as

8 The final 1 in the newly formed foot of tail does not contribute to syllable 
weight, according to Minkova because the language does not allow gemination. 
This supposes that gemination indicates whether adjunction of a consonant to a 
syllable ending makes a syllable heavy. A more straightforward explanation is that 
a word-final consonant is extrametrical.



304

well as the material they were dominated by (the syllable) had been deleted. 
We also mentioned that this fact, i.e., that moras are not subject to parasitic 
delinking, is an otherwise unmotivated axiom of Hayes’ theory. If CL 
through vowel loss is the result of foot conservation rather than of mora 
conservation, one does not run into problems like this. We do not have to 
state idiosyncratically that feet are conserved and do not undergo Parasitic 
Delinking because they are not eligible for parasitic delinking in the first 
place: they are still dominating material other than the material just deleted. 
Lengthening takes place because the quantity of this material does not suf­
fice for the foot in question to meet minimality requirements.

As mentioned, Hayes cannot account for the fact that the lengthening 
takes place only in disyllables. Hayes refers to Hock (1986)9 for examples 
of the same type of CL in Balto-Slavic, Hungarian, Jutland Danish, Korean, 
various dialects of German, as well as the Slavonic languages. If one looks 
at the examples adduced by Hock (1986:435-438), one sees nothing that 
contradicts a metrical foot analysis for this type of CL, while, as we have 
seen, there is evidence against an analysis where moras are integral part of 
syllable structure.

Because Hayes cannot limit the working of CL to disyllables in his theoiy 
and cannot exclude the CL from operating in function words like have, 
were, are, his proposal suffers in fact from the same flaws as Streitberg’s 
(1893, 1894) law for Indo-European (of which in the relevant respect it 
seems a modernised edition). This law reads 1893:30):

9 Hock (1986) argues against Clements’ (1982,1986) treatment of CL in the 
latter’s framework of CV-phonology. Hock argues in favour of an autosegmental 
treatment of CL, where a mora has the role of an autosegment. He does not, as 
Hayes does, propose that the mora is a building stone of the syllable. Apart from 
the type of CL illustrated by the Middle English case ta îa^  ta:l, and CL through 
glide formation (see section 2.4.7) (both of which are metrically based), in our 
framework not moras, but the subsyllabic nodes assume an autosegmental role in 
CL (in that spreading takes place to them, see the next section). Our framework 
also differs fundamentally from Clements’ in that spreading does not take place to 
elements (i.e., Clements’ C’s and Vs) whose nature and number are a function of 
the segments, but to subsyllabic nodes like onset, nucleus, coda), whose nature 
and number are determined by the syllable assigned by the syllabification mech­
anism.
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Schwindet eine akzentlose Silbe, so wird ein vorausgehnde Silbe zir- 
kumflexiert, wenn sie lang, gedehnt wenn sie kurz ist.

(“If a syllable not bearing the accent disappears, a preceding syllable 
becomes circumflex if already ‘long’ and ‘long’ if previously ‘short’.*’) 
(Translation by Collinge 1985:181).

In fact, Streitberg lists the same reason as Hayes, though slightly differ­
ently formulated. The reason for the process is “Morenverlust” (‘mora loss’) 
(1894:313). He seems to use Fick’s concept of mora replacement (see 
Collinge 1985:181). Streitberg’s law, because it has been found inapplicable 
in many cases, has received little attention. In fact, it is purely based on 
Proto-Indo-European reconstructions. All attested occurences of effects 
of the law were heavily disputed: “what happens after the PIE period is 
either irrelevant [..] or even contradictory to the law. [...] Not surprisingly, 
Streitberg’s law is well out of the limelight these days” (Collinge 1985:182). 
Indo-Europeanists could of course not foresee its (forseeably) short-lived 
resurrection.

We end this main section with the conclusion that Hayes’ theory has 
some doubtful theoretical consequences, especially concerning the nature 
of possible representations. On top of that, with the observation that Hayes 
cannot account in a principled way for the syllabically conditioned change 
in syllabicity in certain environments, it can be said that his theory contains 
some empirical inadequacies. Thirdly, one of the types of CL, which Hayes 
presents as one of the main motivations for his theory, turns out to be con­
ditioned differently from the way suggested.

Apart from the criticism raised in this section we will criticise the idea 
of flopping (exemplified above in (8) and (10)) in the next section.

4. Comparison with a true constituent model of the syllable

As mentioned, Hayes only compares his theory with a syllabic theory in 
which the skeleton and not the subsyllabic constituents has a role to play in 
CL. He argues that his theory is more restrictive. More specifically, he 
shows that two types of CL which, under “X-theory”, would be predicted to 
occur and which do not, are effectively excluded by mora theory. We will 
now review these cases and show that a concept of the syllable in which
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onset, nucleus and coda are genuine nodes and not just mnemonics for a 
specific type of branching, also exclude this type of CL phenomena. Then, 
we will review the catalogue of CL types which Hayes lists in his typology, 
and show that the constituent model can effectively account for these 
cases. But first we will give a synopsis of a true constituent model of the 
syllable.

4.1 Syllable geometry and the syllable assignment theory

In Noske (1989,1992) we proposed that syllabification is the imposition of 
syllabic structure onto a string of segments. According to the languages and 
depending on other things (to be treated below) the syllable is bi- or tri- 
nodal, cf. (22):

(22) a.
A

O N

(a = syllable; 
O = onset;
N = Nucleus)

b. a
A\

O N Cd

(Cd = Coda)

The nodes onset, nucleus and coda have been taken as mnemonics only. 
What is important is that a syllable is either bi- or trinodal. The links be­
tween the segment (or better: skeletal slots) are established by the normal 
association conventions of autosegmental phonology which were originally 
devised for tones only.

In Noske (1989:132;1992) we argued further that the autosegmental as­
sociation conventions of mapping; dumping; spreading and default value as- 
signment, originally developed by for tonal phenomena, also play a role in 
syllabification. In order to let the association conventions do their job in 
syllabification, the role of the tone in the association conventions should be 
assumed by the segment (or skeletal slot) and that of the Tone Bearing Unit 
by the subsyllabic constituent like onset, nucleus and coda. The syllabifica­
tion takes place as follows (Noske 1989:132;1992):

(23) Syllable assignment theory

The string of segments is scanned for nonsyllabified segments in a 
directional way (RL or LR). If a nonsyllabified segment is encoun­
tered, a syllable of the canonical shape is superimposed onto the
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string of segments. Then, optimal linking between the segments and 
segment bearing units takes place, according to the general conven­
tions of autosegmental phonology. Then the scanning process begins 
again, etc.

The ‘canonical shape’ of the syllable is dependent on the language in ques­
tion. Some languages only impose binodal syllables, others only trinodal syl­
lables. In yet other languages the choice is dependent on the type of seg­
ment encountered during the scanning process.

By positing the ‘flat’ syllable structure as in (22b) for a trinodal syllable, 
instead of a structure where there is a rhyme node which subdivides into 
nucleus and coda, we are able to comply with the requirement of planar tier 
locality (a notion outlined in section 3.1.1), to which this model is subject 
because it is autosegmental in nature.

This summary of the model suffices for present purposes. For more de­
tails and a full motivation of the model, see Noske (1989,1992).

4.2 Classical CL in the true constituent model

We will now show, by way of illustration, how the most straightforward and 
non-disputed type of CL is accounted for in the constituent model. This 
type, ‘classical’ CL, concerns cases like (9), Latin kasnus =̂  ka:nus. The 
deletion of the s in the first syllable takes place as in (24a). We are then left 
with the structure as in (24b), in which there is spreading to the coda from 
the vowel to its left.

a 0 b. a a

A\ A\ / N / N
0 N Cd 0 N Cd 0 N Cd 0 N Cd

1 1 A 1 1 1 =* 1 !•••' 1 1 1
C V (C \
1 I I

C V c
1 1 1

C V
I I

C V c
1 1 11 I I  I I  

k a \ s j
4-
0

1 1 1 
n u s

1 1 
k a

I 1 1
n u s

Hence CL is here the result of the application of the spreading convention. 
Note that this operation of the autosegmental conventions is perfectly
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natural: since they are needed for syllabification between the same levels, 
it need not be stated just for this case of CL that they are operative here. 
Quite to the contrary, it would have to be stated as an idiosyncracy if the 
conventions were not operative anymore after they had performed their 
role in syllabification.

4.3 Progressive and regressive assimilation as CL

We will now treat other types of CL and show how they can be accounted 
for by the same model. First, progressive and regressive assimilation of 
consonants. Schematic examples are given in (25) (from Hayes 1989: 279):

(25) a. asta as:a b. asta=£at:a

This type of CL can be easily accounted for in the true constituent model:

(26) a. a
/ l \

O N Cd 
I I 
V c
I I
a s

b. a
/ K

O N Cd

*
0

0
A

a
/ K

a
/ I

0 N
A  1

0 N Cd 
1 I.--

0 N 
1

V C
I I

V
I

V a
I 1
a s

1
a

*
0

a a a
/ I A\ / I

0 N
1 1

0 N Cd
1

0 N 
-..1 1

C V1 1 V
I

C V
1 11 1 

t a
1
a

1 1 
t a

In fact the progressive assimilation (25a) can be accounted for more easily 
than under Hayes’ theory. In our theory it is simply the result of a spreading 
operation (after deletion, the onset node is left empty, hence spreading 
from the C dominating s to the onset node can take place. In Hayes’ moraic
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theory, however, the spreading of C dominating s to the following syllable 
cannot easily be accounted for, because there is no onset, and hence no 
empty node after deletion of the C and the t it dominates.

(27) a. a1 0A a a1 I1
V- k

1 1 
=» (t It

N /
t

1 N 1
a s a a s a

*
0

a a a a
N / N 1
n n A =»
i l  /I

H It1 I (t1i l  / I 
a s t a 1 1 a s

1
a

*
0

In (27a) we see the case where the s is not counted as heavy, and (27b) re­
presents the case where it does count as heavy, hence has received a mora 
by virtue of the Weight by Position rule (6). Although Hayes does not men­
tion this explicitly in this case, the mechanism of ‘flopping*, mentioned in 
section 2.1 (see (8) and (10)), would have to be invoked in order to let the C 
dominating s link to the following syllable:

(28) <j a b. a a
1 /I I\ /I
n V-  ̂•■v-
K / 1 1 1/ 1
a s a a s a

We have seen the theoretical drawbacks of‘flopping’ in section 3.4.
The case of regressive assimilation presents no such difficulties in 

Hayes’ framework (or in ours as shown in (26b)). It can be accounted for 
straightforwardly, provided the deleted consonant is linked to a separate 
mora:

(29) cr a

K / f
a t a

4.4 Inverse CL

The case of regressive assimilation is parallel to ‘inverse’ CL (Hayes 1989: 
280). Cases like these are found in Luganda (Clements 1986) and in Pali 
(Hock 1986:441):
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(30) a. aika akka b. a:ka akka c. ila lia d. pila=> plia

The latter two cases, which occur in Luganda and other Bantu languages, 
are interesting in the true constituent model, because here spreading does 
not take place to the third position, the coda, but to the second position, 
the nucleus, which is here part of a binodal syllable structure.

(31) <7
/ \

a
/ \

a
/ \

0 N 0 N 0 N
1 1 =* 1 -•'•••I 1

C V1 1 C1 C V1 1J 1 
1 a

1
P

1 1 
1 a

4.5 The ‘double flop’

The next type of CL is the type which Hayes terms the ‘double flop’. We 
have already shown how this type of CL is accounted for in the moraic 
model (see (10)). There too, the teleological notion of ‘flopping’ was in­
volved. In the true constituent model, instead of a specific rule, the general 
mechanism of spreading can be invoked:

o
A \

0

/ K  „

0 0 0 

/ l \  A \ A \
0

/ N
O NCd

I I
0 NCd ^
1 1 1

O N C d  .0 NCd 4 0  NCd
I 1 1 I.--' 

V C  V C  V
I I  I I  1

0 N Cd
1 1 11 1 

V c
I 1

A v  c
( i l l  1

1 1 1 
C V c 
1 1 11 I

o d U J  l
Y
0

I l  I I  1 
o d O S  O

1 1 1 
d o s

In (32), the C dominating d spreads to the onset, because an intervocalic d 
must be linked to the second onset. Geminate d ’s are not found in Cyren- 
aean and Ionic Greek (in contrast to Boeotian, Thessalian, Elean, Cretan, 
Lacedonian and possibly Megarian (Buck 1955:71)). It may be hypothesised 
that this sequence is forbidden and that as a result the C is automatically
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delinked from the coda of the first syllable.10 This coda is now open for 
spreading from the V-slot. Thus, what we see is a sequence of spreading, 
delinking, spreading. Hence we propose to rebaptise this type of CL as 
‘double spreading’.

4.6 CL through prenasalisation

Yet another type of CL is CL through prenasalisation. Hayes (1989:280) 
points out that the this type of CL is widespread in Bantu languages. He 
refers to Odden (1981) and Clements (1986). It takes place as follows (mb 
represents a prenasalised stop):

(33) am ba a: mba

This type of CL can be accounted for in both theories. In the true constit­
uent model the m fuses with the b in that it becomes dominated by the 
same skeletal slot). The skeletal slot which has been unlinked deletes by 
Parasitic Delinking, and the coda position to which the skeletal slot was 
linked is open for spreading from the skeletal slot dominating the first 
vowel. In the moraic model, the m is linked up to the second syllable (or, 
possibly, also fuses with the b, although it is not clear how), and the emp­
tied mora is open for spreading form the a.

10 Delinking did not take place in certain dialects (like Thessalian and Les­
bian) for certain consonants. Therefore, instead of vowel lengthening, consonant 
doubling took place: Çsv̂ oç => Çevvoç (ksenwos ksenlos) *stanger*(Buck 1955: 
49-50, Sheets 1974:40ff, see also Wetzels 1986:304). Interestingly, Sheets (1974: 
42) relates this to a postulated difference in the direction of syllabification, which 
distinguishes the Aeolic dialect group (to which Thessalian and Lesbian belong) 
from other Greek dialects, basing this on a difference in the stress system noted 
by Meister (1882:31ff). Meister writes “Die (sc. antiken, R.N.) Grammatiker 
berichten einhellig, die Äoler seien ßapvuxot gewesen, d.h. sie hätten die letzte 
Silbe der Wörter nicht betont.” (The (sc. ancient, R.N.) grammarians report 
unanimously that the Aeolians were ßapvuxot, Le., they did not stress the final 
syllable of a word.*) Although present theories do not link directly the nature of 
stress patterns and the direction of syllabification, there may nevertheless be such 
a link. This question is certainly a point for future joint philological and theo­
retical phonological research.
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4.7 CL through vowel loss

Two other types of CL listed by Hayes cannot be explained readily in the 
true constituent model by a reshuffle of the association lines between the 
skeletal and the constituent tier, as in the previous examples. The first type 
is CL through vowel loss. This type is exemplified by Early Middle English 
tah tail; the account in Hayes’ theory was given above in (11) and (12). 
Recall from section 3.5 that Hayes’ interpretation of the facts is wrong. As 
pointed out by Minkova (1982,1985), the lengthening is the result of a re­
quirement of minimal foot quantity rather than of the number of moras. The 
true constituent model cannot explain this type of CL, as Hayes portrays it, 
by a reorganisation of the links between the skeletal units and the syllabic 
constituents. This is fortunate, as this type of CL does not take place in this 
way. This shows that our model is restrictive where it should be.

We should then ask how the minimal foot quantity requirement can be 
integrated in Hayes’ model. The crucial question is here how feet are linked 
to moraic structure. The normal assumption here would be that foot struc­
ture is linked to the syllable nodes. In the case of tate=$ tail, however, the 
syllable node dominating the schwa has ceased to exist, due to parasitic 
delinking. As a result, the foot which contained this element would not pos­
sess the amount of phonological quantity required for its existence any­
more. Since the syllable through which the foot was linked to the quantity 
element is deleted, extra syllable weight is imposed on the syllable to which 
the foot is still linked (‘downward percolation’ in Minkova’s (1985) terms 
(see (21) in section 3.5, above). Since it is the foot, not the mora, which 
drives this process, this itself is not a reason to assume that syllable weight 
is encoded through moras rather than by any other means. It seems that 
precisely because of this, Hayes has chosen to ignore the fact that CL is 
foot-based here.

Another possibility would be to assume that feet are directly linked to 
moras in another plane, as in (34) (the lines cross each other only on this 
paper).
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(34) o <p

t
V- I*
a t

In this case, there would not be a uniplanar structure above the moras. 
There would be two planes, each with a dominance structure of its own, 
with moras as shared elements. The prosodic dominance would go from the 
moras directly to the feet. In addition, there would be a ‘side-plane* from 
the moras to the syllables. Hence, syllables would not be part of prosodic 
structure anymore. It is, in fact, totally unclear what the role of the syllable 
would be, other than a node to which to attach onset elements. We have 
seen above that for reasons of geometrical definition, this is very problem­
atic, due to the multiplication of possible planes. But apart from this prob­
lem, the only reason to do this is the fact that they do not count as a quan­
tity element. This is in fact a (negative) prosodic reason. Thus, paradox­
ically, the (only) reason for the existence of a separate plane apart from the 
prosodic one is itself prosodic. Therefore, the postulation of a separate 
plane in this case would only serve to express that prosodic theory cannot 
explain the fact that onset consonants do not contribute to syllable weight. 
With much less fuss, one could just plainly state this fact.

There is yet another, very compelling argument against such a structure. 
If moras were not linked to the syllable node, the material in a syllable 
could belong to different feet, cf. (35a):

ff b. 0
/N /K

. . . t a t  ... 
1 i l l

t a t  
1 I1 i l l

fl (I (I l1
1 1 
I* ii

\ /  \ / V
9  <p 9

This would go against basic assumptions of metrical phonology. If a lan­
guage has, e.g., left-dominant bimoraic feet, the t in the syllable in (35a) 
would have to be strong and the a weak. In the same language, however, a 
syllable like the one in (35b), where the prominence relationship between 
the two segments has been reversed, could not exist. No languages have
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been attested where otherwise identical syllables are distinctive in the 
metrical prominence of their constituting segments.

It has to be concluded that Hayes’ model cannot cope with foot-based 
CL, because one would have to make assumptions which would render his 
theory meaningless (or tautological to the facts). The model is not capable 
to account, in a straightforward geometrical way, for the process of foot- 
based CL.

The question then is how the conservation of foot structure should be 
expressed in our or any theory. While we do not wish to give a full account 
here, we do want to indicate a possible solution. It seems that higher pros­
odic nodes sometimes induce a certain quantity of elements. As we have 
seen in section 3.5, this is precisely what is proposed by Minkova (1985). It 
is well known that in certain languages certain categories of morphemes 
and words should contain a minimum number of syllables (for this, see 
McCarthy & Prince 1986:12-44). If a base form does not comply with the 
quantity requirement, a number of elements is simply imposed, just as in 
our model of syllabification subsyllabic constituents are imposed. It could 
be hypothesised that quantity information in the foot comes into existence 
by derivation from syllabic structure. If a syllable is deleted and hence a 
mismatch has arisen between foot quantity information and syllable struc­
ture, the syllable structure will be minimally modified to acquire concord­
ance in quantity between syllables and feet. If there is a lack of quantity in 
the syllabic material a certain foot dominates, it will first be attempted to 
lengthen a syllable. If this is not possible, e.g., if a syllable is already long 
(or heavy), then an additional syllable is imposed. In the case of Early 
Middle English talo=î  tail, the first solution was possible.

The idea outlined here has the advantage that through the concepts of 
match and mismatch, no choice has to be made between a bottom-up 
model and a top-down model of structure building and adaptation. Clearly, 
operations in both directions are at issue here.

In fact there is no alternative to a derivative model of syllable weight 
(i.e., weight information is derived from syllable structure, and is not a 
primitive of it) such as the one outlined here, because of the fact that, as 
mentioned above, the information of quantity will have to pass through the 
syllable node (see (35)). It is possible to use moras in such a model, but the
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process of CL through foot conservation as such does not provide support 
for the existence of moras. And, as we have seen there are several objec­
tions against the moraic model of the syllable independent of this type of 
CL

In the case of talg => ta:l, the approach has an added advantage over 
Hayes’. Recall from section 2.4 (forms (11), (12)) the way CL takes place in 
this case:

(36) a. a a

4
/ I  / I (schwa drop) 

t a 1 o

d. a

*  b  =
t a 1

b. a a

/ f /
t a 1 

a f .

/  1/
t a 1

=>
(parasitic delinking)

C.  <7

i ,h
t a 1

l / \
t a 1

The question can be raised here why in (36d) the 1 does not link to the 
empty mora, but spreading of the a to this mora takes place first. The rea­
son would be “ItÔ’s (1986) principle that syllable structure (indeed, all pros­
odic structure) is created maximally” (Hayes 1989:269). We fail to under­
stand what exactly is meant by “maximal creation”. In fact, Ito (1986) does 
not use the concept of maximality, contrary to Hayes* suggestion.11 But Ito 
(1989) does use it. She writes (1989:219): “The maximality principle holds 
that ‘units are of maximal size within the other constraints of their form’ 
(Prince 1985).” Then the discussion continues regarding matters such as 
the necessity of constructing disyllabic feet whenever possible. Cases like 
the one in (36) cannot be subject to this principle. It is easy to see why. In a 
language where CVC syllables count as heavy, and which allows for long 
vowels, syllables like (37a) (tal) could not exist; they would necessarily be 
of the form in (37b) (ta:l). Yet, languages of this type usually abound in syl­
lables like tal.

11 Hayes does not provide the reader with a page reference as to where the 
concept of ‘maximality* could be found in Itô (1986).
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(37) a. a b. a

t a 1 t a 1

The question can be raised why Hayes has to make use of this peculiar 
interpretation of the concept of maximality. The relevant case in Early 
Middle English seems to be one of foot conservation. Apparently, the 
formation of a syllable tal, without a long vowel, did not satisfy the quantity 
requirement of the preserved foot. Therefore it can be assumed that CVC 
syllables do not count as heavy in Early Middle English. By contrast, a CW 
syllable does, as does a CWC syllable. Therefore, by way of the matching 
principle, a CW syllable is created, by the lengthening of the vowel (in our 
model, by the creation of a right margin node). The 1 is subsequently linked 
to the coda node, probably as a result of a genuine principle of maximality 
(which says that no node or element may stay unlinked if it can somehow 
be linked).12

Hayes’ theory cannot express the relationship between the fact that a 
CVC syllable counts as light and the idea of the quantity preservation. This 
is so because he does not have a statement in the phonological grammar 
saying “CVC syllables are not heavy.” The fact that CVC syllables do not 
contribute to weight is explained in his theory by the assumption that there 
is no Weight by Position rule, which works during syllabification, in the lan­
guage in question. Hence the fact that CVC syllables do not count as heavy 
is simply not available as information at the moment of the application of 
CL. The reason is the direct relationship between moras and syllables.

In a theory where, in contrast to Hayes’ model, there is an derivational 
interface between syllable structure and the expression of weight, this in­

12 Note that the crucial difference between this kind of maximality and the 
one apparently invoked by Hayes is that not the number of links should be max­
imal, but that a maximal number of nodes (on whatever level) should be linked. 
This means that the fact that disyllabic feet are created wherever possible is the 
result of the requirement that a maximal number of syllables should be linked to a 
foot. Only if there is no place anymore in an existing foot and as a result syllables 
remain unlinked, is a new foot created, to which as yet unlinked syllables can be 
linked.
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terface contains information equivalent to the statement “CVC syllables 
count as light.” Therefore, in such a theory, this information is available at 
the time of the working of CL. In Hayes’ theory, by contrast, the need to 
resort to an awkward interpretation of ‘maximality’ is the result of the 
model chosen.

4.8 CL through glide formation

The second type which in the true constituent type cannot be explained 
through a reshuffle of association lines concerns glide formation. Hayes 
(1989:280) reports that this type is widespread among Bantu languages 
(Odden 1981, Clements 1986), Japanese (Poser 1986), Old Icelandic (Hock 
1986), and Old English (Wright & Wright 1925). The following form exem­
plifies this type of CL:

(38) tia => tja:

In other versions of this type of CL, segments in the nucleus of the pre­
vious syllable can be lenghtened:

(39) a. akia => ak:ja b. eria e:rja

The type exemplified in (39a) is found in Ilokano, the type in (39b) in Middle 
English (Hayes 1989:269-279). The reason why the constituent model can 
not provide us with an explanation of the lengthening in these three cases 
is, just like in the case of CL by vowel loss (talo=^ ta:l)y that the syllable of 
the vowel that has been deleted or turned into a glide has ceased to exist. 
Hence there are no empty subsyllabic nodes for other elements to spread 
to. We have seen in the case of CL through vowel loss, however, that there 
was another, foot based reason for CL to take place. Therefore, we could 
hypothesise that here too, a podic factor can be involved.

To test this, we should look into the foot structure of the languages con­
cerned. Unfortunately, we have no information at our disposal about the 
foot structure of the languages where the lengthening types in (38) and 
(39a) are found. Information is available on the foot structure of Middle 
English (39b). Recall from section 3.5 that Minkova posits the foot struc­
ture to be of the form S W(W). A form where the type of CL applies is given
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in (40) (Hayes 1989:277).

(40) pasians pa:sjans 'patience’

Hayes (ibid.) quoting Jespersen (1909) points out that the glide formation 
(iV =£ jV) was completed by the early Middle English period. The lengthen­
ing took place in roughly the same period. Hayes accounts for the CL in the 
following manner:

(41) a a

p a s i

a
K 
V H 
I K
9 n s

Glide Formation, 
Parasitic Delinking

0 0
1 NV- H V- syllabification

/ I  IK
p a s i 9 n s

O

P a

a
,vN 

V /ZU H 
/  / I N
s i e n s

Compensatory
Lengthening

0

P a

a

s i 0  n s

As we will now show, this analysis is ill-motivated, because the original 
form as given by Hayes is incorrect. For this, one has to consider the un­
derlying form for ‘patience’. As one can read in any manual on Old French 
or in any description of the historical development of the French sound 
system (e.g., Fouché 1958:524, Raynaud de Lage 1970:12, Pope 1956:118), 
the schwa in word final position was pronounced in this language. When the 
form was imported from Anglo-Norman into English, this form still con­
tained a final schwa in all dialects of Old-French, including Anglo-Norman. 
The drop of the final schwa occurred much later in the history of French 
than the period of the borrowing of this word from Anglo-Norman into 
Middle English. The process of final schwa drop started only in the 14th 
century and was completed in the 18th century (Guiraud 1972:75),13 well 
after the adoption of the word in Early Middle English, and the working of 
CL. In reality the initial form was as in (42):

13 According to Fouché (1958:524) schwa-drop in word-final in postconson- 
antal position began to develop only in the middle or towards the end of the 15th 
century. Pope (1956:118) mentions that in the educated speech of Paris schwa was 
retained in this position into the later 16th century.
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(42) patsients9

The date of the earliest noted occurrence of the word is listed by lexico­
logists as 1120, when it was written patience (Robert 1973:1250). It occurs 
in this form also in Anglo-Norman (Rothwell 1988:485). Contemporary 
sources indicate that the French spoken in England became progressively 
pronounced with Middle English accentuation (Olga Fischer, personal com­
munication). Therefore, we may assume that Middle English metrical struc­
ture was imposed on words like partent5?. We have seen in section 3.5 that 
the foot structure in early Middle English, as postulated by Minkova (1985), 
is S W (W). This gives us the following foot structure for partent5?. For 
reasons of transparency, we use the same version of the constituent model 
as Minkova in (1985:172) ) (cf. (21), above), although the model can easily be 
converted in our particular version of the constituent model. The onset 
nodes, irrelevant for syllable weight, have been omitted. A heavy rhyme in 
Minkova’s model is dominated by two podic branches.

(43) _F̂  JF_

/ \  / \
a a a o
I I I I
R R R R (R = rhyme, P = peak, Co = coda)
I I / \  I
P P P Co P
I I I I I
s w s w w

p a  ts i e n t s a

This is the only way in which this form can be parsed into permissible Mid­
dle English feet, because, as discussed in the previous section, a heavy syl­
lable cannot belong to two different feet. The affricate t5 reduced to s in 
the course of the 13th century. The form then became [pasiensa]. Because 
of the full spirantisation ts=$ s, the high vowel i could become a glide: *tsj  
was not a permissible onset, but sj was. This means that after the gliding 
of the i, the metrical structure of the form was as follows:
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_F_

/X
a o
I I
R R

/ \  I
P Co P
I I I
S w w

s j e n s 9

Note that the first syllable of (44) is illicit, because it contains only one 
branch, while it should contain minimally two. In principle, there are two 
options to resolve this situation. The first one is to incorporate the material 
of the illicit foot into another foot. This solution is viable if a foot is avail­
able. However, in (44), the second foot is maximally filled already: it con­
tains three branches. Therefore, the only way out, the second option must 
be chosen, the enlargement of the first foot. This operation is already fam­
iliar to us, because it is exactly the same as the one which has taken place - 
in the cases of CL through vowel loss {tala tail), see section 3.5. The 
only option to make the foot structure of (44) well-balanced is to lengthen 
the syllable which constitutes the first foot.

(44)

a
I
R
I
P

P a

(45) _F
I

a
!
R
I
P
I
S
a

F
I
a
I
R
I
P
A

S W 
a a

This long a is exactly what we get: pasi9ns=$ paisjons. The drop of the final 
schwa has taken place later. This is confirmed by the fact that words like 
‘patience’ were used mostly in the South, where the Anglo-Norman and 
Parisian influence was greatest, while as indicated by Minkova (1982:43) 
and others, word final schwa loss started in the North and reached the 
South only later.

The analysis of CL through glide formation presented here has, as Min- 
kova’s analysis of CL through vowel loss, the advantage mentioned in sec­



321

tion 3.5, that one does not have to assume that there are elements, in this 
case moras, that are not subject to parasitic delinking.

4.9 Excluding nonexisting CL types

We now come to the two hypothetical types of CL which are excluded in 
Hayes’ model, and which he says are not excluded in ‘X’-theory. We will 
see that our theory too, excludes this type of CL.

The two nonoccurring types of CL (“asymmetries”) excluded in Hayes’ 
moraic theory concern (i) onset deletion and (ii) vowel deletion in an initial 
syllable. Let us first consider onset deletion. If an onset is deleted, this 
does not result in the lengthening of a specific element. This is exhibited in 
the following hypothetical, but nonoccuring cases (Hayes 1989:281):

(46) a. «sa =^«a b. «osa «oa: c. «osa «o:a
d. «sla =£> «sa: e. «sta => «ta:

This type of CL is excluded in Hayes’ theory because, as we have seen, 
onset consonants are not dominated by moras, so there is nothing to spread 
to. Under X-theory (the term is used for all theories where CL is explained 
by processes on the level of the CV-tier), the process can easily be derived 
(we are taking here (46a,b,c) as examples, copied from Hayes 1989:284):

L G G G
/I A A

ON ON ON
1 1 1 1 =* 1 1
XX1 1 XX1 XX *. 11 1 

« s a
1

» a \l
« a

G G G G G
\ A  \ A  1 /1  

NON NON NON
I I I => I I I =*  I I I

XXX XXX XXX
I I I  I I  I./ I» o s a  «o a «o a

b. a a a g g g
I A  I /I I /I 
NON NON NON
I I I => i n f i l l

XXX XXX XXX
I I I  I I  I \ l

« o s a  «o a «o a

The other asymmetry, CL in the case of vowel loss in an initial syllable, if it 
occurred, would take place as follows (Hayes 1989:284):
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(48) » ala * la:

As Hayes points out, X-theoiy could easily derive this result, in a way 
which resembles the “double flop’*, cf. (49) (Hayes 1989:286).

(49) a a
I / I  
NON 
I I I 

XXX 
I I I 

» 9 1 a

<x a a a 0
1 /I 1 /I
NON NON 0 N
1 1 1 ^ 1 1 I =* 1 /I

XXX1 1 XXX1 XXX
1 11 1 

1 a
\ 1

» 1 a #
1 \l
1 a

[la:]

Under the moraic model, this type of CL is clamed to be excluded.14 This 
theory “derives vowel loss cases using Parasitic Delinking. For Middle Eng­
lish, this disassociates the /l/ of /tab/ from its mora, thus rendering the 
mora accessible for the spreading of /a/ ...” (Hayes (1989:286), referring to 
the case in (11), (12) {tah => tail)). If a vowel on the left is deleted, Parasitic 
Delinking is not applicable. The 1 remains linked to the second syllable, and 
association of the vowel to the empty mora is impossible due to the prohibi­
tion against crossing association lines:

(50) d a  a

t / ,
I / I

« o 1 a » l a

The fact that the two non-occurring CL types are excluded by the moraic 
model seems to provide important additional evidence for this model. How­
ever, the constituent model of the syllable also predicts that this type of CL 
cannot occur, at least not by spreading within to a syllabic constituent. Let 
us first consider the onset deletion case. Here the explanation is as 
straightforward as under the moraic model. The spreading of the vowel to

14 Contrary to Hayes’ claim, the CL type displayed in (48) is not fully ex­
cluded under the moraic theory. The following CL is conceivable, ija ja: 
(Norval Smith, personal communication):

a- a  a  er a  (J a
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the emptied onset in cases like (46a,b,c) (sa a:f osa =$ oa:9 osa o:a) 
does not take place, simply because the onset is not accessible (or sub­
categorised) for vowels (except the elements that can be syllabic as well as 
nonsyllabic, frequently, for example, high vowels and sometimes liquids and 
nasals).

(51) o o  o o
\ / \
N1 0 N1 ~i 0 N 1 0 NI1
V1 1 n )

1
V1

1
V11

0 s \a j
1
0

1
a

*
0

In cases like (46d,e) (sla =̂  sa:t sta => sa:)y the spreading does not 
happen for an additional reason: the onset in these cases is still filled by an 
element, the s.

(52) o o

0 N
A 1

0 N1 I1 1 
C V 1 1

s v iza
1 1 
s a

4-
0

In contrast to the moraic model, in the constituent model of the syllable 
linking takes place through the normal association conventions of autoseg- 
mental phonology. Recall from section 4.1 that it is through the workings of 
the autosegmental association conventions (mapping, dumping, spreading) 
that the links between the segments (or skeletal slots) and the subsyllabic 
nodes are established. These conventions were originally devised only for 
linking tones to tone bearing units (TBU’s), but later they were also as­
sumed to be applicable for linking between other levels. Now in (46d,e) the 
s and the a remain linked to, respectively, onset and nucleus (first and sec­
ond nodes of a binodal syllable structure). Therefore, there will not be a 
one-to-one association, because both segments are already linked to a
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segment bearing unit. In addition, neither spreading nor dumping will take 
place for the same reason (respectively: because there are no unlinked 
segment bearing units or unlinked segments). Hence, there will be no CL in 
this case.

The second non-occuring CL type, the case of vowel loss in an initial 
syllable (cf. (48)), is also ruled out in the true constituent model. To see 
this, let us consider the configuration that would arise after initial vowel 
loss in the true constituent model taking (48): (ola=î la:) as an example:

(53) a. a 0 b . a  a
/ \ / \ y \  / \

0 N 1 0 N1 I =*► O N 0 N 
"••.I 1

A

1 1
C V1 1 C V1 1

v!/
1 1 
1 a

1 1 
1 a

*
0

In (53a), the V dominating a cannot spread to an empty subsyllabic node, as 
this would involve crossing association lines. Hence, the outcome [la:] is 
impossible. The only thing that can happen is inverse CL, as already de­
scribed in section 4.4. As displayed in (53b), the C dominating 1 can spread 
to the nucleus position of the first syllable, provided the language in ques­
tion can have syllabic liquids. The outcome would be [11a]. This is fully 
parallel to the pila=î plia case, given above in (37d), (38).

5. Conclusion

In this article it was our aim to show the inadequacy of a syllable model in 
which the mora is a constituent part. Our second objective was to show 
that the true constituent model as proposed in Noske (1989,1992) does not 
suffer from the flaws of the moraic model.

First, it was argued that the lack of an adequate account for the beha­
viour of glides, which was mentioned in the literature as a severe drawback 
of Hyman’s (1985) model, remains a problem in a moraic model where con­
sonants are intrinsically non-moraic, as in Hayes’ model. In such a model, 
one cannot account for the free variation between high vowels and glides
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which is often found in languages. In a model such as Hyman’s where glides 
are moraic, one cannot account for the fact that sometimes high vowels and 
glides do not always alternate with each other. In a true constituent model, 
such as ours, the problem does not exist, since subsyllabic nodes are 
labeled and segments are categorised, partially on a language specific basis, 
for the node or nodes to which they can be linked.

Then, taking Hayes’ (1989) model as representative of the moraic model 
of the syllable, we have shown that major problems arise because of the 
hybrid character, partly autosegmental, partly metrical, of the type of re­
presentation which a moraic syllable model entails. There is practically no 
constraint in the possibilities of association. In this, the moraic model con­
trasts with the true constituent model which, for its part, is fully autoseg- 
mental in nature and is subject to the well-defined constraints of autoseg- 
mental phonology.

Third, Hayes has to posit, idiosyncratically, that moras are not subject to 
Parasitic Delinking, a principle which he himself invokes for the deletion of 
other nodes.

Fourth, we have shown that the crucial types of compensatory lengthen­
ing which Hayes adduces as motivation for a moraic model, may also be 
described by a true constituent model, where spreading takes place to the 
subsyllabic constituents.

Fifth, the two types of CL which cannot be accounted for by the spread­
ing of a segment to a subsyllabic constituent in the true constituent model, 
i.e., CL through vowel loss and CL through glide formation, were shown to 
be represented in an empirically inadequate way in Hayes (1989). As Min- 
kova (1985) has shown for CL true vowel loss, and as we have shown above 
for CL through glide formation, these CL types are the result of a minimal 
foot quantity requirement.

Sixth, the nonexisting CL types excluded in the moraic syllable model 
proposed by Hayes are also excluded in the true constituent model.

We can conclude that the moraic model of the syllable proves unsatis­
factory and that the true constituent model is the best alternative.
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