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Foreword

We are pleased to present lhis monograph as the ninth in the series
Linguistic inquiry Monographs. These monographs will prosent new and
original research beyond the scope of the wrlicte. DBecause of their
originalily it is hoped that they will benefit our field by bringing to it

perspectives that will stimulate further research and insight.

Originally published in a limited edition, the  Linguistic Inquiry
Monograph series is now avaifable on a much wider scale. This change is
due to the great inlerest engendered by the series and the needs of a
growing readership. The editors wish to thank the readers for their support

and walcome suggeslions about future directions the series might take.

Samuel Jay Keyser

for the Editorial Board
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Chapter 1: Overview

Until very recently, generative phonelogy was premised on the notion
that phonologica! represenlation consists of linear strings of segments with
no hierarchical organization other than thai provided by synlactic phrase
structure. In particular, the nolion syllable was thought 1o play no sole in
phonological organization. However, there has been increasing evidence
thal the exclusion of the syllable is a serious omission in generative
phonology and that many phonological rules ohly receive appropriate
formulation in terms of 1his notion. As 4 consequence some generative
phionolegisls have praposcd to integrate the syllable inlo revised versions of

phonological theory.

What considerations have motivated the renewed interest in the
syllable in current generative phonology?  In our view, inngvations in
scienlific theories involve two factors. The first is e identificalion of
serious empirical inadequacies in the current research paradigm. The
second is the perhaps independent development of new models which offer
the possibility of beating well-known problems from a new perspective. In
fact, both of these conditions have been fullilled in the recent history of

phonology.

One of the first examples of the empirical inadequacies of linear
systoms ol generative phonology stemmed from the need to recognize a
distinction between "weak" and “strong” ctuslers in the system of English
stress (Chomsky and Halle 1968). In tering of the standard model of
phonology, this distinction could not be derivid directly from properties of
formal phonological representation. Hence, Chomsky and Halle provided an
informal, "unofflicial" characterization of this distinction, defining it in lerms
" of cortain sets of substrings particular to English. In terms of this approach,

the distinction between "weak” and “strong” clusters was an arbitrary
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property of English phonology.! Moreover, this distinction could not he
relaled 1o the configurations which were involved in other rules of English
phonology. For example, one would have to define different and equalty
arbitrary configurations to characterize the environment of such rules as flap
formation, glotlalization, 1-deletion, and the like (see Kahn 1976). it is
apparent thal such an approach, if extended to olher languagoes, would give
an overly generous margin of freedom to the phonologist attempling to
discover the signilicant generalizalions gaverning the language under

investigation.

With regard to the second point, work by Williams (1978), Goldsmith
{(1974,1976}, Liberman (1975), Liberman and Prince (1977) and olhers in
entirely independent areas of phonology led to the developmentt of models in
which certain properties of ulterances, such as tone and siress, wera
represented in lerms of features or fealure configurations extracled from the
linear string “of phonemes and arrayed  on  independent levels of
representation, Given lhe ability of such approaches to provide satisfactory
solutions to problems that hae previously proven intractable, it was natural
and appropriate that phonolagisls should consider the possibility of

extending these approaches to new problem areas.

Under the stimulus of such work, several phonoiogists have ¢lfered
compeiling arguments for recognizing the syilable as a hierarchical unit in
phonological representation. Important recent contribulions include those
of Kahn (1978), Selkirk {1978), McCarthy (1878a), Kiparsky {1979), Haile and
Vergnaud (1979) and Leben (1880), among others. Despite widespread
agreement on the basic approach, however, there is considerable

divergence of opinion as to the nature of the hierarchical slructure required.

1. “This prohlem was noted by Chomsky and Halle (1968} (theniselves, They commenled o it
as tollows: "We recall that we wore forced to include the "weak clusler™ option not enly in the
Main Stress ftule and Tensing Rules, but also in the Auxiliary Reduction Rule... As noled, this
repedition indicates that we have failed to caplure important properties of strony and weak
clusiers and thus points 1o a defect in our theary Lhat marits furllies attentinn, ™ (1241, fo. 3},

Clements and Keyser

Fundamental questions that remain 1o be answered include the tollowing.
How many liers or levels of representation are involved belween ihe root
nade of the syllable and the terminal segments that it dominates? Is there a
fixed number of such tiers or are they in principle unbounded? Are syliable
lrees binary branching or n-ary branching? Are the nodes of hierarchical
trecs labelled? If 50, what are the appropriate calegories? How are entities
of the several tiers related to one ancther? Along vihat parameters may

; i . o 1 res?
languages vary in their selection ol allernative syllable structures?

Our point of depatture in the present work is the hierarchical theory of
the sy'llable introduced by Kahn in his influential thesis Syllable-based

Generalizations in English Phonology (1976). in this study Kahn proposed to

exlend the notion ol phonological representation assumed in such works as

Chomsky and Halle's The Sound Pattern of English (1968) by introducing a

new lier of representalion involving strings of the symbol §, representing the
node "syllable". These nodes are linked to segments {single column feature
matrices) by associalion fnes of the type proposed in aulesegmental
phonology. Each maximal scquence of segments dominaled hy a singie

node S constitutes a syllable, as shown in the following representation of lhe

Figuro 1

Certain properlies can be extracted from this mode of representation. First,
by counting the number of §'s on the upper tier, we see that ihe word

i ables £ at the three
Jennifer consists of three syllables. Moreover, we know th:

i 3t nces dqen, nif and fr.
wilables in guestion consist (Jf‘ khe’seqqe_ en, [
f:'{f;:}A ‘i’;} ?f..u_f"u. "5 ’ki-&MMce’J'i_da&o_ 2 {\@-J«ﬂ.& {R’g?{i
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Clements and Keyser 4

ambisyllabic in the sense that they are dominated by two clements of the

upper tier. Thus, in Jennifer the n and the f are both characterized as

ambisyilabic.

Kahn's work provided a convincing demonstration of the theoretical
advantages of recognizing the syllable as a hierarchical unit. In particular,
he showed that a number of productive, low-level processes in English
phonology interact with each other in inlricate ways that resolved
themselves into a small number of simple statements. e clearly
demonstrated that linear alternatives were inherently incapahle of giving

equally salisfactory results.

Not unexpectedly, there were a numbor of issues which remained
unresolved in this  ground-breaking thesis. For example, Kahn’s
specification of the English syllabic failed to provide a characterization of
the notions "possibile initial cluster™ and “possible final cluster”. Kahn's
assumption lh.ut the set of syllable initial clusters was coexlensive with the
set of word initial clusters was incorrect as a universal claim. Further, his
theory did not specily the point -in phonological derivations where
syllable-building rules firat apply.  Recent research, moreover, has
suggested' that there is need not only lo build syllables but also to rebuild
them atJater points in a derivation, following the operation of certain kinds of
rules such as vowel deletion and vowel epenlhesis; Kalin, of course, had no
occasion to consider resyllabilication since the phenomena he examined did
nol motivale such processes.  Finally, Kahn's hierarchical mode  of
represenlalion was insulliciently rich in that it did not distinguish syllable
peaks from marginal elements. For example, consider a syllable consisting
of the sequence /rl/, a possible representation of the IEnglish word carl. In
Kahn's made of representation, lhese two segments are dominated by a
single node 8. Itis impossible to tell from the tree conliguration alone that it
is the r rather than the | that constilutes the syllable peak. In order to make

such distinctions, Kahn assigned the fealure ! +syllabic] to one torminal
elpasnnd Glf‘ -‘—@“{k }qﬂ'sﬁﬁe ﬂf-’tff rfiuz ,ﬁacﬁ‘« 0, lr"-.-!-:}@m&.c‘f o ﬁ.@ gl { o ¢

PPN RO A

Clements and Keyser

as a nun'ﬂ'j.er of phoneticians have pointed out, syllabicity 15 not an intringic
characleristic of segmenls but rather involves the relalionship between a
segment and its neighbors on either side. In accord with this fact, it might be
proposed that the syltabicily or non-syllabicity of a segment is more aptly

characterized in lerms of ils position in a syllable tree.

One poinl on which there has been a convergence of opinion in the
more recent literature is that in a more highly enriched theory of the syllable,
syllable trees are binary branching. Earlier we raised the gueslion of the
number of levels that intervene between the segment and the rool node.
The binary branching theory hotds that lhére is no upper limit on the number
of such levels. Rather, the depth of branching is determined by the number

of terminal clements in the syillable.

Although we are convinced that more struciure must be posiulated
than Kahn was willing to recognize, it proves hard to metivate the rich
structure required under the binary branching tree hyputhesis. In particular,
less constrained versions of this hypothesis present the language learner
with the problem of selecting among a variety of possible branching
struclures for the syllable structures of his or her language. For example,
consider a syliable of the form CV. Itis'clear by inspection thal there is only
one possible tree that can be constructed over this string. The choice of
alternatives increases with strings of the lengih CVC, where the number of

possible binary trees is two. [f {he stri lng contains four segiments as in CVCC,

the number of possible trees increases to five:
Figure 2

/A/\A\/A/&\

CV(,C ¢ cvcec
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A string ol five segiments as in CCVCC can accommodate 14 different binary
branching trees; a string of six segments will accommodale 42, seven
segmenls yield 132; eight segments vield 4689; nine segments yield 1430; ten
“segments yield 4862 and so on.? It is clear that an unconslrained binary
branching theory provides a far greater numbar of possible trees than are
ever utilized in natural language. The conclusion that one is led 1o is thal the
theory is, from this point of view, in need of substantive constraint. Notice,
however, that any such constraint must be stipulated in the theory. There
has been no agreement in the literature 1o date as 1o the nature of the

appropriale stipulations.

Anolher problem arises when we consider how the distinction between
“heavy" and “light” syllables should be characterized in terms of binary
branching trees. {t has long been noted that in many languages, prosodic
rules treat alike syllables conlaining the following sequences: V: {long
vowel), VG (diphthong), VC (short vowel plus consonant). Such heavy
syllables contrast with lighl syllables, which end in single short vowels (cf.
Kurylowicz 1948). In syslems of lhis type, for example, the hypothelical
syllable [pa:] would be prosodically equivalent to the syllable [pam]. n order
to express this equivalence a binary branching theory might propose the

lollowing representations:®

2. This series conslitutes what is known to malhematicians a5 a Calalan sedies, The funclion
which determines his series has been worked ould independently by Joba Goldsmith anid by
George Boolos, to whom we express our Uanks, For a discussion of this series in lerms of
meposilional phrase attachment and conjunction in L:nglish, see Martin, Churcly and Patil
(1981). See, atso, Church and Patil (18982).

3. Such representations are discussed in Kiparsky (1981) and in Ingria (1980). We know of ho
allernalive proposals for providing unitary characterizations of heavy syllables in universal
phonotogy. See, however, Sefkirk {1980} for a somewhal different proposal Tor English and
Ulanris (18963} for an allemalive proposal for Spanish.

Clements and iKeyser

Figure 3
a [¢3 b. [
: //ji\\
W S W S W
| A% I |
p a. p a n

The eguivalence of these lwo syllable ty;ies is expressed at the levei of
hierarchical structure where, in each case, the S dominated by the root node
dominates the sequence SW. Given this identity, one wouid expect the
refevanlt terminal sequences in (3) to behave alike with respect to
phonoiogic-al rules sensitive 1o syllable weight, a prediction which is, in fact,
correct, as noted above.

But consider now longer syllables, similar to those above but with a

consonant added to the right:

Figure 4
b. g
a, G
N '.if’//\%
A A
S W 5

T
\/3/\“, s/\w

[pa:pl [pamp]

Here, too, the tree caplures the struclural equivalence of the terminal

substrings [a:p] and [amp]: both are exhauslively dominated by an S which is

of )
fonencidintohs darainatad by tha eant nodla™s 2wl
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SW. However, notice that there is a difference between the long vowel in
(42} and that in (3a). In (3a), the lang vowel {«] is a single constituent
immediately dominated by lhe sequence SW. Consequently, it is described
as a single unit that occupies successively strong and weak positions in
syllable structure. In (4), on the ather hand, the long vowel [a:] is no longer a
SW. Thus, the same terminal sequence is treated as having two distinct
structures depending upon whether or not it is final in the syllable. A theory
characterizing long vowels as in (3a) and (4a) claims that such vowels might
exhibit phonologically different behavior purely by virtue of their dillerent
hierarchical structure. To the best of our knowledge no examples of such a
distinction exist. Similarly, we know of no evidence that the terminal strings
lam] of (8b) and (4b) behave dilferently by virtue of their different
hierarchical structure. This suggests that an adequate phonological lheory
should provide a unilorm characterization of Yie notions "heavy" and "light"

syllable.

In this sludy we wish to explore a new approach lo the syllable. In this

theory, which minimally extends the framework of Kahn (1976), we introduce .

a third lier in syllable representation which mediates belween the syllable

tier and the segmental tier and which we call the CV-tier, In this approach

tigure 5

o [+ 13
_//\;\\\.v.//]\ /’!\

C v ¢veceve
AT
3 € 8 1 f p

The elements of the CV-tier distinguish between syllable peaks and syllable

non-peaks (or syllable margins). Specifically, any scgiment dominated by V

is interprated as a svitable nenle

it anu apnmant Aamicintarl Al b £ e
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interpreted as a non-peak.  Thus in (5), the terminal clements [e, 1, ]
conslilute syllable peaks; the remaining elements are non-peaks. Given this
account of syliabicity, the old feature [ - syllabic| can be dispensed wilh.4
Since the major thrust of the present work is 1o motivate the CV-lier in
phonological theory, we leave more detailed discussion of its character unlil
later.  Here, however, we note that the hranching relationships between
adjacent levels in this theory may not only be one-to-many, but also

many-to-one, as shown in {5).

The notion of the CV-tier is not a new one in phonelogy. In traditional
and structuralist theories, canonic consfraints on the structure of certain
units were frequently formulaled in terms of slrings of the abstract units C
and V; for an early statement see Hockett (1947). Similarly, the conception
of the syllable developed in Abercrombie (1967) draws heavily upon
statements involving these units. What is different about the status of C and
V units in the present theory is that they are regarded not as variables
belonging exclusively to the vocabulary of phonological description, but as
entities of forial phonological representation separate from consonants and
vowels and arrayed on independent lines or tiers as shown in (8). The
uselulness of such units in phonological representation was first suggested
in work by Thriinsson (1978) on lcelandic preaspiration and Menn {1977,
1978} on child language acquisition. However, it was in lhe gquile
independent work of McCarthy on Semitic word formation (1979h, 1981, in
press) that the place of these units in linguistic theory was most thoroughly
established. Our work, as will be apparent, is greatly indebled to McCarthy's

careful and persuasive studies, which have been complemented by the work

4. Notice thal once we have eliminated he fealure [+ syllabic], vowels and glides are
distinguished only by whether ey are dominated by € or ¥ on the CV-tier. For further
frealment of this matier see Chapter 4, and especially section 4.3.5.

Obwiously the etimination of the feature { +syblabic] will have imporlant consequences for
fealuwre theory,  In particular, if will impinge upon lamiliar accounts of French consonant
truncalion and laison which have been ciled as evidence for e feature [+ syltabic] (cf,
Chomsky and Halle 1563, pp. 353-55). We return lo 1his in Chapter 3, sectian 8.
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of Halle and Vergnaud (1980), Harris (1980}, and others.

Howeaver, our use of the wnits C and V differs from McCarthy's
conceplion in one important respect. McCarthy recognized the independent
status of the CV-tier in classical Arabic in large parl on the basis of the fact

that certain CV-sequences function as independent morphemes in {his

this evidence provided some of the most striking supporl for McGarlhy's

analyses and forms the basis of his theory of nonconcatenalive marphology.

In this study we turn to evidence from nuite a different area, that of
syllable phonology. We provide evidence for the view that the CV-tier is a
compaonent of syllable representalion regardiess ol ils lunctioning in the
word formation component, Allhough much recenl research has already
demaonstrated the value of pursuing this view, we believe that the full range
of evidence supporling the recognition of the CV-tier in phonological
representation has nol yet been brought to light, and that the consequUences
of the CV-lier for syllable theory have not been fully appreciated.  In this
study we offer a unified framework which draws upon and receives

motivation [rom phonological as well as morphological evidence,

In the view we present below, the CV-tier is not only, or even primatily,
& constituent of morphological analysis, but serves in phonological
representation to distinguish functional positions within the syllable. In
McCarthy's model the dislinction between “C" and “"V" was, strictly
speaking, redundant, since this distinction could be indepeadently
determined from the hierarchical syllable structure (involving binary
branching and S/W labelling) imposed on lhe CV-tier. In the present theary
lhe distinction between "C* and "V" is no longer redundant since the units
of the CV-tier themselves define funclional positions {peak versus nonpeak)
within the syllable. In this respect the CV-tier can be seen as subsuming the
function of the earlier feature category [syllabic]. However, the elements of

the CV-ier are not merely analogues of the leatures [+ syllabic] and

Clements and Keyser 11

[-syllabic], but serve the additional and equally important function of defining
the primitive units of timing al the sub-syllabic Ie_vel of pl1_9nological
representation. In pacticular, it appéars as if the usefut but fll-defined notion
of "phonological segment” can best be reconstructed al this level. Thus, we
will show that what are normally regarded as single segments (both simple
and complex) correspond 1o single instances of C or V on the CV-lier while
geminate or bimoric sequences correspond to two units of the CV-tier.
Where 1he cormrespondence  between  tradilional  usage and
CV-representation is not exact, as in the case of "long” vowels and
consonants {often treated as single -éegments), it seems that the
representations offered by the present theory provide the more useful basis
for phonological descriplion. We return to a closer examination of these

malters in the following chapters.

tot us turn now to the set ot questions raised earlier, and ask, in
particular, whether a three-tiered mode! of the syllable is sufficiently rich to
provide for a complete characterization of all statements and processes
referring 1o lhe syliable and its constituents, or whether further hierarchical
structure should be recognized. Many writers of the pasi (Trubetzkoy 1858,
Pike and Pike 1947, Haugen 1956) and present {Selkirk 1978, Halle and
Vergnaud 1980} have proposed a furlher set of constituents smaller than the
syllable, taking consanant and vowet segments as their members. These
consliluents may bhe termed the onsel, nucleus and coda. Under such

proposals, the word gtout might be represented, in part, as follows:

Figure 6

-+

1 e

1
!
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Therg is a certain amount of evidence suggesting that the calegory
"nucleus™ plays a role in phonological organization. This evidence consisis
of its role in delining the distinction between heavy and light syliables
mentioned earlier. We observed that a heavy syllable ends in a long vowel, a
diphthang, or else a short vowel followed by a consenant, while a light
syllable ends in a single short vowel, Let us assume that long vowels are
universally represenled by means of the multi-attachment ol a single vowel

matrix to two positions on the CV-tier, as follows:

Figure 7

v Vv v C

Vo o- Y

a

NLAUTA
As this figure shows, the units dominating ti'le){matrix may consist of the

sequence VV or the sequonce VC, The choice between these two depends
upon language specific considerations (hat will be elaborated upon in

Chapters 3 and 5.

terms of the calegory "nucleus", where we take the nucleus to be a prosodic

category consisting of any and all tautosyliabic sequences of the form V(X),
P 2celAgd by auhoay MDY dinge ' P

where{X ranges over single occurrences of C and V. Light syllables are

those containing & simple (non-branching) nucleus, that is V, while heavy

syllables are those containing a complex {branching) nucteus, that is VV ar

vG.b

5. Nolg that this definition prectudes language panlicukar restrictions on the membarship of the
nucleas. I aflianguages, any and all tantosylizbic sequences of the form VW or VO, regardiess
ol the nature of the seginental matices They dominate, conslitute nuclei in our sense of this
lerm,

Clements and Keyser 13
Figure 8
Tight syllable: nuc]lous
|
a
heavy syllables: nm/;'i{us nuc/’l<1t5 m?]{us
AV N R
\a/ G a t

:

We may now return to the commonly obsesved fact lhat the
phonological systems of many languages arg scnsilive to the distinction
between heavy and light syllables. As one example, recall lhat the stress
rules of English distinguish between what have been termed "weak" and

“strong” clusters, as shown in the bracketed portions of lhe foliowing

words:
Figure @
weak cluster: " Amer[icla

strong clusters: Wisc{ons]in

Ariz[ G nla

A "weak cluster” in Chomsky and Halle's accounl consisted of a single short
vowel followed by no more than one consonant (or else by one of certain
clusters such as /pl/, /te/, /kw/, elc.). A “strong cluster” consisled of a
short vowel followed by two or more consonanls (not including the set of
clusters just menlioned), or else of a long (tense) vowel plus zero or more
consonants. In terms of syllable representations, we may reformulate this
distinclion as one helween heavy and light syllables (as indicated in

bracketak:
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Figure 10

lTight syllable: \|i
Amefri]ca
heavy syllables: Ve

Wis[con]sin
V¢

Ari[zo]na

The rules for agsigning regular stress in EEnglish words are sensitive to this
dislinclion, as well as to the dislinction between shorl and long vowels,
Thus, the familiar rule lor assigning main strass to nouns of three syllables or
more, illustrated in the above examples, places stress on the righlmost

syliable that is not a final short-vowel syliable or a penullimate light syllable.

It will be noliced that in this and other rules that are sensitive to syllable
weight, it is normally just the internal structure of the nucleus that is relevant;
the internal slructure of the onset and coda are usually irrelevant. Thus, for
example, the syllables ris and tris are equivalent in the operation of English
stress rules, just as are {he syllables r@ and rét. This generalization can
casily be formulaled if the nucteus is a unit in phonological representation to

which rules of stress assignment have privileged access. &

8. Our formulation does not imply that striess rules may not have access to segments lying
oulside af the nucleus. Roca (1882) provides evidence rom Spanish 1o suggest that he onset
plays a role in stiess assignment. In that language antepenuliinale slress is excluded under
two condilions: fiust, when lhe penuilimate syllable is heavy; second, when the final syllable

hegins with ane of he following set of consonants: 1, 1, gl j. v, rr. i all of these consonants
were derivable from clusters, it would be possible to eliminate the second constiaint since (he
tirst member of the cluster would close the preceding syllable making it heavy. However, of
Ihese consonants, only the fast can b derived synchwonicaliy fiom a clusler. The former derive
historically from clusters bul must be analyzed as single consonants synchronically. Thus tho
second o) the bwo constrainls cannel be eliminated, andl shows hat stress rules may invoive
crucial reference o elements ling oulside the nucious, in this case in syBable initial posilion,
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We have so far proposed that the nucleus is a category of prosodic
organization dependent on, but formally dislinct from the syllable, and we
have argued that the distinction between “fight” and "heavy" syllables can
be accormmodated in terms of a distinction between simple and branching
nuclei. But what of the Tormal status of the other categories represented in

(6), that is, the "onset" and the “coda”?

As far as we have been able o determine, lhere is no linguistic
evidence suggesting that phonological rules ever make crucial reference o
the categories "onset” and “coda". Thus, it appears that the set of syllable
structure conditions defining the set of well-formed syllables for each
Janguage can be stated with complete adequacy with reference to the
categories "syllable” and “nucleus"”. For example, the distinction between
initial consonant clusters and final consonant clusters, which are subject to
independent constraints, can be characlerized directly with relerence to the
brackets which defimit the boundaries of the syllable. The distinction
between constraints holding of consonant clusters and constraints holding
of long vowels or diphlthongs can be characterized with reference to the
CV-ticr. An account of the well-formed nilial clusters in English, following

these principles, will be given in Chapler 2.

Moreover, it turhs cut that many rules of the phonology would have to
be complicated in unenlightening ways if the ongset and coda were
constituenls of the syllable. For example, congider a rule having the effect of
affitiating a syllable-final consonant to a following vowel-initial syllable. This
rute defines the following operation, as long as we assume that the onset

and coda are nol constituents of the syllable:

Figure 11

< —a

(1) (¢4
—— /l
€ v
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We may slale the rule formally as lollows, using the abbreviatory

conventions of autoscgmental phonology:

Figure 12

o a
+ -1
C v

Without belaboring the point, it is clear that tho presence ol intermediate
constituents like "onset” and “coda” would introduce undesirable formal
complicalions into the stalement of such rutes which at best would
necessilate the inlroduction of interpretative conventions or the like to
eliminate them. Such complications are not necessary in a lheory which

does not postulale the categories “"onset" and "coda” in th¢ lirst place,

On the basis of these considerations we propose the tollowing minimal
enrichment of the three-tiered theory of syllable structure developed so far,
We suggesl that phonological representation invelves, in addition to the
o-ticr, the CV-tier and the segmental tier, a further tier which we term the
nucleys ter, consisting of slrings of the symbol » linked to al loast one, and

at most two elements of the CV-tier as explained above.

Let us use the lorm display to refer to any pastial phonological
representation consisting of two or three autosegmentally related tiers. A
jull phonological representation may thus be understood as a set of such
displays, in which the CV-tier may occur more than once. In this sense the
CVdicr may be thought of as the "skeleton" of a phonological

representation, to use the term suggested by Halle and Vergnaud (1980).

Returning to our earlier example, Lhe phonological representation of

the word stout will contain the following displays. We use conventional
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alphabetical symbols to represent the units of the segmesital tior.”

Figure 13

~

segmental display

o o—
£ — M

C
}
t

3 —— T
s —_—

syilable display

.

o -
//R\“\
cevecee

[~

c. n.ucleus display

In this conception, the nucleus display (13c) forms a different "plane™ from
the syllable display (13h). In ¢lher words, the nucleus is not a
subconsbtuent of the syllable, but forms-an indepenclent prosodic unit on a
separate plane of representation. This gives us, in eflect, a nucleus
*nrojection” in the sense of Halle and Vergnaud (1879). For expository
convenience, we will also make use of three-tiered displays consisling of
two-dimensional conflations of two-tiered displays sharing a tier in cominon.
The three-tiered displays given below will bé of particular significance in our
later discussion of phonological processes. We call the first a “three-tiered

syllabie display" and the second a "three-tiered nucleus display”.

7. The segmental tier may very well be 4 composite formed from several independent tiers,
such as the laryngeal tier, the nasal tier, and others, We will not be concerned with the inlernat
struclure of the segmental tier in lhis work.
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Figure 14

a. [ b. v
AR A
gtgvece ccvecec
b I I I
stawt s tawt

A further distinction can be drawn between the elements of the a-tier,
the CV-tier and the nucleus tier, on the one hand, and the elements of
certain other tiers, such as the segmental tier and the tonal lier on the other.
The former, unlike the latter, are not delined in terms of phonetic featurgs
with specifiable physical correlates but are rather structural  unils,
representing the higher-level serial organization of speech units that
appears 1o be a general characterislic of linguistic structure at all levels:
syntactic, semantic and phonetic. We may refer to these tiers and certain
olhers {for example, the p-tier or morpheme tier (McCarthy, 1981) and the
F-tier, or foot-tier (see Chapter 3.7)) collectively as structural tiers as
opposed to phonetic tiers. A complete phonological representation, then,
consists of a composite representation containing both structural tiers and

phonetic tiers.

It should he clear, even from this preliminary discussion, that certain
advantages follow from this approach in contrast 1o the binary branching
approach outlined earlier. For example, the problem of analytical
indeterminacy resulting from the proliteration of syliable types disappears in
the present theory, since, given any sequence of CV-elements constituting a
syllable, there is only one way of constructing the syliable display.
Furthermore, we have seen that the distinction between heavy and light
syliables does not raise problems for the representation of vowel Jength, as it
did in one particutar version of the binary branching theory, In the theory
presented here, heavy and light syllables are characterized as in (8). As a
result, long vowels in the syllables [pa:] and [pap| are given a uniform

renrecantafisnn:
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Figure 15

a. b. *

PR
C Vv C C
YA N L

P a p a

A question not yet touched on is whether the theory of the syilable
should recognize further units of structure such as the rhyme {or rime),
comprising the nucleus and all following segments within the syllable.
Notice that the present theory can be extended in a very simple manner to
accommodate such an additional unit, by recognizing a lurther tier, the

rhyme-tier:

Figure 16
rhyme-tier: rliymne
CV~-tier: C ¢ V/([‘\C
segmental tier: |s It ill w t|.

Given the units of representation developed so far, il tarns out to be hard to
find fully persuasive evidence for this additional lier. We consider some

possible evidence here.

In the first place, there have occasionally been claims to the effect that
syltable structure conditions never involve distributional constraints helding
between the nucleus and preceding elements, while, on the other hand, they
frequently are found to express cooccusrence restrictions between the
nucieus and following elements. For example, Fudge (1969, 272-3} argues
that in English, "certain Peaks do not cooccur with certain Codas...while
there is no such constraint between Onset and Peak.” {In Fudge's

terminelogy the Peak is defined as the position thal may be accupied by a
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vowel or diphthong.) This observation, it might be argued, would foliow from
a iheory in which syllable structure conditions only held within
subconsliluents of the syllable. In this case, the ansel/rhyme division would
constitute an absolule barrier 1o cooceurrence restrictions. However, this
ohservation is not generally correct:  cooccurrence restrictions holding

between the nucleus and preceding efements of the syllable appear to be

just as common as cooccurrence restrictions holding between the nucleus

and following elements. Consider, tor example, the following from English:

Figure 17
a. in dialects distinguishing /a:/ Irom /D:/, the
sequence /wa:/ is excluded. Exceplions are
fimiled to a tew loans from French which are
usually  "regularized" by English speakers:

reservoir, memoir, voyeur.

b. Anterior fricatives /1,v,5,2,08,8/ are excluded
before /wir/.

c. Voiced fricalives and /ClI/ clusters are
exchuded before /u/.

d.  /vu/ is excluded, except in voodoo, a
thyming adaptation from Ewe vodu (cf. the
regular French form vaudou [vodu]), and in the

French loarn rendez-vous,

e. Stop plus /w/ clusters are excluded before

u, 1, A, aw/: Thwat, ete.

i, /Cr/ clusters are excluded before Zer,or,ar/:

*trai, ete.

but not alf ol them can he.
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g. /C¥ clusters are excluded before NI/ and,
indeed, before /V1/ with he single exception of
flail.

h. As poinled out by Browne (1881), English has
virlually no words consisting of the form sCa\UfCa,
lhat is, 8, a consonant, a shorl vowel, and the
consonant again; as Browne observes, "lhis fact
is aslonishing when we think of how many
short-vowel monosyllahlesrthe language does
have." The only exceptions have /t/ as G: stet

{(a proofreader's term) from Latin; stat (a local

the name of a well-known musician). Moreover,
our search through the 20,000 entries of the 1964
edition of the Merriam-Webster Pocket Dictionary
reveals only three items ih which /SCNC/
appears as a word internal syllable; namely,

rheostat, thermostat and sextet. Notice thal in

these exceptions as well, /t/ appears as Ca. This
constraint has persisled from Anglo-Saxon times,
when the only known exceplion (gnce again with

/t/) was stet 'a kind of horse'.

21

A few of ihese constraints could, perhaps, be regarded as accidental gaps,
English is by no means unusual in having
constraints holding between initial and nuclear members of the syllable, For
example, in Klamath, a language we discuss in more detail in Chapters 4 and

5, Ihe only syllable structure constraint is ane excluding the sequence /yi/.

1 =
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A second argument for the rhyme constituent could be based upon
languages which impose an upper limit on the lenglh of the rhyme, The
claim here would be that the rhyme furnishies the most appropriate domain
for the statement of such a constraint. For example, in Turkish we find that
syliables may contain long vowels or short vowels. Short vowel syllables, but
not long vowel syllables, may end in a consonant cluster: raks 'dance’, afk
‘love’. Notice (urther that whilc balh aks and afk are acceptable rhymes, we;
find no longer rhymes such as *afks. Thaese constrainis could be stated as
follows: Turkish permits no four-member rhymes. On the other hand, these
constraints follow equally wall rom an analysis available under the prasent
theory, We might assume thal final congonant clusiers ending in /s/ do not
belong to the level of core syllable representation in Turkish but are formed
by a laler tule of s.alfilialion, which affiliales /s/ to an immediately
preceding nucleus. This rule will permit the adjunction of /s/ to the
sequence /ak/ to form Zaks/, but will prohibit Lhe adjunction of /s/ to a
sequence like Zafk/, where lhe final segment lies outsicde of the nucleus,
While we cannot defend Lhis particular accounl of Turkish in detail here, we
will show independent motivation for alfiliation rules of this type in another

language, Klamath, in Chapter 4,

A third type of polential evidence tor the rhyme conslituent might be
drawn from "external evidence" such as speech errors, word games and the
like. While it has sometimes been proposed that this evidence argues
unambiguously far the grouping of the nucleus together with following
elements in the syllable into a single constituenl, the facts are rather more
complicaled. For example, while the nucleus and post-nuclear elements can
be seen 1o behave as a unit in many English speech errors, so can the
nucteus and pre-nuclear elements. Fromkin (1971) ciles the following: pussy

cat -— cassy pul; lost and found — faust and lawned; stress and pitch —

piss and stretch. As far as word games are concerried, fanguages for which

onsel/rhyine organizalion has been proposed on other grounds may have

word games that require grouping the nucleus and the onsel together as a

Clements and Keyser 23

unit. An exampie is the Finnish word game reported on in Campbell {1880)
in which "the first consonant and vowet of each succeeding pair of words

are interchanged” {(p.247). Thus, we lind lhe following examples:
Figure 18

sakaulaisia hityytettiin — hilksdldisia satuutelliin 'The Germans

were attacked.
tykkiidin urheilusta — uldkaan tyrheilysta 'l like sports.’

{Note that the vowel ¢hanges are due to vowel harmony.) Evidence from
word gamas, therefore, cannot be taken as unequivocal evidence jor syllable

organization.B

We conclude that while the nucteus may be grouped together with
Iollowigg"'elements frecuenlly in speech errors, word games and he like,
groupings of the nucleus with preceding elements are sufficienlly conunon
as to rule out any lheary forming a conslituent out of the first pair and notthe
second. Twa conclusions are possible; either both groupings must be
recognized and, in the present theory.*constilute two new slructural tiers at
the level of lexical representation, or else neithor grouping should bhe
recognized. Due to the apparent absence of any language inlernal evidence

for the tirst of these posilions, we are forced o draw the lalter conclusion.

A final argument for the rhyme might involve rhyming traditions in
Fnglish and other languages. It has been maintained (though not, as lar as
we know, in print) thal the poetic notion "rhyme" is appropriately defined in
terms of the linguistic category "rhyme". In fact, however, it is amply clear
that the poelic device is quite differenl ram the linguistic notion "thyme".
Consider, for instance, Chaucer’s famous rhyme in the Prologug to The

8. Cansistent willy this view is the discossion in Yip {1982} showing hat Chinese word games
peovide euidence tor the CV-tier bul do nat provide evidence [oc onset/rhyme organication.

PRPRNTIME S
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upon the identity of the final slressed vowel and the entire slring to its right
within  the word or verse line, including, crucially, all intervocalic
consonants. In such pairs, there is clearly no single constituent which

uniquely defines the notion rhyme.

The theory which we present in the following chapters represents an
attemp! lo achieve maximal theorctical simplicity in the face of data of
considerable intricacy and variely, Wherever possible, we have tricd to
avoid unnecessary additions to lhe theoretical apparatus of phonological
theory by making maximal use of the notational dislinctions provided by
three-liered syllable structures. Our stralegy will be o demonstrate the
descriptive power of an otherwise highly constrained phonological theory
which incorporates the level of the CV-liar. We hope to show that, given this
level, all of the phonolagical generalizations motivaling the recognition of
the syllable can be readily captured without the need for further notational

apparafus,

Chapter 2: A Three-Tiered Theory aof lhe Syllable

A universal theory of the syltable has, in our view, three specific tasks.
First, it must specily the well-formed expressions of the theory. Thus, it
provides an alphabet out of which syllable unils are conslructed logether
with a characterization ol the permissable arrays of alphabetic unils.
Second, it must specily the parameters along which individual languages
vary in their choice of syllable types. Third, it must characterize the class of
language-particular rules which modify or extend the underlying syllable
representations ("syllabification rules") dnd stale how these rules are
integrated into the general organization of the phonological component. We

discuss each of these in turn in the following sections.
2.1 Well-formed Expressions

Lel vs consider, then, the first task. As we saw in Chapter 1, syllable
trees consist of three-liered representations, in which each tier has a certain
vocabulary associated with il The vocabulary of the [lirst, or g-tier, consists

of the single element g. The vocabulary of the second, or CV-igy, consists

of the two elements C,V; and the vocabulary of the third, or seamenial tier,
consists of single-column phonetic matrices characterizing consonants and
vowels in the usual manner. Well-lormed strings on each tier consist of

concaienations of the members of the alphabet defined on that tier.

Elements of neighboring tiers may be related in much the same way
that syntactic elements are related in tree slructures. In syntactic theory
these relations are specified in terms of lines which are called "branches”
while in multi-tiered phonelogical representations they are specitied in terms
of "associalion lines”. The notion of “immediate constituent” holds in
multi-tiered phonological representalions just as it does in syntaclic theory.

Consider, for example, a tree of the following form:

e i L et
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Figure 1.

In struclures like that in (1), B and C are said to be the immediate’
conslituents of A because A immediately dominates each member of the
string BC and nothing else.  Similarly, D and £ are the immediate
constituenls of C. Furthermore, if a node A exhaustively dominates a string
S and nolhing else, S is said to be a member of the category A. Thus, the

conscnant /n/ and the sequence /d3/ in (8) of Chapter 1 are both members

While the similarily between synlaclic trees and syllable trees is
inslructive, there are several differences which should be kept in mind. First,
the notion of lier plays no significant role in current syntactic theory. Thus,
in the tiered represenlations presented here, the number of fevels between
the root and the terminals of a given struciure is fixed at three. In synlactic
tees no such fixed number is characterized, Second, while in sylfable
theory the elements of the alphabet are exhaustively partitioned among the
three tiers of syliable representalion (i.e. each tier has its owni alphabet and
shares it with no other tier), in syntaclic theory the non-terminal symbols may
appear at any non-terminal level of the ree. A third dilforence concerns the
nature of the inter-tier assoctations. I phrase structure trees, any non-root
node musl be inmediately dominated by ove and only one node. In
multi-tiered phonological representations, however, hon-root nodes may be

dominated by two or more elements.
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2.2 Core Syllables

We now turn to the second task of syllable theory, which involves the

characterization of the set of syllable types encountered at the earliest level

of phonological derivations. Itis our view that words arg fully syllabified at

the level of lexical representation: that is, syllable trecs are not buiit up in
the course of phonological derivations.b-u”t. ére already present, fully formed,
in the texical representations that constilule the input to the phenological
component.! This is the strongest possible claim we can make wilh respect
to syllable representation since it suggests that syllable siruclure is assigned
at a single level, uniguely specifiable for all languages. A theory in which
this is true is also the simplest possible theory from the point of view of
acquisition since it entails that the syllable structures encountered in surface
representation will be similar or identical to those found in underlying

representation.

There are two lypes of evidence in favor of lhis view. First, there are
languages in which the postulation of syllable structure in Lhe lexicon makes
it possible to achieve a significant simplification ol the phonologicat
component. Efik, which we discuss in greater detail below, is one such
janguage. A second form of evidence is psycholinguistic in character and
involves lexical recall tasks. For example, the so-called tip-of-the-longue
phenomenon reported on by Brown and McNeill (1866} and subsequent
wrilers can be best understood in terms of a lexical entry lhat is fully
syllabified. The tip-of-the-tongue phenomenon arises when subjecls recall
suprasegmental properties of a given lexical itemn such as sfress placement
and the number of syllables, but cannot recall properties characteristic of
the segmental level of represenfalion.  Gince these suprasegmental

properties presuppose syllabification, such data suggests that words are

1. We relum in Section 2.4 to a discussion of the atgorithm wherehy syllable structurs is
supplied to lexical representations.

VAT o 2

o, ac
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stored in fully syllabified form.

We propose that the primary set of core syllable types comprises the
following sequences:?

Figure 2
a. Cv
b. Vv

c. CvC
d. V¢

These syllable types are not equal in status, however. Notice first that all
languages {to the best of our knowledge) have the syllable lype CV, while
some languages lack each of the other three types. Furthermore, type (2d)
is the most highly marked in the sense Lhat any language that has (2d) must
also he.we_: (2a-c}. Itis possible to derive these systematic refationships in the
following way. We propose that the syllable type CV beiongs to lhe grammar
ol all languages. This syllable type may be operaled on to yield one or more

of the other core syllable types by the following two operations:

Figure 3

a, delete syllable initial C.
b. insert syllable final C.

Any language may choose either, both, or neither of these lwo rules to
expand ils inventory of primary core syllable types. This syslem thus gives

rise to the following types of languages:

2. Proposalg similar in spirit to hose preacnted befow are set out in Abercromhbie {1967),
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Figure 4
Type 1: Ccy
Type 1l: cv, v
Type III: Cv, CvC
iype 1V: Cv, Vv, CVvC, VC

Type tinvolves neither rule in (3}, Type Il involves Rule (3a) alone. Type Hl
involves Rule {3b) alone. Type IV involves both {3a) and (3b). Notice, in
particular, that the [lollowing hypathetical language types cannot be

characterized by the rules of (3):

Figure 5
vV, VG Cv, Vv, CVC
cve, vC Cv, VC
Cv, v, VC v, CvC
Cv, CcvC, VC vV, vC, CVC

As far as we have been able to determine, each of the language lypeas in (4)
have been instanliated. For example, Type ! is represented by Senulo, Type
il by Maori, Type ill by Klamath and Type IV by English. On 1he other hand,

none of the types in (5) are instantiated.3

In addition to the parameters given in {3), languages may select among
cerlain further options. First, some languages allow core syllable types to

include sequences of conscoutive V-elements:

4. This prediction of our theory clarifies and geveralizes a claim made by Jakobson: “Thore
are languages lacking syllables with inittal vowels and/or syliables with final consonanls, but
there are no languages devoid of syllables with initial consonants or of syllables with final

A A s A TR S S T BT S S
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Figure 6
g
2
/// \\'“""\-.
c v v ... V

In such languages well-lormed core syllable types may consist not only of

CV and CVC, for example, but alse of CVV and CVYVC, and perhaps of CVVvV
and CVVVC and so on. Accordingly, we allow languages 1o frecly select CV*
as the represenlalive of the primary core syllable (where V¥ represents one
or more V-elements). H alanguage selecls CV*, the operations of (3) apply
as before to yield a set of derived core syllable types like those of (4) except

for the fact that V* evorywhere replaces V.

Similarly, some languages allow more than one C-element in initial or
final position in the syllable. We represent this condition by C*, In order to
expand our inventory of core syliable types 1o allow for the possibility of C*
and V*, then, we will addilionally define each language in terms of iis
maximal_syllable, stated as a single expansion of the general schema
C*IV*HC(*)), where any occurrcnce of * may be replaced by an integer
greater than 1. Thus, for example, the formuta CHv? designates a language
allowing syllable-initial clusters of any length and up 1o iwo vowels. The
formula CV2C? characterizes a language allowing two member consonant
clusters in final position, but not in initial position in the syllable, and two
member vowel cluslers in the nucleus, Using this notation, we may
characterize the English core syllable in lerms of the maximal syllable
C*VG2, realized fully by the English word sprint? The symbol G* will be
used in place of the more specific C2, 63, etc. when the upper bounds on

the lenglh of a cluster follow from language specific constraints on

4. We assume, following arguments presented in Kiparaky (1981), that longer syllables may be
created by a rule adjoining exlrasyllabic coronal segments lo the end of a preceding syllable to
Torm such words as next and gixlh,
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sequences of vowels and consonants within the syllable, and need not be

independently stipulaled.

Constraints on conccutrrence within the syllable are represented, in the

present theory, by positive and negative syllable structure conditions which,

taken together, generate the set of well-formed core syflables for each

general canonic form of well-formod consonant or vowel clusters in-terms of
sequences of natural classes. [For example, the PSSC in ($a} slates that
inilial clusters may contain, as their fir-_st wo (or only} members, any

obstruent foflowed by any oral sonorant:

Figure 7
(a) ////\\\\
is admissible

() | ol
C/\C

".i.cmj [ +1ab] is inadmissible
tant

in case there are no constraints on clusters (a situation unknown to us in the
case of consonant clusters, but not uncommon in the case of vowel

sequences), no PSSC need be stated. '{[@___D_g_gf_x_li_ye syllable stru ture

conditions (NSSCs), applying 1o the output of the P3SSCs, z_;g_g;_c_ify_ c__erl;\_i_n_ _
ék_lbsequence:s within lhe syllable as ill-formed, thus performing a filtering

operationj For cxample, the NSSC (7b) excludes such sequences as /iw,
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dw, sw, zw/ from the set of consonant clusters generaled by PSSC (7a).
NSSCs range not only over subsequences dominaied by Cs alone and
subseqguences dominated by Vs alone, but also subsequences dominated by
both C and V elements., The empirical justification for the distinction
between PSSCs and NSSCs will become apparent in our discussion of

syllable initial clusters in English, in Seclion 2.5.
2.3 Core Syllable Assaciations

Permissible core syllable associations helween elements of the CV-tier
and elements of the sogmental tier are determined in_part by universal
principles. Unless otherwise stipulated in the grammar or {exicon of a given
jlanguage, V-elements of syllable structure are frecly allowed to dominate
[-consonantal} segments, and C-elements are freely allowed to dominate
both [ + consonantal] segments and [ + high, -consonarial] scgments. Other
associalions are possible only when admitted by language specific rules.
For example, some languages allow post-vocalic consonants o be
dominated by V if they are tautosyllabic with the preceding vowel
Languages of lhis type are those in which the "mora® is a unit of prosedic
organization capable of bearing pitch or tane contrasls, and inciude
Lithuanian, Japanese and Akan. As a further example, some languages
allow tautosyllabic VC sequences to dominate single consonant or vowel
segments, English is such a language in our view, since it has core syllables

of the {ollowing type:

Figure 8
a. a b, g
~ .-M"‘m ///n\\m
C_ Vv c C c Vv c C
N VAR
b i d b r (
%‘}E(Jﬁg_z_
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surface quality through the operation of rules of vowel shift and
diphthongization. in cove syllable representalion, the vowel of this word is
represented as a single segment assigned to two adjacent positions on the
CV-tier, indicating that the vowel is long.  (8b), giving the underlying
representation of bird, rellects the phonetic fact that the syllabic nucleus of
this word does not conlain a vowel such as we find in similar words like
broed and beargd. Rather, the portion of the utterance which occurs between
the initial and final consonant presents a stcady-stale, r-colored segment
accupying the syllable peak and consisting of two units of timing.”
Accordingly, we represent this element as a single phonetic matrix

associaled with two elements of the CV-tier,

As we ohserved in Chapter 1, the “"bipositional" representation of long
vowels and consonants given in {8) allows us to formulate a unitary
characterization of syllable weight. Further  motivation  for such
"bipositional" representation in English comes from an observation due to
Selkirk (1978) regarding constrainls on syllable final cluslers. In the first
place, Selkirk notesdtf]’::llt gf&.ts_yliqble final cluslers of the form VCCC, where

R S

the/\,rqwxel is .f,_hpr't,' the finat member mMust be [+ coronal]. Thus, while next
/neksp/ and *glimpf /glimpl/ are not. In the case of VCO clusters, where
the V is a long vowet or diphthong, the final consonant is subject to ihe
same constraink; namely, it must be [+ coronall. Thus, we find pint /payni/
and liend /fiynd/ but not /paynk/ or /fiymp/. 1t is clear that long vowels
and diphlhongs are functioning equivalenlly to VC sequences. If we express
this equivalence by representing long vowels and diphthongs as suggested
in {8), we may formulate a single constraint to the effect that the third

member of a syllable Tinal C cluster must dominate [+ coronal] segments

5. Cf. Klatl (1975) (or measurements showing hat slressed and unslressed syllabic 7t/ in
Frglish have lwice Whe length of stressed and unstressed non-low lax vowels, respectively, Tor
e cnnakoer

%!-;UI%F 3
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In core syllable represenlations not all associations are one-to-one,
We have just given examples of many-to-one associations in Figure (8)
above.  Additional one-to-many and many-to-one configurations are

illustrated below:

Figure 8

a. C b. C C

/N N/

L I s

As remarked earlier, the elements of lhe CV-tier are interpreted as
corresponding to the timing_units of spesch produclion al the sub-syllabic
level. Thusg, a single C represents a single unit of timing, while a seguence
CC represents a doubte timing usiit. Accordingly, (9a) is interpreled as an
affricale (i.e. a single, inlernally complex segment as in English church), We
now have a natural way of distinguishing such minimal pairs as Polish czy
'whelher' and trzy 'three', in whicli the allricate [tf] of the Ffirst example is
acoustically and  perceptually distinct from lhe otherwise identical

stop-fricative sequence [tf] of the second (Brooks 1965):

6. In terms of the analysis suggested in footnote 4, in which the maximal core syllable of
English ia G*VC2, this amounis to the requirement thal extrasyllabic C elements are adjoined to
the preceding syllable ondy if they dominate {4+ coronal] segments.
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Figure 10
g 4
N\ AR
C v C C vV
/N ]
t f 4 t 4
'whether!' 'tiree'

{8b} represents a geminate continuant such as is found in the core syllables
of some languages. In English, geminate consonants are found in derived
syllable structure in the casual pronunciation of phrases such as of

cour[ssley clb {i.e. of course they_do). (See Shockey 1977 for further

discussion.)

The availability of syllabifications involving many-one relationships
provides a ready account for certain consonantat distributions which are
olherwise puzzing, Consider, for example, the accowrit of Elik given in
Welmers (1973, 74-6). Welmers notes that this language has three sels of
consonants which are dilferentiated by their distribulion. Set 1 appears in
both word-inilial and intervocalic positior; set 2 appears only in word-final
position; and set 3 appears only inlervocalically. Set 1, for example, is
represcnted by the consonant [kp), set 2 by the consonant |pl, and set 3 by
the bilabial flap [B]. Thus we find, In word-initial position, examples like kpok
'cut up' {set 1); in word final position examples like dép *buy’ (set 2); but in

intervocalic position examples from bolh sots 1 and 3, such as gkpat 'bag’

Welmers notes that the consonanls fkp] and [p] are in complementary
distribution.  Since Llik has the voiced phonemes /b/ and /d/ beside the
voiceless phoneme 71/, he suggests, on grounds of pattern congruity, that
{kp! is reasonably inlerpreted as representing a basic labial phoneme /p/
characlerized by velar coarticulation. A phionetic rule removes the velar

articulation in syllable-final position, thereby accounling for the final sound
R ﬁ/{ :J.g.‘:'\:-f‘in *
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But what of the bitabial flap [B}]? Weliners notes Lhat this flap is in
complementary distribution with both [kp] and [p]. In particutar, while it
cceurs intervocalically like tkpl, it occurs only after vowels whose quality is
elsewhere characteristic of vowels in closed syllables. To further illustrate

this complementary distribulion, Welmers provides the example dwop_é ba

'twelve (ten plus two)' which varies with the fast speech form dwdBeé ba, |

where the closed syllable allophone of 70/ ocours in both cases.

In order not to proliferate the vocalic regisler of Elik, Welmers
proposes, instead, to recognize the syllable as an enlity in phonological
description.” He then proposes that the flapped consonants that follow
vowels showing closed syllable variants in words likesillé  are, in  fact,
underlyingly ambisyllabic, as in {11a). Furthermore, Welmers proposes that
the syllable struclure of dwollé ba in rapid speech be represented as in
(11b), where the dashed line indicates |he elfect of a rule affiliating a

word-linal consonant to a vowel-initial syllable:

Figure 1t

a U a b, o o g
VAN AN . -1 /\
C Vv C V¥ € ¢ v C v cC Vv
. 0 O Y I
$ + p e d w o p e b a

In these representations the ambisyllabic character of the medial /p/ is
indicated by the fact thal it is dominated by iwo syllable nodes. This /p/
undergoos the flap rule that applies to all ambisyllabic consonants,
becoming [13].

7. In particular, he posits a unit to mark syllatle division, although he does nol make clear
precisely how this imilis to be formally introduced.  In what follows we adopt Weliners' basic
insight but reformulate his analysis in terms of bree stroctures,
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There are lwo consequences of Welmers' solution which argue
overwhelmingly in ils favor. First, the ambisyllabic representation of the
medial /p/ causes the preceding syllable to be closed and thereby provides
the requisite syllabic environment for the allophonic variation observed in
the vowel system. Without this, it would be necessary, as Welmers notes, to
virtually double the vowel inventory of Efik. Secondly, the representations in
(11) provide the requisite syilabic environment to account for the allophonic
variation ohserved between Jkpn], [p} and [B], assuming thai the [ap rule
applies only to ambisyllabic consonants. Hence, the consonantal segments

need not proliferate in the inventory of Efik phonemes.
2.4 Core Syllable Division

Elcments of the CV-tier are grouped into core syllables carresponding
to the core syllable inventary selected by the language in question.  This

grouping is constrained by the follawing principle:
Figure 12
The Onset First Principle

a. Syllable-initial consonants are maximized to the
extent consistent with the syllable structure conditions

of the fanguage in question.

h. Subsequently, syllable-final  consonants  are
maximized to the extent consistent wilth the syllable

structure conditions of the language in quastion.

These two principles, which are adapted from rules lormulated for English
by Kahn {1978), apply in the order given. llence, given a string of the form
VGV, where both VC and CV are well-formed syllables, the syllable division is

V-CV. Similarly, given a string of the form VCCV, where CGV is a
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well-formed syllable, the syilable division is V-CCV, even though VC (or VCC)
may be well-formed syllables as welt, Thus, the Onset First Principle implies
that given alternative syllable divisions, tanguages will select Llhat which

maximizes syllable-initial consgnant sequences.

Principle (12) might be interpreted in any number of empirically
equivalent ways; for example, as conditions holding of fully formed cose
syllable representations, or of partly tormed core representations which are
then built up with reference to he language-particular syllable structure
conditions o create fully formed core syltables. We adopt the latter
inlerprelation hera. b particular, we assume that fully formed core syllables

are constructed in the [ollowing manner,
Figwe 13
a. V-elements are prefinked to o’s.

bh. C-clements to the left are adjoined one by one as
long as the configuration resulting at each step

satisfies all relevant syllable slructure conditions.

c. Subsequently, C-elements to the right are adjoined

in the manner described in {(b) above.

To illustrate this algorithm, which builds uj syllables in onionlike lashion

from the center outward, we oller the following example:
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Figure 14

e L
e}

M G

(14a) represents the initial configuration as defined by (13a). (14b) conilates
three steps in accordance with (13b). The first of lhese creates the syllable
/ra/, the second the syllable /tra/, and the ihird the syllable /stra/. As we
see in Section 2.5, each of these inlermediate conligurations satislies the
syllable structure conditions of English pertaining to initial clusters. /7b/
cannol be adjoined Lo the resulting configuration, however, since the
sequence /bstr/ does not satisly Ihe conditions on syllable-initial position in
English. The final configuration (1 4¢) is then created in a similar manner in

accordance with (13c).

According to the principles given so far, long clusters of consonants
may not be exhauslively parsable into core syllables in some cases. Thus,
gome consonants in such clusiers may remain extrasyllabig. An
extrasyllabic consonant is one which is not a memhber of any syllable.
Typicatly, such consonants are separated Irom neighboring consonants by
short nmeutral or voiceless vowels and are historically susceptible 1o
processes which either eliminate them or incorporale thein into well-formed

syllables by mcans 0[ pracesses such as vowel epenthesis, sonorant
wa cidA ra iy waeet '«‘*Mf“‘_ RS

e S A s s o pm T

T Vit Faonm et argebs mvreang=las 1oy s
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shart, voiceless schwa after the k. However, this is not a fult schwa as is
evidencedl by its near-minimal contrast with the word canoe. Other examples

ol extrasyllabic consonants in English include the initial consonants of the

renderings of the name of the former Iranian minisler Gholbzadeh. We

represent extrasyllabic consonants as lollows:

Figure 15
o ¥ [+
AN v AN
c v € ¢ C v ¢V
S T
gh o t b 2z a d e

We claim that the segment b in an example such as this is a member of
neither the first nor the second syllable, either underlyingly or on the
surface. Extrasyllabic segments occuiring in core syllable representations
often play an important role in the syllable-condilioned phonology  of

languages. We return to this topic in Chapters 3 and 4.8

8. While our theory allows extrasyltabic C-elements, it does not permit extrosyliabic
V-elemenls. This restriction follows froim the logic of our theory, Given, lirst, that elements
dominaled by V are interpreled as belonging to the syllable peak, and sccond, hal the notion of
syllable peak is.interpretable only with respect (0 a syllable of which the peak is a constituent, it
falmwue 1hal 2y oatian af Tavirsculln)be ek ™ wedsbd Fa ensiemeibrantig cv e donie
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2.5 A Case Study: Initial Consonant Clusters in English

We illustrate and develop the theory presented so far with a partial
account of the core syllable in English, Here we consider the constraints on

syllable-initial consonant sequences.

In terms of the set of parameters presenied in Section 2.2, English is a
Type IV language which permits consanant clusters (G*) in syllable-initial
(and syllable-final) position. Specifically, as noted above, English conforms
to the maximal syllable formula C*VC2. Initia¥ consonant clusters are
subject to a number of conslraints. in the -féilowing figure we display in
colurmnar format the well-formed and ili-formed Initial clusters of English
core syllable representations. The rows specily the first members of such
clusters and the columns specify the second members. A "+ " indicates
that the row/cdlumn pair is a well-formed syllable-initiad cluster, while a "-"

indicates that it is not:

Figure 16

W 1 r p t k m o T 9

a, p - + + - - - - = - =
b - 3 + - e - = e = .

f - + + - - - - - - -

b. t + - + - - s s ==
d + - + - - - - - - -

] + - + - - -~ = - -

c. k + + + R
g + + - - = = - - -

d. 5 + + - + + o+ o+ + 7 -
S + + + T -1 1 - -

The following consonants do not occur as the first member of a cluster: /w,

Lry,h, 8,2, _;,';'U. dy,n,m, v/
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it will be noticed that no clusters containing /y/ have been included in
the above chart. Following We analysis given by Levin {1981), we assume
that /y/ in words such as pure or gue is not present underlyingly but is
insertad by rule before the vowel 74/, which becomes the surface /uw/.8
This analysis receives support from two independent considerations. First,
except for a few words of Torgign orgin ([or example, proper n.ames such as
Tokyo), /y/ appears in clusters before no olher vowels than /uw/. This
anomaly is explained under Levin's proposal by the fact that Cy clusters
have no other source than the insertion rule. Secondly, /v/ and /m/, which

do not otherwise appear in word-initial clusters in English, appear belore /y/

underlying and 1hus these words do not constilute exceplions to the
generalizalion that voiced fricatives and nasals do nol occur as the first

members of syllable-initial cluslers in core syllable representations.

Let us examine more closely the cooccurrence restrictions given in

(16). If we exclude for the moment the clusters of (16d), we observe that

only ohslruents occur as the inilial member of these clusters, and only oral -

sonorants occur as the second member, On the basis of lhese obsorvalions

we may formutate a positive syllable structure condition for two-member

syllable-initial clusters as follows:

Tigure 17
T /”’ﬁx \-RH\"" -
¢ ~¢
| b
[—sonJ +son
S -nasal

9. The rule of y-insarlion does not apply in words like poor since Ihere is no /4 / at any point in
1heir reoresenlation,
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This condition is, needless to say, specific to English since many languages
allow initial clusters that do not conform o it. 1t therefore forms a part of the

set of rules constituting the phonological component of English.

(17) will carrectly generate not only the clusters of (16a-c) but also the
clusters in lhe first three columns of (16d). On the other hand, {17) is overly
general in that il admils a number of clusters thal are systematically
excluded in English, as indicated by the minus entries in the table. Further
examination “shows that the exclusions are nel random but fall info
phanologically well-delined classes: labials may not be followed by /w/;
nonstrident coronals are not foltowed b'y /Y/; voiced fricalives are
everywhere excluded as the first member of clusters; the sequence /st/ is
excluded: and finally, the second member of a cluster cannot be /y/. These

ohservations motivate the following sel of peqative syllable slructure
0

10. 1t should be noted that, following a suggestion by | alle and Vergnaad (1979), (18d) below
can be climinaled in favor of a rule of the lollowing sail: s - f/___r
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Figure 18 - Negalive Syllable Struclure Condilions
condition: exciudes:
a. * I
P
C C
[+1ab] [+lab] bw, pw, fw
o -
b. * [
¢ C
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.-"/."/ ) T ..
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Let us now consider how the remaining s-initial clusters of (16d) are to
be accounled for. Excluding for the moment the marginal cluster /si/,
which occurs only in a few items of the learned vocabulary, we find two
turther groups of s-clusters: /sp, st, sk/ and /sm, sn/. Itshould be clear that
here is no obvicus way to oxiend the positive syliable structure condition
given in (17) to accommadate these ciusters that does not involve the use of
ralher powerful notational devices permitting lhe  expression of

discontinuous dependencies.

As a first hypothesis, we might propose to accgunt for these clusters in

terms of the following addilional positive conditions:

Figure 19
a, [ . n. i
/ \\\\ /\\
C C C C
ol | |
+sirid -cont +strid| [+nasal]
tcor +sLiff v.c. Feor
L +ant {Lkant
o ¢

The first of these conditions admils /sp, st, sk/ while the secand admils /s,
sn/. Notice, however, that these two condilions are partly similar, a [act
which raises the guestion whether they may be simplilied further. It appears
that it is unnecessary to quality condition {18a) by the feature [+ stitf v.c.].

Consider alternations such as the following:
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Notice further, however, that while all well-formed three-member
clusters can be analyzed into pairs of well-lormed two-member clusters, itis
not necessarily the case that any pair of well-formed two-member clusters,
AB and BC, combine to form a well-formed three-member cluster, ABC. This

is because of the requirement in the algorithm (13) that not only positive but

also negalive syllable structure conditions be satisfied. Thus, while both-

/st/ and /tw/ are well-formed two-member clusters in English, they cannot
combine into a well-formed three-member cluster /stw/ because that cluster
is ruled out by a negative syllable structure condition specific to this

sequence, 12

This system also makes the prediclion that sylfable-initial clusters in
English consist of no more than three members. To sce 1his, consider any
arbitrary string of four consonanis, ABCD. If consonants A and B satisfy
condition (17}, B and C satisfy neither (17} nor (21). Hence the string cannot
be syllabilied. Suppose, on the other hand, A and B salisfy condition (21). In
this case consonants B and C can only satisty condition (17). C and D, now,
can satisty neilher condition (17} nor (21) and the string cannot be
syllabilied. Thus, it is an automalic consequence of our analysis that English
contains initial clusters that are at most three segments long. This requires

no independent statement in the grammar ol English."3

To complete our analysis al initiat consonant clusters in English core
syllables, we consider first the obscrvation that a few English words begin

with /sf/ clusters. These include sphere, sphynx, sphradgistics and a few

proper names of loreign origin such as Svedborg, Sforza and Siravara. This
is most simply stated as a separate positive condition permitting the
voiceless labial fricative /f/ after /s/;  /sit/ cluslers will then be

automatically generated due to the independent acceptability of /fr/

12, In Clements and Keyser {1981) use was made of a Parsing Gonvention to account for the
rclation belween lw and three-member clusters in English. 1he present account climinates
the: need for this convention.

B - E F_. . . F gF . mEILE., o i memereettes s o N R R
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clustess in core syllable representalions. Secondly, the analysis so far does
not accommodate certain /f/-initial clusters which are fully integrated into
the phonological systems of many monolingual English speakers, not only in

words such as schwa, shrub and Schlesinger (as is predicted by (17)}, but

so far generate. The latler group of clusters may be admilted by a minimal
gencralization of (21) eliminating lhe feature | +anterior]. Note that this
generalization predicts the presence of thiree-member /f/-initial clusters.
The apparent absence of such clusters is probably best to be regarded as
accidental in view of the relatively small number of words beginning with

/1 /-initial clusters in the first place.

Summarizing our analysis of initiad consonant ciusters in English core
syllables, we have postulated two positive syllable structure canditions {17)
and (21) {as well as a third, not formalized, for /sf/ clusters) and five
negative syllable structure conditions (18a-e). These conditions, taken
togethor, define the set of systematically possible (or well-formed)

underlying initial consonant clusters in English core syllables.

As a further consequence of our analysis, we can explain the dual
status of affricates with respect to syliable structure conslraints. The
alfricate /tf 7 behaves as a single segment in its ability to begin a syllable on
its own; if we had treated it as a phoneme sequence, /t + [/, it would have
viclated the pesitive syllable structure conditions (17) and (21). On the other
hand, this segment behaves as a cluster with respect to the fact thal it may
nat adjoin to a lollowing liguid or glide to form any of the sequences /tfr, tfl,
tfw/. This faist lollows automatically from the principles stated so far. Thus,
note that a representation such as the following satisties neither of the

positive syllable struclure canditions (17) or (21):

14. These clusters may not be olally absent, as witnessed by those spenkors wlio allow initial
/17 in such words as spritz, strudel, Strauss or Springer.
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Figure 23
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The representation of allricates as single segments on the CV-tier and ags
dual segments on lhe segmental tier enables us to account for their

ambiguous slatus with respect Lo syliabificalion rules.

Our distinclion between positive and negalive conditions has been
founded on the so far lacit premise that the language learner will learn the
simplest set of conditions (hat characterizes (he well-lTormed clusters of his
or her language. This criterion is salisfied by the anaiysis given above. As
the reader may verify, we cannol reformulate any of our existing positive
conditions as negative conditions, or any of our negative conditions as
positive conditions, without increasing the formal complexity of the analysis
as determined by the usual evaluation melrics. In addition, our analysis has
been carried out under the Turther assumption that syllable slructure
conditions are properly stated in terms of a highly restricled vocabulary
which does not include he abbreviatory conventions or other notational
devices that have been proposed clsewhere in phonology. Thus, while we
could have collapsed our two positive conditions or any lwo or more of our
negative conditions by the use of angled brackels subject to Boolean
conditions, we have not done so due to our belief that such abbreviations do
not reflect genuine linguistic generalizations concerning core syllable

structure.

These methodological premises fead us to an interesting empirical
consequence. Qur analysis has recognized two clagses of "systemalically
excluded™ cluslers: those that are not generated by the positive conditions,
and those that are excluded by the negative conditions. These {wo classes

of clustors are of a strikingly different character. The clustars nat aeneratodd

I
S
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by the positive conditions are {olally deviant sequences. These include such
sequences -as_____/zb, bd, dv, bz/, which, as we have already seen in our
discussion of extrasyllabicily, cannot be pronounced as tautosyllabic
sequences by phonetically untrained English speakers.  Furlher such
sequences as /b, wt, Ir, nk/, etc., which are equally deviant, are also
excluded by the positive conditions. Exceptions to our gonerdlization, we
beligve, are only apparent. Thus, the initial sound of the nnme Nkngmal is

pronounced as a separale syllable by most monolingual English speakers,

_ be cansidered as alfricates {which are not, as we have seen, excluded by the

syllable slructure conditions). IF we consider, on the olher hand, lhe further
class ol “systematically excluded" syllables which is excluded by the
negative syliable structure condilions, we find a very dilferent state of affairs.
These sequences, in large part, are not only easily pronounceable by the
phonetically untrained speaker bul occur with some frequency in words of

foreign origin. Examples include ford, Kyoto, bwana, pusblo, Thingit,

that the traditional confusion regarding whether clusters such as these
should be accounted for in a general account of the English syllable'®
reflects lheir intermediate status between hlJIIy acceplable and tully deviant
clusters. This difference is formally characterized in the present approach

by the fact thal they are excluded by negalive, rather than positive

15. See Algeo (1978} for & useful review of the litorature.
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conditions on syliable structure.’8

2.5.1 Excursus: The Acquisition of Consonant Clusters

There are very few detailed longitudinal studies of the acquisition of
phonology and only one, to our knowledge, which bears direclly on the
acquisition of syllable-initial cluslers in English, that of Smith (1973). Smith
found that the acquisition of initial clusters was characterized by a highly
systematic progression of stages, each exhibiting fewer restrictions on
consonant cooccurrence than the previous stage. Interestingly,
three-member clusters were reperled to appear at the same lime as the
two-member clusters of which they were constituted; thus, /spl/ appeared
at the point when /pl/ was already present and /sp/ had just been acquired
(p. 169).

This result is of theoretical interest for language acquisilion. Consider,
in particular, the view of acquisition expressed in Jakobson (1968).
Jakobson observed ihat, all clse being equal, syntagmatically simple
sequences are acquired earlier than syntagmalically more complex ones.

Spegitically, Jakobson claimed that within a word, the maximum number of

16, I an earlier study Greenherg and Jenking {1964) examined the linguistic distance of

monosytables rom well-{formed English along a lour-point scale as follows:

1. existing word: well-tormed existiog elustor - Zstirak/

2. nonexisling word: wedl-lormed existing cluster - /strib/

3. nonexisting word: well-formed nonexisting cluster - /stwin/

4. nanexisling word: ill-formed nonexisting clusler - /gvsurs/
An implicalion of their findings was that "..ihe perceptual sensilivily of the subjects 1o
{linquistic distance from Fnglish] is unilorm across the entire knglh of (he scale as opposed to
being highly sensitive for swall departures (rom English and less and less sonsitive for
dillerences between vory distant 'words' (p. 167). Note lhat Greenberg and Jenking did not
test the validily of their four-point scale directly, but rather the validity of a scale of dislance
Irom English as measured by the number of ways we can perform phoneme substilutions in
lour-phoneme "words" and arrve at oxisling words (the more ways, the closer the word ¥5 to
IEnglish).

Our resulls motivate the recognition of a subdivision in the fourlh point of [his scale; namely,

a subdivision into ill-focmed cluslers that are exctuded by negative condilions (pwin) and those
thral v poeafrufart b iy H PSRV Y
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phonemes, lhe number of their possibilities of distribution, and the maximum

number of phonemic distinctions all increase by degrees in child language

"acquisition {op.cit. pp.85-86). While this claim is probably coirect as a broad

and general one, it does not allow us 10 accommodate Smith's results in any
straightforward way, since it would predict that /sp/ and /pl/ clusters would
be acquired earlier than /spl/ clusters. On the assumplion that a child’s
knowledge of English phonology includes knowledge of the positive syllable
structure condilions (17) and (21}, however, Smith’s result is whal we expect
io find, Once a child has acquired two-member clusters like /sp/ and /pl/,
lhis condition predicls that the child has concurrently acquired the

competence to produce three-member clusters such as /spl/.

Due to the lack of relevant studies, we do not know whether ail children
show the same pattern of behavior as Smith’s subject. In fact, we would not
be surprised to find a lag in lhe production of three-member clusters in some
subjects caused by performance dilficullies due, perhaps, to differing rates
of physical maturation. Until such time as more data is available, we can do
no more than note thal Smith’s otherwise anomalous observation finds a

patural explanation within our framework.
2.6 Syllable TransTormations

Up to this point we have described how lanquages construct a core
syllable inventory by selecting among the limited nuimber of parameters
provided by the-theory. We have so far said nothing about the third task of
syllable theory, that of characterizing the class of processes which transform
core syllable representations into the frequently distinct set of surface
syllable trees. It is obvious that such processes play an impaortant role in the
phonologicat systems of many languages; see, for example, the discussion
of Klamath syllabification given in Chapters 4 and 5 Bome of these
processes alfect elements of the segmentat lier exclusivaly, while some

aHect higher levels of representation. We number among these aperations
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the following: the insertion and delelion of association lines, and the

insertion, deletion, substitution and metathesis of segments on the CV-tier.

Operations allecting syllable structure are governed by cerlain general
convenlions that apply automatically to their output. Their gencral effect is
to preserve phonological well-formedness throughout derivations. Thus,
phonological rules which apply so as lo create ill-formed syllables will
generally induce the operation of applicable well-formedness conditions.
We shall not illustrate ali of these convenlions here as we shall have ample
opportunity to do so in the cliscussion to follow. However, we shall pause to
mention one particularly pervasive convention, that which deals with

resyllabificalion.

In many languages we find 1hat the constraints on syllable slructure
hold not only at the ievel of core syllable representation, but also afler the
application of phonological rutes. We may express this fact by assuming
that in such languages the rules of syliabification continue 1o apply
throughout  phonoiogical  derivations  in  accordance  with  the

Resyiabification Convention given below:
Figure 24 - Resyllabificalion Convention

The output of every rule is resyllabified according to
the syllable structure rules examined up to that pointin

the derivation.

We interpret this convention to mean that all association lines between
C-elements and ¢’s, as well as all floating o's, are erased, and that the
resulling configuration is resyllabified according to the algorithm slated in
(13).
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Whenever, in the course of a derivation, resyllabification is called for,

we assume that all syllabification rules encountered previously in that

- derivation will reapply. This includes nol only those syllabification rules

belonging to the core syllable component, but those belonging to the
phonological component as well, and includes affiliation rules of the type to
be examined just below and in Chapter 4. We add two further comments on
the Resyllabification Convention. First, this convention may cease o
operate Jate in derivations in some languages, where, for example, vowel
elision may create consonant clusters, extrasyltabic segments or other such
SEqUENCEs Ehat- are ill-formed in earlivr stages 'u;I derivation. We propose,
then, that individual grammars may specify a point in the set of ordered rules
at which the Besyllabification Convention becomes inoperative; indeed,
some languages may not make use of the Resyllabitication Convention at all,
Second, there is evidence that in some languages al least, syllabification
takes place initially at the domain of the morpheme and subsequcnily at the
levol of the slem or word. Resyllabification across word boundaries, on the
other hand, is nonnally aptional, and may differ in some respects from initial
syllabification. For some discussion see Kiparsky (1979), Hasris (1983) and
Qdden (forlthcoming).

We turn finally to a class of rules which elfect association lines by
explicitly introducing, deleling or respecifying them. Such is the effect, lor
example, of the rule of "Right Capture” (Kahn 1978), which creates

ambisyllabic segments in words such as Monica:

| Figure 25
g g g
C c v ¢
I
i

I I
M n c

T o—
o — <
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the sole elfect of introducing the association lines indicated by the dashed
lines in (25). it accounts for the phonelic fact that the first and second
amnbisyllabic. We may assume, harmlessly, that the Resyllabification
Convention (241) applies to the result of rules of this type just as it does to all
others. Since it requires that the structure be resyllabified according to the
syllable structure rufes examined up to that point in the derivation (thus,
including the affiliation rule illustrated in (25) itself), its effect is vacuous, and
(25} remains unchanged, We refer the reader to Kahn {1976) for a lulter
account of the role of afliliation rules in English, including rules not

mentioned in the above discussion.?

17. The rules ol English given in this chapler predict that /s/ is syiabified rightward in
sequences of the form: VS(}-‘V. This syllabification seems correct for most examples. Kahn
{19706) points out thal the location of main s ¢
pedestal indicates thal the penultimate syllable is light, and hence that the /57 initial clusler is
lautosyllabic with the following vowel,  Other examples, however, seem lo suggest What /ss
clusters are heterosyllabic in some cases; for example, ashestos, manileslo, clandestine and

fiesta, which receive penultimate steess.  However, numerous further examples like allegro,

are fight. 1o attract penullimale stiess to these syllables, we may provide lhese words with’

idiosyncratically marked closed syllables in e lexicon, or, alternalively, provide lhem with
lexically marked stress. The same solution can Lhen be extended 1o words like asbestos.

Chapter 3: Evidence for the Theory

In this chapter we review the evidence motivating the theory of the
syllable presented in Chapter 2. We first examine evidence for the syllable
tier, and we lhen examine evidence for the CV-tier. A final section examines

syllabification processes in French.

3.1 Evidence for the Syllable Tier

In general, evidence establishing the néed for recognizing such
notions  as  “syllable,” “syllable-initial  (or  syllable-final)  position,"
“tautosyllabicity," "ambisyllabicily," and "extrasyllabicity” can be taken as
evidence for formal recognition of the syllable as an entity in phonological
representation. -‘i'here have, of course, been a number of quite different
proposals lor representing the syilable within generative phonology,
including the use of boundary symbols (Hooper 1972}, improper brackeling
(Anderson and Jones 1974) and indexing (Venneman 1879), in addition to
the hierarchical mode of representation firsl proposed by Kahn and
developed here, It would take us well beyond the scope of the present work
to compare and evatuate the relative adequaéy of these variaus alternatives.
It is appropriate to point out, however, that each of the notlons mentioned

above receives a natural inlerpretation within the present formalism. Thus:
Figure 1

i. a string of segmenls S is a syllable iff there is a node
¢ such that ¢ dominates cach member of S and

nothing else (¢f. Chapter 2.1},

i, a segment P is in syllable-initial (svllable:final)

position iff there is a node ¢ such that P is the leftmost

(rightinost) segment dominated by o, Furthermore, P
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is in absolute syllable-initial (Byilable-final) position if I
is not ambisyllabic.

iii. two segments P, Q are tuutosyllabic ill they are

dominated by the same node v.

two nodes o.

- v. asegment P is exlrasyllabic iff it is dominated by no

node o.

A minimal condition of adeguacy upon a theory of the syllable is that it
should characterize all the notions of (1i-v). We take the need for nolions
(1i-iii) as having heen amply justified in the phonological lilerature. Kahn
{1976) has olfered extensive, and to cur minds convincing justificalion for
the notion of ambisyllabicily (1iv)." We oller further evidence for the notion
of ambisyllabicity in our discussion of Danish, below (see also the discussion
of Efik in Chapter 2). The role ol oxtrasyllabicity (1v) is discussed in Halle
and Vergnaud's illuminating treatment of Havari and Berber (1978) and in
Michelson's detailed study of Mohawk epenthesis (1981). We shall elaborale

upon this notion briefly here.

The strongest language-internal evidence for the finguistic reality of
the syllable comes from the fact that it allows us 1o ¢liminale arbitrariness in
stating the phonological contexts in which the various syllable-sensitive
rules of a given language apply. An example will make this point clear.

Caonsider the tollowing data trom Turkish:

1. Kiparsky (1979) offers an allernative interprelalion al the facts cited by Kahn within a
framework making use of the independenlly. needed nolion “toat”. s Iramework neither
requires, nor as [ar ag we can see, precludes the characlerization of amhisylabic segments.
Thus, in any given case, il is an empirical question, both within Kiparsky's theory and ours,
whether given segmenis are to be characlevized as ambisytlabic or not.
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figure 2

Acg. b1,

=
=

|
|

‘a. Degemination:

‘feeling’ hiss+i his his+ten
'right’ hakk+i hak hak+Lan
‘price increase’ zamm+1 zam zamtdan

b. Epenthesis:

*transfer' deveti devip devir+den
"hosom’ kayntu koyun koyun+dan
'abdomen’ karn+4 “karin karin+dan

¢. Vowel Shortening:

'Lime' zama:n+i zaman zamantdan
'warning’ itkaszrd irkaz itkaz+dan
‘prooT’ ispa:tti ispal ispatlttan

d. Final Devoicing:

‘ruined’ hara:bri harap harap+tan
'Ahmed! abmed-+i ahme ahmet+ten
'color' reng+i renk renktten

e. k-Deletion:

tcow' ine+i " inek inek-+ten
*logic’ mant i+ mantik mantik+tan
'foot* ayati ayak ayakttan

These alternalions can be most simply explained if we assume that the
underlying represenlalion of the stems in {2a-d) is identical to the (surface)
accusative slem, and lhe underlying representalion of the stems in (2e) is
idenlical to the {surface) nominative stem. The processes illustrated in (2)
may then be described as follows. By Degemination, a geminate consonant
is simplified word-finally and before a consonant-initial suffix. By
Epenthesis, an epenthetic vowel is inserted between two consonants
ward-finally, and before a consonant-initial suffix. By Vowel Shortening, a

trme semnaiet Basamae o et yvivwel holnro 2 enne
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which precedes a consonant-inilial suffix. By Final Devoiéing, a voiced oral
stop is devoiced word-linally, or before a consonant-initial suffix,. By
k-Betelion, k is deleted alter a short vowel if another vowel follows
immediately (i.e. provided the K is npol word-final or followed by a

consonant-initial sulfix).” This bricf statement is suflicient to demonstrate

that the configuration:

plays an important role in Turkish phonology.  The recurrence of this
configuration is unexplained in a theory that does not recognize the syllable

as a phonological entity,

In order to explain the forms in (2), then, we will assume ihat Turkish
has a core syllable component that defines the notion "weli-formed syllable"
in that language. The forms in (2) demonsirate that Turkish has syllables of
all the lollowing types: CV, V, CVG, VC. Thus, Turkish may be identified as
a Type IV fanguage. We further see thai Turkish allows the V* option, but
that long vowel syllables may not end with a consonant.  Short vowel
syllables, as already noted in Chapter 1, may terminate with a single
consonant or with two-member clusters of the following types: (a) sonorant
plus obstruent, (b) fricative plus stop, or (c) /k/ plus /s/. Thus the maximal

syllabie in Turkish is CV"CQ, subject to a NSSC precluding a C after VV.

Given these observalions, together with the Onset First Principle (12),
we see that the processes illustraled in (2a-c) have the single eflect of
eliminating extrasyllabic segments from representations, either by deleting

them (Degemination), inserting an epenthetic vowel (Epenthesis), or else

2. This rule is wiggered by a restricted class of sullixes as explained by Sezer (1981), to whom
we are indebted for discussion of the facts summarized here.
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deleting one mora of a long vowel (Vowel Shorlening). These processes are
iltustrated below; note that automatic resyllabilication lakes place tn the

secorl and third examples:

Figure 3

(Degeminat ion)

cCvee —— CVCVCE {tpenthesis)

| Pl (1]

devre devir

e} a [\ o

A AN A AN _
cvevvi—cCVCVC {(Vowe1 Shortening)
1V (1]

zam a o zaman

By definition (1v), the final consonant in all these examples is extrasyllabic
prior to the operation of the rules in qgueslion.  The rules apply to create
configurations which can be fully syllabified. Notice that there is no way of
predicting the way these rules apply on the basis of universal principles of
syllabification; the rules in gueslion represent the particular means by which
Turkish has responded o the configurational complexity created by
extrasyltabic consonants, We conclude that phonologicat theory must
recognize the existence of extrasyliabic seyments if it is to provide an

acdlequate account of syllable conditioned phonological processes.

We return to a discussion of exlrasyllabicity in Chapler 4, where we

discuss vowel epen{hesis processes in Klamalh.
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3.2 Evidence for the CV-tier

We now turn to a consideration of the evidence for incorporating a
CV-tier into a general theory of the gsyllable. To begin with, we shall state our
genecral assummplions.  We propose, following Clements (1978, 1982} and
McCarthy (1981), that the relation beween lhe terminal and pretemﬁnal
elements of syllable trees is analogous to the relalion between adjacent tiers
in other autosegmental systems such as tone and vowel harmony syslems.
In particular, this relationship is governed by the same set of conventions in
all cases.  Slightly different versions of these conventions are given in
Clements and Ford (1979), Clements (1981) and McCarthy (1981). As we
know of no evidence bearing upon the choice of these alternatives, whiclh
vary only slighlly wlil'h regard to their empirical implications, we give the

simplest version of them here in accordance with Clements (1981).

A minimal dutosegmental representation consists of two tiers. Each of
these tiers has assigned Lo it ceitain  designated classes of features. One

lier consists of a sequence of segments termed autosegments. The other

consists of a scquence of segments which include what we termn anchors;

that is, designaied classes of segmaents to which autosegments are linked
under lhe Association Canventions to be stated below. An aulosegment
conversely, an anchor linked 1o an autoscgment will be termed the associate
of that aulosegment. We propose that the class of anchors in a given
autosegmental system is partly delerminable on universal grounds in ternns

of the following statements:

Fiqure 4

a. tonal awloscgments are anchored to V-elements or

o-elements of syllable structure;

b. vowel harmony autoseyiments are anchored to vowels (i.e.
ok VOAA T s, el v

O DA RN DURD SIpRNL Y S B N I L 1Y
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¢. nonconsonanls are anchored to V-elements of

structure.

These statements defing the classes of segments that are linked to
each other under the universal Association Conventions, Further ¢lasses of
segments may be linked to each other either lexically or by rule in individual
languages. For example, in Zulu "depressor cohsonants" are agsociated
wilh low tones hy a rule of the phonology; see Laughren (in press) for
discussion. Thus, the class of anchors defined in (4) designates the class of
segments subject to the Association Convenlions, not the larger class of
segmaents that may be linked to autosegments by language specific rules or

other principles.

We state the Association Convenlions as follows:
Figure 5

a, Link [ree (unassocialed) auloségmenls with free
anchors pairwise from left lo right until either no

further autosegments or no furlther anchors remain:

anchors

—_-————
-
—————r

autosegments

h. Given a string of free anchors remaining alter the
operation of {74), associate each anchor with the

nearest available autoscgment, giving precedence to




i
!
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the autosegment on the left,

anchors i t ... t t

aulosegments T T

These conventions are principles of universal grammar, characterizing the
"unmarked" pattern of association between autosegmental tiers, and apply

automalicaily whenever they are defined in a phonological derivation.

Let us consider now a range of evidence demonslrating the empirical

juslification far the CV-tier.

3.3 Mapping

The first argument for the CV-tier that we shall cite here is drawn from
McCarlhy's extensive discussion of word formation processes in Classical
Arabic (1981). A representative sample of stems consiructed from the root

kib 'write’ is given below:

Figure 6

Binyan Porfective Imperlective
Aclive Passive Active Passive
I katab kutiib aktub uktab
I kallab kuttib ukattib ukattab
Iil kaatab kuulib uvkaatib ukaatab
v Taktab Tuktib u?aktib u?aktab

Each binyan represents a different derivational category. This small sample
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of forms is sufficient to suggest a number of generalizations. First, each
form contains the disconlinuous root sequence /k..t.bh/. Second, each
column is characterized by its own special vowel sequence. Thus the first
column forms are characterized by the vowel g; the second column ferms by
the vowel sequehce ui; the third column forms (discounting the first binyan
form) by the vowel sequence uai; and the fourth column forms by the vowel
sequence ua. A third generalization is that each binyan selocts one among a
small set of possible canonical syllable patterns. Thus, binyan { selects the
(underlying) patlern CVCVGC; binyan 1l selects the pallern CYVCCVC; binyan |l
selacts CYVOVC: and binyan 1V selects CVCCVC.3

McCarthy has shown that the word formation processes in Classical
Arabic illustrated in (6) can hest be characierized il we recognize ihe CV-tier
(in McCarthy's terminology, the prosodic templale) as an independent
element of phonological representation. In - McCarthy's account, a word is
minimally constructed from three morphemes: a sequence of consonants, a
sequence of vowels, and a sequence of CV elements, Each is arrayed on a
scparate lier. Mapping proceeds according to the Association Gonventions
{8), supplemented by a small number ol language particular rutes. Under
this accounil for example, the word kizabak (binyan X, perfective active) is

represented in underlying form as follows:

3 Two commonts are in orcer.  First, vowel sequences in the firsl binyan atllernale in a
complex set of ablaul patterns which deviate from the patterns regularly found elsewhero,
explaining the apparently anomalous vowel sequence of aklub. Second, he imperlective fonns
are characierizen by a prefixed CV seguence of which only the V.element i3 1gpresented in (6);
the identity of the prefixed consonanl is determined by subjecl agreement. The apparentlly
irreguiar canonic shape of Wie imperfeclive forms of the first hinyan is determined by 4 rule
which roduces undertying GYCVCYG patterns to CVCCVG patlerns by elision of the medial
V.elemenl. These and other poinls are discussed al fenglh in McCarthy (1981}, whero
any {nr Hhe anal
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MNgqure 7

a

cC ¢ Vv v ¢ v ¢

Application of convention (5a) yields the solid lines and application of (5b)
the dashed lines in the following:

Figure 8

s The recognition of the prosodic template as a separate tier of representation
is motivated by the fact that its identity remaing constant for different lexical

-, roots as well as for different inflectional categories (aspect, as well as voice).

AR 8 AT Mg < AT T o e ey ST i, < S TR 4 S AR T

Clements and Keyser 67

3.4 Unassociated CV Elements

A second type of argument for the CV-lier comes [rom languages
which otfer evidence of C-elements or V-elements which are unassociated
with vowels and consonants in  underlying representations.  Such
unassociated elements induce the automatic spreading of accessible
consonants and vowels on the segmental tier. It can also be shown that they

condifion certain phonologicai rules.

3.4.1 Turkish

As a first example we return 1o Turkish.? Consider, to begin with, the

suffix allernations illustrated in the foliowing forms:

Figure 9

nom.  nom.pl.  dat , 3300035 2pl. poss.

a. room oda odalar aday.a odas-i odaniz
river dere  dereler dereye derejai dereniz
bee ard ardlar ariya arvi:.sié ariniz

b. cap kep kepler kep:e kepli kepﬁhiz
stalk sap saplar saa sapd sapi»_i;_r_l%z

Ahmed ahmet ahmetler ahmede ahmedi  ahmediniz

(9a) and (8h) represent the regular treatiment of vowel-final and
consonani-final stems, respectively. Here we shall abstract from the vowel
quality alternalions due 1o vowel harmony, and concentrate upon the
number of segments in alternaling sulfixes. The suffixes of interest are

therefore those of the final three columns. We see that after the vowel-final

4. We are again indebled to Enyin Sezer for valuable discussion. For a bislorical perspeclive
anthe forme i 1 heelow, sea Sozer (
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stems of {9a}, these three suffixes have the shape /-yE, -sl, -nlz/,
respectively, white after the consonant-final stems of (9b), the same sullixes
have the shape /-E, -I, -Inlz/. (We use capital letters to represent vowels
which alternate regularly under vowel harmony.) The underlying form of
these suffixes must be assumed to be /-yE, -sl, -inlz/, respectlively, The
forms of (9} thus show that Turkish has rules of suflix allomorphy which,
among other things, delete suflix-initial consonants after stem-final

consonants and sullix-initial vowels after stemn-final vowels.?

There is a set of stems ending in long vowels that does not conform to

the above generalizations,  Consider the following represenlative examples:
Figure 10

mountain  da: dajar daa dai dainiz
avalanche c¢3: cdldar ¢4a ¢ii+ ciriniz

dew ci: ciller cie ¢ii  ciini

We see that the suflixes here show the same alternants that they showed
aller the consonant-final stems of (9b); in other words, these slems are
treated phonologically as though they were consonant-final.® . We could
easily predict these alternants if we could postutate a final consonant in the
underlying representations of the stems. However, such a consonant never
appears on the surface. Moreover, no phonological rule of Turkish gives us
any indication of what the identity of such an "abstract” consonant might
be: the phonological rules of Turkish would operale equally well whether we
take this hypathetical consonant to be 7y/, or 70/, or /87, for example. For

this reason such an analysis seems undesirably arbitrary.

5. The class of sulfixes which underga these rules is parlly abilrary,  See, for further
examples, Lewis 1967,

6. Histotically the nouns in quastion ended in the vaiced velar fricative known as yurmusak ge
{arthographically, g}, which has been enlirely lost in standard Turkish, aithough rolloxes of
these cansonants survive as velar dlides in some nen-slandard dialects.
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Cn the other hand, it also seems inadequate simply to consider these
farins as underdyingly vowel-linal, and to mark them with a diacritic feature

{say, [ +X]). Such a feature is no less "abstract” than the hypothetical

‘consonant of ihe alternative just considered, since it has no phonological

manifestation. Moreover, while we could extend the ruies we have
motivated so far to account for these cases by allowing them to refer to the
presence (or absence) of the feature [+ X}, such an analysis would fail to
expiain the fact that alt the stems in this class behave unifornly as if they
were consonant-final with regard to several formally independent rules of

.

the grammar.

In short, neither the "absiract” nor the "concrete” approaches are
fully satisfactory in accounting for the behavior of the stems in (10). A final
proposal can be similarly eliminated: we cannot formulate the rules of suffix
allomorphy in such a way as 1o class all icng vowel stems together with
consonant stems in oppasition 1o shoit vowel stems, since there is a further
class of long vowel stems that behave in parallel to the short vowel stems of

(9); some exaﬁiﬁ:!es follow:

Figure 11
la (musical note} la: laar laya la:si lamndz
spefling imla:  imladar  imlaya  imlaisd  imlaindz
building bina: binadar binaxya binaisi  binainiz

Intuitively, we would like to be able to represent the forms in (10} as
somehow having a final consonant in their underlying representation,
wilhout committing ourselves as to what, exactly, that final consonant might
be. Inthe autosegmental framework developed here, this can be done quite
simply by posiulating a free C-element in these forms which does not
dominale a phonetic feature matrix on the segmental tier. Thus, the jong
vowels in (10} will correspond to the sequence VC on the CV-tier, while

af (11) parracnnnd a1 tha eaauenca VY. Follnwina thie arpnnen! thae

thar
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underlying representations of 'mountain’ and 'la’ are as foilows:

Figure 12

42 U
A ™
¢’ v c/v v
| I\

d a 1 a

‘“mountain’ ‘la’' (musical nole)

The application of the rules of suffix allomorphy will be sensitive 10 whelher
the stem ends in a C or a V.
consonants and vowels on the segmental tier is irrelevant to lhe operalion of
the rules under discussion; thus, stems ending in C-elements that dominate
no segmental material will behave just the same as stems whose final
C-elemonts dominate segmenlal material, Relumiing to the example under
discussion, then, since 'mountain’ ends in a C-element, it triggers the rule
deleling the initial consonant of the dative morpheme. The output of this
rule then undergoes resyllabilicalion {ci. (24), Chapler 2), The derivation

proceeds as follows:

Figure 13

U o a o o g
AN A AN A
cve Ccv —-- cCve V ---> CvcCyv
| [ to | .
d a ¥y a d a a d a a
[daa]

P T o

However, the identily of the specific
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In cases where the free C-element cannot be resyllabilied by the core
syltable rules of Turkish, it undergoes a rule allilialing it to the preceding

vowel. We formuiate Ihis rule as follows:

Figure 14

a
N
v <

This rule accounts for the nominalive singular and piural forms of (10). as

follows:

Figure 15
a. o I, )
T
C \ ) : C V\ /C v
| 7 f / [
d a . d 4 1 a r

[da:} [da:Tlar]
it can eusily be seen that the present analysis does not incorporate the
disadvanlages of the "abstract” and "concrete"” approaches considered
earlier.  First, it is a nonabslract solution in the sense that all elements
postulated in underlying representation appear on the surface as welil.
Specilically, the free C-efements allributed to the stems of type (10} survive
either as {unpronounced) onsets of syllables, as in the final three columns,
or as the second mora of the long vowels, as in the remaining forms.
Secondly, unlike the dia(:ritic solution, it accounts for the uniform behavior
of the stems of {10) with respect to the rules of sullix allomorphy: these
e . eondy broaant ey et

ot vl oyen, Mos O
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consonant-final in all respects relevant to the operation of the rules.

There are, moreover, two further advantages of the present analysis.
First, it will be seen that the stem vowel in the forms of (10) allernates
between long and short values, the short variants occurring before
vowel-initiat suffixes. These length alternations are automatically accounled
for under the present analysis, as a glance at (13) and {15} will show. In
(13), illustrating the dative form, the root vowel is short because the "empty"
C-element is no longer tautosyllabic with it after resyllabilication, and thus
fails to trigger rule (14).  Only in the nominalive forms (15) (and other forms
involving consonant-initial suffixes) is the environment of this rule met.
Thus, the process of prevocalic vowel shortening is not a separate rule of

Turkish grammar, but a concomitant eliect of rasyllabification,

A second advantage concerns a phonetic observation not yet

commented on. It will be seen that both the dative and nominative forms of
'mountain’ in (10} are transcribed as having long vowels, but with a
difference: the long vowel of the dative is lranscribed [aa], and that of the
nominative [a:]. To this diﬂerehce in transcription corresponds a dilference
in phonetics: the vowel of the dalive is perceptibly longer than that of the
nominative and involves a type of phonation somelimes termed "vowel
rearticutation™: a mode of production in which the vowe! is uttered with two
intensity peaks.  These phonetic differences are consequences of the
analysis given so far,  The phonological represenlalion assigned to the
nominative characterizes this lorm as a monosyliable, with three units along
the CV-tier (see {15a)), while the dative is represented as a bisyllabic form
wilh four units aleny the CV-tier (see (13)). Given our assumplion that units
of the CV-tier represent timing units at the subsyllabic level, the relative
length of the lwo forms is predicled, while the "rearliculation" of lhe long
vowe! of the dative {oillows from the fact that it forms the peak of two

successive syllables.
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In summary, then, Turkish ofiers strong support for the recognition of
the CV-tier as a central level of prosodic organization in phonological
representation. Furthernore, it presents-crucial evidence for the distinction
Letween C-elements and V-slements on this tier as it is this distinction that
permits a straightforward account of the contrast between two

phonologically distinct types of long vowels in this language.”

3.4.2 Finnish

FFinnish offers a further and equally inslrucli;\re case of upassaciated C
and V elements. There is a phonological praocess in Finnigh known as
gradation whereby a geminate consonant cluster is simplified if the second
member of lthe gel_ninal'e cluster occurs in the onset of a closed syllable.

Examples of this phenomenon are given below:

Figure 16

nom, gen. part. iness. acless,
hat’ haltu hatun hatiua hatussa hatulia
priest’ pappi ~ papin pappia papissa papilla
'cark’ korkii korkin korkkiz korkissa korkilla

In these forms the endings are as follows: nominalive = 8, genilive = p,
partitive = 1_&;,3 inessive = ssa, adessive = Ha. Those forms clearly indicate
the relevant distributional fact; namely, a gemipate consonant cluster is

replaced by the corresponding non-geminate consonant in the onset of a

7. For additional evidence motivating the distinclion between two types of long vowels in
Turkish, see Kornfitt (19832). )

8. The parlitive forms in (16) exhibit heir i-fess allomorph. The full partitive ending ta appears
in (17) below as well as in such forms as luhla “satmor’ and maata 'land’. The alternation
between 1 and a is due to a rule which defetes an inlervocalic t lollowing a stressless vowel
preceded by a €.
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closed syltable. The flollowing forms, however, represent a class of

apparent counterexamples to this generalization:

Figure 17
nom, gen. part. tness. adess.
'grip' ote otteen oletla otteessa olleella

"As can be seen from the genitive, inessive and adessive forms, the stem

imust be considerad as having & geminate t.  There are, however, three
anomalies to be seen.  First, the nominative lorm contains a single t, even
lhough 1he syllable of which it is the onset is an open one.  Second, a long

vowel represented here by the double vowel sequence ee is seen in lhe

genitive, inessive and adessive forms of (17) but not in the corresponding

forms of (16). Thirdly, the partitive sutfix shows an unexpecled geminate {.

Keyser and Kiparsky {1982) argue that all stems in Finnish are V-final.
They [urther represent stems of the type under consideration here as ending

in a GV sequence in which the C is "empty"”. Hence, the underlying form of

Figure 18

VCCVeV
VA
G

t

-

A A A
v
i
e

The final V-element {(and its attendant association line) is deleted by a ¢yclic

rule of e-Deletion which, Tollowing Keyser and Kiparsky, operates to delete a

ST
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syllable final 7a/ and Lhe V dominating it.® As a result of this rule, a stem
inal C is produced and, as a result of resyllabilicalion, the final syliable is
closed, thereby causing the preceding geminate it to degeminate. The final

C, being "empty", will simply not appear on the surfage. ™

This does not mean that this C never surfaces. In fact there is slrong
evidence which suggests that just this happens when the stem final C is
loflowed by the partitive ending. To see this consider the following

representation:

Figure 19
o U g 3
NN A
veceCveyvy ] cvV
VA P
0o t e _ta

Given this representation, two things will happen. On the first cycle,
indicated by the right bracket on the CV-iier, e-Deletion operates to delete
the stem final V. Resyllabification then closes the penultimate syllable and
the geminate conscnant degeminates. On the second cycle the stem final C
associates with the initial { of the partitive ending by the conventions of

associalion (8), as indicaled in lhe following figure;

9. This rule deletes only the V-elementin the case of multiattacherd vowels such as Lhat of (18).
{L operales, nat only in the nominalive case, but elsewhere as well, In what follows we shall be
particutarfy interested in ils operation i the partitive case.

10. Finnish, therefore, dillers fram Tutkish in nol baving a rule associating Ihe final stem vowel
with the empty C position.
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Figure 20

Thus, the stem final C accounts not only tor the degemination observed in
the nominative and in the partitive but also for the otherwise inexplicable

appearance of the partilive ending as -tta.

The stem final C accounts for yet another aspect of these forms. Thus

tar nothing has been said about the ending in the genitive Torm ptteen. In

keeping with the discussion above we suppose an underlying representation

as follows:

Figure 21

F [13 a

ANTASIPZAN
VCCveyv]e
IV 7
¢ L n

¢

Ilere e-Deletion fails to apply since the stem fina) V is not in syllable final
position. Moreover, because the syltable following the geminate /17 is an
open syltable, degemination cannot apply. On the second cycle nothing
happens to change these configurations and the genitive form surfaces

normally, asin:

S

et e

VT

e
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Figure 22

g 7 [+
AANVARN
veiviy ¢
| B
a

\/ P

L e n

Here, as in the earlier example of the nominative ote, as well as in lhe

Turkish example ¢aa, we see that a C element associated with no segmental

material has no surface manifeslation. Similar accounts may be given of the

inessive and adessive lorms. y

We see, then, that Finnish provides strong suppork not only for
unassociated elements on the GV tier but {or CV representation in general,
since it is dilficult o see how these various forms of ote could otherwise be

accounted lor in a phonologically principled way.

3.5 Compensatory Lengthening

The phenomenon of compensatory lengthening is a consequence of
spreading as we have characterized it in the previgus section. What is
dislinctive about compensatory lengthening is that it involves spreading to
an unoccupied position in the CV-tier that had eatlier been ocoupied by a
consonant or vaowel. Compensatory lengthening may thus be viewed as
involving a "re-timing™ of relations within the syllable, word, or (in some
cases) phrase, according to which some segments spread to positions left

available by olher segments.

Preaspiration in lIcclandic has been described as a type of
compensatory lengthening by Thrainssen (1978). As his findings are highly
relevant to the present discussion, we shall summarize them here. In
lcelandic, the past tense is forined by means of the sullix t, as shown by the

following torms:

§
)]
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Figure 23
infinitive Dpast
"untie’ leys-a leys-t-i
‘'stare’ glap-a glap-t-i
‘'wake' vak-a vak-t-i

The first member of a pair of identical voiceless aspirated stops (represented
by p t and k in the orthography) is replaced by h as a result of a highly
productive rule of the phonclogy. Thus, for example, lhe past tense suffix §

causes a stem final L to be replaced by h:
Figure 24

infinitive past

‘meet’ maet-a maet-t-i fmaihtr]
'grant’ veit-a veit-t-i [veihtz]
"ulilize' nyt-a nyt-t-i [niktz]

in order to account for these facts, Thrainsson proposes o recognize Lhree
separate liers in lcelandic: one allotted to laryngeal features such as
[+spread gloltis] and [-spread glottis], one allotted to supralaryngeal
features, and one allotted 1o the elements C and V. Thrainsson argues that
preaspiration is to be regarded as a process deleting the set of
supralaryngeal features characterizing the first of two identical voiceless
aspirated stops, accompanied hy a spreading of the preceding vowel onto
the C-element left vacant. This can be schematized as follows, where h

represents the feature [ + spread glottis):

AR ARG

L e

D A L S N T N S, e B A L T
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Figure 25
[ h h h i h
| | |
v C C ---> Vv ¢ € ---> Vv /C (I
| ! | i/ |
a L L a t a t

Upon deletion of the t, the a spreads to the C-element left unoccupied. The
result is a long vowel, the second camponent of which is aspirated. This, of
course, is precisely the articulatory description of the phonelic seguence
[ah]. ’

As 1lhis example shows, the argument for the CV-tier from
compensatory lengthening is  analogous to the argument for the
aulosegmental representalion of lone from the "stability™ of the tonal tier.
The phonological reality of the CV-tier is demonstrated by tho fact that it
retaing its identity in spife of processes which delete elemenls of the

segmental lier (or the supralaryngeal tier, as in Thrainsson's example).“

3.6 The Mora

Our fourth argument for the CV-tier is based upon the linguistic
category "mora”. We understand the mora as a unit involved in the
determination of syllable weight, suclh that light syllables count as one mora
and heavy syllables count as two.  As remarked earlier in Chapler 1, the
distinction between light and heavy syllables plays an important role in many
languages., For example, in English this distinction is crucial in predicting

the placement of stress within a word.

11, For extensive discussion of compensatory lenglhening in Ancient Greek dialects within a
frarmework related to aurs, see Sleriade (1982).
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Recall that in Chapter 1, we defined heavy and light syliables in terms
of units of the CV-tier, A heavy syllable is one containing a complex
(branching) nucleus; and a light syllable is one containing a simple
(non-branching) nucleus. The concept "mora” may be characterized in

lers of this distinction as follows: 12
Figure 26

A mora is any element of the CV-tier dominated by the

node "Nucleus™ in the Nucleus display.

; We now examine Danish, a language in which the mora plays a

peirticularly signilicant role. Let us first consider a set of Tacts suggesting
that the syllable functions as a phunological unit in Danistz, As has
frequently been observed (see e.g. Stemann 1965, Basbdll 1974), the
consonants /p t k d g +/ have the regular variants |b ¢ g § v 4] in
syllable-final position.™ For example: 4 '

Figure 27
a. syllable-initial
/p/ pit pil ‘arrow’
V474 ti:ma time ‘hour’
%/ kas) kasse 'box’'
/d/ adam Adam 'Adam’
/q/ hugo Hugn tHugo’
/r/ re;?n e ‘clean’

12. In some usages, the term "mora™ is confined to languages in which the mora bears lone or
pitch accert.  We may restricl our definition bo refloct his usage by adding the qualification
"...that tunctions as a tone bearing unit” to the delinilion in (26). The broader definition of the
term "mora” as characterized in (26) will be assumed i tho proesent discussion.

13. [y] i optionally reatized as [i], [ul, or @ by younger speakers and is elided alter nasals; [6]
may be elided alter sonoranls (cf. Basbdll 1974).

4. The 2 represents the stdd: sea discuesinn halaw.

R IR VBTN A ey

R
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b. syliable-final

/p/ shmon?dra opmunire to cheer up’
/t/ nadsddégn natstykke ‘night-piece’
K/ fagtom- fakium act '
/d/ mad magd food’

g9/ doy dog "still’

/r/ smodd - smdr butter

The syliable-final variants also occur immediately before unstressed reduced

vowels:'® ‘
Figure 28
/p/ kobad kopper ‘smallpox’
/t/ pe:?doJ Peter Peter’
K/ hd:?gaa hdker ‘grocer’
/d/ re;:89 redg est’
/q/ ba:y? bage 'hake’

As is already implicit in the characterizalion given in {27), the allophony
of /p tk d g r/ is determmined by the position of the consonant within the
syllable. In particular, in syllable-final position, a voiceless stop voices, a
voiced stop spirantizes and /r/ becomes a glide [} As we observe in (28),
the same set of variations oceurs before unstressed, reduced vowels. These
facts can be accounted for naturally if we make the assumption thal
consonants are ambisyllabic in this environment.'® We may state the rule of

ambisyllabification as follows:

15, Rerduced vnwcls. are delelod afler sonorants. Hence there are no oxamples of it/
comparable 1o the other forms in {28). ' _
16. Such an analysis was earlier suggested by Marlinet {1937).

i
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figure 29- Danish Ambisylilabification

U g
\
\
%
v C v

2

Given this rute, all of the facts discussed above can be subsumed under a

single generalization,

Let us turn now to a consideration of the aceenlual feature known as
the stdd. The stdd is a faryngeal gesture involving a momentary and usually
partial constriction of the glotlis duting the produclion of a voiced
continuant (vowel or consonant).'"” This feature occurs al most ance per
syllable and its position is determined by the slructure of the syllable. |f the
syliable contains a long vowel, the stdd is manilested on the second mora of
the vowel; for example, [hw:?s] ’house'. IF it contains a short vowel
immedialely tollowed by a sonorant or |§], then the stéd is realized on the
consonant; for example, [dan?sk] 'Danisl’. Finally, if a syllable which might
otherwise be expected to have a stdd ends in a short vowel plus an
obslruent other than | &), then the stdd has no phonetic realization, except in
certain Weslern varieties of stundard Danish where a characteristic
intonation pattern normally associated with the stéd appears. The stdd is

phonemic in Danish, as is evidenced by such minimal pairs as the following:

e e T I AR P G e PR PSR e S A

g T

ey, e i

H

Figure 30
a. man? mand ‘man’
man man 'you' {impersonal)
b. vael? veeld 'spring’ '

17. Ouwr description is based primarily upon the phonelic studies of Lawsitsen (1968} and

Petersen (1973). Lawriisan bas incorrectly transcribad her speclyoarams in soms noses.
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vael vel 'well
C. klae:2d Weaeder becomes, suits'

klag:d klacder 'clothes’

A long vowel in a stdd-bearing syllable may be shortened if it is followed in
syliable-final position by one of the voiced continuants [§ w a v} manifesting
/dvrg/, respeé'ti'\.'r'ely. In this case the stdd may be moved to the sonorant

or [8]. We thus find variants such as the following:

Figure 31 !
a. fo:?2§ ~ fod? fod foot’
b. doe?y ~ daey? dag "day’
c. sbi:?a ~ shia? spir 'spire’
d. sgae?tw ~ sgaew? skapy 'slanted’

We have wrilien the stédd immediately following the segment with which it
coincides phonetically. In each case, lherefore, it coincides either with the
second half of the long vowel or with the sonorant immediately following the
short vowel. A'provisional account of the di&‘.trltgution of stéd might take the
following Torm: the stéd coincides with the second mora of a heavy syliable,

where that mora is occupied by a sonorant or [§].

Now let us consider the occurrence of stéd in VOV sequences where
the second V is a reduced vowel. On the basis af our previous claim that the
first C in such sequences is ambisyllabic, we might expect that a stéd will be
reatized on that consonant under otherwise appropriate circumstances and,

in tact, this is the case:
Figure 32

a. ®§?7a edder ‘'venom’ 65,
b. man?gn
<o W i P

‘the man’ |
P et (. ooy (tind )
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d. sdm?)8 sdmimet 1the nail’
e. tdm?aa tdmmer timber’
f. ven7al vinder 'wins’

If the second vowel of a VCV sequence is a full vowel, on the other hand,

stdd never occurs.

The stédd assignment rule can now be stated in a simple fashion. Let us
assuime that in Danish, as in lcelandic, glottal fealures are arrayed on an
independent tier of representation. Symbolizing the fealures characterizing
the stéd as 2, we may propose the following, where the dashed line indicates

the entry of an association line and the * indicates an accenled syllable:

Figure 33 ~ Stdd Association

F
o-tiar o
CV-tier V/\C
lIr.I'
!f
Taryngeali-tier 7

This rule associates the stdd ? with ihe second mora of an accented
syllable. 18

18. We assume that a stdd associated with an abstruent other than [8] is deleted by a later
rile.  Any stdd which cannot be associaled by {33) is left "floating”, and romains
unpronounced.  The full statement of the alternations botween stéd and @ are exleemely
compiex, governed in parl by morphiiogical faclors. Here we have allempted only to deline the

phonological conlexls in which lexically and grammalically conditioned stdds may be
phonetically realized,
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3.7 Branching Seymenls

in the earlier literature {see, tor example, Board 1967, Campbell 1974
among others) a category of complex segments was proposed. This term
refers to units {both consonants and vowels) which count phonologically as
single segments but which have internal structure comparable 1o that of
sequences of segments, Fnr. example, affricates, pre-nasalized stops and
diphthongs have been viewed in these terms. As we have seen {Chapter 2),
the present approach to syllable structure enables us to characterize such
segiments in terms of one-many associations between a single element of the

CV-tier and a sequence of elements on the segmental tier.

As an illustration of the treatment of complex segments within the

present framework, we turn to an example from Spanish.'® In this language
adynceick

a wide variety of diphthongs arises as a result of sequences of {dentica)

Word .
vowels occurring both withinjand across word boundaries. These-

diphthongs constitute single metrical units, as evidenced by the manner in
which they are scanned in Spanish verse (see, for ex_ampSe. Navarro Tomas
1972) The following figure represents the resutts of these diphthongization
processes in two varielies of Spanish. The data from standard Mexican
Spanish are taken from Harris (1970) and thosé from Chicano Spanish irom
Hutchinson {1974) and Reyes (1976).

19, See Keyser and Kiparsky (1982) for further evidence for branching segments in Finnish.
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Figure 34 We have used subscripted arcs o designate vowels which are described as
UR Standard Spanish : "short". The ? entries indicale gaps in the available inlormalion. We have :
(Fairly rapid speech) been unable to determine whether like vowel sequences retain some deyree .
ik ? i i of length or reduce to single short vowels in lhe variely of Spanish described o .
i+u iu ju g in the first colu“nin, but shall assume for the purposes of the following - 1
' i+e ie ie discussion that the first alternalive is correct. I the second allernative
‘ i+ o io "i‘o 3 proves 1o be correct, however, our description can be modified by the
it oa ;a ';a addition of a vowel shotilening rule which will have no other consequences #
) for our analysts.
u + i ui ui !
| Uty . " A preliminary analysis of the data in (34) above might lead one o ?;
Ut e ue e suppose that the following phonological processes are involved: (1} a vowel R ' » .
" " .'_ is shartened before another vowel, (2) a shortened, non-low vowel is raised,
uro Ne w0 (3) a shortened, low vowel is deleled, and (4) a sequence of two idenlical
uta o ba vowels is simplified 1o a single vowel. The first of these processes would be
e + i 91‘ i ; common to bolh varielies of Spanish, while the remaining processes would
e 4+ u eu iu y be characteristic of Chicano allegretlo speech alone. For purposes of the
e+ o ; ; discussion we formalize lhis preliminary hypothesis as follows:
e t+t o €o 10
e + a ea ia Figure 36 °
{ ' o+ i 0i ui a. V ——-> [+ short] / ___V
o+ u ou u b. l:-!-short]
o+ e 06 o 'g -iow =-=> [+high]
§ . +short
otre ! 0 . [—How ] “=> 8
o+ a oa ua TR
) 1 d. - [+syd] [#syl]l ---> d,2 (where 1=2) L
a + 1 al i f 1 2 L
a+u au u H -
a+to ae e ‘
g <
a+o a0 o
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Upon closer examination, however, we can find a number of problems
with this account. First of al, speclrographic evidence reported by
Hutchinsen (1974) shows that the non-identical vowel sequences of Chicano
allegretto style have the duration of single, stressed vowel nuclei, no matter
where the stress falls in the input sequence.”® The shortening rule given as
(35a) cannot yield this resuit since ils oulput will be a shorlened vowal
followed by a normal vowel, a sequence whose duration will necessarily
exceed that of a normal vowel. In order to produce the correct output, it

would be necessary to modily (35a) so that both vowels are shortened to lhe

duralion of a single vowel.

Secondly, this analysis does not account for lhe observation that if
either input vowel is stroessed, the resulling vowe! or vowel sequence is
stressed. Consider the following examples (orthographic forms are given to

the left of the arrow with stresses marked: note that orthographic h is
"silent” in Spanish);

20. Hutchinson {1974, 187) qualifies this statement as lollows: “el and ou sequences act

dilfaently.  The spectrograms show Uiat if the initial stiess configuration consists of lwo
unstressed vowels (VV), the duration of the new syllabic nucleus will be (hal of a single
unstressed vowel." If is worth pointing oul, however, that | fulchinson’s samphing consists of 52
utlerances containing samples of all vawel combinations.  Since there are 25 ditferent VY
sequences, this sampling (averaying roughly two tokens per sequence) woulld be too small to
provide statistically significanl support for this claim.

Clemenis and Keysoer 89

Figure 36

a. Lléngo h%pu -—=> téggg%po ‘1l bhave the hiccups.'
b. cono Eva - kdmgéﬁa '1ike Eva'

c. esta h%ja --->  gstixa "Lhis daughter'

d. com% uv%tas ———D komiﬂﬁ%tas 'F ate grapes.’

e. cortd uvitas-—-->. kortﬁﬁ%tas ‘he cut grapes,'

f. wvendra Inéz ---» bendrgnés "Inez will come.’

In the first set of examples, {36a-c}, the initial vowel of the VV sequence is
stressless and the second vowel is stressed. In the second set of examples,
(36d-f}, the initial vowel is stressed and the second vowel is stressless. In
hoth cases the shorlening or deletion of the inilial vowel resulls in a
sequence in which the second vowel is perceived as the bearer of stress.

These facts are not accommodated under the analysis given above.?’

Thirdly, the rules given in {35) inveolve an ordering paradox which
strongly argues against his analysis. To see this consider sequences oi the
form /oo/ and /ou/. We must assume that rule {35d) applies belore rule
(350) in the case of /oo/ in order to arrive al the correct surface output [o].
However, in the case of /ou/ we must suppose the reverse order to derive

the desired [u]. Thisis illustrated befow:

21. Hutchinson is awgire of this problem and deals wilh it by the addilion of a separaie rule to
shilt agcent onlo 1he second vowel of a VY sequence in alleqgrelto speech. There is, however, a
generalization which Flutchinsan's account misses. Notice thal the set of sirings allected by
ilw accent shift rule is co-cxlensive with the set of strings atlectled by the vowel sandhi rules
postulated 1or vowel sandhi in allegrello styla. These rules all have the propecty that the initial
vowetl of a two vowel sequence is either deleted or olherwise allered so thal i is no Innge.r
capable of bearing siress.  The fact that slress surlaces on the following vowet should, i
passible, follow avtomalically from the changas that occur in the initial vowel.  In the account
given in Hutchinson il is merely accidental 1hat the accent shit) rule moves the stress to the
vowel lhat "swvives” the raduction niles.




Clements and Keyser a6
Figure 37
a. 00/ b. /ou/
) by {35d) u by (36b}
- by (35b) ) by (35d)

[o] ocutput

LU]M output

Apparently, (35d) applies wherever it can in a derivation. This behavior

cannot be explained under generally accepled principles of rule interaction.

Clearly, one or ancther (or all) of these deficiencics could be dealt with
by the addition of further rules or ad hoc principles of rule application and
the like. However, the fact that we have to have recourse to such
allernatives is in itself prima facie evidence that the linear approach tails 1o
characlerize these processes correclly.  We turn now to a solution to these

probletns, elaboraling on certain ideas suggested by Reyes {(1978).

To begin with, fet us recall the observalion, made earlier, that vowel
sequences across word boundaries normally constitute single rhythmic units
in all varieties of Spanish. We postulate that this rhythmic unit is the foot, a
category of metrical analysis which is hierarchically superordinate to the
elements of the syllable tier. Feet are formed according to the fallowing

principles, which hold for all varieties of Spanish:22
Figure 38 - Foot Construction

a. A C-inilial syliable constitutes the left branch of a

foot,

b. A V-initial syllable constitutes the left branch of a foot only if it

22. We have slaled (38a-¢) as fanguage specific principles. However, il seems likely that (38c),
unlike the olhers, is a universal principle which does not need to be stated as nart of Spanish
phanology. The unit “toot™ under consideration here should not be identitied with the foot
discussed in Hariis {1983), which is a higher ranking prosodic unil than the unil under
discussion here.

T T T
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is phrase initial; otherwise, it is a member

of 1he same foot as the preceding syliable.

¢. A oot is stressed iff it dominates a syllable which is

stressed.

In termis of these principles (36d) will have the following foot structure prior

to the sandhi processes applying in Chicano speech:

Figure 39
* *
F F F F
* > I
() 2 g 1] o : U
N N N N
C v C v ooV C v c v ¢
I . | ] J | S
c o m i u v i t a s

in addition to these pan-hispanic principles of foot consiruction,
Chicano aflegratto style is characterized by three additional rules. The first
of these simplifies any sequence of (wo consecutive V-clements by deleting

the second and reassociating the remaining vowel to the [irst:

Figure 40 - V Degemination (Chicano allegretio)

(The symbols x and y are to be understood as variables ranging over single

segments of the segmental tier.} (40) creates a diphthong which, by virtue of

o nm
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being dominated by a single V, constitutes a single liming unit.23 It is this Figure 43

rule that accounts for the observation by Hutchinson cited earlier, according

» - *
to which vowel sequences in Chicano allegretto style have the same T F F F
duration as single vowels, ¥ i
To complete our description of Chicano allogretto style, we need two o o B a o ' T
additional rules, one that accounts for the raising of mid v i I l | l N i g
¢ g of mid vowels lo high i v v Y v _—> Y -y B
vowels, and another that accounis for the delelion of low vowels. These 4 | | | f /\ /\\ i
» . ) ) . ; o i 0 i o i u i I
rles may be defined upon the diphthongat configurations created by rule 3 ' é
{40), as lollows; (by {(38)) (by {(40})  {(by (41}) -
(We assume thal ¢-nodes which do not dominate other elements are deleted i
FHigure 41 - Mid Vowel Raisin Chican 1 el . . . :
J g {Chicano allegrotto) '3 by convention. This accounts for the loss of the second g-node in the third
v W stage of the derivation in {(43).)
/‘\\ 3 . -
~ P ~ B
[““lm] X Returning to the set of problems noted earlier, we have already seen
['+h-igI|] ¥ ihal under the present account, the problem of duration inherent in the
linear account no longer exists. This is because the application of (40) turns
T a sequence of segments associaled with lwo separate timing units into a
A
. _ . . ¥ sequence of segments associaled with a single timing unit, thereby
Figure 42 - Low Vowel Deletion {Chicano allegretto) - . . . . 24 :
3 accounting for the durational relationships noted by Hutchinson.” 2§
v .;
s 1 The second problem raised by the linear account concerns the shifting Vi
[+Tow] X - . _ . . ¥
| of stress onto the vowel which survives the processes of vowe! reduction.
& Recall that this shill shoutd foliow automatically as a consequence of the 1o i
vowel sandhi rules, but cannot in a linear account. In terms of the
We illustrate these rules with the following derivation of the consocutive i hierarchical framework given above, however, stress shift follows
vowet sequence of example (36a): automatically. We assume that stress {indicated by *} is a properly of the S
{
E‘ 24. I\ should be noted 1hat this analysis says nothing about the shotlening process reported for i
X . i ? standard Spanish whercby the first member of a twe-vowel sequence is said 1a be shortened i _5
23 f4p) is {m'mulalr,-ld in a maximally simple fashion, deleling the second of two V-elements b with respect to the second. Assuming that these facts can be confirmed Ly instruments) L 4.
OCCurring ﬂ”)’Whl’{ff:? i a phonnlogical representation. 1L may be, however, that Whis rute will ! investigation, they ate in all probability bes! lrealed in terms ot the phonctic component, which N i
need Ito be madilicd in an appropriate way lo prevent its applicalion to heterosyllabic, E specifies phonelic vowel duration as a function of vowel height, contextual features and the . i
word-internal sequences such as Wose of bahia 'bay’ or aun 'yet'. Since il is unclear al this like. 1t seems reasonable to think such specifications do not interact with phonologicai ‘ ¥

Y

point exactly what modilication will be involved, we provisionally leave {(40) as it stands. processes of the type described above.
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syllable tier in Spanish and is assigned by an independent set of rules, Once
stress is assigned, il percolates upwards to the F node in accordance wilh
{38c). Al this level, stross wilf be preserved no malter whal processes may

operaie lo delete elemeonts on the syllable tier,

We turn now o the third problem, involving the apparent ordering
paradox iltustrated in (37). After Foot Construclion (38} applies, the

underlying sequences /oo/ and /ou/ have the following shapes:

Figure 44

a. v b. v

SN PN

0 94 0 u

These contigurations, as we have seen, describe vowel sequences which
constitute single timing units. From this point of view the lirst configuration
{(44a) presents a represenlalion which is phonetically indistinguishable from

the follawing:

Figuro 45

The question which is of interest here is whether thete is a phonological
difference belweon {44a) and {45) or whether they are, in fact, simply
notational variants of one another. Our first observation is that both of these
representations can have only onc phonetic interpretation: that of a
phonologicat unit having the quality of lhe vowel /o/ and occupying a single
unit of iming. Our second observalion is lhat representations like (44a} and
(43) never appear to be dilferentiated by phenological rules: phonalogical

rules always act as if the simpler of the two representations, that is, (45),
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were present. On the basis of these observations we propose the following

universal convention on phonalogical representations:

Figure 46 - Twin Sister Convention

Twin sisters degeminate.

This convention, which is defined on melody units {autosegments) only,

applies whenever the relevanl configuration arises.”

2

This convention provides the solution te the ordering paradox
discussed earlier. The Twin Sisler Convention (46) applies automatically to
the output of V Degeminalion to convert representation (44a) into (45),
therchy bleeding the operation of Mid Vowel Raising (41). This rule,
however, can stilll apply to (44b), converting this representation into the

following:

Figure 47

v

N

u u

To this represenlation the Twin Sister Convention applies, simplifying the
like vowel sequence to the single vowel [u]. We are thus able 1o account for
the lacls of Spanish vowel degeminalion solely in terms of principles that are

independently motivated in phongological theory.

25. This convenlion is widely assumed in antosegmentat studies of lone: sen, for exawple,
Elimelech (1978} A similar convention is invoked by Harris in his recent study of Spanish plural
formation {Hanis 1880). For evidence that the Twin Sisler Convenlion does not apply whan one
of the lwo identical autosegments is associaled wilth a second element on the related lier, see
Kissebairth {1981).

3
{
i
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3.8 French Liaison and the Feature [ + syllabic]

In this section we turn to a consideration of French liaison from the
point of view of the three-tiered model of the syliable developed up 10 this
point. We atlempt to show thal within this framework there is a natural
account ol French fiaison which is not avaitable in linear terms. We also
show that the facts which led Chomsky and Halle (1968) to postulate a

feature [ 4 syllabic] receive a simple reinterpretation within this framcework.

Consider lhe following: examples of French liaison drawn from

Chomsky and Halle (1968, 353if):

FFigure 48
Consonants Liguids Vowels Glides
petiX garcon petif livre pelit enfant petit oiseau
cher garcon cher jivre cher enfant cher ciseau
le gargon le livre Id enfant I oiseau

pareil gichis pareil livre vieil ami vigil viseau

These forms illustrate the well-known linking phenomena in French whereby

a word-final consonant deletes preceding a word which begins with an .

obsiruent or a liquid, and a ward-final vowe! deleles preceding a word which
begins with a vowel or a glide. h order to capture this phenomenon Schane:

(1968) proposed the following relatively straighiforward rute:

Figure 49 - Liaison {Schans)

~avec -—-=> # / # [acon]
acons

distinctive leature categories lhat specified the classes of consonants,
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vowels, liquids and glides as follows:

Figure 50
| Consonants | Liquids | Vowels | Glides |
I I t I l
cons | + | * I - |- I
| I I I |
voc | - | + | + [ i
I I | I I

However, as Milner {1967) showed, Schane’s solulion rung into difficulties
when one considers the behavior of glide-initial loanwords in French. Thus,

yoqi and whisky frigger deletion of a preceding consonant in lg# yogis or

require an additional rule of liaison restricted just to foreign words:

Figure 51 - Liaison (Foreign Words)

1. *Fvoc -—=> 0/ # +voc]
[--cons Y -cons
2. “vocC -~~> 8/ ___ # |[[-voc ]
+cons [+cons]

These two rules are clearly undesirable because they cannot be collapsed.
To overcome this difficulty Milner and C.J. Bailey suggested that the
This suggestion gives rise to the following characterization of the major

classes of speech sounds:

i T ST P T S A
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Figure §2

sonorant

syllabic consonantat

vowels +

Tiquids

nasals

glides

obstruents

+
1

1968, 355):7

Figure 53 - lijaison (Chomsky and Halle 1968)

-8yl ~==>0 / . # [-osyl
aCONS rforeign

This rule enables glides to be classed wilh liguids and consonants and |

allows all three to be opposed to vowels. This is precisely the division
required to deal with loanwords in French. Moreover, it alfows an addilional
simplification. If one supposcs {as suggested by Milner 1973) that there are
no underlying word-inilial glides in native French words, then one can
eliminate the diacritic feature [+ foreign] from (53) aliogelher and assume
that the vule applies before a subsequent rule which forms glides out of

initial vowels in prevocalic position. Thus, the underlying forms of yogi and

26. This rule, as it stands, will delele liquids, nasals, and obstruents belore vowels and glides.
it theretore dilfers from (51) which did nol apply to liquids.  In fact, as we shall see in the
following discussion, the truncation rule should apply ondy lo obshruents and some instances of
/tf.

O
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be underlyingly vowel-initial. Consequently, rule (53) will treat the faller two
words as if they were vowel-inilial, blocking consonant deletion and
triggering vowel ¢lision, On the olher hand, the rule will treat the former two
words as containing initial glides, triggeting consonant deletion and
blocking vowel elision. Most importantly, Rule {49) can now be eliminated

from the grammar as its funclion is entirely subsumed by (53) as revised,

Despite the evident simplicity of this solution, there are cerlain
problems which suggest that it is not correcl. To begin wilh, the truncation
rule, as mentioned in footnote 26, should not apply to iaterals or to nasals.
This latter point requires some discussion, due to the apparent fact that

nasals show the same pattern of truncation as obstruents:

Figure 54
Consonants l.iguids Vowels Giides
bown gargon bod livre bon ami bon aiseau

(whare a vowel is nasalized before a truncated consonant}

As suggesled by the distribution in (54), nasal truncation operates in exactly
the same set of environments as liaison (cf. (48) above). Moreover, nasal
truncation has the same pattern of behavior with respect lo glide-initial

loanwords. The following are illustrative:

£ A TR IS A AR S

i
i
1
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tigure 55
foreign native

bon_yougoslave [b5jugoslav] hon hiatug [bonjalys]

petit yougoslave [potijugosiav] petit hiatus [patiljalys]

hoa whisky [bSwiski]

petit _whisky [potiwiski] petit oiseau [p2titwazo]

Notice also that nasals, like obstruents (see below), are truncated in
absolute final posilion; for example, ¢’gst un bon [b5]. It would be tempting
to regard nasal truncation as the same phenomenon as obstruent
truncation. However, nasal truncation is a more general rule than obstruent
truncation, applying not only word finally but also word internally, as in hon

{b3], bonté [bSte] {compare saint [s¥], sainteté [sttte]). Moreover, word

final nasal truncation is almost entirely restricted 0 /n/: final /m/ is

truncaled only in the case of nom [n3] (cf. nommer), parlwn {parté] (cf.

parfumer). We therefore conclude that nasal truncalion should not be
collapsed with obstruent truncation, in spite of the simitarity of thair

conditioning.

More importantly, French also contains a rule which deletes
consonants in absolute final posilion, In the phrase c¢’est un_petit, for
exampie, the phrase-final { deletes. The fact that French contains two rules
of consonant deletion, one which deletes a consonant before another
consonant and another which deletes a consonant in absolule final position,
suggests that we are dealing with a syllable-conditioned ruie. Notice that
while these truncation rules hold for a large portion of the French lexicon,
there is an important set of words which never underyoes them. This set of
words includes nouns, adjectives and numerals; for exampie, among the

chic, brave, sec, juste, timide, and sage; and among the numerals are sept,

b
LSS
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neuf and onze.” What is signilicant about these words lor our present

discussion is that they are exceplions to both lruncation rules. Thus, an -

analysis treating phrase-final truncation as distinct from phrase-internal
truncation is unable toe account for the fact that any word that is an

exception to one is an cxception to the other.

Thus, we are faced with the following dilemma. H we take the
consonant-final shapes of the truncating words as their underlying
representation, the truncation rule will have @ large number of exceptions in
the native vocabulary of the language. il, on the olher hand, we take the
vowel-final shapes as underlying and insert the Iappropriate consonants by
an epenthesis rule, then we will be unable to predict which consonant will he
inserted on phonological grounds. Moreover, we will be faced with a small
number of exceptions consisling of vowel final words to which epenlhesis

never applies (joli, lighu, veai, demi, sacré).

The germ of a solubion o this problem is contained in the following

comment by Malmberg (1972, 140);

Au point de vue fonctionnel, on peut regarder les

consonnes de fiaison comme des phonémes latents

qui deﬁﬂandent certaines conditions’pour se réaliser.
How, exactly, might we characterize the notion "lalent phoneme"?
Intuitively we are dealing willh an elemenl of the underlying representation of
a word which may be "phonelically realized” only if it can be assigned to a
syllable, failing which # simply does not appear. Readers familiar with the
literature on stress systems will recognize a similarity between this notion
and that of "extrametrical elements” - elements which, while belonging to
underlying representations, . are idiosyncratically marked with a [eature
which excludes them from the domain within which prosodic rules, such as

rules of stress assignment, apply (cf. Hayes 1981). In  metrical

27. The [act that some of these items end in orthographic e does not reflect any systematic
difference in their phonolagical behavior.

2 s Tt S i T N1
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representations, for example, such elements are unassociated with higher

level tree structure.

We propose to {reat the truncating ebstruents (as well as the truncating
/t/) in a similar manner. These consanants will be present in the underlying
representation of a word, but, unlike other segments, lhey will be marked by
a feature which excludes thern from the domain of core syllahification.
These segments will become associated with ¢ nodes by rule in cerlain
contexts. The most general of these contexts is the “liaison" coniext -
roughly, the position belore a vowel-initial word belonging to the same
syntactic unit (for further discussion, see Selkirk (1974)). We may now
distinguish among such minimally distinct forms as don 'gilt’, don(t} *of

which' and dong 'therefore’ as Tollows:

Figure 56
) v ¢
VAN A\ PN
C v C v ¢ C Vv ¢
[ Il Pl
d 35 d 35 t d 3 K
don dont dong

By the rule of Liaisen, a consonant is linked to the syllable node dominating
an immediately following vowel, providing the appropriate syntactic
condilions are satisfied. This rule inlreduces the association lines

friend':
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Figure 57

a « a «
/N eI VAN
c v 7 v C v C Y
| [ (T
d 3t w N a m i

[d5tdnami]

Note that Liaison alfects both extrasyllabic and fully syllabified consonants;
we assume thal derived ambisyliabic scgments, Su?l'l as the [n} in {57), are
subsequently (or perhaps simultaneously) disassociated from the syllable to
their left. Finally, "latent™ (extrasyllabic) consenanls which do not underge

Liaison are deleted by a context-free rule, to be stated below.

We propose the following gencralizations about the distiibution of

exirasyliabic segments in the lexicon:
Figure 58

a. only obstruents and /t/ may be extrasyllabic.

b. extrasyllabic consonants or consgnant sequences occurring
finally in noun and verb stems (roots plus any derivational

endings) undergo obligatory truncation in the lexicon.

c. only word final consonants or consonant sequences may be

mctras—:yltabic.?'3
{(58a) expresses the fact that sonorants other than /r/ never undergo
truncation:22 this follows in our account from the fact that they are always

associaled with a o node. {58b) expresses the fact that consonants that are

28. The rules determining which word final consonants are exlrasyllabic are subtle and
complex, varying willy speaker and with speech slyle. For one {largely prescriplive) account
see I':uuché {1959), whom we lollow below.

29, Masals, as mentioncd above, are truncated syllalie finally by an independent sule.

4 A -

e i+
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members of noun and verb stems never undergo truncation.>° Finaliy, {568c¢)
reflecls the facl that in all cases except those enumerated in (58a-b),

_ shiow alternation in tiason contexts
word-final consonants may or may not ynderge-truncaten depending upon

The following examples, drawn from gtyle soutenu, illuslrate (58h,c)

above:

Figure 59
a. il prend un train. 'he takes & train.'
b. i) prenait_un train, ‘he took a train.’
Figure 60
d, un marchand italien ‘an Italian tradesman’

h. des mal‘chandsvitaliens 'Ttalian Lradesmen'

In such examples, we sece that stem final consonants regularly truncate,

while inflectional endings may undergo linisan.

The rules accounting for Liaison and Truncation can be formulated ag

follows:

Figure 61 - Liaison

(under appropriate syntaclic conditions)

30. Exceptions to this generalization consiat of a few nouns which occur in common or fixed

nossihle for enma enankare
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Figure 62 - Consonaat Truncation

C'===> 0

Figure 63 -~ Vowei Elision

v
| ---=> 07/ v
0

We formulate Ligison as a rule linking a C-element to the syllable node
dominating a following V-element, Consonant Truincation and Vowel Elision
are stated as separate rules, the first of which deletes an extrasyllabic
consonant (indicated by the prime) context freely and the second of which
deletes schwa before a following V-element! We assume, finally, a rule of
Glide Formation as mentioned earlier, which is ordered alter the rules of

Liaison and Truncation and which operales to turn /uazo/ into [wazo] 'bird’.

We now turn to some furlther consequences of our analysis. We begin
by considering some probiems noted by Schane (1978) for a syllable-based
analysis of French., and show 1hat 1hese problems do not arise within the
present framework. Schane conisiders a formulation of Consonant
Truncation according to which a consonant is deleted before a syliable

boundary. Such arule could be formulated as follows:

Figure G4
C~--->86/_____ 38

where § = syllable boundary

31. The reader will observe that we have not introduced boundaries such as (#{#]}} in the
stateimenl of our rales of Liaison and Truncalion, It seems likely that the rules we are
discussing refer in part to hierarchical aspects of synlactic organization and may muo!.ve a
catagory by category listing of conlexts. For related discussion mvolving Italian see Napali and
Mespor {1978).
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Schane observes that such a rule would apply incorrectly lo delete
word-inlemal consonants in words such as acleur [akteer].  In the present
analysis, however, such a problem does not arise since the rule of
Consonant Truncation does not apply Lo syllable-final consonants, bul rather
to unassociated C-eloements, which are restricled in occurrence to word-fina)
position by the principles of (58). Notice that our analysis has a further
advanlage over a syllable boundary approach in Ihe treatiment of words such

as respect [respel, aspect {aspe], and suspect [syspe], which contrast with

words such as direct [direkt], corregt [korekt], and inleliect ‘Ztellekt] in that
the orthographic sequence ct is not pronounced in the former. That these
words have final consonants in their underlying representation, however, is

shown by such related words as reapecter, aspecluel, and suspecter, in

which the orthographic gt is pronounced. Under an analysis incorporating
rule (64}, all the ilems in the much larger class of wards including direct,

correct and intellect must be marked as exceptions. Furthermore, the stems

respect, aspect and suspecl must also be marked as excuptional just in case

an aifix follows, in order to account for the phonetic [k] in forms like
respecter. In the present analysis, on the olher hand, the three items

respect, aspect, and suspect are represented with final unassociated

consonants.  When sullixes are added, these consonants are no longer
word-final; hence (by the principles stated earlier) they cannot be

extrasyllabic.

A second problem raised by Schane involves the treatment of irregular
farnis such as the numeral six. The linal consonant of this word undergoes
truncation in liaison contexts before consanant-initial words, appears as [z]
in liaison contexts before vowel-initial words, and appears as [s] in

non-liaison contexts:
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Figure 65

sife] gargons 'six boys'
si[2] amis 'six friends"
si[s] arrivent 'six arprive'
si[s] {pre-pausally) ’six’'

The problem here is thal white six is an exception to Schane's Consonant
Truncation given in {64), it is only partly so, since it undergoes Truncation
regularly in laison environments. There is no principled way of accounting

for this pastial exceptionality within a framework incorporating (64}.

Once again this problem does not arise within the present approach.
Assuming 1hat the underlying shape of this word is /sis/, we mark this word

as undergoing the Jollowing minor rule, ordered alter Liaison:3?

Figure 66

(in non-liaiscn conlexts)

To account for the [z] of sifz] amis, we assume a minor rule of intervocalic

voicing which is restricted to the numerals six, dix and, in some styles, neuyl.

Thirdly, Schane calls attention to the problem raised by words
beginning with h-aspiré. This consists of a class of words which begin with

phonetic vowels, but which behave phonologically as if they began with

consonanis. The tollowing data are illustrative:

a2, This rufe also applies variably as a major rude in liaison contexls, for sotne speakers, where
it lakes precedence over (61).
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Figure G7
petif héros 'little hero'
boo haros 'good hero'

s$iX héros 'six heroes’
TLa] héros ‘the hero!
nolveau héros ‘new hero'

beau héros "handsome hero’

The first three forms demonstrate that final consonants (hoth oral and nasal)

truncale before héros. The fourth form demonslrates that @ is not elided

torms assume their pre-consonantal shape before héros. As Schane points

out, these forms are problematical for a treatment making use of syllable

must be marked in some arbitrary way to distinguish them from other

vowel-initial words.

In the framework developed here, ilis quite naturat 1o suppose that the
so-called h-aspiré is represented as a C-element of syllable structure which
dominales no consonant on the segmental tier. Thus, héros is, under this

agsumption, represented as follows:

Figure 68

U o
AN N
c v v
I f
e r 4]

In this way our analysis accounts for the phonelogical behavior associated

with h-aspiré words without requiring the introduction of special rules or

diacritic features., Moreover, it does so by making use nf « device which hasg
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been independently molivated in our earlier discussions of Finnish and
Turkish; namely, the use of C-elements which are unassocialed with

elements on the segmenla tier.33

Our analysis is similar in certain respects o the "abstract” analysis of
h-aspiré wards propdsed by Selkirk and Vergnaud {1973). In their analysis,
the fact that h-aspiré words hehave phonologically as if they began with a
consonant is explained by altributing an initial /h/ to their underlying
representation. This segmenl is deleted alter all other phonological rules
have applied. Qur approach is similar to theirs in that it treats both h-aspiré
words and consonant-inilial words as identical in the relevant respect;
namely, words of both types begin with C-elements. However, unlike Selkirk
and Yergnaud, we are not constrained to assign any specific identity to the
initial C-element of h-aspiré words. in this respect our analysis is not
abstract at all since we postutate no segmerit underlyingly which is not also

present at the surface.3

More recently, however, a number of phonologists have argued that
h-aspiré words should not be treated as consonant-initial words at all, but
rather as vowel-initial words identical in their underlying representalion to
other vowel-initial wards in French. The idigsyncratic behavior of f-aspire
words is accounled for, under such proprosals, by assigning them a set of
diacrilic features marking them as exceplions 1o each of the rules which they

fail to undergo.

These approaches are motivated by the justifiable desire to avoid
excessive abstracthess in underlying representations. However, there are a
nuimber of problems wilth such approaches which we do ngt believe have
been adequalely dealt with in the relevant literature. First of all, in order to

mark h-aspiré words as exceptions to rules, it is necessary to formulate the

34. Thiz analysis of h-aspiré words has hean independently suggesled by Morris Halla,
34. These argumenls generalize, as noled earlier, la the analysis of Finnish and Turkish.
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refevant rules in such a way that the words in question satisly their struclural
descriptions,  Talke, for exammple, the treatment of consonant truncalion,

which has traditionally been formuiated as lollows:

Figure 69

C--->8 /7 __.(#

This rule, as we have seen, applies not only before consonant-iniliat words
but before h-aspiré words as well, Thus, it applies, lor example, before a
word like héros. However, it h-aspiré words are treated undeslyingly as
vowal-initial, there is no straightforward way to account for this fact by a rule
like (G9). Partly to solve this problem, Klausenberger (1978} suggests that
truncating words like pelit be represented as vowel-final underlyingty, and
that consunant truncation be reformulaled as a rule of consonant insertion,

as follows:

Figure 70

@ —->C / . (#)V

Words like héros can now simply he marked as context exceptions to this

rule.

There is no way of predicting which consonant is 1o be inserted in any
given case withoul a further and highly complex elahoration of the rule
feature analysis. This is not a "pseudo-problem”, as Klausenberger
suggests (1978, 28). He states: "It can simply be asserled that whatever
means is used to determine the underlying final consenant, in the deletion
analysis, may also be employed in deciding which consonant must be

inserted.” The means used in the deletion analysis to delermine the identity

Clements and Keyser 1

of the underlying final consonant in words like petit is simply scansion of the
underlying representation.  Since the underlying representation does not
contain a t in Klausenberger's analysis, inspection of it can reveal nothing.
Thus, we are unable to agree that this is a pseudo-problem but rather raise it

again, with Schane (1973), as a serious problem for this lype of analysis.

A second problem for "concrete” analyses of h-aspiré words, first
pointed out by Selkirk and Vergnaud, is the fact that this set of words, while
varying in membership from speaker to speaker, behaves consistently like
consonant-initial words wilh respect 1o all the relevant rules of the
phonology. Thus, we do not find in the speech of single speakers examples
ol h-aspiré words which behave like vowel-initial words with respect to some

rules and like consonanl-initial words with respect 1o others. For example,

taking the set of forms given in (67) as our basis for comparison, no speaker

exhibits sets of forms like the following:

Figure 71
a. petit  héros
1[a} haros
nouveau héros
b, si[z] [héros
bel heros

bon héros

This fact follows automatically . from any analysis that postulates an
underlying initial consonant, whether “"abstract” as in the Seikirk and
Vergnaud analysis, or non-abstract as in ours. But it does not follow from an
analysis that treats h-aspiré words as vowel-initial. By normat processes of
historical loss, we should expect some exceplion featureé to be eliminated

and others retained, creating sets of data such as that given in (71) above.
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In the face of this argument, a proponent ol the concrete analysis may
lake one of two positions. The first is to deny that the facts are as stated
above, claiming that dala sets such as that given in (71) are, in fact,
altestable in the speech ol single speakers. The second is to acknowledge
the correctness of the facts as slated above, and inlroduce a novel
mechanism in support of the analysis. Both positions bave, in fact, been
taken in the recent lHerature. Tranel (1981, 299) argues for the former, His
evidence consists solely of a discussion of the word hamecon 'hook’ as it

occurs in the exprassion mordre 4 Phamegon ‘nibble al the bait', Accarding
to his source, all speakers use the elidcd form of the article in the latter
expression, hut divide as to whether the word hamecon triggers consonant
truncation efsewhere, This ohservation, however, cannot be taken as
evidence against our claim thal h-aspiré words behave uniformly wilh
respect lo ol relevant phonological rules. One can cite numerous instances
of words which have idiosyneralic pronunciations in  certain fixed
expressions.  For example, many speakers of American English who
ordinarily use the articte a before h-initial words use the form an before the
single lexical item historical, pronouncing the tatter without an h initially.
Nonetheless, they will pronounce historical wilh an initial h in all other
contexts. It is reasonable to suppose that these speakers delele the initial b
fust in the sequence an bistorical. A similar account is sufficient to explain
the behavior of hamegon. What would be required to falsify the claim that
hamecon behaves consistently for any given speaker with regasd e French

phonofogical rules would be to show, for example, that hamecon regularly

takes the elided form of the definite article (I'hamegon) but the truncated
words may occur, in the speech of a single speaker. We know of no facts
leading us 1o suppose that this is the case. We conclude that Tranel's
observation provides no evidence in favor of treating h-aspiré words as

vowel-initial.

Clements and Keyser 13

The second approach is taken by Gaatone (1978) and Klausenberger
(1978), both of whom agree that the facts are correct as we have
charaéterized them but who attempt to accommodale these facts by
introducing a novel theoretical device, which we might term the "umbrella”
fealure. Such features serve 1o express the exceptionality of a form not to
one but to a set of rules, which need have no formal properties in common,
other than, as in the present case, that of applying across word boundaries
before vowel initial words. In the case of the analyses proposed by Gaatone
and Klausenberger, this feature (which is named [-vowel] by Klausenberger
and [-sandhi context] by Gaatone) expresses lhé exceptionality of h-aspiré
words to all rules which ctherwise apply in Lhis context. The difficully with
this theoretical move should be obvious: it treats as accidental the fact that
the set of rules subsumed under the "umbrella” feature all share a single
Iphonological property, that of menlioning vawels as their righthand conlext.
In sum, an “umbrella” feature does not explain the phenomenon under

discussion but merely provides a label Tor it.%9

To summarize, in this section we have postulated an analysis of liaison
and truncalion phenomena whicli involves the syllabification principles of

(58) and the following rules:

35. We have not mentioned one respect in which h--aspiré words are oflen said to differ from
consenant-initial words. M aspiré words, acgording to this widely cited tradition, preserve
immediately preceding ds from deletion in circunistances where thay would otherwise delete;
for example, celle |sctd] hache ‘lhis ax’ versus cetle [sel] lache 'this stain'.  Our owo
investigations have led us to believe that the phonelic facls in guestion are more complex and
variable than tradilional descriptions suggesl, In the absence ol reliable phonetic data, wo will

not prapose an account of lhis phenomenon here.
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Figure 72

Liaison 61
Rtule B6
Vowel Elision 63

Consonant Truncation 62

These rules may be ordered as given. We conclude that French does not

support for a theory incorporating the syllable framework proposed here.

Chapier 4: Extrasyllabicily and Vowel Epenthesis in Klamath
4.1 Inlreduction

In the preceding chapters we have developed and molivated a theory
of syltable representation which characterizes the syltable as a three-tiered
structure having the formal properties of an autosegmental system. We have
claimed that the terminal elements of syllable trees are not vowels and
consonants themselves, but rather the units of lhe CV-tier which define
positions in syllable slructure that particular consonants and vowels may
occupy. As we have seen, the independence of the CV-tier and the
segiental tier is evidenced by the fact that phonological rules may apply
independently to lhe members of either tier, or may affect the manner in
which the elements of these two tiers are associaled with each other,
Moreover, phonological rules may be sensilive lo lhe dilference belween
otherwise idenlical syllable trees which differ in the composition of the
CV-tier. Woe take these resuits as strong evidence in favor of the view we

have put lorward here.

In this and the next chapter we shall apply this theory to an
examination of certain problems in the plmnofogy of Klamath, an American
lndian language of Oregon generally classitied in the Penutian phylum.
Kamath is a language marlked by an extraordinary degree of complexity at
the level of surface alternations. However, this surface complexity can be
shown to derive from the interaction of a fairly smail number of phonological
rules which operate with great geherality throughout the tanguage. Pue to
the richness of its phonology, this language has been lhe subject of a
number of earlier studies, including those of Kisseberth (1873a,b) and Kean
(1973,1974). This earlier work raised a number of probleins concerning the
nature of rule interaction hat, in the opinion of some linguisls, remained
without a satisfactory solution (White 1973, Thomas 1974, Feinstein and

Vago 1981). More recently, it has been suggested that a syllable-based
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approach of the type developed here might prove successful in dealing with

some of lhese problems {Clements and Keyser 1980, Ter Mors 1981 a,b).

As we shall see in what follows, many of the phonolagical processes of
Klamath are optimally stated in terms of syllable structure. In our view, Lhis is
not accidental. We have assumed (hat the syllable siructure of a language is
characterized in terms ol a fairly small number of paramelers, as outlined in
our earlier chapters. These parameters include the determination of
whether a given language is a Type I, {1, 1l or IV language at the level of core
syllable representation, whether consonant and vowel clusters are
permitted, what the domain of syllabilication is, and whether (and where) the
Resyllabification Convention is applicable, among others. We {urther

sume that a selection among these parameters can be made in a relatively
straightforward manner on lhe basis of a preliminary analysis of the
language data. Thus, for example, extremely simple observalions are
suflicient to determine whether a given language is a Type | i, Il or IV
language, whether consonant clusters are permitted, and so forth. These
choices can be integrated in a slraighttorward way inlo a theory of
"markedness” according to which simpler formal structures represent the
fess marked choicaes, to be selecled uniess there is positive evidence to the

contrary.

it is obvious, therefore, that syllable structure provides an
organizalional principle which permits a significant degree of simplification
in the task of the language learncr.  Syllable structure is a readily
discoverable principle of classification which allows the formulation of
phionologicat rules in terms of language-particular classes of sounds such as
Usyllable-final consonant”, "syllabic nucleus", "extrasyllabic senorant” and
the like. Once the principles of ayllabic organization have been worked out
for a given language, many formally arbitrary rule slalements can be
replaced by intermafly-motivated statements  involving  syllable-based

categories such as these, There s, indeed, much reason to suppose that

silahly shudhaat o wed guley o fosaad witnetig ol Aperht @i ta s faadt
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also a cognitive reality as well, involved in the storage, accessing,
production, and perception of words and phrases, having the effect of
coding phoneme sequences into larger units which are themselves the
domain of other phonoloyical processes such as those that determine stress
and inlonation conlours. n the case of Klamath, while we know of no direct
phenetic documentation of the role of syllable structure in this languaga, it is
not surprising, given these considerations, to find persuasive evidence in
favor of lthe syllable in the phonological rule system itself. It is to this

evidence that we now turn.
4.2 Core Syllahl'e Representalion

To establish that Klamaih is a Type 1} tanguage, it is sufficient to make
the following observations. First, this language has no words which begin
with vowels. Second, this language has closed syllables; that is, words
ending in consonants or consonant sequences. The single item [gos]
'swan’, for example, establishes the second fact. These are, 1o be sure,
surface phenomena which do not necessarily correspond to properties of

underlying representation. Nevertheless, it is plausible to suppose that the

initiad hypotheses of the tearner will be constructed on the basis of surface -

and near-surface forms, to be relinquished only when contradicted by

further evidence.

Having established the core syllable lypology of Klamath, we must next
attempt to determine whelher clusters are possible in initial or linal position.
Our lask has been facilitated by the distributional charts showing
permissable surface sequences of consonants given in Barker's Klamath
Grammar {(1964). The lollowing examples illustrate clugters in inilial, final

and medial position in the word, respectively. First of all, word-inilial clusters

consist of at most two members in which sonorants and obslruenls can
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|
oceur freely:! ¥ Woard-final clusters consist of two, three, or four members. Only /t/, /k/ and ‘
/s/ may accur as the third or fourth member of a cluster. Moreover, ’
Figure 1 sonorants are restricted to initial posilion.? Some examples are; ]
4
a. gbstruent - sonorant 2 Figure 2 f
sla:mitk ‘'widower' D373 '
! tweqa ‘bores through’ D414 ; i sonorant - obstruent
{ ] LI . ’ Yoy R ) . '
qnaci:qa 'winks' D,331 ] wakame big old coyote’ 0,450 !
gmocatk 'old person’ D,145 3 celks "skin’ D,85 oo
dielGa 'starts' D,118 2ewantk 'fulf’ : 0,30 o
' b. obstruent - obstruent : tweqtewqs 'marsh hawi’ D,337
qopo: thumb’ D,413 Ziwtampks ) 'heing heavy’ D,36
kteWca 'spanks’ D,195 ! b. obstruent - obstruent
gpala 'doubles up a fist’ D,324 cawigali ‘crazy person’ D,118 :
tsacka 'is light! 0,413 tizgs mullel’ {sp) 0,409 b
sdo road’ 0,358 lo:Lopks "believer’ 5,340 :
c. sonorant - obstruent . pokst ‘barking’ D,400 B
L . . ] . ) . [
ntopa rots’ D,272 galbanwapkst "arriving in the future D,400 o
mMsds 'praivie dog’ D,243 i
\ , Medial clusters are recorded with as many ag five members, with sonorants :
ltewa eals tulcs D,225 ]
and ohstruents occurting freely. The following examples illustrale; o
d. sonaranl - sonarant :
3 .
mnais ‘them’ {intensive) 0,59 .
, Figure 3
iwdyqa 'pl. laugh’ D,226 _
Imena thunders' D,219 newtGi 'runs down’ D,260 - ‘
hoaksdal "towards hiw’ D,106 T
hemkanktga 'been talking’ D,165 '
1. Al examples are laken from Barker's 1963 Idamath Dictionary and his 1964 Klamath
Grammar; page references are given to the right of cacly example. Schwa has lwo sources in yowkkni; ‘neighbor’ D,466
Kilamath. First, it is introduced by the rule of Vowel Reduction which we discuss in Chapter 5. 0 } ’ , . , e
Sccondly, il is the normal allophone of /a7 in closed syllables, crealad by a lale sule of the %ilgs?als to put down pl. objects D,129 ?
phonalogy. * Vadenre? j
In addition to the forms given in Figure 1, a single initial lhree-member cluster is altesled in quGa .;.{U[)a D'1 29 {
the onomatopoetic form 18GewtsGews 'blucjay’ {12,413).  The otherwise exceptionless ' %
exclusion of three-member initial clusters is accountad for by the nperation of reqular rules of . ¢
cluster reduction and vowel epeathesis, and need nol be independently stated as a condition ; 2. Tho sole excoptions to thess generatizalions are found in the word final clusters /2 and fonus ;f i !
avpn el lebaley e bae b e R R L. i
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2ilgsGe:ni 'graveyard’ D,152
ntoylGa ‘crushes down with a G,56

round object

ngcpga ‘burns up completely’ D,71
scagega 'rattles’ D,72
sdikstgi ‘wants someone to sinell’ @G,66
Ga:yaf«lgi ‘comes to scarch for' G,59
swokiktis tooking like inside’ 0,43

gankankikdamna 'been repeatedly hunling’ G,60

(2)-{3) lllustrate consonant sequences ranging in length up to five. The
gueslion immediately arises whether these sequences can he exhaustively
assighed to syllables or whether some elements remain unsyllabified. There
is good reason to suppose the latler alternative to be correct. If we assumed
ihat all consonanls were assigned to syllables, we would be ferced to
postulate highly complex clusters in Klamath. Such cluslers would
frequently violate the commonly observed condition that the inherent
sonorily of segments within the syllable decreases as we proceed outward

fram the syllable peak to the syllable margin,

The above examples further demonstrale that the four vowels of
Jdamath, /i e a o/, occur both long and short. We may thus propose, as an
initial hypothesis, that the maximal syllable of Klamalh consisls of the
sequence cviC where cach C slands for a single consonant and V7 stands
for one or two vowels. This gives us syllabifications like the following, in

which certain consanants remain extrasyllabic:
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Figure 4

N

S

¢ v ¢ ¢ ¢ Vv
R
w i 1 1 & a
*14es down on the stomach’ G,79
Figure 5
G v .
A VAN
c ¢ v ¢ C V
RN
n 1 2 p k a

‘mashes up with a round ehject' 6,79

We assume that representations containing exirasyllabic segments such as
thase given in (4)-(5) are well-formed both underlyingly and on the surface.

It will be our main purpose in this chapler to molivale this claim.

Barker describes sanorants flanked on bolh sides by other consonants
as "syllabic™. le describes these segments as oceurring with pitch, but not
with stress and, moreovar, as not alfecting the stress patlern. Furthermore,
{hose segmenls do not behave as syllable peaks wilh respect to the syllable
sensitive rules of the phonology: Barker's characterization of these
segmenls as "syllabic” should, there[clmre. be inlerpreted as a phoaetic rather
than phonological stalement, since lhese segments fail to meet any of the
phonological criteria associated with syllable peaks in Klamath.  This
analysis is confirmed by the facts of vowel epenthesis in Klamath, to which

we now turn.




4.3 Epenthesis

4.3.1 Sonorant Cluster Epenthesis

Consider first the following examples:

Figure 6
a. tGalom 'west’ D,406
b. 1Galmas 'west wind’ 1,406
c. 1GaTamdﬂi 'toward the west’ D,406

In (6b) and (6c) we can isolate the suflixes /-as/ and /—clai/ which are,
respectively, a noun forming and an adjective forming suffix. If we assume a
stem of the form /tGalm/, then we see that epenthesis occurs when the
stem final consonant is in word final position or followed by a consonant. In
terms ol the theory developed Lhus far, the final /m/ is extrasyllabic in our
sytlable represeniations in just these two cases. The care syllable structure

of all examples in (6) appears in {7):

Fiqure 7
a G b. V] o C. F ¢
/ AN /N SN AN
ccvcee ccvcCccCcve ccvcecocve
[ 1111 I I O O I O R |
LGalmnm tGalmas tGalmdal

The epenthesis rule in question can be formulated as one that inserts a

schwa before a morpheme-final extrasyllabic sonorant consonant, as in (8):

Figure 8

Sonorant Cluster Epenthesis

@ --~> Vv /C___C +
| f
? +son
+cons

This rule apblies to the examples in (7) to give, after resyllabification, the

structures in {9):

Figure 9
a. o ¢ b. ! C. o o o
AN AN AN
ccvcecvec {no change) ccviecviococve
R B N S O A B B |
tGa 1l am tG2atemdadl

The rule does not appty to (Yb) since /m/ 15 not extrasyllabic.

tnalfilialed sonorants not ollowed by a morpheme boundary remain

unafizcted by Sonorant Cluster Epenthesis (8), as the following examples

show:
Figure 10
newtGa /newiG + a/ 'rules’ D,260
Wallwitk /Waltwi + dk/ *bright-colored’ D457
sosonnGa /sosannG + a/ ‘wrastles’ D,383
waGiwis /waGlw +y 4+ s/ 'shinbone awl’ D,430

Further examples were given in {3). This rule also fails to apply to
extrasyllabic sonorants in word initial position. This is illustrated by the
tollowing examples involving ihe prefix /n-/ *act with a round instrument, act

upon a round object'.



l . {2 W

Figure 11 Figure 13
i ) . : Generat Epenthesis
' mbola /n+bol+a/ 'hits in the stomach with a round instrument’ D,247
nceda /m +ce(i+a/ ‘chips with a round instrument’ D247 6 ---> T re .t
nkaca /n+kac+a/ ‘cuts off the head with a round instrument’ 1,248 _ )

The fact that Sonorant Cluster Zpenthesis does not apply to these examples

. The underlying trees for the throe examples in {12) are:
| follows from the formulation of our rules. In particular, though the : yingiree

word-initiad /n-/ is an extrasyllabic segment occurring morpheme finally,

N there is no C oceurring to is left, as the rule requires. _ Figure 14
N |
\ The rule of Sonorant Cluster Epenthesis provides the first source of ; a. o /cr\ h, o c. i ;{ /c{
confirmalion for our analysis of the Iamath syllable. This analysis permits a C/\II\C CCV c/‘]!\c CCc, C/V \C cC L/V v ¢V
. significant simplification in our formulation of Sonorant Cluster Epenthesis, [ A B (I I O B \/ bl
. L . . Gatdka Gatdks Gatdky e ga
by allowing it to refer directly to extrasyliabic segments,
|
4
4.3.2 General Epenthesis After the application of (13} and of subscquent resyllabification, (14b-¢) are
_ modified as follows:
A second epenthetic process provides further support for our analysis
of the gyllable. This process, which we term General Epenthesis, applies to
Figure 15
certain sequences of four or more consonants, inserting schwa between the ’
second and third of them. The following examples are illustrative. 2 a. {no change) b. o o ¢. q ¢ a g
/AN /N TN /l\ A N /\
; cveccvee CVECVYCCVV
Figure 12 i I T I A IIIII! ERVAN
Gatltdaks Gatda yega
a  Gattka /Gatdk +a/ "is cold’ D,149
h. Goatdaks /Gatdk + s/ ‘cold’ {noun) D,149

; y ice that (1! 7 apy. 4a) since neithe /t/ nor /k/ are
c. Gidskye:ga /Gatdk+ye:g+a/ ’startstogetcold D,149 Notice that (13) cannot apply to (14a) since neither °

extrasyllabic. On the olher hand, (13} can appty in two dilferent places in

The suffixes illustrated in these examples are /-a/ (indicative), /-s/ (noun 3 (14b). 10 order to yield the correct result, as shown in (15b), il is necessary
formative) and /-ye:g/ (inceptive). I we take the stem to be /Gatdl,(/, then _ to restrict the operation of {13) so lhat it applies directionally from lelt to
epenthesis applies just in case a consonant iniiat suffix follows. Hence in right, Thus, the first application in (14b) triggers resyllabification and the
{12b) and (12¢), the 2 is epenthesized by the following rule, which insests g

schwa helween two extrasyllabic consonants;
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rute is no longer defined, as the tree in {15b) illustrates.?

Before gaoing on to our next epenthelic process, a word about ordering
is appropriate.  Consider the form [stintgal]. Underlyingly, this form is
composed of /stin/ 'suspend’ + /adgl/ ’on the back’ and is glossed as
follows: /stin + adgl/ "hangs something on the back’. A rule of lnitial Vowel
Truncation, to which we return in Chapter 5, deletes the 7a/ of /adgl/ and,

atter resyllabification, the derived tree appears as (16):

Figure 16
U

/|

ccvcceccc

N

stindgt

Notice that both epenthesis rules discussed thus far are delinable on (16).
Notice, however, that Sonorant Cluster Epenthesis applies to introduce an
epenthetic /3/ between 79/ and /1/. Resyllabification will form /gat/ into a
single syllable, thereby bleeding General Epenthesis. If the rules had
applied in reverse order, then General Epenthesis would not have bled
Sonorant Cluster Epenthesis and a string with two epenthetic vowels would
have arisen. Thus, Sonorant Clusler Epenthesis must be ordered before
General Epenthesis.

3. 8y independent rules {not formalized here), /k/ is deglottalized and /d/ is devoiced helore
anolher obstruent, giving the surlace forms in (12).
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4.3.3 Affiliation Rufes

There are a number of apparent exceptions to General tpenthesis
which shed light on the principles of syllabification in Klamath. These

exceptions fall into two gencrai types, and are illustrated below.*
Figure 17

/wlelG + ebli/

/HrelGrs+al+ s/

a. wlelgblt 'arranges again' D,451

b, Zilgs?ls ‘to put down plural objects’  D,129

Figure 18
hogslGa /bog + 5+ tga/ 'with camas root’ D,405
b. (,|a pakétgl /c,|a pay + sdgi/ 'you bark a lol’ D,206
c. woni:;‘)altksia Jwoniily + ’ol'( + ksta/ 'on all four sides’ D,193

d. swakiktis /swa+ CC+akt+y+s/ ’looking like inside’ D43

Figure 19

/sir'mn'.s+ otn -+ aﬂ?k/ having become afraid’ D,366
'on one side’ 0,272

‘toward him’ 2,106

a. sir'ntmstnehk

. Nayksta /Nay + Kksta/

C. honksdai /he+negts vl‘dai/

d. sdikscna /sdig+s+conta/ . 'goesalong smelling' £.355

(See also examples given in (3) and (4) earlier.) Examination of these
examples shows thal they fall under certain subgeneralizations. First, the
examples in (17) involve four-member clusters in which the first or final
member_{or both) is a sonorant. Second, the examples in (18} involve
clusters in.. whigh Co is /s,tdk, or g/. The examples in {19} meel both of

those conditions. We thus have lhe following stalement:

4. Nolice 1hat vowel inilin! morphemes are sehjrct to the early rude of Initial Vowel Trancation,
mordioned just ahove and discusscd L ther ia Chaptor 5.
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Figure 20

General Epenthesis in a sequence CyGy (33 Gy is

Hocked when either:

{i} Cyor 04 are sonorants, or

(ii) G, is one of the obstrucnts /stdk, or g/,

Neither of these conditions is exceptionless.  Thus we find epenthesis in

examples like the following, where condition (201} is satisfied:
Figure 21

onls(atga /onlz +odg+a/ ‘been to pick berries’ D,223

%tgabli A+ odg - ebli/  Ctakes objects out of a container again' G, 58

Thus, General Epenthesis in four-member cluslers is optional or sporadic
when (200) or {20ii) are mel, and otherwise obligatory.® There is a
straightforward way of treating these apparent exceptions within the present
frameworl. We propose that the epenthesis rules are collectively bled by a
set of syllable affiliatign rules, which apply to affiliate certain extrasyllabic
consonants to adjoining syllables. Thus, one such rule optionally adjoins én
extrasyllabic obsttuent to the same syllable as an adjoining sonorant. For
instance, the examples of {17}, following the rule of initial Vowel Truncation
(see footnote 4) and subsequent resyllabification, have the representation
given in {22) where the broken lines indicate the operation of the rule in
question:

5. The suffix Zdk/, W a state of having been ...ed', is a lexicatly-marked exception which never
undargoes epenlhesis. Two homapthonous sulfixes, /s~as/ ‘noun tormant’ and /s~as/
‘abjective’ show irregular altomorphy which seems synchronically unrelated lo the epenthesis
tule.  Also, a formative /wal-~awl~w)/ 'cover, put on top shows appasently unprediclable
altomorphy. Otherwise this staleiment seems o have no exceptions. See {25) and following for
turther discugsion of the /u~as/ allomornhy.
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Figure 22

o o a o
tecvococceccoy cveococcvee
T I I N B I I O O B
wlelGbl.i P il1qgs?als

As u consequence of the operation of thig affiliation rule, the ruie of General

Epenthesis is no longer defined.?

The affilialion rule that accounts Tor condilion {20ii) has the effect

illustrated by Ihe dashed line in (23):

Figure 23

a o U] g
/TR A\ /TR

cvececcecceoy cveccceccyv
I B N I I I A
bogstaGa pagsdgi

Il affiliates an extrasyllabic /s,tdk, or g/ io the preceding syllable,
regardless of lhe nature of lhe preceding consonant. Once again, it has the
elfect of bleeding the operation of General tEpenthesis.  We slate our

affiliation rules as follows:

I
6. We formulate this rule of alfiliation as an optional rule under the assumption that the forms
in question show free variation depending on whether the cpenthetic schwa is present or
absenl. 1t is ditficult to determine from Barker's duescription whelher (his predicled free
variation occurs in {acl, since Barker's usuai (though not invariant) practice is to record just
one form of each item. I, in tact, we are nol dealing with [ree varialion Gut wilh unprediclable
lexica) allomorphy, then we musl allow \he presence of syllable-final sooorant o olstruent
cluslers and syllable-initial obsbuent + sonorant clusters as a free option which may or may
nol be selected in Ihe lexical entry of any Klamali. wor, Under his altornative, the maximal
syllable in Klamalh would be defined as (';2\.-’2(;2‘ where G2 is the maximal clusler, subject to
lhe condition that it may consist only of a sonorant phus an obalruent fosseeadine ngtamed fram,

oy yrmm e A




Figure 24

Obstruent Affiliation Rules

a. First Rule b, Second Rule
o o
PN P
C c' ¢ T
[
[+tson]  [-son] aant
acor
(mirror image, optional) -s0n
-constr.gl.
~chigh

(optional}

4.3.4 Epenthesis in Final Clusters

The analysis given so far provides a full account of surface consonant
clusters in initial and medial position. As we have seen, i|_1it§a! clusters
consist of two members only. Each member may he either a sonorant or an
obstreent. Thus, the initial cluster types are: OQ, 0S, 8O and S8. In the
case of OS clusters ohstruent alfiliation (24a) may oplionally apply, with no
consequences for laler rules, [In the remaining three cases the initial
member of the cluster remaing extrasyllabic. Neither of our rules of

epenthesis are defined upon any of these forms.

Turning to medial clusters, all iwe-member clusters are of course fully
syllabified in care syllable struclure. In the case of three-member clusters,
Sonorant Cluster Epenthesis (8) is defined only in the case where the medial
member of the cluster is both a sonorant and morpheme final. When this
sonarant is not morpheme final, the cluster will appear on the surface.
Four-member medial clusters have the properly that either the first or fourth
member is a sonorant, or else the second member is /s, t,dk, or ¢/. If an

underlying four member cluster does not satisfy either of these constraints,

then General Epenthesis (13) operates to break up the cluster. Thus, all of

the data illustraled in (1) and (3) are accounled for by the rules given so far.

Given the principles and rules thus far, the constraints on final clusters
are automalically accounted for. These clusters, as noted before, comprise
two, three or Tour membors. In the case of two member clusters, only
obstruent-final clusters are attested; sonorant-final sequences are
systematically excluded as a result ol Sonorant Cluster Epenthesis (8).
Three-member clusters either have a sonorant as their first member, or
/s.t,d .k, or g/ as their second member. Furthermore, the final two members
are always obstruents, Once again these conslraints are predicted by our
rules, First Obstruent Aftitiation (24a), Sccond Obstruent Aftiliation (24b) and

Sonorant Cluster Epanihesis (8), respectively.

A few final four-member clusters are found: /mpks/, /lpks/, /lqst/,
/ykst/ (cf. Barker's Grammar p. 48), as well as /pkst/. it will be noted that
the principles given so far extend to these clusters as well. In particular,
note that such clusters require {24a) to he ordered betore (24b), as we have
already assumed. Thus, in a final clusier like that of gempks 'the going’
{durative), from /ge+en+ obg-+s/, a four member cluster is created by
Initial Vowel Truncation, which deletes the 7o/, (24a) applies then, affiliating
the /b/, and (24b) applies next, affiliating the /gs/. Finally, /nbgs/

becomes {mpks] by regular rules.”

Barker discusses a further sot of cases of epenthesis in final clusters

which are not covered by the rules given above. Three cases are involved;

namely, (a) epenthesis before consonants other than members of the set

/st d .k, or g/, and (b) epenthesis before two formatives to which Barker

assigns the underlying form /s/ (see Barker, Grammar 60-65 and our

7. We assume hat {24b) applies to maximal sequences of consonants meeting its description.
This assumption is independenlly needed to account for final clusters like /pkst/ {cf (2)
ahove), 1 also accounts for the absence of epentliesis in 1he five-member cluster of
[g@nkdnklkd dmna) been repealedly hunting', G,60.
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footnote 8). These are illustrated in (25a) and (25b), respectively:

Figure 25
a. Eapaq /iapq/ 'leaf G,62
titaq Ntitg/ ‘swallow {bird)’ G,62
b, koYas /KoY + s/ louse’ G,50
s7abos /s?ab + s/ 'sun’ G,61
wasas /was + s/ ‘coyote’ (objeclive) G,60

The forms in (25a) illustrate the need for an additional, lexically restricted
rule inserting schwa before a word final extrasyllabic consonant. The forms
in (25b) illustrate epenthesis before the special formatives having the shape
/s/. Itis poleworthy that this apparent epenthesis applies unpredictably in

Barker’s data. For example, it does not apply to the following:

Figure 26
siaps /siab +8/ ‘bloom’ G,B1
swalgs /swak} +s/ 'sweat’ G,62

Since our rule of Second Ohstruent Affiliation (24b) applies to .these
instances ol final /s/, no epenthesis rule can apply, and the forms in (26) are
regular. Those in (25b), on the other hand, are unexpected. The schwa in
these examples cannot be predicted by a regular phonological rule, Rather
than posiulating a lexically irregular epenthesis rule, we assuime that the

two suffixes in guestion have the irregular allomorph /-as/ which is lexically
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selected by cerlain stems.B

4.3.5 Glide Epenthesis

We now turn to two final rules of epenthesis which confirm the syllable
analysis given so far, and which will be of central importance to our
subsequent discussion. These are the rules responsible for the vocalization

of extrasyliabic glides. Their operation is illustrated by the following forms:
Figure 27

a. w'”'boia /w +bol +a/ 'hits in stomach D,425

with long inslrument’

wYgiwa /waiw +a/ ‘extends out onto a plain’ D,456
wlgas Jwqas/ ‘quartz’ D,456
b, tabini /tabff +ni/ 'the youngest’ D,401
delo:ga /delwyg + a/ 'allacks' D,112
Sgoyu:cs“na /sgoyw + cn+a/ 'sends someone along' D,362
r;mlozwapk /l*;]olv’v +wabg/  will be ready’ D,246
gayo:wi /ga+ aywwi/ 'disperse’ D,53
s?ayo:ga  /s?aywg +a/ "learns' D,342
¢ tabi: /taby/ st D,401
naki: /na+ af«y/ ‘close i’ D,46
Pco: i+ acw/ '‘but grease oin someone’s hair' D,42

As these examples show, a glide that is not adjacent 1o a vowel normally

8. Forms like {Glegdpks] 'dead person’ G 63 trom /Gleg + obg + s/ cannol be accounted for by
the epenthesis rules given hus far, since wao would have expected the epenthetic schwa belore
the ki, not the [p], by General Epenthesis. As Barker notes, @ appears before the sulfix /-ohg/
just in case the preceding moirpheme ends in an obstruenl or a glotiatized or voiceless
sonorant. Rather than postulaling, as Barker does, a special epenthesis rule applying belore
this sulfix, we propose thal Whis sullix is marked as an exception to initial Vowel Truncation in
the cited conlext {(that is, when an obstruent or a gloltalized or voiceless sonorant ends the
preceding morpheme). The initial vowet of /-obg/ is changed to schwa by the rule of Vowel

e s mesornand 1 B vt olhAasrter
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surfaces as a vowel. Moreover, this vowel is long, except in a set of contexts
which we discuss in the next chapter. We account for these alternations
with the foliowing rules of V-epenthesis. The first applies to word-inilial

glides and the second to word-internal and word-final glides:

Figure 28
Post-glide Lpenthesis

¢ ~==>V /#C ___
|

[~cons]
Figure 29
Pre-glide Epanthesis

g ——>V/ ___C
I

| -cons]

.

The First of these rules inserts a V-element to the right of a word-initial
extrasyllabic glide, accounting for the forms in (27a). The second rule
inserts a V-element to the left of a word-medial and word-final exlrasyliabic
glide, accounting for the forins in (27b) and {27¢). These rules must be
ordered as given. We note that in both cases the |-cons] sogment
associates with 1he newly introduced V-element, creating a Jong voewel. This
is an automatic consequence of the Association Conventions given earlier

(Chagler 3). The first of these rules has the following effect:
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Figure 30
) A A A AN
cCcve -——=> Cvevece ———D C}!CVC
1] bl Vol
wqas w qas w o as

(by rule {28} and (by Associalion
resyllabification) Conventions)

In the resulting conliguration, we find the segment [w] attached to the
sequence CV on the CV-tier, How is this conliguration to be interpreted? It
will be recalled that [w] and {u} are nondistingt at the level of the segmental
tier, the feature [+ syllable] having been eliminated from our feature sysiem.
Vowels and their nonsyllabic counterparts are distinguished only by their
mode of affiliation to the CV-tier. Accardingly, the segment |w] in the final
tine of {30} designates a {ong nonconsonantal segmenl aligned with fwo
liming units: a syliable-initial C and a following V. This representation is
straightforwardly interpreted in terms of the transcription of this sequence

given by Barker: [w"] (Grammar, 28).9

Pre-glide Epenthesis (29) is illustrated below:

Figure 31

g i I o a i ¢ o

AN A ANV A AN A

cvececevy ---> cvcecvetcyvy =--=> CVCVCCYV

HEREE L1 /1 VAN

del wga del w g a del w g a
{by rule (28) and {by Association

resyllabification) Conventions)

9. Here and elsewhere we use the lellers w and o interchangeably to designate the same
distinctive feature malrix, with the sole dillerence that p contains Ihe feature |-high], assigned
by a late wwlo.
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As we see in this and other examples in {27), a non-initial /w/ dominated by
a V-element is realized as [o] by a late lowering rule (see note 9). As will be
recalled from Chapter 3, a nonconscnantal segment dominated by the
sequence VC on the CV-tier may he interpreted as a long vowel, which

together with the lowering rule gives us the correct phonetic output,

N would he appropriate, at this point, to underscore a theoretical
assumption underlying the analysis of glides given above; namely, that there
are no feature specifications on the CV-tier. By this we mean that
CV-elements are not defined in terms of such distingtive feature categories

as syllabic or consonantal, but are primitives of the theoretical vocabulary.

These elements, as noted earlier, are interpreted as distinguishing the

functional category gsyllable peak from syllable margin and thus determine

the locus for the association of prosodic properties such as pilch and stress.
In addition, these elements characterize liming units and thus provide the
distinction between long and short segments and between simple and
complex segments. This account does not entail that any given segment will
receive a different articulatory interpretation according to whether it is
dominated by a V-element or a C-element on the CV-igr.  On the other
hand, it does not preclude articulatory features being assigned on the basis
of their affiliation to the CV-tier; such features can only be assigned,

however, by language particular rules.

Consider, for example, a representation containing the sequence VV
dominating the vowel /a/. Compare ihis wilth an otherwise identical
representation containing the sequence VC dominating the same vowel /a/.
What claim does the theory proposed here make with respect to the
phonetic realizalion of these separate representations? That is, is there any
necessity to suppose that the /a/ dominated by VV is realized in a given
language any differently frem an /a/ dominated by VC? The answer is no.
In the absence of a language specific rule differentiating these two
structures, the theory predicts that they will have identical realizations. A

case in point is Turkish (cf. the discussion in 3.4.1 abave) in which we found

precisely the case under discussion. |In this case, &t will be recaticsd, the

phonelic realizations were identical.

fn the same way, our present analysis of vocalized glides in Klamath
characlerizes some vowels as being exclusively dominated by V while olhers
(those created by the glide epenihesis rules) as being dominated by the
sequence VC. However, as Klamath has no rules dilferentialing these two
types ol vowels in lerms of quality, they are realized as phoneticatly identical

segments.

To return to our discussion of glide vocalization processes, them i a
further process associated with Preglide Epenthesis that requites mention,
The introctuction of the V-element by this rule autematically triggers the
deglottalization or deaspiration of-{lie affected glide, as several of the

examples in (27) have already shown. This rule can be stated as follows:

Fiqure 32

DeglotLalization/Beaspiration

v ¢
A4

[=cons] ~--> [-spread glokLiis
~constr glottis

It applies exclusively to the outpuit’of Pre-glide Epenthesis (20), with which it

can therefore be collapsed.
4.4 Conclusion

In sum, this chapler has demonstrated the role of syllable structure in
accounting for a variely of epenthesis rules in Klamath. We have shown
that, given a simple account of core syltabie representation and twa rutes of
syllable affiliation, we can account for a complex set of epenthesis facts in

terms of four epenthesis rules, all of which apply with great generality

P



Clements and Keyser 138

throughout Klamath word-level phonology. Al of these epenthesis rules
make crucial reference in their context to extrasyllabic scgments, and have
the effect, as we have seen, of allowing these segments to become

incorporated into syllable structure.

In the chapter which follows, we show that the principles of
syllabification motivaled here provide the hasis for solving a long-standing

problem in Kiamalk phonology.

Chapter 5: Syllable Theory and Global Rules
5.1 The Prohlem of Yowel Length in Klamalth

One of the standard problems of Klamath phonology concemns the
distribution of tong and short vowels on the surface. In an important study of
this problem, Kisseberth (1973a) pointed out that allernations in vowel
ienglh could not be described under the then-accepled assumplions of
generative phonology. Kisseberth argued that this phenomenaon provided
evidence for the need to recognize glohdl condilions on phonological rules.
These were conditions that made relerence to non-adjacent lines in a

derivation, rather than to the immediate input of a given rule.

The problem is the following. The surface long vowels |i:] and [o:] bave
three sources in Klamath., Some derive from underlying long vowels {1a),
some derive from underlying vowel-glide sequences (1b), and some derive

from underlying glides alone (1¢):

Figure 1

a. fowiicha 720+ owii+cn+a/ (long objects) go atong inarow' G137

b. sa?isi /sa+ ?aysi/ ‘keeps something to oneself’ 0,28

c. deloiga /delwga+a/ "attacks’ D112

Klamath has a vowel shortening rule applying to /i:/ and /0:/ in several

contexts, as {ollows:

Figure 2
a. V:CO
b. CC CC
c. CC Co#*

This rule appiies only 1o the type of long vawel Bllustrated in (1) that is, 1o
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long vowels deriving from underlying glides alane. It accounts for the

allernations between glides, jong vowels and short vowels in the lollowing

forms:

Figure 3

a. (i) ml‘ml;‘a /mbod§'+ a/ 'wrinkle' D,236
(i) mbodi:tk  /mbody +dk/ wrinkle up’ D236
(i) mbompditik /mbo + |'nbod),f T dk/ ‘wrinkied up’ D,237

{distr.)

b, (i} sr;wc,]ya /sw;mc,[y +a/ has a mouthful’ D,379
(i) smogitk  Zsmoqy+dk/ "having amouthful  D,379
(iii} sr;’losm(’.]itk /SMo + sr;mr,|y+ dk/ 'having a mouthfup D,379

{distr.)

c. {i) keys /ken+y+s/ 'snow’ D, 186
(i) sGociss /$GOC + y+8/ ‘breastbone’ B,364
(i) cedlis fcelry s/ ‘porcuping’ D, 74
(iv) snyﬁis /soyz?\ +Y 45/ race’ 0,383

d. (i) ler]ya /le -+ e&yvl- a/ ‘puts a round 2,130

object in the road’
(ii) nec,ii:s /ne e(‘]y +8/ {placename) D,251
(iii) Seléibli /se+le+ e(‘ly +ebli/ ‘drives one’s car D,130
back onto the road’
e. (i) |F}}’(Wﬂ fla+ af&w +a/f puts a reund D,204
object across’
(i) 2ako:ca /% +akw+ o+ 2/ 'just put & long object D45

across and went on’

(_iii) saspikobli  /sa-sa+la+ al:;w +ebli/ puts round D,204
objects back
acrogs oneself’

(distr.)
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This rule does not apply to long vowels arising from other sources. See {(4a},
ilustrating long vowels arising from underlying long vowels, and (4b),

illustrating long vowels arising from vowel-glide sequences: '
Figure 4

a.  yoydis /ya+yadic +s/ ‘spirit stones' (distr.) D,4164
séiwa:go:la /séiwa:g +ol+a/ "akes off a skirt’ D,353

sPawikWiya /s?awiig+Wiy+a/  ‘'almostbecame angry’ D342

peclagWiis  /pec + elG + Wiy +s/  'foatprint’ D,299
bonwo:ts /bonw + o:t + s/ 'something to drink with’  D,293
solwo:lgi /so+lo+ olgi/ ‘gathers a round object’ D,292
b. sdaa'!i:nf(a /sda + sdayn + ka/ littie heart’ (distr.) D,354
pnipnd:péa /oni+ puiw + abé +a/ 'blow out’ (distr.) 0,302
njonjiclga /njo + njoy + eig +a/ Care numb’ {distr.) D,266

snikso:1Ga /sni+ ksiw-relG-a/  makes someone dance’  D,193

(The last three examples involve a rule of Initial Vowel Truncation lo be

discussed just below.)

In order to deal with these facts, Kisseberlh proposed that the Vowel
Shortening rule was subject to a global condition making it applicable gnly

! This chapler shows that

to long vowels deriving from underlying glides.
given the syllable-based approach to Klamath phonology iolivated in the
jast chapter, the constraints on Vowel Shortening can be readily stated

withoul recourse to global canditioning, |

1. This lormulation was designed to preven! the rile from applying to the cases in {4a} only,
but can oasily be exlended to the cases in {(db) by limiting Vowel Sharlening lo long vowels
derived Trom underlying poslconsonantal glides.  Nolice that the glebal condition cannot be

eliminated by adopting an alternative analysis in which glides vocatize as shorl vowels and are
fengthened by a later rule, Underlying short vowels do nat lenglhen in the environment where

b et ebel Bavercea 2oy Al (M tangloptd: 27T 4T
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5.2 In Preparalion for a Solution

Before turning to a syllable-based account of lhe facts of vawel
shorlening, we must first examine a number of separale processes of
Klamath phonclogy which will play a role in our solution. These involve
Initial Vowel Truncation, Vowel Reduction and Yowel Deletion. We shall

examine evidence showing that these rules apply in a cyclic manner.
5.2.1 Initial Vowel Truncation
Consider lhe following exainples:
Figure 5

wewa  /w+ewsa/ 'strikes a long instrument in the water’  D,426

Yiwa /li+rew+a/ "‘buts plural objecls into water! D,131
hiwwa  /hiw-rew+a/  ’spreads out a blanket in water’ 0,131
nigwa /ﬁiq +ewa/  'puls a hand into-waler’ D,t32

These examples iliustrate the formative Zew/ 'in water' in various contexts.
The inilial vowel of this morpheme appears on the surface only when
precedod by no other vowel in the same word. Otherwise, it is deleted. As
further examples throughout this study show, there is a very general rule in
Klamath deleting short morpheme-initial vowels in noninitial syliables. We
slate this rufe as foliows:

Figure 6
Initial Vowel Truncation

[-cons] ---> @ ¢ Ve, + [_""]V

This rule, as formulated in (6), detcles a nonconsonantal segment in

IS LR
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absolute morpheme-initial posilion when dominated by V and preceded in
lhe same word by at least one vowel. Note that the segment in question
must be uniquely and exhauslively dominated by V. This condition is

sullicient 1o restricl Initial Vowel Truncation to short vowels,
5.2.2 Yowel Deletion

We turn next to two processes of central importance in Klamath
phonology; namely, Yowel Reduction and Vowel Deletion. Vowel Deletion
elicles the first vowel of a prefix or stem, provided the vowel occurs in an
open syllable and is preceded by at least one syllable in the word. Vowel
Deletion alfects the second member of each of the pairs in the following

examples:

Figure 7
a () puga /pag-ra/ hiarks’ D,296
(i} popga /pa+ pag+a/ hark’ (distr.} D,296
b, ) [Eoc]a /Iior,] +a/ ‘thumps

wilh [inger and thumb' 0,225

(i) soitqa  /so+ltoq +a/ 'thumps oneself 0,225
with linger and thumby’

c. () wpeqa /wapeqeal ‘hits in the face with a  D,308
long instrument’

{ii) coqua /coq fJe(’Ha/ 'puts 1he buttocks D,308

g in someone’s face'
d. (i} Iof)o:f{a /lo+ S‘JO:R +a/ 'puts warpaint D,310
an someane’

(ii) soléotlza /so+lo+ ;30:1'( +a/ 'puls warpaint D,310

on aneself

These examplw llustrate r} variety of prelixes in Klamath. Ih&{llsll’lblﬂ% _ﬁ;}w&‘

owha Alaherbid  ten (e ) on waed  defpicadly, te il
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several actors. This prefix consists formally of reduplication of {he CyV
sequence that lollows it. (7h) illustratos the reflexive/reciprocal prefix
/sV-/, where V indicates a copy of the first following vowel. (7c) involves lhe
prefixes /w-/ 'to act wilh a long instrument” and /coq-/ 'to act with the
buttocks’. It will be noted that only the second of these prelixes provides the
condition for vowel delation. The first preflix in (7dii) is the
reflexive/reciprocal prelix /sV-/ seen earlior. As this exaniple shows, prefix
vowels as well as root vowels are subject to Vowel Deletion. (We return 1o

the formulation of Vowel Deletion just below.)

5.2.3 Vowel Reduction

We next turn to the rule of Vowel Reduction. If a vowel meets all of the
conditions for Vowel Deletion wilh e exception of the open syilable
condition {thal is, if the vowel occurs in an initial, closed syllable of a root or

prelix and is preceded by al least one syllable), then it undergoes reduction

to schwa:
Figure 8
a. (i} dinesga /dmesg +a/ 'seizes’ D119
(i} dedmesga /de+dmesg+a/ ‘seize’ {distr.} D,119
b. (i} conwa /conw +a/ ‘vomits' D,79
{i) hoscanwa  /hos+conw+a/  'makes vomit' D, 79
c. (i) sipca /sipc - a/ ‘puts out & fire’ D,366
(i} sisapca /si+sipc+a/ ‘pul out a lire’ (distr.) D,366
d. (i) Gottka /Gatdk + a/ 'is cald’ D,149
(i) GaGattka /Ga + Gatdk + a/ ‘are cold’ (distr.) 3,149

(Ba-d} illustrate the application of Vowel Reduclion to each of the vowels
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/’e,o,i,a/.2

In addition to the prefixes seen earlier, {8b} involves the causative
prefix /hVs/, Notice that Vowet Copy must precede Vowel Reduction in all
cases since; otherwise, one would erroneously copy the schwa praduced by

Vowel Reduction into the reduplicated prefix syllabie.

There is evidence from loanwords Lhat both of the processesillustrated
in (7) and (8) are lully productive. While Barker does not record any verbs in
the loanword vocabulary, he records a small number of nouns borrowed
from Chincok and English. Diminulive plurals are lormed by suffixing one of
the formatives /-ka/ or /-'ak/ and prefixing the "distributive™ formative
/Cy¥-/. Whenever the conditions for Vowel Deletion or Vowel Reduction

are met, they apply, as illuslrated in (9):
Figure 9

a. (i} polis /poli: + s/ ’police_’ N,302
(i} DODHZE"(& /po+ poli: + ka/ little policemen’ (distr} D,302
b. (i} pikca /pikca/ 'piclure’ D,30t
(i} pipskeca?ak  /pi+pikca+ 'a:l’{‘/ lillle piclures’ {distr.) D,30%

The rule of Vowel Deletion can be simply formulated in terms of
hierarchical syllable structure. In order to do this we must consider thrce
things: namely, (1) the proper formulalion of lhe rule of Vowel Reduction; (2)
the proper formulation of the rule of Vowel Detelion, and (3) their relative
order, [t will be noliced thal it Vowel Reduction is ordered before Vowel
Deletion, the formulalion ol Vowel Reduction wiil be simplified in that it wili
not be necessary to slate the closed syliable condition in the structural

description of the rule: Vowel Reduction can apply in bolh open and closed

2. The schwa in {B8di} is not created by Vowel Reduction bul by he rule repliacing 78/ with
meatums 3y ~lrveegl cublnWlan f0f fotonata 1 (C'hanlar & %
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syllables, and subscgtienlly reduced vowels that ocour in open syliables can
be deteted. This ordering is, moreover, imposed upon us by forms such as

the following, which were first noticed in this connection by Thomas (1974):
Figure 10

a. () nkililka /nkilitk +a/ ’is dusty’ D, 267

{ii} sninklilka /st 4 nkililk + a/ 'makes dusty’ 12,267

b. (i) :;im;.riW),ra /sim’viWQ +a/ trats’ D,377
(i) hostwiWya /hos+slowiWy+a/ ’makes Lrot D,377

A ()] éau:.riga /(’:a\}aig +a/ is crazy’ D,83
{ii) snac\;aiga /snacr éau:urig +a/ 'drives D83

someonea crazy’

In cach case we are dealing with a bisyllabic root: /nkilill,«/, /siou‘viwfx/, and
/\"Ja\;..rig/, respectively. In the first member of each pair, ncither Vowel
Deletion nor Vowel Reduction apply since no vowel imeets the necessary
conditions {i.e. no root initiad vowel is preceded by al lcast one syllable). On
the other hand, when a prefix is added, the root initial vowel now salisfies the
conditions for Vowel Deletion. This is illustrated in the second member of
each pair. Notice that if Vowel Deletion were allowed to apply befare Vowel

Reduction, Vowel Reduction would incorrectly apply to the second vowel:
Figure 11

/sni + nkililk + a/
shi + nklilk 4- a Vowel Deletion

*sni + nklalf« 4+ a Vowel Reduction

Therafore, we must order Vowel Reduction before Vowel Deletion:
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Figure 12

/sni + nkililk + a/
sni + nkalitk + a Vowe! Reduction

sni+ nkliIR +a Vawel Deletion

We give the following preliminary formulalion of Vowel Reduction:

Figure 13

f-cons] -~~> a3 7/ V'CG + Cy [_,_h_,]v

This formulation makes explicit the fact that Vowel Reduction applies only to
the first vowel of a morpheme, provided it is in a noninitial syllable. The rule
reptaces a-{-cons] segment wilh a schwa provided that it is uniquely and
exhaustively dominated by a V element; that is, provided that it is a short
vowel. All suffixes are marked as exceptions to Vowet Reduction. We may
further observe that under the assumplion that this rule is a cyclic rule (see
section 5.3.2 lor justification), the strict cycle condition predicls that it
cannot apply entirely within a single nonderived morpheme. Thus, the
internal + boundary in {13) is superfluous and the rule can be reformulated

as:

Figure 14

:"Vowe'l Raduction

[-cons} ---> 2 7 VC, {_.__._]V

We now consider the formulation of Vowet Deletion. Assuming that
this sule applies to the output of Vowel Reduction, it may be formulated as

follows:
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Figure 15
Vowel Deletion

V =-=> 0/ o
f

]

This rule states that schwa (together with the V dominating it) is deleted if
there is a following sequence in the word that is analyzable as a syllable.
This condition is sullicent to guarantee, first, that Vowel Deletion does nat
apply word finalty,® and second, that it applies only in open syliables (since
schwas in closed syllables will not be immediately {ollowed by a string of
segments analyzable as a syllable). We derive |papga] (cl. (7a) above) as

follows:

Figure 16

" /;{\ /){\
C V ¢ v C v
S e
P a P a ] a
!
] Vowel Reductlion
l
9 Vowe'l Deletion

After the operalion of Vowel Reductlion, the condition for Vowel Delelion is
satisfied since lhere is a sequence of elements immedialely following lhe

schwa, namely the sequence /j)a/, which is analyzable as a syltable.

3. Thus, Vowet Delelion will not apply to the final vowel in words like [psepsd] 'daytime’ from
/pse 1 pse/.
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Since the only schwas occurring in the input to Vowel Delation are
those crealed by Vowel Reduction, it is not necessary to repeat the
environment of Vowel Reduction in the structural description of Vowel
Deletion.  There is considerable evidence in favor of restricting the
applicalion of Vowel Deletion in this way. First, Vowel Deletian never affects
vowels in the first syllable of a word. This follows in our analysis from the
fact that Vowel Reduction never applies in the first syllable of a word.
Second, suffixes never undergo Vowel Reduction or Vowel Deletion. Thus,
for example, the word-final sulfixes /-i/ ‘imperalive singular’, /-ek/ 'l p. sg.
hortatary’, /7-a/ ’indicative’ never apboar as schwa, and never deleie by
Vowel Deletion. In our analysis, by marking all suffixes as exceptions to
Vowel Reduction, we automatically make them ineligible for Vowel Deletion
as well. Third, we have already seen that Yowe! Deletion never affects the
second syllable of bisyliabic roots: cf. (10¢) above. This follows again from
our formulation of Yowel Reduction, which can never apply ko this syliabie.
Fourth, let us consider the behavior of two reduplicative formatives which
may be prefixed to roots. Under apparently unpredictable conditions, theso

formatives may block Vowel Reduction in an immediately following

morpheme:
Figure 17
a. {i) Wiclgi /Wiic +dgi/ ‘becomes stifff  D,458
G) WicWicli  /CVC+Wic+li/  'stilf D,458
b. () pelga /petq +a/ Hlinksonce'  D,308
(i) pelgpeiga /CVOC+pelq+a/  'blinks' D,308
c. (i) ée:ltgi /cel + dgi/ 'turns shiny’ D,85
(i) celcel? JCVGC + gel’ + i/ 'shining’ D,85

Consequently, the reduplicated forms in (17) must be marked as exceptions
to Vowel Reduclion. We have just seen, however, that the present syslem

mredicts that the failure, for whatever reason, of Yowel Reduction
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necessarily entails the faifure of Vowel Deletion. We now verily this

prediclion in (18}, which displays forms in which both rules fail to apply:

Figure 18
a. (i) l,&atsga /kal + osg+a/ tooth falls out’ D,198
{ii) l‘(a tlaf.aia /CVC + }‘((-J.E +a/ ‘teeth chatter’ D,198
b. () siga /s +jiq +a/ 'prods someone  D,178
in the ribs’
{ii) sniji:qjiéa /sni+ CVVC « ji(,i +a/ tickles' D,178

In the second member of pairs (a) and (b} in {18), the penultimate vowel has
neither been reduced nor deleted. Thus, our prediclion is borne out.
Furthermore, Barker notes some inlerspeaker varialion according 1o
whether given roots following the reduplicative formatives illustrated above
undergo Vowel Deletion, or neither Vowel Deletion nor Vowel Reduction,

Thus, both of the following variants are attested:
Figure 19
dopdoﬁa, dopt;’)a /CVC+dop+a/ 'boils' D,122

However, no varianis are attested in which a vowel is reduced but not
deleted in an open syllable, for example: *[dopdapa]. Again, these facts
follow naturally from our analysis: Vowe! Deletion takes place if and only if
Vowe! Reduction has takien place. In sum, we see that Vowel Reduction and
Vowel Deletion share the same sct of idiosyncratic rostrictions on their
applicability. This fact is accounted for in an analysis in which Vowel
Deletion applies only 1o vowels which have been created by the prior

application of Vowel Reduclion.

s
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5.3 The Cycle in Kiamath

We now consider the interaction of Pre-glide Epenthesis, discussed in

Chapter 4, and Vowel Deletion. Consider forms such as the following:

Figure 20
a. i swina /swin +a/ 'sings’ 3,338
ii. swisanis /swi+swin+y+s/ 'singer’ D,398
b. i. tweqa twe+eqn+a/ . 'bore through'  'D,414
ii. tetoqa /te + twe +eqn + a) hore through' D414
. {distr.)
c. i ;u;i"caqcéa Jswi + CVC + ci& +a/ 'shake the head® D,308

ii. sv,viso_:caqcc,la /swi - swi + CVC + cié +a/ 'shakethe head” D308 :
{distr.) o

d. i. swapatta /swa+ pat+ otn+a/ 'tie to a tree’ D,396 ,
1 it. swasopotta  /swa+swa+pat+otn+a/ lieto atree’ 0,396 |..--
} (disir.) S
i !;
To derive (20aii), our rules musl apply as follows:
Figure 21
/owi+swin+y+s/
switswin+i+s Pre-glide Epenthesis
SWi+SWon+i+s Vowel Reduction
SWi+SWD + i+ 5 Vowel Delction
SWi+S0N+HItHS Pre-glide £penthesis :
SWi+san+ies Vowe! Shortening (see below)” '

Pre-glide Epenthesis must be able to precede Vowel Delelion, which it feeds
by creating an open syllable envirenment. On the other hand, Pre-glide

I.

Enenthesis musi be able to reapply alior Youes! Datetion, whioh feads ]
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We propose, following, in particular, Kisseborth {1973b), that some
rules of Klamath, including Pre-glide Epenthesis, Vowel Reduction, and
Vowel Deletion, are cyclic rules. We take Klamath words ta have
right-branching structures in which each prefix {that is, members of Barker's
verb prefix classes 1-6 and noun prefix classes 1-2) conslilutes a new cycle.
On this assumption the output of each cycle may, in principle, be an
independent lexical entry. Now Pre-glide Epenthesis, Vowel Reduction and
Vowel Delelion inleract properly, with Vowel Deletion ordered before

Pre-glide Epenthesis:

Figure 22

[swi[ +swin4y+5]] Underlying Representation

1st cycla: SWIN4i:+9 IPre-glide Epenthesis

2nd cycle: SWi-tswin+ii+s Vowel Reduction
SWi+swn+ii+S Vowel Deletion
SWi+ SN +it+ s Pre-glide Epenthesis
SWi+ S0 +i+s Vowel Shortening {see below)

The need to recognize the cyclic organization of segmentad rules in Klamath
has been questioned in other work, including White (1973), Thomas {(1974)
and Feinstein and Vago (1981). However, these writers have nol, in our
opinion, provided convinging alternalives 1o cyclic rule analyses. In this
section and in Section 5.3.1 we review the evidence supporting lhe
recognition of a segmental cycle in Klamath, and in Seclion 5.3.2 we
examing the relevance of the Klamath evidence for the principle of the strict
cycle. In a linal section of this chapter, Section 5.5, we examine the
reanalysis of the Klamath data proposed in the most recent of these studies,
Feinstein and Vago (1981}, and show thal it cannot account for the full range

of data discussed in this study,
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Before cantinuing, we note that the Resyllabification Convention (see
Chapler 2} is crucial to the derivation given in (22), Notice, in particular, that
alter the operation of Vowel Deletion on cycle 2, the resulting structure is

resyllabified, yielding:

Figure 23

(12 (i3
VA
c(x\f\cccvz\c
[ T T I S R VA
S w 1 s ww n 1 S5

The medial /w/ is extrasyllabic, since as a sonorant it does not satisfy the
conditions for syllabification. At this point, Pre-glide Epenthesis applies.
The resulling structure is resyltabilied once again, and the foilowing

struclure is created:

Figure 24
[ o [\
¢ vcve v
Ll A
S w 1 S n 1 s

\/
W
!
0

We have given evidence, then, that there is at least one derivation in
Klamath in which Pre-glide Epenthesis must apply twice, once before Vowel
Deletion and once after Vowel Deletion. This conclusion depends upon our
assumplion that the noun-forming suffix given by Barker as /y/ is, in fact, an
underlying glide, rather than a vowel. The motivation for this analysis is 1hat

this formative occurs with three allernanis: [y}, [i] and {i:], as illustrated
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earlier (cl. (3c) above).* The first of these alternants occurs when /y/ is
adjacent to a vowel, the second under the conditions defining Vowel
Shortening (2), and the third in all remaining environments. This is the
alternation paltern characteristic of underlying glides; as we noted at the
outsel, underlying vowels do not show analogous length alternations.
Following Barker's analysis, then, we take the existence of {y]~[i]~[i:] and
[w]~[el~{o:] alternations as establishing sufficient conditions for a glide

analysis.5

However, evidence for the ¢yclic application of Pre-glide Epenthesis is
not limited to forms containing the noun formative /y/. We shall take the
formn [swiso:nis] and the other forms in (20) as establishing, in any case, the
need to allow Pre-glide Epenlhesis to apply after Vowel Deletion, and turn
now to further evideince for the application of Pre-glide Epenthesis before

Vowel Deletion. This evidence is given in (25).
Figure 25

a. (i) qbaiya /qba[y+a/ ‘'wraps the legs around” D315
ii} qbﬁqpii:w&pk /qba+ qba,ly+ wabg/ 'will wrap their legs D,315

around’ {distr.)

b, (i} sr;\o(,]ya /srhody +al ‘has a mouthful’ D,379
(ii) sa;msmc’litk /smo -+ sn’noc]y +dk/  'having a mouthful’ D,379 -
c. (i} spont /spon+oy/ 'gives someone’ 1,387

(i) spospni /8po - spon -+ oy/ 'give a person’ (distr.) D,387

Here we are dealipg with the roolts /qbaiy/ 'wrap lhe legs around’, /sﬁmf;y/
'have a mouthful’ and /spon/ ’guide’, and the sullix 7-oy/ 'give', among

others. Note that Initial Vowel Truncation applies to the torms of (25¢),

4. Soe Kissebarlh (1973h) and Barker (1963} for further examples.
5. White's allempl (1973} to reanalyze the noun-forming sullix as /i:/ required the introduction
at an extremely ad hac set of assumptions in order to account for the length facts. See Thomas

230, T,
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feeding Pre-glide Epenthesis. What is of interesl in all of these forms is the
fact that Vowel Deletion applies to the initial root vowel in the second
member of each pair in all cases, even though this vowel is followed by two
or morg non-syffabic segments in the rule's input. The explanation here is
simple. Assuming that Vowel Reduction and Vowel Deletion are cyclic rules,
the correct interaction between Pre-glide Epenthesis and Vowel Deletian
{ollows automatically. Thus, for example, on the inilial stem cycle of (254ii),
where we encounter [ghaty +wabyl, Pre-glide Epenthesis is applicable,
changing [y] to {i:}® On the second (vx:ord-level) cycle, where we encounter
{qba + gbati: + wubg), both Vowel Reduction and Vowel Deletion are defined,
elimi-:.iéuing the second [al. What is crucial here is that the operation of
Pre-glide Epenthesis on the previous cycle will place the schwa resuiting
from Vowel Reduction in an open syBable, making it efigible for Vowel

Deletion. A similar account holds for the remaining examples.

A nongcyclic account of these rules is unable to provide a satisfaptory
account of the relation between Vowel Deletion, I're-glide Epenlhesis, and
syllable structure. Consider, for example, an alternative, noncyclic analysis

in which a separate case of Vowel Delelion is introduced to delete schwa

hefore the consonant-glide sequence:

Figure 26
*

Vowe'l Deletion (reformulation}

a
Vv -—--> 8/
| € [-cons]
D

This formulation would permit a noncyclic derivation of the examples under

6. Recall that /wabg/, as a suflix, is marked [-Vowel Reduction]. N1z vowel will be converied o
arhwa by tho 12te mle relpmed toin fagtnois 2,
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consideration:
Figure 27

/swi+swin +y+s/ /gha+ qbaiy + wabg/

SWi 4 SWIN+y 1§ gha + qbaiy +wahg Vowel Reduction

SWi+SWNn+y+s qba + qbiy +wabg Vowel Deletion (26)

SWi+S0IN+i:+8S gba - qbii: +watbhg Pre-Glide Epenthesis

swisQ:nis agbagpti:wapk {later rules)

The problem, however, is that the revised rule deletes schwas too generally
before consonant-glide sequences. The following examples show that
Vowel Deletion does not take place in case the consonant-glide sequence is

ilsel foliowed by either a vowel (28a,b) or a non-prevocalic glide (28c,d):
Figure 28

a. (i) conwa /conw +a/ 'vomits’ D79

(ii) coconwa  /co+conwa/ 'vomil’ (distr.) D,79

b. (i) swelwa Jswelw +a/ ‘tangles up’ D,399
(ii) sweswalwa /swe 4+ swelw +a/ 'tangle up’ (distr.}) D,399
c. (i) wenwitk /wenwy’ + dk/ widow' 0,440

(i) wewanwilk /we+wenwy' +dk/  ‘widows' (distr.)  D,440

d. (i) gbaga /qbac’l +a/ 'braids someone’s D,315
lrair’

(i) saqbﬂawis /sa+ qbaé + Wy +3s/ 'asingle braid’ D,315

Thus, to account for further examples like these, the revised Vowel Deletion

Rule would have 1o be the following:

a;
r'i‘
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Figure 29

Vowel Deletion (second reformulation)

-G a.
Vv o -==>0/
!
? e € |-cons? [[-cons]} ¥V b.
{+cons’| C.
# d.

This version of lhe rule replaces the second case of (26) wilh three new
cases, (20b-d). The first, {29b), is required for examples like (25a). 1§ allows
Vowel Deletion to take place befgre a consonant-glide sequence followed by
another glide which is in turn followed by 4 vowel, The second, (29c), alfows
the consonant-glide sequence to be followed by a true consonant, and
accounts for examples like (25b). The third case, (29d), allows the
consonant-glide sequence to be word-linal, and accounts for examples like

(25¢).

One problem with this reformulation of the rule is that it is complex and
arhitrary, applying in four formally distinct environments. It is possible 1o
collapse the four cases of {29_)" inlo one rule only il the open syllable
condition expressed by the first case is "translaled" into an expression not
making reference to the eo-tier. This would permit the following, final

formulation:

.
Figure 30
V-—-—->8/____¢C <C>a K ey >d)b X )e ##
I
3 [-cons] <[-cons}>.
condition: a -~~> b or not o

¢ -—-->d
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The main preblem with a noncyclic analysis incorporating this rule (or the
descriptively equivalent prior formulation in {29)) is not sheer complexity,
however. It is the fact that it fails to express a linguistically significamt
generalization. Under this analysis, it is mere coincidence that any glide
satislying the first [-cons] segmenl of the contexl in (30} (that is, the second
term to the right of the dash) also satisfies the conditions for Pre-glide
Epenthesis.” In other words, this solution is unable to express the fact that
the principles of syllabification required to account for Vowel Deletion are

identical to those required to account for Pre-Glide Epenthesis. [n terms of a

noncyclic analysis of Klamath, the only way to incorporate this.

generalization would be to retain the earlier formulation of Vowel Deletion
given in (26), and place a global condition upon the rule to the effect that a
glide in an input string only satisfies the second term to the right of the dash
if it later undergoes Pre-glide Epenthesis (cf. derivalion (27)}. In view of this
theoretically undesirable consequence, we maintain that the noncyclic
analysis of Klamath must be abandoned. We conclude thal (at least) Yowel
Reduction, Vowel Deletion as stated in (15) and Pre-glide Epenthesis are

cyctlic rules in Klamath phonology.

5.3.1 Furlher Evidence for the Cycle in Klamalh

In view of the controversial stalus of the cycle in scgmental phonoelagy,
we now consider, more brielly, further cases of rule interaction that show

that a subset of rules of Klamalls must apply eyclically.

7. It must be assumed thal Pie-Glide Epenthesis applies from right-to-left, 1o account for the
fact that in a sequence of two non-identical extrasyllabic glides, anty the second undergoes the
e,
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Our first case involves the interaction of Vowel Reduction and Vowel
Deletion with a rule of Glottal Lengthening, first cited as evidence for
cyclicity by Kissebersth (1973b). Glottal Lenglhening is a rule whereby a
glottal stop is deleted preconsonantally and prepausatly, and a preceding
vowel {if there should be one) is iengthened. The postvocalic environment is

illustrated by the following forms, all involving the root morpheme /sle?/

'see’..
Figure 31
sle?a /sle?+a/ 'sees’ D373
sleica /sle?+cara/ 'goes to sea’ 0,374
slo:r'la /ste? na/ ‘let’s seel’ D374
hesle: /hes +sle?/ 'show!’ D,373
hesle:Wi:ya /hes + sle? + Wity +a/ ‘almost showed’ D374

The fact that this rule applies just 1o glottal stops which occur
precensonantally and prepausally suggests lhat we are dealing with a
syllable-conditioned rule which applies to tautosyllabic vowel-glottal stop

sequences. We state it as follows:

Figure 32

Glottal Lengthening

g
7> B/ /\
S A -
|

L

We thus have derivations like the foltowing:
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Figure 33
13 ) g o
.///‘\\/\ //ﬂ\/\
CCVvC_CCy CCV}ICV
T T T T T B AR VA I
sle?na s 1e na

The nature of the interaction between Vowel Reduction, Vowel

Deletion, and Glotlal Lengthening is shown by forms like the following:
Figure 34

a. 7oyoc:ga /20 + yo:ﬁ +a/ 'shaves someong' D,472
b. sawyo:qa /s0+720+ ),«'DI(’] +af 'shaves onesell’ 2,473
C. S0SOyo:ya /SO0 + 80+ %0+ 3}0:(’1 +a/ 'shavethemselves' 1,473 .

{distr.}
The derivation of gg:y, Q:E]_a (34b} proceeds as follows:
Figure 3§

[sa[+720]+ 3’(0:(‘] +a]l]
S0+ 73+ YOG+ a Vowel Reduction
so+ 7 +yo+a Vowel Deletion

50!+ gro:(‘] +a Glottal l.engthening

The derivation of this form is the same whether these rules apply cyclically or
not, since under a cyclic analysis these rules are not defined uniil the
outermost prefix cycle. Crucially, however, Vowe! Delction musl precede

Glottat Lengthening in order for the {atter to apply.
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To see that Gloltal Lengthening is a cyclic rule, we observe that it must
bleed the operation of Vowel Reduction on the final cycle of the derivation of
&a_ouyg_gg (34c). This result can be achieved if we assume that all three
rules are cyclic and that they are ordered as assumed in {35): Vowel
Reduction, Vowel Deletion, Glottal Lengthening. The derivation proceeds as

it (35} until the end of lhe next-to-last cycte and then continues as (ollows:
Figure 36

50+ [S0: + 3}0:('1 +a] /  (output of third cycle)

n/a Vowel Reduction

n/a Vowel Deletion

n/a Gloital Lengthening
soso:ﬁo:c‘]a output

In a noncyclic derivation, Vowel Reduction would apply not only to the third

prefix /?0-/ of (34c), but t¢ the secand prefix /so-/ as well, yielding the

incarrect form f;;oga:y‘_ g:_c}g: J 6
Figure 37
/50+50+ 70+ )’;o:('; +af Underlying Representation
S0+52+ 70+ yo:c’{ + 3 Vowel Reduction

SO+80+ 7+ ),fj.{’} +a Vowel Deletion Jo

SO + S + ;ro:[’; +a Glottal Lenglhening

Vowel Reduction first applies to the second and third prefix vowels. Vowel
Deletion, applying {as must be independently assumed) from right to left,
deletes the sccond schwa. Subsequently, Glottal Lengthening applies,
yiekding the incotrect form. There is ne way to prevent this result in a

noncyclic derivation.
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Further evidence for cyclicily in Ktamath comes from a rule which

deleles /n/, as follows:

Figure 38
n-Deletion

n ~—-=>8a /7 C + a #

This rule applies wherever it is defined and is exceptionless in lhe data
presented by Barker, as {ar as we have been abile to tell. et us examine the

following lorms:

Figure 39
a. {i) yeba /yebp v a/ 'digs’ 0,968
(i) yeybha /ye+yebnaa/  'dig’ (distr) D,468
(ii) cf. yebnotta /yebn+o:l+a/  ‘tinishes digging' D,468
b. (i) kena /ken 4 af 'snows’ D,i85
(ii} sneka /snes+ken+a/ ’'makes it snow’ D, 185
¢. (i} swina /swin+a/ 'sings’ D,398
(i) swiswa /swi+swin+a/  sings’ (distr.) D,398
d. (i) sge?a /sge?n+a/ buys’ D,361
(i) hesk?a /hes + sge?n+ a/ 'buy from each other' D,361
(i) cf. sgemnpnk /sye?n + ank/ *having bought’ 2,361

The example in (39ail) shows that n-deletion feeds and thus must precede
Vowel Deletion; the examples in (39b,c) show that it is fed by and thus must
follow Vowel Deletion; the examplas in (39d) show further that it hleeds and
thus must precede Glotlal Lengthening, which we have alreacly shown to be

cyctic. Qur derivations follow:

A L DL S G A N AR b L 0 BN g S et e A e o
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Figure 40

[ye[+yebn+a]]l [sne[+ken+a]] [hes|[+sge?nqal]

1st cycle: n/a n/a n/a VR
i n/a n/a n/a VD

yeb +a n/a sge?-+a n-Del.
2ndcycle: ye+yabtra sne+kKon+a hes+sga?+a VR
ye+yb+a sne+kn+a hes+sy?+a vD

n/a sne+k+a n/a n-Del.

n/a n/a - hesk?a other

rules

We know of no noencyclic account of these and similar forms. JHence, we
conclude that n-deletion is in the cycle, ordered aller Vowe! Reduction and

Vowel Deletion but before Glottal Lengthening.

We have offered liree independent arguments for the view that at least
a subset of the phonological rutes of Klamath must apply cyclically. We
assume, following cutrent agcounts of the phonological cycle, that the ¢yclic
rules form a block preceding a {possibly empty) set of noncyclic (or
postcyclic) rules. it follows from this that any rule that can be shown to feed
a cyclic rute must itsel! be a cyclic rule. Thus, for example, Sonorant Cluster
Epenlhesis, seen earlier, must be a cyclic rule since it crucially feeds Vowel

Deletion. To see this, consider the lollowing examples:
Figure 41

/debl+ osg+a/ 'drops’ D,111
"drop’ (distr.) D111

turns upside down’ D,357

a. (i} debalsga
(i) detbaslsga /de 1+ debl+ osg + 3/
b. (i) sdipoliGa  /sdipn +elG +a/
(ii) sdistpallGa  /sdi+sdipn+ elG 1 a/ turn upside down’  D,357
(distr.)

. () dilanne:ga /diln 4 one:q + a/ “ralls o a haole’ D115
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(it) sdisdlanne:ga /sdi+ s+ diln +oneig + a/ "rolls {distr.) D115

into a hole'

In the second member of each pair, it must be asswmed that Sonorant
Cluster Epenthesis applies belore Vowel Deletion, fecding it.  Hence,

Sonorant Clusler Epenthesis is a cyclic rule. We derive (11bii) as follows:

Figure 42
[sdi [ + sdtipn + elG + al] Underlying representation
ist cycle: sdipn + IG+a tnitial Vowet Truncalion
sdipan + IG+a Sonorant Cluster Epenthesis
n/a Vowel Reduction
n/a Vowel Deletion

2nd cycle: n/a Sonorant Cluster Epenthesis
sdi + sdapen + IG+a Vowel Reduction
sdi 1 sdpan + IG+a Vowel Deletion
sdistpallGa olher rules

Finally, as further proof that Sonorant Cluster Epenthesis is ordered in

the cycle, consider the loliowing forms, all containing the root /sge?n/ 'buy';

Figure 43
sge?a /sgeM+a/ buys’ _ 2,361
sge?ambli /sge?nehli/ "buys back’ D,361
sge:mnatk /sge?nal/ (plural) buy!’ D,361
sgemniya /sgeMm+iy+a/ 'buys for someone' D,361
sge:ys /sgetn+y+s/ "the buying' 0,361

Cruciaily, Sonorant Cluster Epenthesis applies before Glottal l.engthening,
bleeding the fatter in [sge?ambli]; hence Sonorant Cluster Epenthesis is

cyclic:
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Figure 44

/age?n +ebli/ Underlying Represéntation

sge?n + bli Initial Vowel Truncation
sge?on +bli Sonorant Cluster
n/a Gilottal Lengthentng

We then have, among others, the lollowing ordered rules, alt of which

must be placed in the cycle:
Fi:;]lll‘e 45

Initial Vowe! Truncation (6)

Sonoranl Clusier Epenlhesis {8, Chapler 4}

Vowel Raduction (14)
Vawel Deletion {15)
Pre-glide Epenthesis (29, Chapler 4)
n-Deletion (38)
Glottal Lengthening (32)

5.3.2 Kiamalh and the Strict Cycle

As noted earlier in connection with our revised formulation of Vowel
Reduclion {14), cyclic rule application is usually understood 1o be subject to

a condition of strict cyclicity. One version of this condilion, due to Mascard

(1976), reads as lollows (we simplify in ways irrelevant to the present -

discussion):




Figure 46

Cyclic rules apply only to derived representations,
where a representation R is derived with respect to a
rule 8 on cycle j iff R meets the structural analysis of S
by virtue of;
(i) a combination of morphemes introduced in cycle |,
or
{ii) the previous application of a phonological rule in

cyclej.

Alternative versions of this principle, differing only slightly in their empirical

prediclions, are given in Halle (1978).

The strict cyclicity condition has the effect of accommadating a class
of surface exceptions o cyclic rules; namely, those forms which meet the
structural description of a c¢yclic vule but which salisfy neither of the
conditions stated in (46). This will be the case when the structural
description of a rule is exhaustively satisfied by the underlying
representation of a single morpheme; in this case, the rule will not apply. 1t
was becauseg of this condition that we were able to simplify our formulation

of Vowel Reduction, stating it as {14), given below for reference:
Figure 47
{-cons]-->a /VC, [ ]
A

Under the strict cyclicity condition, this rufe will not apply on the innermost
cycle to the second stem vowel in forms like {sni [+ nikililk + al], since the
second stoem vowel, although otherwise satisfying the rule, occurs in a
nonderived represenlation. Hence, Vowel Reduction will apply only on the
second cycle, giving the inlermediate lorm [sni [+ nkalitk + a]], which then

undergoes Vowel Deletion to become the surface form [sninklill’m].

¥l
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While the strict cyclicity condition allows a significant simplification of
the statement of Vowel Reauclion, there is a class of exceptions to this
principle in Klamath to which we now turn. One type of exception is
illusirated by the foltowing forms, involving Pre-glide Epenthesis and Glottal

.engthening, respectively:

Figure 48
a. delo:ga /delwg+a/ ‘attacks' (cf. (1))
b. sge:nat /sge?a at/ ‘plural buy!” {(cf. (43))

Th'ese forms, by our assumptions, consist of a single cycte only. The rules of
Pre-glide Epentlhesis and Glottal Lenglhening, which we have earlier shown
to be cyclic, apply on this cycle but théy do so on what appeais to be a
nonderived representation, since the rules in queslion are satisfied by the

first morpheme alone. As a further example, consider:

Figure 49
a. (i) wibal /wibl/ ‘alder’ 2,444
(if) wiblam /wibbm/ "alder tree’ D,445
b. (i 1Galam /tGalm/ 'west’ D,406

(i) ¢f. tGalmoes /tGalm + as/ 'west wind!’ 3,406

n the first member of each pair, the cyclic rule of Sonorant Cluster
Epenthosis has applied on the inner (and only) cycle, in apparent violation of

strict cyclicity.

If we compare Vowel Reduction (a rule which obeys Lhe strict cycle)
with Pre-glide Epenthesis, Glottad Lenglhening and Sonorant Cluster
Epenthesis (rules which do not), we notice an important difference betwen
them: the latter rules, but not the former, make crucial reference to
information invoiving syllabilication and the ¢-tier. Thus Glollal Lengthening

applies ondy to laulosyllabic sequences, while Pre-glide Epeonthesis and




Clements and Keysor 168

Sonorant Clusler Epenthesis applies only in the conlext of extrasyilabic
sonarants, We may lthus lormulaie the following addilional condition to the

strict cycle principle:®
Figure 50

Syliable  siructure  creates a  derived
representation with respect to alf rules that refer

crucially to it.

5.4 The solution to Vowel Shortening

With this background we may return to the problem stated at ihe
beginning of 1he chapter. As the reader will recall, Ktamath has a rule of
Vowet Shortening which applies only to those long vowels that derive from
unclerlying glides (specifically, from underlying glides preceded by a
consonant). Long vowels having other sources are not alfected by this rule.

The rule may be informally stated as follows:

8. As it stands, this is merely an ad hoc extension to Ihe strict cycle condition, intended to
incorporate a new class of cxeeplions o it. Kiparsky (1982) peints out that given a pardicular
formulation ol the Elsewhere Condilion, stiict cyclicity follows [rom it as a theorem and need
not be slipulaled. Kiparsky's proposal is o allow the Clsewhere Condilion {appropriately
formutated) to apply in the fexicon as well as in the phanalogy. Assuming {as is required for
independenl reasons in Kiparsky's approach) that every lexical entry constitutes an idenlity rule
whose slruclural description is the same as its sbuctural change, the fact that the slem of

[sni [ -+ nkililk +a]] does not underge Vowel Reduction lollows from the fact that the ront

[nkitilk], as a texical rule, properly inchedes the siructural description of Vowel Reduction under
the Elsewhere Condition, and is thus disjunclivaly ordored with respect to . What s
particularly interesling for the prosent discussion is hat syllable structure, which is assignes
cyclically in Kipsky's framawork, automalically “exempls” syllabified forms from the elfect of
ihe Elsewhere Conedition with rospest to rules that refer erucially to syllabificalion, by crealing a
derived representation. While we have not attenyited to lormulate our analysts of Klamath in
terms of Kiparsky's framewaork, it seems to us that further research in this direction might provae
fruitful.
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Figure 51

A long vowe! is shortened in the following
environments, provided it is derived from an

underlying postconsonantal glide:

a. \z‘:CD |
h.CC _____CC
c. CC___C, #

We now consider the status of the global condition on this rule.

As many phonologists have pointed out {including Kenstowicz and
Kisseberth (1977, 296)), global conditions on rules are extremely poweriful
devices. The reasons for thinking this are obvious. Accompanying any
phonological rule making use of global conditions must be devices which
track segments across derivations up 1o the point of potential application of
the rule and from that point on as well. The complexity of such devices is
ohvious. They require, among other things, that every phonological rule
must have available to it a complele derivational history lor each segment of
each string lo which it might apply. This foltows since, at any given pointin a
derivation, there is no way of knowing whether the next rule makes use of a
global condition or not. The problems that suclh theoretical devices pose for
proceséhg seem excessive. All other things being equat, it is desirable to

eliminate such complexily.®

9. I(ipars;ky (1973) also noled the excessive power of glohal condltions on rules an[i_ sought to
eliminate them in favor of a principle of aross-tlinguistic validity which req nired cerlain types of
rutes to apply only in what he described as derived environments. [t sltnould be ﬂoteq that
Kiparsky's proposal, while eliminaling global conditions on language particular rules, tid not
eliminale the need for global tracking devices which followed e individual history of segments
across derivaliona, Kiparsky's proposal was subsumed under the elabioration of the nolion of
slrict cycle menlioned in footnote 8 above.
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In the face of proposals to eliminate global conditions and despite a
consensus among phonological theorists to the effect that global conditions
are undesirable, the Klamath dala has remained intractable. The value of
Kisseberth's observations lies in their demonstration that standard accounts
of generalive phonology were unabie to provide a satisfactory account of
shortening in Klamath. Subsequent proposed revisions of Kisseberlh's
account of Klamath have not offered a solulion to this problem and have, for
the most part, ignored it. Nonetheless, the facts are clear and well
documented and a satisfactory sofution to them constitutes, in our view, a
condition of adequacy for any account of Klamath phonology. IUis for this
reason that we turn now 1o a solution to this problem in terms of the

syllable-based theory described above.

Given the analysis develeped so far, the solution is trivially simple.
Cousider first the distinction between underlying long vowels and long
vowels created by Pre-glide Epenthesis (cf. (4a) and (3) respectively, given
earlier). Underlying long vowels, by our earlier hypothesis, are single units
of the segmental tier finked to two consecutive V-clements on the CV-lier.
Long vowels derived by Pre-glide Epenthesis, on the othesr hand, are
dominated by the sequence VC on the CV-tier. Thus, in derived structure,

these two types of long vowels are formally distinot:

Figure 52
N N
1 1

{(underlying
tong vowel)

{long vowel created by
Pre-glide Epenthesis)

In‘the theory of phonology asswmned here, shortening rules have the elfect of

deleting V or C elements. In the present case, we need only assume that

e s, o,

S
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Vowel Shortening has the following form to insure that it will not apply to

underlying long vowels of type {52a):

Figure 53
Vowel Shortening

C--->87/ vV __
Y,

(in the environments listed in (51) above)

This rule, then, cotrectly applies to lonyg vowels derived by Pre-glide

Epenthesis while not affecting underlying long vowels.

We have been able to arrive at this solulion without the use of global
conditions due to the fact that, in our analysis, Pre-glide Epenthesis is not a
rule of absolute neulralization. Thus, the output of Pre-glide Epenthesis
does not create long vowel representations that are identical to any found in
its input. As a result, suhsequent rules are able to distinguish hetween
underlying and derived long vowels. This solution exploits the formal
possibilily of distinguishing between two types of long vowels which are
phanetically equivalent: thase dominated by VV and those dominated by VG,
Earlier chapters have shown thal this distinclion is independently required in
the phonologies of other languages. Indeed, we have shown ihal at least
one other language, Turkish, must be regarded as having long vowels of

both types.

To complele our solution, we must consider the second type of surface
exception to Vowel Shortening, which consists of those long vowels arising
from underlying vowel-glide sequences {cf. {4b} above). Representative
examples are repeated here for the reader's convenience (cf. Kisseberth

(1973a) lor further examples):
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Figure 54
sdosdiinka  /sda + sdayn + ka/ little heart' {distr.) D,354
pnipno:péa /pni + pniw -+ abé +a/ 'blow out’ (distr.) 3,302
njonji:lga /Njo + njoy + eig +a/  'are numb' (distr.) D,266

shiksoiGa  /sni+ksiw +elG+a/  ’makes someone dancge’ D,163

We observe thal an underlying vowel is deleted in all examples, and the
following glide appears as the corresponding fong vowel. Vowel Deletion as
currently formulated cannot account for the deletion of the vowels since
Vowel Deletion is reslricted to open syllables. Nevertheless, we might
consider whelher Yowel Deletion should be generalized to account for lhese

forms.

This, in fact, is the approach followed by Kenstowicz and Kisseberth in
a solution invalving a further global condilion (1977, 221-5). They propose
that Vowel Deletion be relormulated as a "look ahead" rule, making global
reference to the surface level of represenlation. They propose the following

statement: ™0
Figure 65
Vowel Deletion (gtobal version)
2> B

Condition: the immediately following consonant does
not appear in the ultimate phonetic representation

followed by another consonant.

10. We have replaced the vowel /a/ in Kenstowicz and Kisseberll's farmulation with the vowei
/a7, in conlormity with cur earlier analysis. This modification has no hearing upon lha
discussion which follows,

i T e e AT e ] v B
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Notice that the forms in {54) meet this condition it one takes "appear” to
mean "appear unaltered”, This seems 1o be the sense intended by
Kenstowicz and Kisscberlh, and we give this interpretation to the condilion
in the {ollowing discussion. We derive the form "little heart" by way of

illustration:
Figure 56

/sda + sdayn -+ l'«a/
sda -+ sdayn + ka Vowel Reduction
sda + sdyn + I’m Vowel Dcletion {global version)
sda + sdiin + ka Pre-glide Epenthesis
sdasdiznka other rules
In this derivation Vowel Reduction applies on the second cycle, as in our
analysis, Subsequently, the global version of Vowel Deletion (55} applies,
foliowed hy Pre-glicde Epenthesis and 1he late rule crealing schwa from /a/
in closed syltables. Nole thal the applicalion of Vowel Deletion is legitimate
here because Lhe global condition is satisfied: the consonant following the
deleted vowel does not appear unallered in the ultimate phonetic
represeniation. We see, then, that the effect of reformulating Vowel Deletion
as. Kenstowicz and Kisseberlh have done is to allow this rule to operate in
two.conlexts; namely, in open syllables and in closed syllables preceding
glides. The global condition thus "collapges” iwo environments that would

have to be separately stated in a non-global solution.

The analysis given by Kenstowicz and Kisseberth is not available to us,
since our framewark does not permit the use of global conditions. Not only
would the derivation given above require a global condition on Vowel
Deletion, but it also crucially involves the familiar global condition on Vowel
Shorlening to prevent it from operating on Lhe oulput of Pre-glide Epenthesis

to give the incorrect *[sdasdinkal.
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We turn, then, to an alternate account of these farms in which global
conditions play no role. We propose that the two environments collapsed by

the global condilion on Vowel Deletion represent, in lact, two rules: Vowel

Deletion {15) and an independent rule of Pre-glide Schwa Deletion, which '

deletes schwas before a tauvlosyllabic glide. We formuiate this rule as

follows:

Figure 57

Pre-glide Schwa Deletion

d
B> B/ N
v C
oo
e [—CONST]

We have formulated Pre-glide Schwa Deletion in such a way ihat it applics
only to vowels which have already undergone Vowel Reduclion. This
formulation makes the prediction that only vowels which have undergone
Vowel Reduction will undergo Pre-glide Schwa Deletion, a prediction which
is true. It will be recalled Lhat an analogous argument for including the
reduced vowel 2 in the structural description of a rule was given in our
previous discussion of Vowel Deletion {cf. section 2.3 shove). There we
showed that this formulation of Vowel Deletion explained the following,

apparenlly unrelaled restrictions on the application of the rule:"?

11, It was firlher noted thal Vowel Reduction, and hence Vowel Delelion, does not apply in
suffixes, We have been vnable o tind examples ol this restriction bearing on the formutation of
Pre-glice Schwa Deletion.
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Figure 58

a. Vowel Deletion never applies in initial syllables.

b. Vowel Deletion never applies to the second vowel
of bisyllabic roots {cf, discussion of {10)}.

¢. Vowel Deletion may be exceptionally blocked in the
context of either of the two 'intensive’ formatives of
class 6, /COVCO/ or /COVVCD/. (These are

reduplications of the following syllables.)

These three restrictions hold tor Pre-glide Schwa Deletion as well. This is
illustrated in the following forms, in which the reduced vowel of the surface
schwa-glide sequences is not created by Vowel Reduction, but by the late

rule of Low Vowel Raising mentioned in [ootnole 1, Chapler 4,

Figure 59
a. (i) sﬁawta /sf)aw +otn--a/ 'poisons someone’ D,387
(i} stoyLa /slayl.a+a/ ‘gathers foad’ D,393
b. (i} Elajaym?am /ﬁajaym +7m/ ‘manzanita’ 0,326
(ii) sidyayfna /sidyayllﬁ +a/ ‘rejoices’ D,365
¢ (i} r,lﬂI"IO:(]I:lZ]W(]P‘(a /t’:a+ CVCC+f1awG + Ra/ ‘litle throats’ D,275
(i) Ziwnowna  /%i+CCVeawna+a/  ‘arecornered’ D52

These examples show that the same considerations which motivated
mention of the reduced vowel 3 in the statement of Vowel Deletion carry over
to the slatement of Pre-glide Schwa Deletion. The examples in {(9a) show
that Pre-glide Schwa Deletion does nol apply in the [lirst syllable of a word.
(59b) shows that Pre-glide Schwa Deletion dees not affect the second vowel
of a bisyllabic root. Finally, {59¢) shows that the 'intensive' formative may
block Vowel Reduction {and hence Pre-glide Schwa Deletion) in the

immediately lollowing morpheme.
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Pre-glide Schwa Delelion, as we have formulated #, creates long
vowels from underlying vowel-glide sequences. For example, "little heart" is

derived in the following way:

figure 60
o g 1) o o g
NN A AN AN A
ccviecoveocceccoy ——=> ccvicveocoy
Ly i ril) PEETE NI
s5dasd T y nk a sdasd ynka
o

Pre-glide Schwa Deletion deletes Whe schwa preceding the tautosyllabic
glide, leaving an unoccupied V positicn in syllable structure, To this the
non-consonantal segment /y/  reassociates under the Associalion
Conventions of Chapter 3, as illustrated by the dashed line in the output.
The resulling configuration describes a long vowel, This long vowel will not
underge Vowel Shortening under the assumption that Pre-glide Schwa

Deletion is ordered later.,

Our analysis assumes thal the lengthening of the underlying glides ih
examples like those in (54) is not the result of Pre-glide Epenthesis (as in
Kenstowicz and Kisseberth's analysis), but of a tater rule that we have called
Pre-glide Schwa Deletion. As further evidence that this is frue, observe the

following forms:

Figure 61
a. Zi:d.o:nal /%4 el Wn+at/ 'put objects onlo! D,128
b.  giqohka  /qi+qi+ Wk +a/ 'snarl at® (distr.) D,320

These forms illustrate a consistent difference between the outputs of
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Pre-glide Epenthesis and Pre-glide Schwa Deletion when the glide in
questibn is voiceless. Example {G1a) illustrates the application of Pre-glide
Epenthesis. Nolice hat as a result of the ule of
Deglottalizalion/Deaspiration ((32) of Chapter 4}, the underlying voiceless
glide shows up as a voiced vowel. (G2b) illustrates Pre-glide Schwa
Deletion. In this case we see that the underlying voiceless glide surfaces as
a diphtheng consisting of a long vowel followed by [h]. ! Pre-glide
Epenthesis had been involved n the derivation of this latter form, it would
have eliminated all evidence of the underlying voiceless glide. Hence, it
must be concluded that the rule operating here as well as in forms like (54) is
distinct from lhe rule of Pre-glide Epenthesis and is crucially ordered after

the rule of Deglottalization/Deaspiration.

We have shown, therefore, that the deletion rule involved in the
derivation of the examples in (54} is not subject to a global condition. In this
case, unlike the previous one, the global condition in queslion does nat
follow from the limitalions of the linear framework ilself, but seems to have
resulted from an iilicit collapsing of two rulas, our (15) and (57). While both
of Lhese rules delele schwas, they cannot be collapsed, since one rule feeds

Vowel Shortening and the other rule counterfecds it.

This concludes our solution 1o lhe problem posed by the long vowels in
Ktamath. We have demonslraled that the syllable-based theory presented
here allows a straightforward solution which does not need to resoit to

global conditions on phonological rules,
5.5 Excursus: Remarks on a Non-gyclic Allernalive

in a recent study, Feinstein and Vago {(1981) propose an analysis of
[KJamath phonology which does not make use of the cycle, and which ollers
a different account of the epenthesis, vawel reduction and vowel deletion

processes that we have examined in the last two chapters. The purpose of

Al

theao agthors, in their words, is "{a) ta show the
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internally flawed, and {b) that a viable non-cyclic analysis of her data is
possible" (p.119). We examine the adequacy of the Feinstein and Vago

analysis here,

Apart from the fact that they assume nen-cyclic derivations, Feinstein

and Vago differ primarily from our analysis in the lollowing respects. First,

the effect af the rule of Sonorant Cluster Epenthesis {cf. Feinstein and Vago

{27)) is duplicated by a rule of Senorant Syllabification (Feinslein and Vago
(20}) accomplishing much the same eflect, but ordered before Vowel
Detetion.  This rule has no counterpart in our analysis.  Second, Vowel
Deletion (Feinslcin and Vago (18)) is formulated as a much more general
rule than ours, deleting any short vowel (and not just schiwa) occurring in a
noninilial syliable either before a glide, or in an open syllable, or {if in
absoiute morpheme-initial position) unconditionally. Third, Vowel Reduction
is ordered after Yowel Deletion and Glotal Lenglhening, instead of belore,
as in our analysis. Fourth, Yowel Shorlening, which is not formalized, is
informally stated as follows (142, note 2): “in certain contexts long vowels
predictably undergo a rule of shorlening.” This rule does nol distinguish
between the three types of lang vowels illustrated in (1} above. We take up

the fast two points only since these are the most significant.

Feinstein and Vago (144, note 12) order Yowel Reduction after their
version of Vowel Deletion and Giottal Lengthening in order to achieve a
noncyclic derivation of the form [3030:5‘(0:{,&1} 'shave themsclves' {distr.) (cf.

our (34c} and the derivation in (36)). Their derivalion is as follows:
fFigure 62

/s0+30+70+ ;rozc] 1af Underlying Representation
SOFSO+ 7+ {ro:(‘] +a Vowel Deletion (right 1o left erative)
SO+80:+ ;rozﬁ +a Gloltat Lengthening
n/a Vowel Reduction

soso:\‘fo:(’la output
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If, in this derivation, Vowel Reduction were allowed to precede Vowel

Deletion, and hence Glottal Lengthening, it would incorreclly reduce the

vowel of lhe rellexive/reciprocal prefix {the second prefix in the underlying
representation), giving ‘[sosa;!c»:c]a]. However, the ordering assumed by
Feinstein and Vago can be indeopendently shown o be incorrect. First, we
have secn that Vowel Deletion applies only to those vowels which are
eligible for Vowel Reduction. This retationship can be captured by requiring
Vowel Deletion to apply only to schwas introduced by Vowel Reduction, as
Kean (1874) first suggested, but rfemains unaccounted for in Feinstein and
Vaga's approach. Second, this ordering is demaonstrably wrong in lhe case

of bisyllabic verh roots, as we already saw in {11), repeated below:
Figure 63

/sni + nkililk + a/
shi + nklill -+ a Vowel Deletion

*sni + nklatk + a Vowel Reduclion

The correct output, as we have seen, is [sninkliilla], which can be oblained if
Vowel Reduction precedes Vowel Deletion in the ordering. Bul given this

ordering, there is no noncyctic derivalion of [soso:yo:qa].

Secondly, a noncyclic analysis cannat dertve any of the remaining
forms given in Section 3 of lhis chapter. For example, the form
[qbaqp{i:wapk] 'wili wrap their legs around’ {diste.) must be incorrectly

derived as follows:
Figure 64

/qba+ qbaiy +wahg/ Underlying Representalion
n/a Vowel Delelion
gba + gbati: + wabg Glide Vocalization

gba 4 ql‘)aii: + wabg Vowel Reduction
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* t;baqﬁaii:wapk other rules

Vowel Deletion will be inapplicable until Glide Vocalization has applied; but
Vowel Delelion must be ordered first, in Feinstein and Vago's approach, to
account for forms like [swisomnig] (20aii). Thus, there is no way of

eliminating the initial vowel of the stem.

Most importanily, the Feinstein and Vago analysis does not offer a
solution lo the problem raised by Vowel Shortening, which in their analysis
must retain ils global condilion. This follows from ihe fact that Vowel
Deletion, generalized to apply before glides, will neutralize the crugial
distinction between underlying /CGC/ sequences and underlying /CVGC/
sequences. The following incorrect derivation of [pnipno:p(':a] 'blow out'
(distr.) illustrates this:'2

12. As afurther remark, it should be pointed oul thal neilher Feinstein and Vago's analysis, nor
ours, provides a straightforward account of 1he Following forms:

a. (i} s?dywdkla /s7aywg -+ otn +a/ 'khows' 0,342
(i) hahds?iwgis  /ba+has+s?aywgryrs/  teacher' {dislr.) D,342
b. (i) Ziwi:Ga /i iwyG+al 'puts ph. objectainto 0,176

a container’
(i} “A?0:yGa /% + %+ iwyG v a/ Tl pl. objecisinto D176
a cantainer’ {iistr.)

In the second member o each pair, we would have expected the rnightmast membor of each
underlying glide sequence to vocalize by Ire-glide Epenthesis; we obaorve, however, that he
lelimonl glide vocalizes in bolh cases. Feinslein and Vago suggest that these Turms undergo a
subcase  of Pre-glide Epenlhesis (their "Vocalizalion”), applicable to the conlext
7. CGGC +...7. However, they were able to find no more fonms malivating this subcase,
Consequenlly, the linguislic evidence for this analysis is very meager. We suggast, rather, that
whalever he bistorical motivation for these two Torms, thoy are besl Irealed as exceptional
forms whase exceptionality consists in Ihe fact that the glide sequences in question are fully
syllabilied and tautesyllabic in the texicon. On lhis assumplion, our nules will apply corseclly to
derive lhe surface lonns,
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Figure 65

Zpni+ pniw + ab¢ + a/ Underlying Representation
pni -+ pow + bé +a Vowel Deletion
pni+ pno: + be+a Glide Vocalization
n/a Vowel Reduction
pni +pno + be+a Vowel Shortening
*pnipnopéa other rules

5.6 Conclusion

Merely to show that a given analysis of a certain body of data is '
incorrect is not generally of theoretical interest. What is instructive about
the reanalysis of Klamath that we have given here, assuming it is correct in
relevan.t respects, is the fact that the global rule condition proposed by
Kisseberth was not the result of inisanalysis, but rather followed from the
logical structure of the standard theory. Within this framework, there was no
noﬁ—ad-hoc way of expressing the [.)roper condition on the applicability of
Vowe! Shortening without reference to eartier stages in the derivation.
Given the slrong independenl reasons lor wishing to exclude global
conditions of lhis type, this conseciueme resulted in an irresoluble anomaly
in the theory ol generative phonology of the period. This anomaly, being
without a solution, was simply suppressed from laler discussion; indeed, no
recent published article on Klamath makes any reference 1o the problen.

While the solution turns oul to be trivially simple from the slandpoini of the

present theory of the syllable, what is interesting is that this model was not
developed in order to deal with the problem of globality as such, but with
totally unrelated problems. This resuit offers welcome confirmation of our
theory, which is ali the more forceful in that it comes from such an

unexpected source.
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