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1 Introduction

In this papet | build on the concept of the contrastive hierarchy as deadddoy Dresher (2009)
in order to account for positional neutralization, with &ds on phonological vowel reduction. |
propose that one of the main roles that the contrastivefigieygplays in phonology is in formal-
izing the patterns in which members of the inventory neisteal This is done by conceptualizing
the contrastive hierarchy as representing the “contrastiructure” of the inventory, such that all
nodes of the contrastive tree can be interpreted as phone®egsnents in reduced positions are
represented with non-terminal nodes of the hierarchy, andistead of neutralization being de-
scribed as allowing only a subset of the inventory’s terintioatrasts, neutralization prevents the
use of terminal nodes altogether. | argue that this betf@ucas neutralization as a loss of a con-
trast, because the feature for which a set of phonemes isasted is disallowed rather than being
restricted to a single value.

Analysis within this model rests on two core principles meliyag phonetic realization. First,
phonemic identity (i.e. which node of the hierarchy is reprged in a given position) cannot be
determined based purely on phonetic realization; the @bhten that a segment in a position of
neutralization sounds like one in a position of full contresnot sufficient reason to equate a
neutralized segment to a non-neutralized one. Secondreliff phonetic realizations can exist for
the same node of the hierarchy; predictable allophony asnoe kt still exists.

The paper is organized as follow2 provides relevant background information on phonolog-
ical vowel reduction and positional neutralization in gethe§3 lays out the non-terminal node
model of neutralization that | propose, and applies it to @owduction in Bulgarian and Russian.
84 is a case study of European Portuguese which illustratephexdictable allophony can give rise
to apparent contrasts which are outside of the scope ofipaitneutralization§5 discusses the

implications of applying the model | develop §8 to other kinds of neutralizatiod6 concludes.

I would like to thank the members of my generals committest, iy Elan Dresher, Daniel Currie Hall, and Keren
Rice, for all of their advice, feedback, and encourageneetdake this work further. It should go without saying that
any mistakes and oversights contained herein are entirglgvmn.

This paper is dedicated to the second mora.



2 Phonological vowel reduction

In this paper, | define phonological vowel reduction as a tyfgeositional neutralization in which
the contrast between two or more different vowel phonemasatabe realized. In other words,
segments can be said to have undergone phonological vodugttien when there is ho way to
utilize them in contrast with each other in surface forms.isTik crucially distinguished from
phoneticvowel reduction, the differing phonetic realization of ve& in unstressed position, e.g.
through centralization, which does not affect the numbe&oaotrasts which can be realized in such
a position. | consider such non-categorical phonetic rednido be a kind of allophony, and not
a direct concern of the phonology’s role in contrast. Noaksts, both phonological and phonetic
vowel reduction can be present in the same language, anddtel inargue for below does speak
to the relationship between representations in the formérealizations in the latter.

| remain agnostic as to the exact synchronic mechanism déingpehonological vowel re-
duction, but will assume that some kind of process, eithksrin the derivational sense dhe
Sound Pattern of EnglisfChomsky and Halle 1968) or constraints on surface formbhensense
of Optimality Theory (Prince and Smolensky 2004), results smaller number of vowel contrasts
to appear in surface representations than can be presemti@nlying representations. Reduction
processes result in a failure to license certain contrasgsgiven type of position. Most com-
monly, for example, vowel reduction is correlated with wessed positions. For the purposes of
discussion here, | will speak in terms of rules changing foore phonemic feature combination to
another, applying in the relevant positions, where “phoiedeature combination” refers to those
defined in the inventory.

There are some generalizations to be made with regard toidielrdnic origins of vowel
reduction. Barnes (2006:20) notes that by far the most comkiad of contrast neutralized in
unstressed positions is that of vowel height. Patterns sitipoal neutralization of vowels arise
due to phonologization of phonetic vowel reduction. Phmnetduction results from articulatory
“undershoot”. Due to the shorter duration of unstresseldlsis, it is difficult to reach precise

articulatory targets for a greater number of contrastiweals; it is thus considered not to be a
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coincidence that vowel reduction tends to be a propertyrafuages in which duration is a primary
correlate of stress (Barnes 2006:29-30).

According to Barnes (2006:20), the most commonly neutdlieontrasts in vowel reduction
are height, nasality, and quantity. All three of these hawaaus connections to how easily they
can be articulated within a durational window. The neutedlon of other kinds of contrasts is
considered rare or unattested, but in principle a grammarimpose categorical neutralization on
any contrast. This is not a problem for Barnes, as he takeppmach similar to Evolutionary
Phonology (Blevins 2004), which is not concerned with tiestrg the set of possible grammars,
but instead attributes the apparently restrictive pastefattested systems instead to phonetic natu-
ralness in language change. Itis not a concern of my modéthwas we will see i§5, is intended
to deal with other kinds of neutralization in addition to plotogical vowel reduction. Restricting
the model to features specific to vowel reduction processesgdinterfere with the more general

claims and predictions made about the way neutralizatiomplaonologically interpreted.

2.1 Some examples of vowel reduction

Phonological vowel reduction is particularly common in Rome and Slavic languages. Barnes
(2006:21) gives a “commonly cited example” of height-nalizing contrast, which comes from
Central Eastern Catalan, in which a seven-vowel inven®ngduced to a three-vowel inventory

in unstressed syllables.



(1) Central Eastern Catalan vowel reduction (Barnes 20dépi&d)
a. Stressed —+ Unstressed

[ — i
e,e,a — el
u,0,0 — u
b. tiw ‘river’ riwét ‘river-DIM’
néw  ‘snow’ nowéto  ‘snow-DIM’
mél  ‘honey’ moléto  ‘honey-DIM
palo  ‘shovel paléto  ‘shovelDIM’
300  ‘wheel rudéto  ‘wheelDIM’
méno  ‘monkeyFEM’  munéto ‘monkeyFEM-DIM’
kuro  ‘cure’ kuréto  ‘cure-DIM’

The vowel correspondences between stressed and unstsgiabtes in Central Eastern Cata-
lan are given in (1a). Evidence for these correlations cdnoes the fact that their phonetic (and
contrastive) realizations vary systematically with diéfiet stress positions. Examples of the same
roots with different stress are given in (1b), where the toldiof a diminutive suffix causes the
stress to move, and therefore different members of theétilbScontrastive vowels to be realized.

Another language which is well known for its phonologicahe reduction is Bulgarian.

Stressed syllables in Bulgarian show six contrastive veygHown in (2

(2) Bulgarian stressed vowel inventory

front central back
non-round round

high i u
mid e a 0
low a

In unstressed syllables, the six-vowel system can be relan three pairs, depending on

the variety of Bulgarian, with phonetic values roughly aswh in (3).

2The data here are based on Scatton (1984:54), but with sordéications: The vowel written here asa> is
described by Scatton as high. However, in light of desaipiby Scatton (1975), Crosswhite (2001), Zec (2002), and
phonetic data from Tilkov (2009), | regard it here as mid. éwlng to Scatton<a> is the symbol used in official
transliterations of Bulgarian, and so | have adopted it is plaper, following Barnes (2006).



(3) Neutralizing vowel pairs in Bulgarian

aa — a
o,u
e,i

— u
—
The Bulgarian data will be discussed in greater detail beiong3.1), as will the reduction

patterns of Russian (i§8.2) and Portuguese (f4).

2.2 Distinguishing the phonological and the phonetic

Crosswhite’s (1999) dissertation (subsequently pubtisie Crosswhite 2001) develops an oft-
cited theoretical approach to vowel reduction. Crossvigealysis relies on positing two different
kinds of vowel reduction: “contrast-enhancing” and “proemce-reducing”. Contrast-enhancing
reduction happens in unstressed position in order to eeaizmaller number of contrasts in a
more dispersed inventory, because it is easier to disfimetdduce and perceive smaller sets of
contrasts in less prominent positions. The result is th& peripheral vowels can appear in
reduced positions. Prominence-reducing reduction, ootter hand, is a tendency to avoid more
sonorous vowels in less prominent positions. This followsT the tendency of /a/ to be realized
as the less sonorous]| rather than the more peripheral [a] in unstressed positio

The constraints governing the two kinds of reduction caerattt in a single grammar in order
to give two different degrees of reduction in a language Rkessian. In Russian, the five-vowel
inventory /i, u, e, 0, a/ is reduced to three vowels in unstdgosition, /i, u, a/, but this /a/ can be
realized in two different ways. “Moderate” reduction ocgur e.g. the (more prominent) pretonic
position, where /a/ is realized as the more peripheral [Rhdical” reduction, on the other hand,
occurs in other positions, where /a/ is realized as the @ssrsus §].

Barnes (2006) argues against this approach, however. Whdsglistinguishes between whether
an output is the result of contrast-enhancing or promingadacing reduction based on the pho-
netic realization of the unstressed /a/ (which is actudlé/reutralized counterpart of /a/ and /o/).

In order to use this as a diagnostic it would be necessaryaw dr (presumably arbitrary) line
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between these two realizations. But in reality there is rahdune to be drawn. Barnes (2006:65)
comes to the conclusion that, while merger between /a/ drid émstressed position is categorical,
“[g]radient raising of /a/-/o/ toward p] occurs in all unstressed syllables as a function of the-dura
tion allotted to the vowels in question by the phonetics.'hger instances of the vowel will have
a lower height, regardless of position; pretonically, it &g closer tod] if the vowel is shorter
due to speech rate, and in positions of “radical” reductiboan be closer to [a] when it has a
longer duration. Rather than being due to two different &infireduction processes, positions of
“moderate” reduction tend to have longer duration due t@p&hdent prosodic reasons, and the
traditional description follows from this.

In other words, Crosswhite has conflated the notion of phoitough perceptible) quality
with that of phonologically contrastive categories. Whihe positional neutralization of the /a/—
/ol contrast is certainly categorical, as she describélsate is no categorical distinction between
the two heights at which this neutralized pair can be redlized thus there cannot be two dis-
tinct processes determining them categorically; the ifiee is merely predictably and gradiently

allophonic.

2.3 Inventories and sub-inventories

If positional neutralization such as phonological voweluetion results in a smaller inventory,
one question we must ask is, how is this reduced (sub-)iovmedetermined? Given that this kind
of neutralization is reflected in many-to-one relationshighere several members of the stressed
inventory correspond to a single member of the unstressaghiary, it makes sense that a sub-
inventory be derived from the full inventory. We must thek hew members of the sub-inventory
are represented, and how these representations relateswdhthe full inventory.

It should be noted that the present study sets aside caseb wdsemble neutralization in
that there is a smaller number of contrasts which can bezezhin certain positions, but where
there are no alternations of these positions, such tha¢geondences between the full inventory

and the reduced inventory cannot be seen. In such systemsdte restricted inventory may



be used only in certain morphemes, and so can be considebeddompletely separate, bearing
no direct phonological connection to the larger inventddyck (1995) takes such an approach
in her analysis of the vowel inventories of a number of disexd Spanish and Italian. In many
of these varieties, the number of vowel phonemes availabiefiectional suffixes (desinences)
is smaller than that available in roots. She argues that iffexidg feature specifications of the
members of the desinential inventory must be underlyinghe are not predictable or the result
of a phonological process (Dyck 1995:28). The evidence fogtiver they are different comes from
phonological activity: Many Romance varieties have a kihstem vowel harmony process known
as “metaphony”, but metaphony can only be triggered by @esial high vowels in desinential
vowel systems containing at least four vowels. In systentl fewer than four vowels, it is not
necessary to contrastively specify high vowels with théuesa[high], and accordingly, they do not
act as triggers to high vowel harmony.

Dyck’s analysis, while providing insight about the contnas status of vowels in relation to
each other within a sub-inventory, does not apply diredlpéutralization; there is no active re-
duction taking place, as there is no way to see how membehng alifferent inventories correspond
to each other, which there is in vowel reduction where theesamwels can alternate between being
stressed and unstressed. The separate inventories gredpalrate from each other.

For systems in which there are positional alternationsghatv correspondences between full
and reduced inventories, there are two different appraaettech can be taken with regards to
how these correspondence relations should be capturedfir§happroach is to assume that the
sub-inventory which appears in neutralizing positionsasyMiterally a subset of the full inven-
tory. Crosswhite (2001) assumes this at least implicitlgtating that one phoneme neutralizes
to another, where correspondences between the underlythguaface inventory are governed by
differently ranked faithfulness constraints, as do awughite Scatton (1984), by saying that Bul-
garian /i, u, e, 0, &, a/ reduce to /i, u, a/. The problem witthsan approach is that the diagnostic
for which phonemes are neutralized to is, barring indepeteladence from phonological activity,

a phonetic one. To say that /e/ and /i/ neutralize to /i/f mehatthe contrastive phoneme /e/ is



disallowed in a position, but /i/ is allowed. The literal sebapproach directly equates phonetic
realization with phonemic identity. If one of the neutralizvowels sounds like one of the full
vowels, then it is the same phonologically. In some senseetier, neither of these phonemes is
allowed in neutralized position, as neither remains futlgontrast with the other. The phonology
of neutralization can better capture this if it does not usenimers of the full set of contrasts in
neutralized position.

We saw above that as Barnes (2006) points out, the literaletw@pproach can lead to trouble
when it comes to defining categorical reduction. Crosswtitgectly recognizes a categorical
neutralization of /a/ and /o/ in unstressed position, budtakienly identifies reduction to a vowel
which is phonetically different from the members of the yutlontrastive set §]) as having a
different phonological status than the other unstressadetion of this pair ([a]). In other words,
a sound is considered to be phonologically different simfgause it is perceptibly different,
despite the fact that (as Barnes shows) it is gradiently aedigtably realized allophonically, and
there are no categories to speak of. | would argue, thusjttlsaimportant to keep in mind the
difference between contrast and differing phonetic raéittm when analyzing reduction in vowel
inventories.

The other approach to neutralization is to say that the pinamstatus of a neutralized pair is
archiphonemic. This is related to the Prague School corafepé “archiphoneme” (see Davidsen-
Nielsen 1978 for extensive discussion of this concept). iflka of the archiphonemic approach
is that positions corresponding to the neutralization ofverg pair of the full contrastive set is
somehow a combination or common denominator of that paig kack of specification for the
feature which minimally distinguishes that pair. | adopstbort of approach in the present work.
| lay out my model of neutralization, as it relates to Dre&h009) Contrastive Hierarchies, in

the next section.



3 Inventories of neutralization

Trubetzkoy (1969:228) said of neutralizations that “Theyjast as characteristic of the phonemic
system of the individual languages and dialects as are ffegatices in the phonemic inventory.”
Because neutralization is by definition a loss of contrasb/dl patterns of neutralization to be one
of the core concerns of defining the contrastive structutb®fnventory. | will assume the notion
of the Contrastive Hierarchy (Dresher 2009) as a conceptiain of the contrastive structure of
the inventory. In this model, language-specific featureond)s are applied to inventories, yielding
branching tree diagrams that show the contrastively spediéatures for a given phoneme.
Let us take, for example, a language with a simple three-Vowentory. A contrastive hier-

archy can reflect phonological activity depending on théuiess it assigns and the order it assigns

them in. Consider the inventory in (4):
(4) FRONT | BACK/ROUND

HIGH fi fu/

Low lal

Suppose that /u/ clearly patterns as a contrastively roometl perhaps causing phonological
alternation by spreading a [+round] feature. This can bectdt in a binary branching tree which
orders the featureround] first, dividing off /u/ as [+round]. The remaining segnts, which
are not contrastively [+round], are divided in another bynsplit under the [-round] branch. If
for example, /a/ is patterning as a low vowel and /i/ as a monistowel, then this divide can be

between f-low]. This is shown in (5a).



(5) Three-vowel hierarchies withjround] ordered first

a. (vocalic) b. (vocalic)
[+round] [-round] [+round] [-round]
ful /\ fu/
[+low] [—low] [+high] [~high]
lal hl il lal

If on the other hand /i/ is patterning as a high vowel to thdwesion of both /a/ and /u/, then the
second contrastive feature can instead-beifh], as in (5b). The power of this system lies in the
ability to change the ordering of features in order to reftifferent classes based on groupings
of phonological features. For example, if /u/ and /i/ botbugy together as high vowels to the
exclusion of /a/, then the feature-high] can be understood to be ordered first in the hierarchy,
as in (6). Here /a/ does not receive a contrastive value fpfeature other than [-high], because
it has no other feature to contrast with. Thus the use of aestitte hierarchies predicts that in a
system such as that in (6), /a/ will not be able to act as plogicelly [+low], and so this means of
assigning representations limits the number of contradgatures that can be used depending on
the number of contrasts in a system.

(6) Three-vowel hierarchy withdthigh] ordered first

(vocalic)

[+high]  [-high]
lal

[+round] [-round]
fu/ hl

In the model that | propose in this paper, the ways that thaitexl nodes of a contrastive
hierarchy group together is key to reflecting patterns otna¢imation. In a weak interpretation of
Dresher’s (2009) use of the contrastive hierarchy, thedragrams serve merely as a notation for

the order in which an inventory has been algorithmicallyidid into contrastive features. | pro-
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pose here that the hierarchy itselfis in a sense a real pbgital object, and that it represents what
| call the internal “contrastive structure” of the inventoiVe can refer to this as taking a “strong
interpretation” of the contrastive hierarchy. One of ity keles is in determining the patterns and
phonological representations used under neutralizatidy.main claim is that neutralized con-
trasts are represented with non-terminal nodes of therstleyaand so sisterhood relations within
the tree, not only the features assigned, matiarthis way, all nodes of the hierarchy are viable
as members of the inventory, and are thus phonemes (or mkeehhie Prague School sense of
“archiphonemes”).

There are several major theoretical advantages to thisImibg@eovides a restrictive and prin-
cipled set of possible neutralizations; once a hierarctgsiablished, pairs can only neutralize to
non-terminal nodes by which they are immediately dominét&d put it another way, the patterns
of neutralizations in the phonology give us clues as to ttapslof the contrastive hierarchy. The
featural makeup of these non-terminal nodes then makescpoets about the possible phonetic
realizations of neutralized pairs. For example, if the groas /u/ and /i/ from the hierarchy in
(6) neutralize, and our hierarchy shows that this involvestralization for the featureround],
then the non-terminal node dominating /u/ and /i/ will hawespecification for fround]. The
realization of this node will then not necessarily have tevitbin phonetic space defined by a con-
trastively [+round] vowel (like /u/). We would then predittat the neutralization of these vowels
might be closer toi], all things being equal.

The other advantage of this model is that the non-termindés®f reduction can be used in
underlying representations for morphemes which show resstalternations. To take the /u/—/i/
example from above, if we have a vowel which never surfacedrassed, and is instead always
heard by a learner as][ then there is no need to arbitrarily posit an underlyingresentation

containing /u/ or /i/, either of which could have been theenhdng source. Instead, the underlying

3Several recent papers (Harvey 2012, Oxford 2012) havegubimit the importance of sisterhood relations within
the hierarchy in predicting phonological mergers in diactic change, but do not necessarily motivate their impagan
in synchronic grammars.

4t can in fact be said more generally that a set of terminakssazhn only be neutralized to a non-terminal node
that exhaustively dominates its members.
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representation can be made more economical and less coimplsxnply specifying the non-
terminal node, in absence of any evidence pointing to eth#re terminal nodes.

When analyzing data within the model | am proposing, theeetan main principles which
must be kept in mind with regards to the relationship betwsemnetic realization and phonemic
representation: (i) just because two segments sound the, sadoes not mean that they are the
same phonologically, and (ii) just because two segmentsdsdifferent, it does not mean that they
are different phonologically.

(i) means that neutralization of /u/ and /i/ in this examphewd not be understood as all
instances of /u/ changing to /i/ in neutralizing positiomply because the phonetic realizatiah [
sounds relatively close to a stressed /i/ realized as {]]is[the phonetic realization of the non-
terminal node dominating /u/ and /i/; it need not be the padilon of an unstressed /i/ specifically,
so much as the realization of the node /u/-/i/.

(ii) refers simply to allophony. When allophones are petgally different to a person doing a
phonological description, there is a tendency to consluedifference in realizations to be relevant
to phonemic status, despite the fact that there is no loserdfast. As we will see with Russian
below, my model allows for non-terminal nodes of the hiengraevhich have their own phonemic
status, to show allophony independently from terminal soddis does not prevent allophones of
terminal and non-terminal nodes from sounding similar erdhme, but phonetic realization is not
necessarily relevant to phonemic identity.

Next | will show how the principles of the model | have sketthere apply to the positional

neutralization of vowels in Bulgarian and Russian.

3.1 Bulgarian

Recall that stressed syllables in Bulgarian show a six-Vinventory, as shown in (7) (repeated

from 2 above):
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(7) Bulgarian stressed vowel inventory

front central back
non-round round

high i u
mid e a 0
low a

As mentioned above, the central, back, and front vowelsrakzg in three pairs depending
on dialect: /a/-/al, lu/-/ol, and /i/-/e/. Scatton (183%:notes however that these pairs neutralize
in a “rigid hierarchy”, depending on variety and registeirtdally all dialects and registers will
neutralize unstressed /a/ and /a/, which is realizedblas§ome dialects will further neutralize
/ul and /o/, whose merger is realized a% Finally, some “non-literary” varieties will neutralize
unstressed /i/ and /e/, the result of which is realized]a3 lpis is schematized as the implicational
hierarchy in (8); any variety which neutralizes /i/~/e/ maiso neutralize /u/-/o/ and /a/—/a/, but a

variety which neutralizes /u/-/o/ does not necessarily atutralize /i/—/el.

(8) Implicational hierarchy of Bulgarian vowel pair nedizations

lil-lel > lul-/ol > lal-/a/

This means that unstressed syllables in Bulgarian diadbois three possible contrastive vowel
inventories, which are given in (9):

(9) Possible unstressed inventories in Bulgarian

a. b. C.

Let us now turn to the way the inventories are reflected in d@rastive hierarchy. Considering
first the full inventory of stressed syllables in (7), we knthat we will need to distinguish three

main classes of vowels: front vowels, back/round vowelsl eentral vowels. The patterns of
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vowel reduction clearly show that these three pairs formasea, but there is independent evidence
in Bulgarian phonology which points towards such a clas#ifim. For example, the front vowels,
to the exclusion of non-front vowels, disallow a contragiNeen palatalized and non-palatalized
consonants proceeding them (Scatton 1984:64—65). Letnsdar [=front] to be the feature at
the top of the vowel hierarchyThis has the effect of separating off /i/ and /e/ from the odshe
inventory.

The pairs /u, o/ and /a, a/ can then be distinguished frorh ettter by the featurefround].
The height distinctions within the three pairs can be dggtished with the featurethigh] for the
front and round vowels, and{low] for the mid vowels. We thus arrive at the tree in (£0):

(10) Contrastive hierarchy for Bulgarian

(vocalic)
[+front], [front],

[+high]s  [-high], [+round} [-round}

hl lel /\ /\

[+high];  [-highls  [+low],  [-low]o
fu/ /ol lal lal

The terminal nodes in this tree account for the contrastisendtions between the six stressed
vowels of Bulgarian, but how are the sub-inventories in €)resented? When the pair /a/-/a/
is neutralized, unstressed positions can no longer showmizash between nodes 9 and 10 of the
hierarchy. In other words, [-round] segments in unstregssition are prohibited from having
a contrastive value for the feature-lpw]. Instead of both nodes neutralizing to node 9 or to
node 10, a rule changes both nodes 9 and 10 into node 6. Nodeabn@n-terminal node, has
its own phonemic status as a position in the structure of rikieritory in my model. It has its

own feature specifications, [—front, —round], and its owormtic realization:d]. This realization

51 will use binary rather than privative features in the feathierarchies in this paper, setting aside for the time
being the debate between binarity and privativity.
5] have labelled the nodes of this tree with subscript numfuerthe purposes of discussion.
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follows from the fact that it has no height specification;ngespecified as a non-front heightless
vowel, it is realized as mid-central. Thus the differing patc realization follows directly from
implementation of the feature specifications predicted bgrarastive hierarchical model.

In some varieties, there is also a neutralization of the daimack) vowels in unstressed posi-
tion. Among the [+round] terminal contrasts, that is, nodesd 8, a contrastive value faot-high]
cannot be realized, and so the pair /u/—/o/ is merged. Apaie, a rule changes both nodes 7 and
8 to node 5. Node 5 also has its own phonemic status and feggao#ications, [-front, +round],
and its own realizationu]. As with the realization of the neutralized /a/—/a/ pdire lack of a
specified height feature causes the (positionally onlyhdowowel to be realized lower than if it
were contrastively [+high].

The last neutralized pair, /i/—/el, is accounted for in aalagous way. In unstressed positions,
nodes 3 and 4 are both changed by rules to node 1, causing thiesettheir contrastive value
for [£high]. Node 1 has the feature specifications [+front], anck&dized asi]. Once again, by
having no height specification, node 1 is realized lower thawould be if it were specified.

The tree in (10) also captures the implicational hierarehy8)). If we assume that positive
values for binary features represent the marked member oppasition (either in a universal or
language-specific way), then we notice a pattern in the thea&alizing sub-trees in (10). The first
pair to neutralize, /a/-/a/, is dominated by two unmarleaddre values, [-front, —round]. The next
(/u/-/ol) is dominated by one unmarked and one marked featiue, [—front, +round]. Finally,
lil-lel is dominated only by a marked feature value, [+ffol¥hile the model is not necessarily
intended to reflect implicational hierarchies such as this,a nice result of the analysis that it is
reflected. Whether this is a more general tendency in cdivedserarchies of neutralization will

be a subject of future research.

3.2 Russian

Stressed syllables in Russian show a five-way vowel contrast

7l follow losad (2012:523) in assuming that the mid-high vbjiEs not a phoneme, but rather is in complementary
distribution with [i] as an allophone of /i/ depending on gial context. For some discussion of this issue, see for

15



(11) Russian stressed vowel inventory

As discussed briefly above {2.2, traditional descriptions of Russian vowel reductibovs
two degrees of vowel reduction. These refer to the way tleatrt@rger of the pair /a/-/o/ is realized
phonetically in unstressed positions. While there seeni®tno disagreement over the fact that
in varieties which have phonological vowel reduction, tleetnalization of /a/ and /o/ is complete,
there is disagreement over how to treat the surface reializaf these segments in unstressed
syllables. The two are said to be realized togetheppm[positions of “radical” reduction, but
positions of “moderate” reduction result in a lower rediiaa, closer to ¢] or even h]. losad

(2012:524) gives the following positions as those of motderaductior?

(12)

The syllable immediately preceding the stressed one (thst ffretonic”);

Onsetless syllables, regardless of stress (though thisnswhat contested);

Gradient effects in phrase-final unstressed open syllables

Some claim both vowels in a hiatus will undergo moderate ctdu.

Crosswhite (2001) chooses to analyze a distinction betweasherate and radical reduction
very literally, motivating them with two different kinds @onstraints for two different kinds of
reduction. Raising of the low vowel occurs due to a prefeeeiocavoid sonorous vowels in less
prominent positions called “prominence-reducing” redutt However, doing so presupposes that
the realizationsd] and [e] of the unstressed /a/—/o/ pair fall into categories. Barf@®06) shows

that they do not form categories, but that instead the re@dlieight of the pair in unstressed posi-

example Timberlake (20042.2.2).
8] have changed the wording somewhat from the original soimceeasons of conciseness.
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tion is a very predictably gradient matter, varying as a fiomcof duration regardless of position
within a word.

While neutralization of /a/—/o/ in all unstressed contegtsategorical, losad (2012) notes that
the realization of unstressed vowels does depend on serzgiables: whether they are in a context
as described in (12) above, and whether they are in a “palathtontext”, that is, following a
palatalized consonant. Non-palatal moderate reductisulteein a reduction from a five-vowel
inventory (of stressed positions) to a three-vowel inventwith the phonetic realizations in (13),
via the contrastive merger of the pairs /i/-/e/ and (as dised above) /a/-/o/. The phoneme /u/,
while centralized phonetically, remains contrastivelstidict from the rest of the vowels.

(13) Moderate reduction in a non-palatal context (losad?2Ze6)

All other contexts result in reduction to a two-vowel systemmere /u/ remains distinct (as
in 13), and the other four vowels, /i, e, 0, a/ are realizedstume phonetically. In palatalized
moderate context, /u/ again centralizes slightlydput remains distinct, while the other four are

realized as a fairly high-front vowel]|

17



(14) Moderate reduction in a palatal context (losad 2012;52

i u

©)

In both palatal and non-palatal radical reduction contéutss the only phoneme which retains
its contrast. As seen in (15), the only difference is theizatibn of neutralized /i/—/e/-/o/-/al,
which is more high and front in a palatalized cont&xt.

(15) Radical reduction (losad 2012:529)

i ) B B u
N\ / NG
\ \ 4 N> s
= N S~ 7
N \'\ (O /:‘ N ";:1' L——-_ \U\ﬁ/
\ /5 / ——
e— 88— e \ =i
N\ \ \
Ny 3 X
\ \\-. \ \\
a N\ a

(a) Non-palatalized context (b) Palatalized context

The phonological (and phonetic) reduction data show seeisses which must be captured
by a contrastive hierarchy. The most obvious fact abouti@as®wel reduction is that, regardless
of the kind of context, /u/ remains distinct; it tends not talergo merger with any other phoneme.
losad (2012:532) notes however that “in casual or fast $pge@an lose its labialization and neu-
tralize with other vowels in a]- or [i]-like sound”. Even when it does not lose labialization, its
realization “varies very widely, from [u] toy] and all the way throughd] to [o¥].” Nonetheless,

considering it is both the last thing to undergo merger, anetains in its weakest distinct realiza-

%losad uses a diaeresis () to distinguish whether a phaflgtieduced vowel occurs in a moderate or radical
reduction context.
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tion ([o¥]) some minor amount of labiality, it makes sense to assumithcontrastive feature is
[+round], and that this is the first division to be made in ttee°

/il and /e/, being phonetically front vowels in their nordbr@lized realizations are both then
divided off by the feature [+front], where they form a cladsieh merges contrastively in moderate
non-palatal reduction contexts. In non-reducing contekisy are distinguished from each other
by the feature £high]. The remaining two vowels, /o/ and /a/, are groupecttiogr as [—front],
and themselves form a class of categorical merger in ussitlesontexts. They are distinguished
from each other by the feature-fow]. We thus arrive at the contrastive hierarchy in (16):

(16) Contrastive hierarchy for Russian

(vocalic)

[+round}, [-round},
ul

[+front]; [-front],

[+high]s  [-highl,  [+low];  [How]s
fil lel lal lol

It will be apparent that the tree in (16) specifies the tertmaoae labelled /o/ as contrastively
[-round]. losad (2012:537-538) holds that /u/ and /o/, Wldce both phonetically labial, in no
way pattern together. In fact, according to him, /o/ doespaitern as phonologically labial in
any processes. Because /u/ is clearly distinctively roand, since it maintains its own contrast
to the exclusion of the rest of the inventory in all reductmontexts, it is a requirement of the
model | put forth here that /o/ not be specified as [+round]is thus striking to note that it in
turn predicts exactly the kind of phonological specificatidhat losad ends up using, including
this idiosyncratic property of /o/. losad works within tharBllel Structures Model (PSM), which

only specifies features that are phonologically active nggirivative features, losad specifies the

10Recall from the discussion i$8.1 that the implicational hierarchy of Bulgarian neutrations can be reflected
by placing the last contrastive mergers higher in the cstitehierarchy. This approach applies here, as well, as /u/
neutralizes only after all of the other vowels have.

19



Russian vowel inventory as in (17):

(17) Russian privative feature specifications in the PSMgth2012:538)

V-manner V-place
Vowel [open] |[closed] [labial] [coronal]
lal v
/ol v
lel v v
ll v
lu/ v

The result is remarkably similar what is achieved using tloeamestrictive means of feature
specification offered by the contrastive hierarchical apph, as seen in (18). The only difference
lies in the way that height is treated for the mid vowels /al &; losad specifies them both as

[closed], while my analysis calls for no positive heighttteas for mid vowels at all:

(18) Russian feature specifications in my analysis
Vowel [+low] [+high] [#£round] [+front]

lal + ) )
/o] ) ) )
lel ) ) +
lil + ) +
u/ +

losad’s use of privative [closed] features on the mid vow#tsvs him to formalize non-palatal
reduction as a deletion of this [closed] feature. In doing/ef which is specified [closed, coro-
nal], becomes simply [coronal], which gives it identicahtieres to /i/, effectively turning it into
/il. In other words, losad assumes a literal subset apprtamebwel reduction: the correspon-
dences of positional neutralization involve changing frone member of the full inventory to
another. However, since | assume the non-terminal nodaifdranemic) view of neutralization,
such specifications need not be stipulated. /o/ and /e/ atized as mid vowels phonetically
because they bear no positive specifications for heightifesiat alf!

Let us now consider the phonetic implementation of the mvminal nodes which are used in

The use of [closed] on /o/ causes further complications. Mbsed] is deleted in reduction, /o/ loses its only
feature, leaving a bare root node. losad must assume thatdatrnodes are not licit representations in Russian.
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unstressed position. Essentially, there can be said to ®different phonological sub-inventories
in Russian. In a moderate non-palatal context (cf. 13)ethaee three different contrastive vowels.
/u/ does not neutralize to any other phonemes, and so itegeptation remains the same, as node
1 of the tree in (16), with the feature specification [+rour@{her vowels in moderate non-palatal
contexts lose their specifications for height features,smulles force a change to nodes without
height specifications; /i/ and /e/ (nodes 5 and 6) change de Bpand /a/ and /o/ (nodes 7 and 8)
change to node 4. This gives us the sub-inventory and speains in (19):

(19) Russian feature specifications in a moderate nongdakatuction context
Phoneme Node Feature Specifications Phonetic Realization

Jul 1 [+round] b
lil-lel 3 [-round, +front] l
lal-lol/ 4 [-round, —front] 4, A]

Recall the phonetic realizations in (13), which corresptithese reductions. If we consider
the feature specifications in (19) to constitute their owremtory for the purposes of phonetic
implementation, then | would suggest, following Hall’'s (2Q model of emergent phonetic dis-
persedness, that these contrastive feature specificéi@tso exactly the phonetic realization we
find. /u/’s contrastive labiality is enhanced with backnessich is most salient at the top of the
vowel space, yielding its high-back realization. The p#if/é/ is specified as front, which pre-
vents it from moving too far back. It can move backwards shghowards phonetici], however,
provided it does not move into contrastively [-front] tesry, which it does not. Finally, /a/—/o/ is
specified as neither front nor round, and lacking heighti§pations as it does, it is left to occupy
a range in the approximate center of the vowel space.

The other sub-inventory derived in Russian vowel reduatmmtains only two contrastive vow-
els. This is the inventory which occurs in the moderate pataintext, and in both the palatal and
non-palatal radical context. In this two-vowel inventargderlying /u/ again corresponds to a lack
of surface neutralization, and so node 1 of the tree in (1®pies distinct. The other four vowels,
lil—-le/-la/—/ol/, do neutralize, however. Thus nodes 5, &nd 8 are all changed to node 2 by a

rule which disallows contrastive specifications for botigheand place ¢tfront]) features. The
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sub-inventory thus has the feature specifications in (20):

(20) Russian feature specifications in a moderate palataldical reduction context

Phoneme Node Feature Specifications Phonetic Realization
ul 1 [+round] p]~[5]
lil-lel-lal-lo/ 2 [-round] 1[~[o]~[i]

The phonetic implementation of this two-vowel inventorgfsecifications does vary slightly
depending on context, however. In an all-things-beingaéqantext, such as we find with non-
palatal radical reduction (cf. 15a), the realizations a@c#ly as we would expect. /i/-/le/-/a/-/o/
(node 2), lacking any place or height specifications, isizedlas the most mid-central vowel
possible: $]. /u/ is still specified for labiality, which is again enhattwith backness as predicted
by Hall (2011), but due to the lesser duration typically eded in such contexts, it undergoes more
significant centralization. Given the fact that it remaiasiél, this does not interfere with its ability
to be contrastive.

Palatalized contexts, as in (14) and (15b), show a hightfeadization of /i/—/e/—/a/-/o/, which
is not to be expected if they lack place and height specifinati However, because these are in
positions following palatalized consonants, this is kéue to coarticulation. In other words, the
consonant’s feature for palatalization (either [+frontJa@oronal]) is spread to the vowel, causing
a phonetically fronted allophone of node 2. /u/ on the otlardchis not affected as strongly by this
fronting because it has a specification for labiality, whgkenhanced by backness, counteracting
the fronting effect. In fact, allophonic fronting seems ® @ characteristic of all vowels in the
radical palatal context. According to Alexei Kochetov (j.the /u/ which losad transcribes ag [
in (15b) is actually somewhat fronted as well. As with frowtof the /i/—/e/-/a/—/o/ node, however,
this fronting can be attributed to coarticulation with thregeding palatalized consonant, not to the
contrastive features of the vowel.

In this section, | have argued that, in cases where two vowsdergo phonological neutral-
ization, neutralization does not take place from one merbére fully contrastive inventory to

another, but rather to a third member, represented in thetate of the inventory as non-terminal
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nodes of the contrastive hierarchy. Thus when, in Bulgafigrand /o/ neutralize to be realized as
[0], it is not that all instances of /o/ become /u/, and /u/ isgllonically centralized in unstressed
position to be realized as], but rather that both /u/ and /o/ are changed to the nonieimode.
Because this non-terminal node is not contrastively sgetffir a featurefhigh], its centralized
realization (as well as its property of being the result ofitredization) follows from its featu-
ral representation. Hence, the fact that the unstressdidatsan of /u/—/o/ is similar to that of
stressed /u/ does not require that they are both phonolbgioA The contrastive hierarchy pro-
vides non-terminal nodes, which serve as additional mesntfethe inventory which can be used
to represent the archiphonemic segments of reduction, @veéerlyingly, as with non-alternating
reduced vowels.

We have also seen that non-terminal nodes, as phonemesawaheir own phonologically
conditioned allophony, as was the case with the palataligensn-palatal realization of the non-
terminal node corresponding to Russian /i/-/e/-/a/-/o/the next section | will provide a case
study of phonologically conditioned allophony of a termlinade showing an apparent surface

contrast, as is the case with European Portuguese /a/.

4 Surface-contrastive allophony: The case of Portuguese

In Portuguese, the vowel /a/ does not undergo neutralizati@ny position, but it does undergo
raising to k] in unstressed syllables, and in stressed position befsala and palatals. In this way
itis similar to the Russian /u/, which is apart from the rdghe neutralizations in vowel reduction,
undergoing only allophonic centralization. Furthermane, realizations of Portuguese /a/ varying
in height between [a] anc] appear to be a function of duration, much like the real@abf the
neutralized pair /a/~/o/ in Russian. The difference is,thaspite being allophones of a single
phoneme, [a] ande] show a surface contrast in European Portuguese /a/-thenhs,wielding
pairs like felémuf] falamos'we speak’ felamuf] falamos'we spoke’.

| will propose that /a/ raising is blocked when the duratidmai would cause a lower realiza-

23



tion is contributed by the presence of two V timing slots om¥owel. The apparently categorical
effect in verb paradigms is due to the presence of a floatingg slot which serves as the past
tense morpheme. The use of two timing slots is evidencedlbgladnic blocking of raising upon
the coalescence of two unstressed instance of /a/ knowrrasisté Nowhere do the underlying
features of /a/ come in to play, and there is no need to posiparated/ phoneme or paradigm-
specific allophonic rules. Most importantly, this analysiakes several testable predictions about
the relative phonetic durations of the segments involved.

| begin by describing the vowel inventory and patterns of @bweduction in Brazilian and
European Portuguese, followed by working out the contradtierarchy and terminal-to-non-
terminal node correspondences which account for the regtudata within the model which |
outlined in the previous section. | then give my analysisheflblocking of /a/ raising in which the

presence of two V timing slots prevents raising.

4.1 Vowel reduction

Most sources agree that both Brazilian and European \esiefi Portuguese contrast seven oral

vowels in stressed syllables, as shown in (21):

(21) Portuguese stressed oral vowels

front back
high i u
uppermid e 0
lower mid ¢ o)
low a

According to Wetzels (2010), in Brazilian Portuguese wessted syllables, the contrast be-
tween the upper mid and lower mid vowels is neutralized, sdeleand /o/—b/ merge contrastively,
while the other vowels remain distinct. In word-final opetiayles and those closed by /s/, the
contrast between all of the non-low front vowels (/i/—/efy-&nd non-low back vowels (/u/—/0b#
is neutralized, with high realizations. This is summarige(22), with the phonetic values of the

reduced vowels adapted from Barbosa and Albano (2004).
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(22) a. Brazilian Portuguese unstressed syllables

il lel Ilel fal [l ol Iul

e
0 el (1] o [0l

b. Brazilian Portuguese unstressed word-final syllables

fl lel Ilel fal [l ol Iul

[1] [e] [v]

Carvalho (2011:7) points out that the situation is sligldifferent in European Portuguese, in
that unstressed back (round) vowels neutralize from thegeeds of height to one, while the mid
front vowels /e/-¢/ neutralize to some kind of mid vowel, leaving the high-fr@awel /i/ without
undergoing any neutralization. This is summarized in (23).

(23) European Portuguese unstressed syllables (Carvalip 2

il lel Ilel [lal [l ol Iul

I BN

[ [o] [e] [u]

According to Mateus and d’Andrade (2000:18), the unstiegsk-£/ pair in European Por-
tuguese is actually realized as a high central voildnd is frequently deleted in colloquial
speech, sometimes yielding clusters, so tieser[divér] ‘duty’ can be realized asiyér], andbate
[béti] ‘s/he beats’ can be realized as [bat]. They note furtheentbat word-final unstressed [u]
can also be dropped, such thuato [batu] ‘I beat’ can be pronounced [bat] as well, but thisict

as common?

12| have changed Carvalho's (2011) transcription of the @sskd realization of /a/ from][to [e] throughout this
paper to match that of the other sources.

Bt is unclear whether this applies to all of /u/~/al-ér to only a subset of the three underlying phonemes which
can surface as [u] in unstressed position.
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4.2 A hierarchy

The first thing to notice about European Portuguese vowelatgzh is that, in all contexts and all
varieties, /a/, despite being phonetically raisede}drj unstressed positions, fails to undergo any
neutralization with other vowel phonemes. In this way it isal like Russian /u/, as discussed in
63.2. With the same rationale, we can say that /a/’s contatature, [+low], is ordered first in
the hierarchy, effectively dividing it off from the rest dfe inventory.

The remaining vowels, which are all non-low, group togetbased on roundness, and the
fact that they result in contrastive mergers phonologycdlhe three heights within each of these
groups are then divided with the high vowels /u/ and /i/ bespgcified [+high]. This is because
/il retains its contrastive value separately from the tvemfrmid vowels /e/ ande/, which merge
together leaving /i/ separately contrastive in Europeariugaese, and in non-final contexts in
Brazilian Portuguese. The upper and lower mid vowels, $igeld—high], can then distinguished
by a feature such agfense]. From this we arrive at the hierarchy in (24):

(24) Contrastive hierarchy for Portuguese

(vocalic)
[+low], [—low],
la/
[+round} [-round],

[+high]s  [-high]s  [+high];  [-high]s
fu/ /\ hl
[+ttense} [-tense], [+tense]; [-tense];
lo/ Iol lel lel

The usual principles of processes governing positionairakzation in my model apply to the
Portuguese data here as | demonstrated above for BulgariaRuwssian. In Brazilian Portuguese
non-final unstressed syllables, where the @/ahd /e/-¢/ contrasts are neutralized, contrastive

values for the featuretftense] are not allowed, and so rules change nodes 9 and 1@&6y0
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and change nodes 11 and 12 to node 8. Nodes 6 and 8, lackingificgppie®n for [+high], have a
fairly mid realization, maintaining their contrastive uak for f-round]. In word-final unstressed
syllables, where the mid vowels further neutralize with khgh vowels, specifications for both
[+tense] andfhigh] are disallowed, so rules change nodes 5, 9, and 10 te 8pdnd likewise
change nodes 7, 11, and 12 to node 4.

As can be seen in (25), the five-vowel system of non-final esst&d syllables in Brazilian
Portuguese contains specifications for three heights;[lehv]), high ([+high]), and mid ([-low,
—high]).

(25) Brazilian Portuguese feature specifications in noattimstressed syllables
Phoneme Node Feature Specifications Phonetic Realization

la/ 1 [+low] [e]
lu/ 5 [-low, +round, +high] 3]
lol-hl 6 [-low, +round, —high] [0]
lil 7 [-low, —round, +high] 1
lel—k/ 8 [-low, —round, —high] [e]

The three-vowel system of final unstressed syllables in, (B6jvever, only specifies two
heights, with no specifications for [+high]. The non-low &g are still realized as high, as pre-
dicted by Hall (2011), due to enhancement of specification§fround]; the backness/frontness

which enhances labiality/illabiality is more salient a¢ tiop of the vowel space.

(26) Brazilian Portuguese feature specifications in fings)Munstressed syllables
Phoneme Node Feature Specifications Phonetic Realization

IEY] 1 [+low] [e]
lul-/lol-b/ 3 [~low, +round] b]
lil—lel—k/ 4 [-low, —round] il

There are some small differences in European Portugueseandy in that the front vowels
at no point undergo a three-way neutralization, while thentbvowels do. This, as with the
implicational hierarchy of Bulgarian neutralizations rtiened in§3.1, is captured by the idea that
neutralizations tend to take place first under the (unmankedative values of features within the

hierarchy. /e/ and/ are, in the hierarchy in (24), dominated only by negatiedides specifications,
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unlike any of the other nodes. As for why /el-has a tendency to delete in unstressed position
rather than merely reducing, the negative values effectaisybe responsible: note that /e/-+s

the only phoneme in the reduced inventory which has all meg&tature specifications (cf. 27),
and so we might expect it to tend toward deletion, given isritarkedness. In a privative system,
it would even be completely featureless, meaning it woulcktpeivalent to a bare root node in
unstressed position, a configuration which would be hardstindjuish from the complete lack of

a segment in word-final position.

(27) European Portuguese feature specifications in usstlesyllables
Phoneme Node Feature Specifications Phonetic Realization

lal 1 [+low] [e]
lel—k/l 8 [-low, —round, —high] 4, i]
ll 7 [-low, —round, +high] [i]
lu/-lo/-bl 3 [low, +round] [u]

There are a number of questions which | have not attempteastoer here with regards to the
representation of vowel height. Both Wetzels (2010, 199%) @arvalho (2011) analyze Por-
tuguese as having a four-height system, without the useattifes such as [high] and [low].
Wetzels uses inherently hierarchical multiple [opfefeatures based on Clements (1991), while
Carvalho represents height using privative A “resonaneenehts”. | leave investigation of the
possibility (and utility) of integrating multiple heighe¢&tures into a contrastive hierarchical model
of reduction such as | put forward in the present study toreutasearch. What is important here is
the “shape” of the inventory’s hierarchical structure id),Zuch that there are non-terminal nodes

corresponding correctly to the neutralizations which edcuPortuguese phonology.

4.3 “Crasis”

While /a/ does not undergo any neutralization in Europeatugaese in any position, as noted
above, there are several positions in which it is allophaliygaised to ¢], including in unstressed
position. However, in certain contexts in European Porésgu/a/ raising can be blocked. One

example of this is a phenomenon known as “crasis” (Portugerase, where the coming together
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of two unstressed /a/s across a word boundary, which woudlididually be pronounced ag]|

form a single vowel pronounced [a]:

(28) Crasis (Carvalho 2011:6, adapted)

a. VR: /al— [e] in unstressed syllables

b. Crasis: ¢]+ [e'mige] — [amige] a amiga ‘the friend’ (fem.)
[ kaze] + [e'zul] — [kaza'zul] casa azul ‘blue house’
[ page] + [e'ko"te] — ['paga’ko”te] paga aconta ‘pay the bill”
[‘ere] + [e'li] — ['eralli] era ali ‘it was there’

Carvalho (2011) analyzes Portuguese vowel height usindeamesat-based model, in which
height is represented by combining different numbers ahive “resonance elements” A. More
elements A are used to represent lower vowels, and so a pgically low vowel has two elements
A. [¢] (equivalent in height by his analysis te]] has a different representation from phonological
/al; [e] has one A, while [a] has two As:

(29) Element-based representations of vowels (Carvalid 0

il = {1} lul ={U}

lel ={l,A} lo/ ={U,A}
Ial = {A}

lel = {ILA,A} Il = {U,AA}
lal ={AA}

Carvalho suggests that crasis can be explained by a sortivedeffect of A elements. When
two instances ofd] come together across a word boundary, each contains omeeieA. When
these two combine, however, the vowel contains two A elememtd is thus equivalent to [a] =

{A,A}. | have illustrated this in (30):

(30) Illustration of Carvalho’s (2011) analysis of crasis

+ i — erald.

A
|
A

er

e e
| |
A A

29



There are several problems with such an analysis. Becaesprithative elements of these
kinds of representations are used to reflect phonologicairasts between categories, they are
equivalentin some sense to contrastive features. If @iffiealllophones are specified with the same
contrastive features as contrasting phonemes, then theg te be merely allophones. This instead
conflates the notions of phonological and phonetic vowelicgédn. Because it is a principle of
my model to not change the featural content of underlyingehees positionally upon reduction
if they do not undergo any neutralization, this analysisicmpatible as is. Even taking a weaker
view of what it means to be a contrastive feature, this amahgsgjuires privative height features or
elements in some way to work, which, as mentioned in the giegesection, may not necessarily
be compatible with a contrastive hierarchical approach.

Another problem with analyzing crasis as the combinatioplefnological elements is that, by
operating on the representations in (29), which appareefy to contrasts, it presupposes discrete
categories. However, crasis does not actually seem to béegaracal process. According to
Parkinson (1983:169), “contraction [crasis] is not ancathothing process, which either happens
or does not happen. Various degrees of contraction can héfidd.” His illustrations of these are
givenin (31):

(31) Variable coalescence in European Portuguese crasisiiBon 1983:169)

Maximum Minimum
\ V V.V \AY VV
[kazazul] [kaz’zul] [kazeezul] [kazeezul] [kaze'ezul]

While the way Carvalho uses phonological elements is inaibie with the notions of con-
trast and neutralization as | define them here, his analygsissightful in the way that it uses an
additive effect of privative elements. | propose a différanalysis of crasis which uses such an
additive effect. Recall first Barnes’s (2006) explanatibthe apparent distinction between moder-
ate and radical reduction realizations of the neutraliaéd/d/ pair in Russian unstressed syllables.
This categorically defined pair (one non-terminal node fpme” in my model) has been de-

scribed as having one of two realizatior$¢r [a] depending on prosodic position within a word.
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In reality, however, the height of the unstressed /a/—/o/gepends not on position within a word,
but on duration. Height is very predictably a function of ation, and is thus a phonetic property
of the utterance, not a matter of categorical reductionserphonology.

If the same non-contrastive duration-based variation ighteealization holds for unstressed
European Portuguese /a/ as for Russian /a/-/o/, then wal\egpect that crasis-affected /a/ should
have longer duration. This is where the additive effect ofgtive elements becomes a useful
mechanism: assuming that vowels in Portuguese undenyimale one V timing slot, then the
coalescence of two vowels across a word boundary can bezaaabs two identical adjacent
melodies being interpreted as one single melody with with tiwing slots, as illustrated in (32).
Because timing slots are representations of duration, aelhauh two V slots would be pho-
netically spelled out as longer. If vowel height is a funotf this duration, then a blocking of
allophonic unstressed /a/ raising is exactly what we woxfket in the coalescence of crasis.
(32) VCV + VCV — VCVVCV
['ere] [e'1i] ['era'li]

The gradience of contraction in (31), then, can be said towdirom duration which varies due
to whether or not the two V slots link to the same melody, anthéovowel’s phonetic duration as
a function of the degree to which the two adjacent words cargether in a phonological phrase.

The timing-slot analysis of crasis | have proposed here s\aéeeral testable predictions. First,
if the realized height of /a/ is a function of duration, thée {a] of forms which have undergone
crasis should be measurably longer than a single unstrggseida form which has not. Second,
at higher speech rates, even crasis vowels which have ctetypt®alesced into a single segment
articulatorily should be realized with raising, ratherritas [a], provided that they have shorter
duration.

Under at least a preliminary look, these predictions seehmotd. According to at least one
corpus study of the relationship between vowel height amdtehn in European Portuguese (Gen-

drot and Adda-Decker 2007), shorter durations do indeethdeebe correlated with height of
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¥a

F1-10 (Bark)

F3-F2 (Bark)

“From inside to outside (black [30-50ms], red [60-80], bjg@—110]). Male and female results
are merged.”

Figure 1: Portuguese vowel formants based on duration (&eadd Adda-Decker 2007)

/al as expected, as seen in Figure 1. This figure shows duratiecowels divided up into three
different durational windows, and plotted on a single grafphe outermost polygon shows the
average formant values of vowels with the longest duratitrosn 90 to 110 milliseconds, while
the middle polygon shows the same for vowels from 60 to 80iseitionds. The inner polygon
reflects durations from 30 to 50 milliseconds. By lookingheg three positions of the bottom point
of these shapes, it can be clearly seen that /a/ is realizggbhat shorter durations and lower at
longer durations.

Unfortunately, there are some problems with the way the idgieesented, for which Gendrot
and Adda-Decker offer no explanation. Not all of the vowebpémes of Portuguese seem to be
represented in the figure. They do state in their text thaiugaese has a phonemé, but do not
plot it. They do, however, plot the corresponding front vb¥eé which appears in the figure as
“E”. They also do not explain what is meant by the “@” that agmsethree times, colour-coded for
duration along with the other symbols.

Another issue is that there is no specific mention made alheukinds of phonological en-
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vironments in which the segments occur, such as whether totheg are stressed and whether
they occur across word boundartédn order to make up for these shortcomings, future research
will involve more focused instrumental investigation ofrdtion and vowel height in European

Portuguese crasis contexts.

4.4 \erbal morphology and the role of /a/

Most descriptions of Portuguese assume that verbs corisstomt, followed by a theme vowel,
which is one of /a, e, i/. The root and theme vowel togethesstitute the verb stem, which is
followed by a Tense—Aspect—Mood suffix, and then a Persomiidu suffix. This is schematized
in (33).

(33) Structure of the Portuguese Verb

Verb Stem
[Root + ThemeV] + TAM Suffix + PN Suffix

The Person—-Number suffixes can vary from tense to tense. fEHsemt indicative uses the
Person—Number suffixes in (34). The second person pluraidare not provided because, as

Mateus and d’Andrade (2000:73) note, this form is not comrbeing used only in a few dialects.

(34) Present indicative person and number suffixes (Matedsla@ndrade 2000:74)

1stsing. /o/ 1stplur. /mos/
2nd sing. /s/ 2nd plur. (none)
3rdsing. @  3rdplur. /N/(nasal autosegment)

The present indicative is assumed not to have any TenseeAdppeod morpheme, and so
affixing the suffixes in (34) to verb stems gives forms as exdieg in (35)1° Note that by this
description, the theme vowel is deleted preceding a vomigki Person—Number suffix, as is the

case with the first person singular forms.

“This is likely because Gendrot and Adda-Decker (2007) wasdyof automatic formant measuring of annotated
corpora from eight different languages, and so this leveletéil was not readily attainable.

1510 (35) and (37) below, the second “+” indicates the divisimtween the theme vowel and the person suffix,
which Mateus and d’Andrade (2000) notate as the stem edge I'Thave changed this for readability.
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(35) Present indicative forms (Mateus and d’Andrade 200adapted)

/al themes /el themes /il themes

[fal+a+o/ [falu] /bat+e+o/ pétul] Ipat+i+o/ [partu]
[fal+a+s/ falef] /bat+e+s/ bati[] Ipat+i+s/ [parti/]
/fal+a+/ [fale] /bat+e+/ pati] [pact+i+/ [parti]
[fal+a+tmos/ felémuf] | /bat+e+mos/ Hetémuf] | /pat+i+mos/ [pertimu/]
fal+a+N/  [falew] | /bat+e+N/  patej] Ipat+i+N/  [pérts]]

There are a number of instances of surface allophony in (36¢hwshould be pointed out.
For example, underlying /s/ is regularly realized fsirj coda position. Vowels in unstressed
syllables have, of course, different realizations thaiir tinederlying forms, following the patterns
of phonological and phonetic vowel reduction describedvab&inally, /a/ is realized ag] even
in stressed position in the first person plural form ‘we spgékiémuf]. According to Mateus
and d’Andrade (2000:19), it is a regular generalization ofdpean Portuguese that stressed /a/ is
allophonically raised tod] before nasals and palatals.

Stressed /a/ raising is not a problem for an analysis in wiathever undergoes any kind of
neutralization; we simply need to add prenasal and prexadasition to the list of of environments
in which the raised allophone of /a/ is realized. Howeveg fitst person plural past perfect indica-
tive forms of /a/ theme verbs show a systematic exceptioméngsal /a/ raising, which gives rise
to an apparent contrast between [a] ar]d The past perfect indicative, like the present indicative
is said not to have a Tense—Aspect—Mood suffix. Instead, dseperfect is encoded fusionally,
using a separate set of Person—Number suffixes, given in KB&g, however, that the underlying

form of the first person plural suffix is identical to that oétpresent.

(36) Past perfect indicative person and number suffixes€Maand d’Andrade 2000:77)

1stsing. /il 1stplur. /mos/
2nd sing. /ste/ 2nd plur. (none)
3rdsing. /u/  3rdplur. taN/ (nasal autosegment)

When these suffixes are added to verb stems, the surface ifofBi&) are found:
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(37) Past perfect indicative forms (Mateus and d’Andrad@02D7, adapted)

/al themes /el themes /il themes

[fal+a+i/ [feléj] /bat+e+i/ beti] [pact+i+i/ [perti]
[fal+a+ste/  felafti] | /batte+ste/ Hetéfti] | /pat+i+ste/  [pertifti]
[fal+a+u/ [feld] /bat+e+u/ petéw] Ipat+i+u/ [pertiw]
[fal+a+tmos/ felamuf] | /bat+e+mos/ Hetémuf] | /pat+i+mos/ [pertimu/]
[fal+a+raN/ felarew] | /bat+e+raN/ betérew] | /pat+i+raN/ [pertirew]

The forms in (35) and (37) therefore give a surface minimal gaspite the fact that they have

the same underlying forms as described by Mateus and d’Aled2000):

(38) a. [fal+a mos/ [felémuf] ‘we speak’

b. /fal+al;mos/ [felamu/] ‘we spoke’

This apparent contrast applies, as far as | can ascertdhrede forms in all /a/ theme verbs, yet
Mateus and d’Andrade (2000) seem not to mention it at all. eRbdrger (1981) describes some
authors as having posited two separate phonemes /at/tiodaiccount for the distinction in (38).
Even Carvalho (2004), who offers a very insightful analggisther verbal alternations, sets aside

this behaviour of /a/:

“I shall leave aside the/ ~ /a/ opposition that exists only before heterosyllabic f&sa
in central [European Portuguese] for a particular morpéickl purpose:matamos

‘we kill’/ matiamos'we killed’.” (Carvalho 2004:14, note 2)

In the following section, | will extend Carvalho’s (2004)aysis of Portuguese verbs in order
to account for the [a}[e] alternation using neither two separate underlying phasenor the kinds

of morphophonological allophonic rules implied by the quabove.

4.5 Templates and autosegments in the Portuguese verb

Carvalho (2004) gives an analysis of certain root vowelraitgons in Portuguese verb forms.

Almost all Portuguese verbs with mid vowels in their rootgeénthe lower mid vowelse/ or /o/. In
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forms whose Person—Number suffixes start with a vowel, ssithesfirst person singular ending in
/-o/, the stem vowel surfaces with the height of the themeeloWwhus ¢, o/ stems with /e/ themes
surface as /e, o/, and those with /i/ themes surface as /i, ul/:

(39) Portuguese verb root “harmony” (Carvalho 2004:19péetd)

a. e+ta — [g] lleval+0 — [lev]o
o+ta — [o] /mora/+0 — [mor]o

b. e+e — [e] /mete/+0 — [met]o
o+e — [0] /kome/+0 — [kom]o

c. e+i — [iJ] /ferii+o — [firlo
o+i — [u] fltosi/i+o — [tus]o

Wetzels (1995, 2010) accounts for these alternations wkthdaof vowel harmony that he calls
“deletion-cum-spreading”; the height features of a them&el spread to the root vowel provided
the theme vowel deletes. This deletion takes place wherutfig added to the verb stem is vowel-
initial. However, given that the effect of spreading onlyors when, within Wetzels’s proposal,
deletion takes place, the data seem to call out for a kindlofkiag analysis. Carvalho (2004)
proposes instead that Portuguese verbs are based on amérdabCV templates, where it is not
necessary for each morpheme to occupy its own timing slotph®nes can contain empty timing
slots or floating melodies. Several morphemes then, inetuthe theme vowels themselves and

the first person singular suffix, consist solely of floatingodees:

(40) Morphemes lacking skeletal positions (Carvalho 220X

a. The thematic vowels, e, i.
b. The 1st person suffig, and the subjunctive affixes a.

There is a restriction on the shapes of root templates, $iathhe last syllable contains only a
single V timing slot. This will underlyingly have no vowel ioely associated to it. By convention,
melodies are associated to the CV template from right to &&ftl so in forms in which the only
floating vowel is the theme vowel, its melody is associatatiédinal syllable, and the stem vowel

is left unaffected. This is shown in (41) for the third persomgular forms of the verbsieter‘to
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put’ andcomer‘to eat’, where there is a null Person—Number suffix.

(41) Association of theme vowel melody (Carvalho 2004 2 ed)

a. mete['met’] b. come['kom®]
m t k m
] ]
CVvcCyV cvcCcy

7 L
e e o e

When a different morpheme, such as the first person singuféik,sleaves an extra vowel
melody on the right edge of the underlying form, it first asat@s to the extra V timing slot on
the verb stem. Because melodies associate from right totheftfloating theme vowel instead

associates to the root vowel, spreading its height feaamdscausing “harmony”:

(42) Stem vowel harmony (Carvalho 2004:24, adapted)

a. meto['met"] b. como['kom"]
m t k m
. .
CVvcCyV cvcCcy
\ \
F\\ | F\\ |
e e o o e o

4.6 A unified analysis of the blocking of /a/ raising

We saw in§4.3 that crasis, the blocking of /a/ raising in unstressdidisigs across word bound-
aries, seems to be triggered by the presence of two V timioig sissociated with a single /a/
vowel melody. If being associated with two V slots is the pblogical configuration which results
in phonetic realization of /a/ as [a] in one environment inckhts raised allophonee] is usually
realized, then it is worth considering the effects that seghesentations may have in other raising

environments.

16The superscript vowels in (41) and (42) are apparently margpresent the very short duration in word-final
position. Recall from the discussion of European Portugwesvel reduction above that both of these vowels can
optionally delete word-finally.
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Recall that Mateus and d’Andrade (2000) posit a null morphén both the present and past
perfect tenses, claiming that they are distinguished bigmift sets of Person—Number suffixes
alone. This causes a problem because the first person pldiaes in both tenses are assumed to
be homophonously /-mos/, meaning identical underlyinghofor the (in some dialects of Euro-
pean Portuguese, non-homophonous) forms of /a/ theme fafgsnos/fal[ajmos ‘we speak/we
spoke’. Given that there is clearly a distinction here, haavewe should consider what may ac-
count for it.

Carvalho (2004) has given good reason to believe that thediend melodic tiers can function
and be represented autonomously of each other in Portugadsad morphology, and | will show
that the behavior of /a/ theme verbs provides independedéree for this mechanism. | do this
by proposing that there is in fact a past perfect morphemeaunofean Portuguese, appearing in
the Tense—Aspect—Mood position, which takes the phoncddorm of a floating V timing slot,

with no associated melody:

(43) ‘past perfect’
| =V [

The underlying form of the root ‘speak’ follows exactly th& CV verb template that Carvalho
proposes, with no melody associated to the final V slot, budatifig melody for its theme vowel
/al, as in (44a). The first person plural suffix in (44b) (idegltin the present and past perfect), as

Carvalho (2004:27) describes it, does have a specified GV tie

(44) a. ‘speak’ b. ‘first person plural’

f I m S
. .
/| CV CV |/ /| — CV C [/
| |
a a 0

When the present tense is formed, the Person—Number suffix(#4b) is attached to the right

edge of the stem. Floating melodies are then associatedrfgimto left, and so the /a/ theme
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vowel associates to the empty V slot, as in (45). Becauseattunly occupies a single timing slot,

it systematically undergoes allophonic raisingipljefore the nasal /m/ which it precedes.

(45)  [felému[] ‘we speak’

s

f I m S

] ]

cvcCcyvVv-CcyvVve
7 |
a

QN

(0]

When the past perfect is formed, both the Tense—Aspect—Naéik in (43) and the first
person plural suffix are added to the stem. Floating melatieshen associated from right to left.
However, as seen in (46), the floating theme vowel melodyda/ttvo empty V slots to which
it can associate, and so it associates to both of them. Adtinthis /a/ precedes a nasal, and so
would be expected to undergo allophonic raisingelpthe fact that it is dominated by two V slots

prevents this raising from taking place, as it does withisras

(46)  [felamuf] ‘we spoke’

—
—

s

f I m S
cvcCcyv-VvV-cCcyvVve

a a 0

As with the analysis of crasis discussed4h3, positing two V slots on the non-raised prenasal
/al in the past tense forms makes several testable pratictichich can be more closely investi-
gated in future research: if duration is correlated witlghgithen we should expect the [a] in the
past tense form in (46) to be measurably longer than thesgtds in (45), and furthermore that
the differences will become less distinct or possibly efiated eliminated at faster speech rates.

It should be noted as well that moving towards an analysigetie past perfect morpheme is

only a V slot to account for the first person plural forms hasimal consequences for the other

forms. According to Carvalho (2004:27), the Person—Nunmb@mphemes for the past perfect are
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among the suffixes in the language that have their own CVtsireicrather than consisting of only
floating melodies. They are also fusional, containing baglrs®n—Number and Tense—Aspect—
Mood information:

(47) Past perfect Person—Number as CV suffixes (Carvalhé:200adapted)

i “1st person singular’ + ‘perfect’
sjte  ‘2nd person singular’ + ‘perfect’
u ‘3rd person singular’ + ‘perfect’
ram ‘3rd person plural’ + ‘perfect’

Instead, the first person singular and third person singudat perfect suffixes would also
consist only of floating melodies, as their V slot is now pd®ad by the past perfect morpheme.
For example, with the past perfect first person singular pé¢&k’, the floating /i/ first associates
with the V slot of the past perfect, followed by the floating ttleeme associating with the extra
timing slot on the root. Together, these form a diphthagjg fvhere the /i/ glides to [j], and the

/al, despite being stressed, allophonically raises|tbdcause it precedes a palatal:

(48) [falej] 'l spoke’

Ve

f I

.

cvcCcyv-YVv
I
a "

(ORI

The second person singular and third person plural formmswioek similarly to the first person
plural; they have their own CV and melodic representatioimsthese forms, the theme vowel
melody associates to both the extra V slot on the root and tslef\of the past perfect morpheme,
as shown in (49). However, since the environments in whietstressed /a/ occurs (befofgdnd
[r] respectively) do not condition allophonic raising, teés no place in which an apparent surface

contrast arises due to the blocking of raising.
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(49) [felafti] 'you spoke’

—
—
s~

f I s t
cvcCcyv-VvVv-CCyV
a a e

We may ask at this point how the past perfect morpheme came tefdresented as merely a
V timing slot. The diachronic facts offer some additionatroboration for such an analysis. Di-
achronically we would expect additional length to have ioaged through compensatory length-
ening, i.e. through the loss of a syllable. This is precisefyat we find: as seen in (50), the first
and third person singular, and (crucially) the first perslumgh forms did indeed lose a syllable in
the transition from Latin to Modern Portugue'e.

(50) Diachrony of Portuguese past perfect suffixes (WilBaf62:193)
Classical Latin  Vulgar Latin Portuguese

-av -ai -€ei
-ast -asti -aste
-avit -aut -ou
-avimus amus -amogamu/]
-asfis -astes -astes
-arunt -arunt -arom> -aram

Once the extra V slots entered into speakers’ represensdoo some of the past perfect forms,
they could have been extended to the rest of the past terss,farhere the V was reanalyzed as
the past morpheme itself. Williams (1962) actually offersoanewhat similar but incompatible
explanation for the [a] appearing in the past tense form ird&o Portuguese. He says that the
non-raised [a] of the past tense form (in dialects which Hhigedistinction) was due to analogy
with the second person singular and the second and thirdmpgisral forms, which all have a

stressed [a].

"The present tense third person plural ending in Classicth Like the past tense form, contained a long vowel:
-amus which became Modern Portuguesenos[emu/] (Williams 1962:188). While adding length (which was at
some point lost as a surface distinction) to the picture noapicate an explanation based on compensatory length-
ening, it is clear that the present tense form lost merelyehgth distinction, while the past perfect form lost both
length and a full syllable, so we should expect that at sonm& po additional timing slot was present in the represen-
tations of the past perfect form that was not present in teegrt form.
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This is similar in that it involves some paradigm levelingit Incompatible with contrast as
| define it in this paper. Saying that one vowel can be usedogiallly in place of another
as a phonological distinction implies that there are, oeast were at some point, two separate
phonemes /a/ and/l However, there seems to be no evidence for this, and thedwods appear
to be in contrast with each other only in a limited set of formamely the first person plural forms
of the /a/ theme verbs.

| have shown in this case study of European Portuguese tabtspite this apparent contrast,
it is not necessary to have two different phonemes for tHergiht realizations of /a/. In contexts
in which /a/ is expected to be realized afljut surfaces instead as [a], there is a common factor:
the /a/ melody is associated with two V timing slots, and ¢hisrindependent evidence for the
existence of these timing slots. In the case of crasis, tloetitwing slots can be seen to come
together even in a gradient fashion, and are necessarigriynty in the forms as they would be
pronounced in isolation. With regards to the role of an eXtrislot in the past tense verb forms,
there are independent reasons to believe that timing shotsreelodies interact independently of
each other in Portuguese verbal morphophonology. FirtAkymultiple V slot analysis of /a/ non-
raising makes testable predictions about the duration/aflan realized as [a] as opposed &P [

in the same context, which can be investigated more cloadlytiire researck

5 Theoretical issues in consonant neutralization

In the preceding sections | have shown how positional nkzaiteon in phonological vowel reduc-
tion can be represented in a contrastive hierarchical sygteough the use of non-terminal nodes,
and | have addressed ways of analyzing apparent surfaceastsivhich do not involve neutral-

ization. The use of non-terminal nodes of the contrastieednchy to represent true neutralization

18This analysis also seems to make a prediction about theidaratt other vowels that appear with two V slots
in past perfect forms, such as in non-/a/ theme verbs. Whétkealuration actually varies along the same lines here
should be apparent under phonetic investigation. It doesige be the case, however, that the vowel /a/’s height is
affected more greatly by durational differences than otloerels, as seen in Table 1, and so this may be some special
property of the lower vowels within a given system. | leaweestigation of this to future research.
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is useful for a number of reasons, and makes a number of pid@about the ways that different
neutralizations can relate to each other, both phonoltigiaad phonetically. Because the non-
terminal node model of neutralization is intended to de#hwall phonological neutralizations, not
only vowel reduction, this section will address some thecaéadvantages and concerns arising

from the application of the model to consonantal contrasts.

5.1 Neutralization of multiple features

In some cases, a set of more than two terminal segments méagleiby more than one feature
depending on context. The non-terminal node model of nkzateon which | have laid out in
the preceding sections makes some predictions about the tivay multiple neutralizations can
coexist within the same system. Specifically, all segmetigshwneutralize for a particular feature
must also neutralize for all features ranked below it on ileednchy. | will illustrate this with data
from Bulgarian.

The vast majority of consonants in Bulgarian occur in péilegd/non-palatalized pairs (see
Table 1, where palatalization is indicated with a supepséron the consonant). Furthermore,
almost all of the obstruents contrast in voiced/voicelesissp However, there are a number of
contexts in which voicing and palatalization are neuteadiz

According to Scatton (1975.viii), palatalization is onlyrirastive before back vowels. It is not
contrastive word-finally, in clusters before obstruentgjitls, or nasals, or before front vowels.
He claims that the “hard” (non-palatalized) variants odowodas (before consonants and word-
finally), and that velars appear as hard before front vowé&lse “soft” (palatalized) variants of
liquids, nasals, and non-velar obstruents appear beforng fiowels. In other words, consonants
are only contrastive for palatalization before non-fromivels.

\oicing is not neutralized in quite as many positions; Soa(tl975:viii—x) states that voicing
is contrastive before all sonorants. Thus, unlike palza#ilbn, voicingis contrastive in coda posi-
tion before a sonorant consonant, and it is contrastiverbefth vowels, not just before non-front

vowels (like palatalization). At the end of a word, he claitimat obstruents occur in their voiceless
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labial alveodental alveopalatal palatal velar

- voiceless pp tt k k
, P voiced bb dd g 9
5
= voiceless  ff sd S X
= fricatives . . . >
2 voiced VvV z7 Z
(@]
) voiceless ck ¢
affricates . 3
voiced 3
m nasals m nn
= .
o lateral [P
(@] .
S liquids trill rr
(7]
glide ]

Table 1: Bulgarian consonant inventory (Scatton 1984:88pted).

variants. In clusters, voiced variants occur before vomestruents, and voiceless variants occur
before voiceless consonants.

Much as for vowel reduction, we cannot know the correspooeemetween stressed (non-
reduced) and unstressed (reduced) vowels without exaghforms of the same morpheme with
stress on different syllables. Likewise, finding the cqomesdences of consonantal neutralization
requires, for example, looking at different forms of wordsvhich consonants, often at morpheme
edges, occur in different contexts. For example, there@resconsonant-final noun stems ending
in palatalized consonants, such as /kdmorse’. In the singular, without a suffix, the underlying
palatalization is neutralized, and the stem appears t&béstion/ ‘moan’. However, when suffixed,

the contrast becomes apparent:

(51) Word-final neutralization of palatalization (Zec 20®20—241, adapted)

a. /konr/ — [kon] ‘horse’ /kori-at/ — [korot] ‘the horse’
b. /ston/— [ston] ‘moan’ /ston-at/~ [storot] ‘the moan’

Similarly, stems showing word-final neutralization of vioig can be seen, as in (52a), where
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the underlyingly voiced stem-final consonant surfaces aselaess word-finally but voiced inter-
vocalically, as opposed to (52b), where the underlyinglicetess stem-final consonant always
surfaces as voiceless.

(52) Word-final neutralization of voicing (Aronson 1968; 3lapted)

a. /noz/— [no§] ‘knife’ /noz-ove/— [noz-ove] ‘knives’
b. /svat/— [svat] ‘matchmaker’ /svatovel [svatove] ‘matchmakers’

When comparing the contrasts of voicing and palatalizati@ncan see in (53) that the contexts
in which voicing is neutralized are a subset of the contexishich palatalization is neutralized.
In other words, it is possible to neutralize palatalizatiathout neutralizing voicing, but it is not

possible to neutralize voicing without neutralizing palegation.

(53) Positional neutralization of palatalization and wagcin Bulgarian

Palatalization | Woicing
Word-finally Word-finally
In all clusters In clusters before obstruents

Before front vowel

We can therefore conclude that the terminal contrast isdtatplization, represented here with
the feature ffront], and that voicing is ranked over that, as in the tre€54). In contexts in
which palatalization is neutralized, rules change nodesi#5ato node 2, and change nodes 6 and
7 to node 3. This works in exactly the same way as it does foreVoaduction in contexts which
neutralize for height features. In contexts in which vaicis neutralized, and thus palatalization
is also obligatorily neutralized, nodes 4, 5, 6, and 7 areesltitten to node 1. Thus, in contexts

which neutralize voicing, obstruents are only contradiiveglace and manner.
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(54) Contrastive hierarchy for Bulgarian alveolar stops

(alveolar stop)
[+voice], [-voicek

[+front], [-front]s  [+front]s  [-front],
Id/ /d/ 1t/ It/

We saw in the preceding sections that non-terminal nodesh (as the Russian /a/—/o/ node
in §3.2) can have their own allophony, because they have stattembers of the inventory, just
like terminal nodes. Since phonetic realization is not gaastic for contrastive phonemic status,
when Scatton (1975) says that all consonants are realizedrapalatalized before front vowels,
this does not mean that they are contrastively [-front] @sthpositions, but merely that it is a non-
palatalized allophone of the non-terminal node abavidnt] that is realized. Indeed, allophony
for palatalization seems to be more fine grained than thiztt&@t (1984:64—-65) notes that “in these
environments they moderately assimilate to the tonal tjeslof the vowel: before /i/ they show
weak i-tonality, before /e/ weak e-tonality.” Furthermone the Eastern dialects of Bulgarian,
it is common for (palatalization contrast neutralized) smmants to actually be pronounced as
palatalized before /i/ and /e/, rather than non-palatdlizésing only terminal nodes, it would be
necessary to say that some dialects use different termatkdain positions of neutralization, but
within my model, it is instead the case that non-terminalasoivhich are not contrastive for the
relevant feature) simply have different degrees of pataelallophony, caused by varying degrees
to which the frontness of following vowels is allowed to shogarticulation on the consonant.

The same can be said for voicing. Voicing (along with paiasion) is neutralized in clus-
ters before obstruents, but is phonetically realized whth toicing of the following consonant.
Rather than changing its voicing feature phonologicallyhiat of the following segment, obstru-
ents in clusters are represented as the non-terminal nade #ie voicing contrast, which merely
has allophonically voiced and voiceless variants. In theeaa clusters which never undergo al-

ternations because they are not across morpheme boundheesegments which do not show a
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contrast may be represented underlyingly with the non4teahmode rather than having a specifi-
cation for voicing. This yields greater representatiortaremy by requiring the specification of
fewer features.

By using a non-terminal node approach to the neutralizatiofeatures, we are afforded a
principled and restrictive way of representing the neittagilon of multiple features. The system
here predicts that in cases of true phonological neuttadizaf two different features for some
set of terminal contrasts, the contexts in which the lowatuee in the hierarchy neutralizes will
be a superset of the contexts in which the higher featurealeagts. To take the tree in (54) for
example, the model presented here would not predict thasiiggocould neutralize palatalization

without neutralizing voicing.

5.2 Underlying non-terminal nodes: Three-way contrasts?

In the model that | have proposed in this paper, it is posstiese non-terminal nodes of the con-
trastive hierarchy underlyingly. So far, this possibiligs only been exploited to make underlying
representations more economical and less arbitrary; eso&bkere a language learner encounters a
segment in neutralized position, and there is no evidertteerdrom the same morpheme appear-
ing in a context in which the segment is not neutralized, @amfsome sort of phonological process,
a non-terminal node may be posited underlyingly. In this,veae of the possible terminal nodes
need not be chosen arbitrarily, only to be changed by ruleyesiagle time that the form is used.

| would now like to consider briefly whether it is possible ewnderlying non-terminal nodes in
order to reflect different kinds of phonological activity éther words, can a non-terminal node
and the two terminal nodes it dominates together provideesetivay phonological contrast?

Let us first consider what such a three-way situation migbk like. In a typical voicing sys-
tem, such as we saw above for Bulgarian, obstruents may leastive for a featurefvoice], each
having its own phonetic realization. In certain positiosisch as word-finally or in clusters before
other obstruents, this contrast may be neutralized, mgdhat its phonetic voicing is predictable

from context, and there can be no opposition between voinddvaiceless. If neutralization is
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analyzed as a change from a phoneme which is contrastiveicnyg to an archiphoneme (a non-
terminal node) which is not contrastive for voicing, thempbmes specified for both [+voice] and
[-voice] lose their contrastive specifications for voigingusing neutralization. Evidence for neu-
tralization, and thus the use of a non-terminal node, comoes the inability of a position to show
one or the other of the lower nodes. But let us consider theviiohg data from Turkish, given by
Inkelas (1996:3}°

(55) Types of voicing contrasts in Turkish (Inkelas 199&@apted)

a. Alternating root-final plosive:
kanat ‘wing’ kanadax  ‘wing-acc’
kanat-lar ‘wing-plI’ kanadsim ‘wing-1sg.poss’

b. Non-alternating voiceless plosive:
sanat ‘art’ sanatu ‘art-acc’
sanat-lar ‘art-pl’ sanatam  ‘art-1sg.poss’

c. Non-alternating voiced plosive:
etyd ‘study’ etyd-y ‘study-acc’
etyd-ler  ‘study-pl’ etyd-ym ‘study-1sg.poss’

Turkish shows a surface two-way distinction in voicing orstobent stops, but the distinction
is neutralized in coda position, as seen in (55a) and (53#)s The root ‘wing’ appears with a final
[d] when it serves as an onset, but as [t] when it is a coda. Ha ¢donsonant in the root ‘art’,
however, is always voiceless, whether it is in onset or camftipn. This sounds very much like
word-final voicing neutralization in Bulgarian, until exaias like that in (55c) are considered.
Due to a number of recent loanwords entering the languageg thre lexical items which have
non-alternatingroicedstops, which always appear as voiced, whether in coda ot poséion.
This means that only a subset of stops in Turkish have pasilippredictable voicing; the rest are
either always voiceless or always voiced. The questionas: $hould these three classes of stops
be represented?

If we were concerned only with those in (55b) and (55c), we lddhink that /t/ and /d/ were

191 have changed the transcription of the vowels somewhat frdmlas’s (1996) original, but this has no bearing
on the data discussed herein.
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fully specified for [-voice] and [+voice] respectively, aticit there was no neutralization at all. Itis
only the alternating stop in (55a), which | will refer to ad/hat appears to undergo neutralization
of its surface voicing. If the property of having predictboicing is represented by having no
contrastively specified voiced feature, then such thregspecifications are already predicted by
a model allowing the use of non-terminal nodes underlyinglyey can be derived from the tree
in (56):

(56) Woicing hierarchy for Turkish

(alveolar stop)

[+voice], [—voicek
/d/ It/

Here the terminal nodes 2 and 3 correspond to non-altegatiand /t/, while the non-terminal
node 1, not specified at all fotjvoice], is free to vary positionally without violating it®ntrastive
specifications or changing its phonemic identity, corresjiog to /D/. This captures what Inkelas
calls “archiphonemic underspecification”.

Such use of non-terminal nodes can also provide a reintetpe of mixed voicing systems as
analyzed by Avery (1996). Avery’s claim is that cross-limgiically, there are three different kinds

of voicing systems, cast in privative feature geometrimem (57).

(57) Representations of the voiceless-voiced oppositi@ry\(1996:126)
a. LVlanguages b. SVlanguages c. CV languages

p b p b p b
R R R R R R
Lar Lar SV Lar
[voice]

(57a) shows the representations used in laryngeal voitiiyjlanguages. Here both voiced

and voiceless obstruents have a laryngeal node, and thedveiember is marked with a privative

49



[voice] feature. The representations in (57b) are usednosmt voice (SV) languages, where the
voiceless member has only a bare root node, and the voicederesimarked with an empty SV
node. Finally, in contextual voice (CV) languages, showi(&nc), the voiceless member has a
bare laryngeal node, and it is theicedmember of the opposition which is unmarked, having only
a bare root node.

The main place that Avery looks for evidence for the différkimds of systems in (57) is
in the behaviour of voicing in codas. He assumes that vanmosesses are in play to bring
representations into conformity with the Laryngeal Coiodit(LC) in (58), a well-formedness

constraint which says that all codas must consist of onlyra lasyngeal node.

(58) Laryngeal Condition (LC) (Avery 1996:127)

The LC compels the application of processes delinking tbefj feature on the voiced mem-
bersin LV languages (57a), causing coda devoicing, andahgd laryngeal node (but not [voice]
feature) to the bare root node of the voiced member of CV laggs (57c). However, segments
with sonorant voicing are not affected by these processestalanother constraint which prohibits
an SV node and a laryngeal node to be present on the same degmen

(59) Lar-SV Constraint (Avery 1996:128)
*R

T

Lar SV

Avery analyzes the Turkish voiceless stops and alternatiiged stops, seen in (55a, b), as
fitting into a typical CV system as in (57c). Fricatives, hoee are assumed to fit into an SV
system, as in (57b), because voiced fricatives in Turkismalodevoice in coda position. The

non-alternating voiced stops, which do not devoice in cazkatjpn, and therefore pattern with the
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voiced fricatives, are said to have an SV node, rather thanyadeal node. In this way, Turkish

shows a mixed voicing system. Avery’s complete voicing #ptions for obstruents, then as are
in (60):

(60) \oicing specifications of Turkish obstruents (Aveny@69150)

a. Alternating b. Non-alternating C. Non-alternating
consonant voiced consonant voiceless consonant
(stops only) (stops and fricatives) (stops and fricatives)
R R R
SV Lar

If we attempt to convert such a three-way distinction intoattastive hierarchy, where each of

the three kinds of representations has its own terminal hede&an see that there are two possible

trees?0

(61) Possible hierarchies for the /t, d, D/ opposition witredy’s (1996) specifications

a. (coronal stop) b. (coronal stop)
[+Lar] [-Lar] [+SV] [-SV]
It/ /\ /d/ /\
[+SV] [-SV] [+Lar] [-Lar]
/d/ /DI It/ /DI

The problem with the representations in (61) is that thetiorahip between /t/ and /d/ cannot
be a minimal terminal opposition. Thus it cannot be analsgotthe relationship between /s/ and

[zl in (62), with which it is supposed to pattern:

(62) Contrastive hierarchy for Turkish fricatives with Ay& (1996) specifications
(coronal fricative)

[+SV] [-SV]
1zl /sl

201 have converted the privative presence/absence of Lar Wmb8es into binary features here.
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If we allow non-terminal nodes in underlying representadito be used contrastively, however,
then the relationships between /s/ and /z/ is exactly anai®tp that between /t/ and /d/. /D/ is not
an additional terminal node disrupting these relationstbpt rather a non-terminal node predicted
to have exactly the kinds of specifications that Avery woelgluire it to have, as seen in (63). The
difference between the /s, z/ and /t, d/ opposition in Turkiken, is not whether or not one allows
a mixed voicing system, but rather whether or not one alldwescontrastive use of non-terminal
nodes.

(63) Hierarchies for analogous stop and fricative voicipstems

a. ID/ b.  (coronal fricative)
[+voice]  [-voice] [+voice]  [-voice]
/d/ It/ Iz/ Is/

Using the representations in (63a) underlyingly to refleetwoicing behaviour found in Turk-
ish, no neutralization process is actually necessary abatl merely an allophonic rule which
predictably changes the surface voicing of the non-terhmiode /D/. Before non-alternating /d/
was introduced into the system, however, there would onl teeen a two-way underlying con-
trast, between /t/ and /d/. In contexts of neutralizatiathkof the terminal nodes /t/ and /d/ would
be changed by a phonological process to /D/. The additioroofaiternating /d/ to the system
changed not the kinds of representations that could bepirgisd, but rather the way in which
underlying representations are handled. Instead of reitiga phonological /t/—/d/ positionally,
the positions in which there are surface alternations wesaalyzed to contain the underlying al-
lophonically voiced segment, rather than acquiring a nemiteal node. It was not the contrastive
structure and available feature combinations of the irmgrthat changed, but rather the rules that
can act upon it to cause neutralization of underlying cats$ra

Cases such as this, involving apparent use of non-termodgsto represent three-way dis-
tinctions in phonological activity with underlying repesgations, need to be investigated further

in future research. Non-terminal nodes may prove usefulrimoge general theory of underspec-
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ification, because they provide a more restricted and nbitrary set of possible underspecified
segments; with such a system, it is not possible to undeifgdec any feature which is active in
a given language, but rather only for features directly d@ting the nodes which are contrastive
in a given position, as determined by the contrastive hiésafor the language. This restriction
would not be afforded if new underspecified terminal nodegdbe arbitrarily incorporated into

the hierarchy.

6 Conclusion

In this paper, | have argued for a contrastive hierarchica@hof positional neutralization in which
non-terminal nodes of contrastive trees are availabledggtionology as interpretable phonemes
for the representation of segments in neutralized postidrhis approach is held to be superior
both conceptually and empirically to a literal subset apphp in which neutralized segments are
represented by a subset of the possible terminal contraske danguage, and identified based
on their phonetic realization. The conceptual advantagiesiscorrespondences between the full
and reduced set of phonemes follows from a restriction ofrests by disallowing any contrastive
values of a given feature, compelling the use of a non-testhmnde, rather than requiring some
specification of a particular contrastive feature in a posiin which that feature is not in opposi-
tion with anything. The empirical advantage follows ditgdtom the representations used in the
non-terminal node approach, in that the phonetic reatimatof neutralized segments are predicted
by implementing the feature specifications of the relevantterminal nodes rather than terminal
ones.

This model allows a terminal and non-terminal node to hanelar or identical phonetic re-
alizations, because the diagnostic for using a non-tedimiode is a positional inability to realize
a contrast, not phonetic realization in that position. Aatlary of this is that a single node can
have positional allophones that sound very different, authaltering the number of contrasts in

any position. The realizations of these allophones can terdeed by independently motivated
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phonological conditions, which can give rise to apparemtase contrasts, as | illustrated §4
with a case study of European Portuguese. The analysis lagp@dethere makes several testable
predictions, which will be the focus of future research. tker work on positional neutralization
will investigate several issues. The analysis | gave of Bu#n vowel reduction i3.1 captures
the implicational hierarchy of neutralizing vowel pairsskd on apparent markedness of feature
values. By applying this model to more such implication&rarchies with markedness in mind,
it will be possible to determine if this result holds or wagaibed merely by coincidence. A more
intriguing and potentially drastic matter to consider ie gossibility of using non-terminal nodes

to represent underlying three-way contrasts, as discusséd?.
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