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Roberto Petrosino, Pietro C. Cerrone, Harry van der Hulst

Preface

This volume is dedicated to Andrea Calabrese, Professor of Linguistics at the University of Connecticut, on the occasion of his sixtieth birthday, in recognition of his inspirational and foundational contributions to the understanding of languages, from sounds to structures.

The subtitle of the volume, Beyond the Veil of Maya, is inspired by Andrea’s approach to investigating languages, and, more generally, discovering the world. The term ‘Maya’, in Indian traditions, refers to our sensory perception of the world and, as such, to a superficial reality that we must look beyond to find the inner essence of things. Similarly, when studying languages we perceive sounds – Maya – and then we strive to discover, or to un-veil the structures – what lies beyond the veil – in what we call phonology, morphology and syntax and their interfaces. This domain-general approach to investigation permeates Andrea’s entire work, which deals with a highly broad range of linguistic issues, as he likes to say – a term that we have adopted for the title of the four parts of this volume.

The first part, Issues in Phonology, focuses on phonological theory and its connections to phonetics. Since his MIT dissertation in 1988, Andrea has pursued a consistent path in developing a general theory of phonology in which phonological activity (i.e., processes, rules) may be causally triggered by universal constraints. The resulting model, called the constraint-and-repair (CR) model, in which phonological processes are brought about either by positive instructions (rules), or as repair operations acting on language-specific, illicit configurations (constraints, or filters; for a review, Calabrese 2009). Andrea was one of the first, and remains the current major architects of this approach. Today, after more than 30 years since its beginnings (among others, Calabrese 1988, 1992, 1995), his framework is the foundational model for complex phonological processing, including Andrea’s own important contributions to the understanding of phenomena like metaphony and palatalization across languages (in Romance in particular; see Calabrese 2005).

The contributions by Stefano Canalis, Harry van der Hulst and Elizabeth Pyatt follow this path. In his chapter “The status of Italian glides in the syllable”, Canalis describes the distribution of Italian glides and their interaction with various phonological processes and phonologically conditioned allomorphy, and argues that the available evidence points to an analysis of them as phonologically vocalic elements. In “Metaphony with unary elements”, Harry van der Hulst analyzes several cases of metaphony, using unary elements. His main goal is not to show that unary features deliver superior accounts (as compared to binary feature systems), but to ask if we use unary elements, which set of such features is required and how metaphony is best formally represented given that choice of features. Elizabeth Pyatt, “Many sons of Aodh: Tracing multiple phonological outcomes of the Scottish and Irish clan name MacAoidh/O’hAodha”, describes the multiple phonological outcomes for a Middle Irish clan name Mac A’ed, which can be accounted for as possible repair outcomes as predicted in Calabreses framework.

Phonetics, and its relation with phonology in sound perception and recognition are also among Andrea’s interests. Hemanga Dutta & Michael Kenstowicz, “The phonology and phonetics of laryngeal stop contrasts in Assamese”, investigate the expression of the voicing and aspiration contrasts in the stop systems of Hindi, Bengali, and Assamese, with a special focus on the latter. Mirko Grimaldi’s “The phonetics-phonology relationship in the neurobiology of language” hints at Andrea’s interests in the neurophysiological correlates of phonology and phonetics. The chapter tries to lay the groundwork for explaining sound discretization and phonological abstraction in the light of recent neurophysiological data, and proposes that it results from a continuous process that converts spectro-temporal (acoustic) states into neurophysiological states.

The remaining parts of the volume reflect the importance that Andrea’s work has also enjoyed outside phonology. The second part, Issues in Morpho-Phonology, examines the hotly debated topic of morpho-phonological alternations, to which Andrea has contributed at length in the last few decades.

Jonathan Bobaljik, “Disharmony and decay: Itelmen vowel harmony in the 20th century”, traces the development, over the course of the 20th century, of the dominant-recessive vowel harmony pattern of Chukotko-Kamchatkan languages. By way of a quantitative comparison of two historical stages of Itelmen, he reveals that the harmony process, though never exceptionless, qualified in 1910 as a learnable, productive rule, but failed to qualify as such in 1994. A massive influx of disharmonic Russian loans over the same period is offered by the author as a plausible factor that rendered the harmony rule unlearnable.

David Embick and Kobey Shwayder, “Deriving morphophonological (mis)applications”, deal with exceptionality in morpho-phonology. Morpho-phonological alternations may be defined either phonologically or morphologically, depending on the locality conditions under which the alternations occur. The article examines the problem of German Umlaut, which cannot be defined in these terms because of its “hybrid” nature from the perspective of trigger/target interactions.

Irina Monich, “Distribution of falling tones in Mabaan”, accounts for the distribution of falling tones in Mabaan as being realized in specific morphophonological environments, and discusses the role of affix attrition in the development of this pattern.

J. Joseph Perry & Bert Vaux, “Vedic Sanskrit accentuation and readjustment rules”, and Roberto Petrosino “Allomorphy of Italian determiners at the morphology-phonology interface”, argue for the necessity of readjustment, i.e. morphologically-conditioned processes which alter phonological properties of some exponent. While recent work has questioned whether readjustment or analogous mechanisms are necessary or desirable, Perry & Vaux and Petrosino show that allomorphic alternations from Vedic Sanskrit and Italian, cannot be dealt with using alternative mechanisms. Specifically, the authors show that interactions between accentuation, syllabification and ablaut for Vedic, and between morphological (i.e., phi-features) and phonological information (i.e., syllabic structure) in Italian cannot be accounted for by using a combination of suppletive allomorphy and “regular” phonology; rather, at least some purely phonological processes must be interleaved together with morphophonological processes implemented by readjustment.

The significance of Andrea’s treatment of constraints, and his enduring interest for Romance linguistics, have also percolated into morpho-syntax, as the third part of this volume, Issues in the Morpho-Syntax, shows. In his chapter, “Subject and impersonal clitics in northern Italian dialects”, Diego Pescarini focuses on the interaction between the impersonal si/se and subject clitics in northern Italian dialects. In western dialects, si co-occurs with a non-agreeing clitic form (while it cannot co-occur with object clitics in the so-called passive-si construction); in Venetian dialects, the co-occurrence of se and subject clitics is degraded/ungrammatical, while in Friulian the combination is acceptable, but the subject clitic is dropped. The author argues that the peculiar behavior of northern Italian dialects results from the multiple agree relation holding between T, siarb, and the argument of passive-like constructions, coupled with language-specific constraints on the realization of T’s features.

Similarly, Andrew Nevins and Susi Wurmbrand adopt Andrea’s constraints in their contributions. In “Copying and resolution in South Slavic and South Bantu conjunct agreement”, Nevins deals with a case of Cross-modular Structural Parallelism, a hypothesis about the reuse of operations such as featural agreement, featural deletion, and feature co-occurrence constraints across domains of morphosyntactic and phonological features (Calabrese 1998). Wurmbrand’s “Markedness as a condition on feature sharing” analyzes the availability of fake indexicals (bound first and second person pronouns) in English, Dutch, German and Icelandic and their correlation with the richness of agreement displayed by the head DPs and relative pronouns, arguing for a markedness account (using ideas from Calabrese 2011).

In “Diachronic and synchronic aspects in the expression of temporal distance in the past: A process of grammaticalization in Italian compared with other Romance languages and English”, Paola Benincà, Mariachiara Berizzi and Laura Vanelli compare expressions used to localize an event in the past in Modern Italian (namely, fa and prima) with Old Italian, Spanish, other Romance varieties and English, and propose a cartographic account.

M. Rita Manzini & Leonardo M. Savoia, “N-inflections and their interpretation: Neuter -o and plural -a in Italian varieties”, propose a syntactic analysis of the so-called neuter inflection -o and -a in Central and South varieties of Italian.

Finally, the fourth part of the volume, Issues in Syntax, reflects how noteworthy Andrea’s work has been in syntactic research too. As a young researcher, Andrea contributed to the analysis of sentential complementation, and of the interaction between the information structure and phonological structure in standard and non-standard Italian (especially in Salentino) – an ‘issue’ that has paved the way to the current framework of cartography, represented by the first four chapters of this volume. Adriana Belletti, “On a-marking of object topics in the Italian left periphery”, analyzes the main distributional and interpretive properties of Italian a-marked topics, which overall behave like non-a-marked topics as far as their distribution and their interpretive possibilities are concerned but involve some supplementary feature, such as e.g. affectedness or involvement.

Giuliano Bocci & Silvio Crushina, “Postverbal subjects and nuclear pitch accent in Italian wh-questions”, discuss two properties that characterize wh-question in Italian and that were first described and analyzed in Calabrese (1982): subject inversion and the assignment of the nuclear pitch accent (NPA). Both properties are the reflexes of the derivational history of the wh-movement, and, as experimental data show, the result of a direct interaction between the syntactic and the phonological component.

Guglielmo Cinque, “On the Merge position of additive and associative plurals”, addresses a particular aspect of the syntax of additive and associative plurals, namely their Merge position within the extended projection of the NP. Crosslinguistic analysis suggests that while the additive plural is merged below DP, the associative plural is merged above DP (and below Case).

Finally, Luigi Rizzi, “Subjects, topics and the interpretation of pro”, addresses the interpretive properties of null pronominal subjects, and the related issue of the similarities and differences between subjects and topics. The paper argues for a “subject criterion” associated with a particular structural position in the clausal spine, and involving both formal and interpretive properties. The criterial approach leads to discussing similarities and differences between subjects and topics with respect to anaphora resolution, conditions for appropriate use, and other formal and interpretive properties.

The broad variety of contributions in this volume strongly testifies to the diversity of Andrea’s influence. We are thankful to all the contributors to this volume for joining us in acknowledging the significance of Andrea’s work across many areas of linguistics, for (mostly) sticking to the tight deadlines, for reviewing each other’s papers, and for being extremely supportive of the whole project since the beginning. We are equally grateful to the scholars who devoted their expertise and valuable time in reviewing all contributions anonymously, thus making this volume stronger in its argumentations and contents. Finally, we thank Morris Halle for his encouragement in the preparation of this volume. As Andrea’s mentor and friend, he wished to express his deep affection for him, noting: “Andrea has always been interested in problems which are a little bit different from the problems that other people are interested in. That’s part of the reason why I always found him good company to talk to. He’s always been more like a friend than a student of mine”. We are all looking forward, as his students, colleagues and friends, to learning more from Andrea’s experience and guidance in the years to come.

We express our gratitude to the editors of the SGG series and, in particular to Lara Wysong at De Gruyter Mouton, for their assistance, without whom this volume would not have been possible.
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Part I: Issues in Phonology




Stefano Canalis

The status of Italian glides in the syllable

1 Introduction

Italian glides pose several phonological problems, which are mainly due to the fact that they seem to exhibit properties of both vowels and consonants. While their phonetic nature is fairly well understood and consistent with findings from other languages, their phonological status is a matter of controversy, enough to remind of Larry Hyman’s statement that ‘‘[p]erhaps the most problematic segment type for all theories of phonology is the class of glides’’ (Hyman 1985: 77).

This paper aims to address the nature of their role within the syllable. In section 2 I will briefly discuss their relationship with diphthongs and hiatuses. In section 3 I will succinctly describe the phonetics and distribution of Italian glides. In section 4 some general information about their phonology will be provided, and in section 5 I will discuss falling diphthongs. In section 6 I will present some of the previous proposals about the syllabic role of Italian on-glides, as well as my own hypothesis. While previous analyses have argued that Italian glides are basically consonantal (on-glides belonging to the onset, and off-glides belonging to the coda), I will try to show that they are essentially vocalic in nature. On-glides are always syllabified within the nucleus, and form a single complex vocalic segment with the following root node (with the exception of the glide [w] after velar stops, which forms a complex consonantal segment with the latter). I will also argue that off-glides too are part of the nucleus, but as an independent segment of the diphthong they belong to. In order to prove these claims, I will present evidence from assimilatory processes, article allomorph selection, phonotactic distribution, and vowel duration.


2 Diphthongs and hiatuses

Before discussing glides in detail it may be useful to briefly examine their complex relationship with hiatuses. Glides typically occur next to a vowel, the two forming a diphthong – traditionally, diphthongs are defined as combinations of a vowel and a preceding or following glide (called ‘on-glide’ and ‘off-glide’ respectively) within the same syllable.1 When dealing with vocoid sequences, the question often arises whether they are diphthongs or hiatuses, the latter being defined as sequences of two syllabic nuclei. In fact, as simple and straightforward as they may be in theory, these definitions sometimes run into practical difficulties. Practically distinguishing Italian hiatuses from diphthongs may prove to be a tall order (see Marotta 1987 for a detailed discussion), mainly because the phonetic difference between the two categories is basically a continuum (Salza, Marotta, and Ricca 1987). Furthermore, underlying hiatuses may be realized as diphthongs (this possibility also occasionally extends to hiatuses with initial mid vowels, as (1b) shows).


	(1)
	a.
	b[i]ologia ‘biology’ in slow speech → b[j]ologia in fast speech



	
	b.
	parto cesar[e]o ‘Cesarean section’ → parto cesar[j]o (non-standard)




It has to be added, however, that in Italian the change is unidirectional; hiatuses may optionally become diphthongs, but underlying diphthongs never become hiatuses. A realization as in (2) would only be possible at an unnatural, artificially slow speech rate.



	(2)
	a.
	p[j]ede ‘foot’ → ?* p[i]ede




Vowel/glide alternations seem to be affected by various factors (Marotta 1987: 871–877). One of them is lexical stress, as hiatuses tend to be preserved if one their vowels is stressed (a typologically common pattern – see e.g. Casali 1997); for instance, b[j]ologìa is more likely than b[j]òlogo ‘biologist’, ubr[i]àco ‘drunkard’ is more likely than ubr[i]acàrsi ‘to get drunk’. Another factor is sociolinguistic variation; in fast, allegro speech and informal contexts the diphthongization of hiatuses is more common. Finally, morphological boundaries also play a role, as the diphthongization of a hiatus is blocked (or at least is much less likely, even in fast speech) if a morphological boundary occurs between the two vowels: appendiabiti / apˈpɛndi#ˈabiti/ [apˈpɛndiˈaːbiti] ‘coat hanger’, riarmare /ri+arˈmare/ [riarˈmaːre] ‘rearm’, antiacari /ˈanti+ˈakari/ [ˈantiˈaːkari] ‘antiacarian’. There is also some geographical variation; for example, the standard Italian pronunciation of viaggio ‘journey’ is v[i]aggio, but in northern Italy v[j]aggio is very common.

In Italian, the difference between falling diphthongs and hiatuses is even more elusive than between hiatuses and rising diphthongs, as phonetically there is little difference between an unstressed vowel and the gliding part of a falling diphthong (see the phonetic data discussed in the next section). Especially word-finally, it is difficult to establish conclusively which phonological category high vocoids belong to.


3 Phonetics and distribution of Italian glides

Diphthongs (together with the closely related category of hiatuses) form a significant portion of the phonological material of Italian lexicon. According to Marotta (1987: 848), about 30% of Italian words have at least a diphthong or a hiatus. She also observes that her count probably underestimates diphthongs and hiatuses, since it is based on the entries of a dictionary; this implies that only citation forms were counted, but inflection – especially verbal – fairly often creates diphthongs and hiatuses in Italian.

Five phonetic glides are differentiated in the literature:


	the palatal on-glide [j]

	the labio-velar glide [w]

	the labio-palatal on-glide [ɥ]2

	the palatal off-glide [i̯]

	the labio-velar off-glide [u̯]



In general, Italian glides have a shorter duration when compared to high vowels.3 Salza, Marotta, and Ricca (1987) found that /i, u/, even when unstressed, all else equal are longer than both on- and off-glides. Glides (especially on-glides) also seem to be more centralized than vowels; F2 was found to be lower in front glides than in /i/, and to be higher in labiovelar glides than in /u/ – which implies a more centralized realization that nuclear /i/ and /u/. Glides are also more constricted than high vowels, and their formant patterns are much less stable.

Within glides, off-glides display a more vocoid-like nature than on-glides. Salza, Marotta, and Ricca (1987), and Salza (1988) found that Italian off-glides are longer than on-glides; in fact, phonetically they basically are non-nuclear vocalic articulations (Mioni 2001: 176). Marotta (2010) reports a mean duration of 50 ms for on-glides and 80 ms for off-glides, compared with 120 ms for stressed vowels. Therefore, although some authors ignore the phonetic difference between Italian on-glides and off-glides in their phonetic transcriptions and use the IPA symbols [j] and [w] for both, in this paper these symbols are restricted to on-glides.

As for the distribution of Italian glides, most glide-vowel and vowel-glide combinations are phonologically licit, but there are some co-occurrence constraints (see Marotta 1987, 1988, 2010; Mioni 1993; Bertinetto and Loporcaro 2005; Krämer 2009). Among rising diphthongs, high clusters *[ji], *[wu] are impossible. Every other combination is attested: [ja], [jɛ], [je], [jɔ], [jo], [ju], [wa], [wɛ], [we], [wi], [wɔ], [wo]. The illicitness of *[ji] is not only inferable from the static distribution of on-glides, but is also confirmed by a cluster simplification process occurring when a root-final front glide is followed by an inflectional /i/; the resulting cluster *[ji] is reduced to [i], while inflectional [o], [a] and [e] do not cause the deletion of the preceding glide.



	(3)
	a. ampio ‘wide-M.SG’
	/ˈampj + o/ → [ˈampjo]



	
	b. ampia ‘wide-F.SG’
	/ˈampj + a/ → [ˈampja]



	
	c. ampie ‘wide-F.PL’
	/ˈampj + e/ → [ˈampje]



	
	d. ampii ‘wide-M.PL’
	/ˈampj + i/ → [ˈampi], *[ˈampji]



	
	e. cambio ‘I change’
	/ˈkambj + o/ → [ˈkambjo]



	
	f. cambia ‘s/he changes’
	/ˈkambj + a/ → [ˈkambja]



	
	g. cambi ‘you change’
	/ˈkambj + i/ → [ˈkambi], *[ˈkambji]




Falling diphthongs have more restrictions on their internal structure. They share with rising diphthongs the constraint against same-height clusters (*[ii̯], *[uu̯]), but also have two other constraints of their own. A back vowel cannot be followed by [u̯] (that is, *[ɔu̯] and *[ou̯] are impossible – a third option, *[uu̯], is ruled out both by this and the preceding constraint), and /i/ cannot be the first element of a falling diphthong (that is, *[iu̯] and *[ii̯] are impossible (*[ii̯] being also ruled out by the constraint against homorganic diphthongs). The allowed combinations therefore are [ai̯], [ɛi̯], [ei̯], [ɔi̯], [oi̯], [ui̯], [au̯], [ɛu̯], [eu̯]. However, it is not obvious whether the last two constraints are synchronically active or rather are mere lexical gaps resulting from accidental diachronic patterns. In fact, in a small number of words (acronyms, loanwords, foreign proper names) such diphthongs are attested; for example the surname (Fernando) Couto – a Portuguese former footballer who played in Italy for years – was usually pronounced as [ˈkɔu̯to] by Italian journalists and supporters. Additionally, falling diphthong cannot be followed by a tautosyllabic consonant:

[image: ]

This restriction seems to follow from a more general constraint; in Italian, codas can only consist of a single consonant, be it a sonorant or the first half of a geminate.4

[image: ]

It has to be added that if the diphthong is in the word-final syllable a following consonant, usually /s/, is possible (e.g. mouse [ˈmau̯s] ‘mouse (pointing device)’, mais [ˈmai̯s] ‘corn’). However, probably this is not a real counterexample to the generalization stated above that falling diphthong cannot be followed by a tautosyllabic consonant. First, as mentioned in section 2 above it is difficult to ascertain whether word-final vocalic sequences are diphthongs or hiatuses – and if mouse, mais and so on have a hiatus they do not constitute a counterexample. Second, Italian allows more consonants word-finally than word-internally; whereas word-internally only one coda consonant at most is permitted, word-finally up to two are possible (sport, volt, (go) kart, and so on – all these examples entered the Italian lexicon as loanwords, but nowadays they belong to the everyday vocabulary). Therefore, falling diphthongs are also in this case parallel to rhymes made of a simple vowel plus a coda consonant; in both cases no further coda consonants are possible word-internally, and one further consonant is possible word-finally (this may indicate that word-final consonants are extra-syllabic in Italian, but we will not explore this issue any further here). The only seeming exception to this generalization thus are the clusters /sC(C)/, which may follow a falling diphthong (6).

[image: ]

These clusters are usually considered heterosyllabic, with /s/ being in coda position (e.g. pas.ta ‘pasta’, mos.tro ‘monster’). However, the syllabification of Italian /sC(C)/ clusters is a controversial issue (see e.g. Bertinetto 1999); therefore, a syllabification Fau.sto, Au.stra.lia and so on cannot be excluded a priori (actually, /sC(C)/ clusters are licit word-initially). Furthermore, apparently /sC(C)/ clusters are possible after a diphthong only if the latter is [au̯], which makes this exception, if it exists at all, very circumscribed.5

Finally, triphthongs, although infrequent in the lexicon, are also attested (Marotta 1987: 880–881; Marotta 2011). They mostly fall into two groups: [ɥjV] clusters after a velar stop (e.g. reliquia [reˈliːkɥja], quieto [ˈkɥjɛːto]), and clusters on-glide+vowel+off-glide (e.g. miei [ˈmjɛi̯] ‘my-M-PL’, suoi [ˈswɔi̯] ‘his/her-M-PL’).


4 Some preliminary remarks about the phonological status of Italian glides

A recurring question about Italian glides is whether they are two independent phonemes /j, w/ or rather non-syllabic allophones of /i/ and /u/. This has been a controversial issue in the phonology of Italian (among others, see Castellani 1956; Lepschy 1964; Romeo 1968; Tekavčić 1972; Mioni 1993; Krämer 2009), and Romance languages more generally (see for example Hualde 2004 for Spanish). The debate usually revolves about alleged ‘minimal pairs’ (or lack thereof) between high vowels and glides. Sometimes examples as in (7) are presented as minimal pairs which would justify the assumption of a lexical contrast between glides and high vowels.

[image: ]

[image: ]

However, there are several observations to be made about these data. First, several of the items having a hiatus (e.g. piano ‘of Pius’, lacuale) are low frequency words, in some cases altogether missing from the lexicon of many speakers – at least the less educated. Second, as discussed in section 2 above many supposed hiatuses are actually often pronounced with a glide, especially in fast, informal speech – which again makes the supposed minimal pair highly dubious.

Most importantly, the morphological blocking effect described in section 2 is also relevant here. In all the words in the right column of (7) (where a vowel instead of a glide is present) /i, u/ are followed by a morphological boundary, which as seen above blocks diphthongization. The data in (7) are reproduced as (8) with morphological boundaries added.

[image: ]

Clearly, morphological boundaries block gliding. Therefore, it is difficult to consider the word pairs in (7) as real minimal pairs; all the hiatuses there cross a morphological boundary, whereas the diphthongs in the left columns never do (as noted among others by Marotta 1988 and Mioni 1993).

Nevertheless, this does not imply that the appearance of a glide or of a vowel is always predictable from morphological boundaries; hiatuses can be present even within the same morpheme, which means that some (if few, and mostly restricted to stressed syllables) near-minimal pairs exist:

[image: ]

However, hiatuses with a [+high] vowel are present in a low number of lexical items, and as seen above in fast speech they may become diphthongs – all facts that, to a smaller or larger degree, make it problematic to interpret them as independent phonemes.6

Ultimately, their analysis depends on the definitions of contrast, minimal pair and syllable adopted. Against the claim that a phonological contrast between glides and high vowels exists in Italian, it might be countered that even word pairs like miasma/chiasmo, duello/quello are not true (near-)minimal pairs, as we are comparing three-syllable words with two-syllable words. A possible solution may be to assume that syllable structure is already present – partially or completely – in underlying representations (see e.g. Golston and van der Hulst 1999; Vaux 2003; Calabrese 2005: 71, 150). A possible implementation of this idea consists in specifying syllable nuclei underlyingly, the difference between e.g. miasma and chiasmo therefore depending on the presence of three syllable nuclei in /miNaNsmaN/ vs. only two in /kiaNsmoN/ (underlying nuclei are indicated by the subscript N after the nuclear vowel).

In what follows I will adopt this position, and I will therefore assume that Italian glides are allophones of /i, u/; /i/ and /u/ may be the only element in the nucleus (being phonetically realized as [i, u]) or share it with another vowel (being phonetically realized as [j, w] before it, and as [i̯, u̯] after it). However, this assumption about the allophonic nature of glides is not crucial for the following discussion.


5 The role of off-glides within the syllable

As mentioned in section 3 above, Italian off-glides are phonetically closer to vowels that on-glides. However, they seem to function phonologically as consonants; codas can only consist of a single consonant (either a sonorant or the first half of a geminate), and likewise off-glides can never be followed by a tautosyllabic consonant.

In fact, at least three different syllabic representations of off-glides (and hence of falling diphthongs) are conceivable: off-glides as coda consonants (10a), as members of a complex vocalic segment (10b), and as independent vowels within the nucleus (10c). In this section I will argue for the latter representation.
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Another argument for (10a) is phonetic. Off-glides have a longer duration than on-glides (Salza, Marotta, and Ricca 1987; Salza 1988), and their duration following stressed vowels is not significantly different from that of off-glides following unstressed vowels. They therefore seem to behave as autonomous segments rather than as parts of a complex vocalic element with the preceding vowel. Marotta’s (1988) and van der Veer’s (2006) arguments convincingly rule out (10b); if falling diphthongs were complex segments, both their durational properties and the impossibility of a following tautosyllabic consonant (including the failure to trigger Raddoppiamento) would be unexpected.

However, their arguments are consistent not only with (10a), but also with (10c). The duration of off-glides seems to show that they are autonomous segments rather than parts of a complex vowel (as both (10a) and (10c) assume), but says nothing about the syllabic role of off-glides as either vowels or consonants. As for the fact that off-glides can never be followed by a tautosyllabic consonant, it can alternatively be seen as a restriction on rhyme – rather than coda – complexity; it could be restated as ‘in Italian a rhyme cannot have more than two phonemes’ (that is, it can be V, VC or VV, but not VCC or VVC). It is thus necessary to resort to other evidence in order to decide between the two competing analyses.

A testing ground is provided by intervocalic /s/ voicing in northern Italian (L. Vanelli, p.c.). Standard Italian contrasts intervocalic /s/ and /z/ (although the contrast is neutralized in any other position). However, most Italian speakers do not have this contrast; for example, in northern Italian only [z] occurs intervocalically (12),7 whereas (as in Standard Italian) after a consonant only [s] occurs (13).
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Interestingly, in northern Italian the realization of /s/ between a falling diphthong and a vowel is the same as between two vowels (and rising diphthongs – see (12d)); [z] is always found (14), whereas [s] would be expected if it were a post-consonantal environment.8 This is strongly suggests that Italian falling diphthongs are phonologically VV rather than VC, which is evidence in favour of the representation (10c). At the same time it is at odds with the assumption in (10a) that off-glides occupy the coda, and hence are consonantal.
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6 The role of on-glides within the syllable

The representation of on-glides is debated too. At least three analyses (plus various combinations of them) exist, depending on which syllabic constituent (onset or nucleus) the on-glide is assumed to belong to, and whether it is seen as an independent segment or as a part of a complex segment.

One possibility (15) is that on-glides are not independent segments, but secondary articulations of consonants (and thus are part of the onset). An alternative (16) is that they are part of the onset as independent segments (Marotta 1987: 867). Other proposals claim that on-glides are part of the nucleus, either (17) as one of two separate segments (the other of course being the following vowel), or (18) as the first element of a single complex vocalic segment (which is the hypothesis advocated in this paper). Finally, combinations of these proposals exist. For example, Marotta (1988) holds that the glide [j] belongs to the onset, but [w] either belongs to the nucleus or is the secondary articulation of labio-velar stops; van der Veer (2006: 80) adopts a representation akin to (18) for unstressed vowels, but akin to (17) for stressed ones.


(15)
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(16)
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(17)
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(18)
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6.1 On-glides in the onset?

I will argue that (18) is the most convincing solution, but before discussing it in sections 6.2.1 to 6.2.7 I will first critically examine the hypotheses that on-glides belong to the onset - i.e, (15) and (16) in sections 6.1.1 to 6.1.5.

6.1.1 On-glides as secondary articulations?

The hypothesis that on-glides are secondary articulations of onset consonants is probably the easiest to disprove. While it is a reasonable assumption for much older synchronic stages of Italian, or even Proto-Romance (the early gemination of consonants before front glides – e.g. SEPIA > seppia ‘cuttlefish’ – suggests that [j] lost its segmental status and the previous consonant was thus compensatorily lengthened, Calabrese 2005: 319–339), its validity for modern Italian is debatable; the most compelling argument against it is the possibility of word-initial glides (ieri, uomo, and so on), which cannot be secondary articulations of a non-existent consonant (Marotta 1987: 868–869).


6.1.2 Differences between [j] and [w]

The main motivation for Marotta’s (1988) idea that [j] and [w] have differing syllabic affiliations lies in their asymmetric distribution. The front glide may be preceded by any consonant ([pj], [tj], [kj], [mj], and so on) and followed by any vowel save /i/ ([ja], [jɛ], [je], [jɔ], [jo], [ju]). On the other hand, if a consonant other than [k] or [g] precedes [w], only [ɔ] may follow. However, when [k] or [g] precede [w] any vowel (save /u/, see section 3 above) may follow. The fact that [w] is intimately related to [ɔ] but has no co-occurrence restrictions with the preceding consonant (unless the consonant is a velar stop) indicates that [wɔ] is a unit, while [Cw] is not; therefore, [w] has to belong to the syllable nucleus. Furthermore, word-initial [wɔ] (19a) selects the same definite article allomorph as word-initial vowels (19b), namely l’ [l], whereas word-initial consonants select il (19c).
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The opposite holds for [w] after velar stops; since [w] combines freely with any vowel if and only if it is preceded by [k] or [g], this suggests the stops and the glide form complex segments – i.e., labio-velar stops /kw/ and /gw/. Indeed, distribution is not the only argument to support this analysis of [kw] and [gw]. Another is provided by the so-called gorgia toscana of Tuscan Italian,9 a lenition process that targets intervocalic /k/ (as well as the other intervocalic voiceless stops /p/ and /t/). When gorgia applies, the most common realization of intervocalic /k/ is [h]; intervocalic /kw/ may become [hw], but interestingly also [h] – the same output of intervocalic /k/ – is a possible realization (for example /di kwɛsto/ ‘of this’ → [diˈhɛsto], Giannelli [1976] 2000: 32). This (near) parallelism between the velar and labiovelar voiceless stop again suggests that the [w] of the latter is actually part of the consonant, and [kw] is best analyzed as single complex consonant /kw/ rather than as a cluster /kw/.10 Therefore, following Marotta (1988), from now on I will assume that Italian has the labio-velar stops /kw/ and /gw/ in its phonological inventory, and therefore [w] is part of a complex consonantal segment if the preceding segment is a velar stop. I will also assume that [w] is syllabified with the nucleus if it precedes [ɔ] (but see below about other nuclei starting with [w]). As duly noted by Marotta (1988: 401), adopting her analysis a handful of ambiguous cases remain, namely words with both a preceding velar stop and a following [ɔ] (for instance cuore ‘heart’, cuoco ‘cook’, scuola ‘school’); the representation she argues for is not able to tell us if their [w] belongs to the onset or the nucleus.11

With regard to the glide [j], according to Marotta (1988) its phonological nature is significantly different from [w]; the palatal on-glide is claimed to always belong to the onset. She bases her claim mainly on three types of evidence. One is phonetic; according to Marotta (1987, 1988), the relatively contoid-like phonetic nature of on-glides suggests that phonologically they are consonants rather than vowels. The second is distributional; unlike [w], [j] has no combinatorial restrictions with the following vowel – just as Italian prevocalic consonants. The third is again based on the article allomorph selected by [j]; whereas, as seen above, word-initial [w] is followed by the same allomorph required by word-initial vowels (l’uomo, as l’occhio), word-initial [j] selects the same allomorph required by /s+C(C)/, clusters, i.e. lo /lo/ (lo iato [loˈjaːto] ‘the hiatus’, as lo spillo ‘the pin’). However, in what follows I will try to argue that [j], as well as [w] when it is not part of a labiovelar stop, are nuclear, and more precisely that they form a complex vocalic segment with the following vocalic element. Therefore, I will try to show that the arguments for assigning on-glides to the onset are either not relevant or empirically questionable.


6.1.3 Limits of the phonetic argument

It is hardly deniable that Italian on-glides are more contoid-like than off-glides (as eloquently shown by the data in Salza, Marotta, and Ricca 1987, and Salza 1988). But we may legitimately ask to what extent this is relevant to their phonological analysis. Multiple examples across the world’s languages suggest that phonetics alone cannot explain the phonological behaviour of glides. For instance, two phonetically identical glides may function differently in two different languages: Italian [w] word-initially selects the article used with word-initial vowels (l’uomo), but English word-initial [w] selects the article used with word-initial consonants (th[ə] war).

Another mismatch between the phonetics and phonology of glides is exemplified by a diachronic example from other Romance languages. In many Romance languages the Latin intervocalic stops underwent voicing (e.g. Spanish lobo ‘wolf’ < LUPUS, lado ‘side’ < LATUS, juego ‘game’ < JOCUS ‘joke’); interestingly for our discussion, stops between a vowel and a dorsal on-glide were voiced (e.g. agua ‘water’ < AQUA), but stops followed by an off-glide were not (e.g. Spanish poco ‘a little’ < PAUCUS rather than *pogo – the monophthongization of AU to [o] occurred after the voicing process). This suggests that off-glides, since they blocked intervocalic voicing just as non-intervocalic environments did, were phonologically consonants in Spanish (as well as in the other Romance languages having intervocalic voicing), in spite of them being phonetically more vocoid-like than the on-glide in agua (and in spite of off-glides arguably being phonologically vowels in other languages, closely related Italian included – see section 5 above).

Equally significantly, the same phonetic glide may realize two different phonological elements within the same language. Marotta’s (1988) own analysis argues that [w] is the first half of a diphthongs if followed by [ɔ], but is the secondary articulation of a consonant if preceded by [k] or [g]; only distribution and other phonological arguments allow us to assign it to either category. In Sundanese (Levi 2008: 1967–1968) vowels are nasalized if a nasal consonant precedes them, but the spreading of nasalization is blocked by non-laryngeal consonants; glides that are inserted to break hiatuses are nasalized, while phonetically identical underlying glides are not. In fact, Levi’s (2008) general claim is that both underlying glides (i.e., sonorant consonants) and derived glides (i.e., non-syllabic allophones of vowels) exist, in some cases even within the same language, which implies that the same phonetic glide may be the realization of two different phoneme categories.

Furthermore, the phonological nature of a glide can change without necessarily causing a change in its phonetic realization; as argued by Calabrese (2005: 324–326) the appearance of a constraint */Cj/ in Proto-Romance caused clusters of labial consonants and palatal glides to be re-interpreted as palatalized consonants (so triggering the compensatory gemination of the consonant), but presumably the phonetic realization of the glide remained the same. In general, we can conclude that the phonological status of glides seems not to be dictated by its phonetic properties alone, making the shorter and more constricted realization of Italian [j] and [w] hardly decisive to understand their phonological status.12


6.1.4 Why [j] and [w] are not so different

The presence of combinatorial restrictions is a strong argument to group segments together – if the occurrence of a certain element is inextricably linked to another, they presumably form a constituent – but their absence does not necessarily imply the opposite. Furthermore, it is not completely correct that [j] has no co-occurrence restrictions with the following vowel; as shown in section 2, the rising diphthong *[ji] is illicit, although Italian consonants can be followed by any vowel. At the same time, the apparent restriction of [w] to the diphthong [wɔ] or to labio-velar stops might be more a gap due to historical reasons than a real synchronic constraint. Whereas [j] in Italian rising diphthongs has two main diachronic sources – [ɛ] diphthongization to [jɛ] in open stressed syllables and gliding of /l/ in /Cl/ onsets – [w] only has the former, i.e. [ɔ] diphthongization in stressed open syllables. As a consequence, [w] almost exclusively occurs in [wɔ] diphthongs (as for labiovelar stops, voiceless [kw] preserves the glide which was already present in Latin – e.g. quanto ‘how much’ < QUANTUS – and the voiced labiovelar stop [gw] is usually the outcome of the fortition of [w] in Germanic loanwords – e.g. guancia ‘cheek’ < *wankja). However, over time [w] has appeared in other environments too. As observed by van der Veer (2006: 78), words such as affettuoso ‘tender’, continuo ‘continuous’, perpetuare ‘to perpetuate’, puntualità ‘punctuality’ (but the list could also include attuale ‘current’, suadente ‘persuasive’, assuefare ‘to accustom to’, insinuare ‘to insinuate’, and so on) are realized with a diphthong [wo], [wa] [we] by many speakers (although they have a hiatus [uV] in standard Italian). Further counterexamples include acronyms (for instance UIL [wil] Unione Italiana Lavoratori ‘Italian Workers Union’) and loanwords such as (Kinder) Bueno ‘a snack’, twist, Twitter (which also yields the fully integrated verb twittare ‘to send a message on Twitter’).


6.1.5 The (non-)significance of article allomorph selection

Article allomorph selection in Italian probably is, at least in this case, a poor diagnostic criterion, as its conditioning no longer appears to be purely phonological (see Krämer 2009: 85–87; van der Veer 2006: 79–80). Spelling probably plays a role; it is true that word-initial [wɔ] selects the allomorph also used for word-initial vowels, but [w]-initial words such as whisky and weekend select the allomorph [il]. This is unlikely to be due to the fact that the word-initial diphthong is not [wɔ], as Word (the name of the Microsoft word processor, which in Italian is often pronounced with the spelling pronunciation [wɔrd]) too selects il; Google reports several examples of this use, for instance the sentence Se però il word che usano per leggere è più datato “but if the Word (version) they use to read [it] is less recent”. Furthermore, while words starting with [j] usually do not select l’ (that is, the allomorph required by word-initial vowels), the allomorph they select is lo, which is otherwise used before /SC(C)/ clusters and geminate consonants; although [j] is never geminate in standard Italian, the allomorph il that would be required by word-initial simple consonants is very rarely used before [j].

There is also a certain amount of variation (for example also lo whisky is attested along with il whisky), which seems to be larger among children; Marotta (1993) reports an experiment with a group of 61 Pisan children aged of 13–14, in which 77.6% of the subjects produced lo iato, 20.7% produced l’iato, and 1.7% produced il iato. More generally, Marotta (1993) argues that the selection of the definite article allomorph is governed not only by phonological conditions, but also by morphological factors.



6.2 Arguments for on-glides in the nucleus

In the previous section I have presented counter-arguments against the hypothesis that on-glides belong to the onset. This leaves representations (17) and (18); I will now offer positive evidence for the idea that on-glides are in the nucleus. This evidence for the essentially vocalic nature of Italian glides includes the distribution of the so-called ‘intrinsic’ geminates, glide duration, article allomorph selection and the role of on-glides in two different processes involving word-initial and intervocalic /s/ voicing.

However, before presenting this evidence it may be useful to clarify in advance that what may appear at first glance a strong argument for the nuclear status of on-glides, namely the existence of the so-called ‘mobile’ diphthongs, is probably not pertinent to our discussion. The diphthongs [jɛ] and [wɔ] usually alternate with simple vowels, the former two occurring in stressed open syllables while the latter occur in all the other environments (since the contrast between mid-low and mid-high vowels is neutralized in unstressed syllables, they actually alternate with unstressed [e] and [o] rather than with [ɛ] and [ɔ]). While this is a significant piece of evidence for assigning Old Italian rising diphthongs (or [jɛ] and [wɔ], at least) to the nucleus, it not necessarily valid for modern Italian. In fact, there are numerous cases of simple vowels in stressed open syllables (e.g. trovo ‘I find’), and even more numerous cases of diphthongs in unstressed syllables (suonavo ‘I played’, chiederò ‘I will ask’, lievissimo ‘very light’ and many others). It can be safely concluded that this alternation ceased to be phonologically productive long ago, and therefore cannot be used as a proof of the syllabic nature of on-glides in modern Italian (see also Bertinetto 1999, van der Veer 2006, Booij and van der Veer 2015 for a similar point; the (un)productive nature of stressed syllable diphthongization is also a debated issue in the analysis of other Romance languages – see e.g. Albright et al. 2001 on Spanish).

6.2.1 Distribution of intrinsic geminates

If [j] and [w] occur in contexts that arguably are intervocalic, and at the same time they are absent from clearly consonantal positions, we can suppose they are vocalic. This is shown for example by the so-called ‘intrinsic geminates’. In Standard Italian the consonants /ts, dz, ʃ, ɲ, ʎ/ never contrast for length, but intervocalically they are always realized as geminates. When the distribution of on-glides is also considered, it can be seen that in the environment V__j the consonants /ts, dz/ are long, just as when intervocalic (e.g. azione [atˈtsjoːne] ‘action’, razziamo [ratˈtsjaːmo] ‘we plunder’). The sequences */ʃj/, */ʎj/ and */ɲj/ are not possible (neither with a long nor a short consonant), but this is probably unrelated to the role of [j] within the syllable; /ʃ/, /ʎ/, ɲ/ being palatal consonants, these clusters are plausibly ruled out by a constraint against two successive palatal segments.


6.2.2 Glide duration

Studies specifically addressing the duration of Italian diphthongs include Salza (1988) and van der Veer (2006). Both find that durations of simple vowels and rising glides are similar, especially if relative duration is considered; “[a]lthough rising diphthongs are longer than monophthongs, their durations relative to the total word duration are strikingly parallel” (van de Veer 2006: 50 – also see Figure 1).

Figure 1: Mean relative durations of monophthongs and diphthongs accumulated over nine speakers, broken down by stress and syllable position in the word (all words are quadrisyllabic except those with prefinal stress, which are trisyllabic).
Reproduced from van der Veer (2006: 48).

This parallelism suggests that rising diphthongs are a subclass of vowels, and hence wholly belong to the nucleus. Moreover, the duration of [wɔ] was not found to be significantly different from the duration of other diphthongs with a [w] glide (van de Veer 2006: 47), suggesting that the representation of [wɔ] does not differ from the other diphthongs.


6.2.3 Intervocalic /s/ voicing

In section 5 /s/ voicing in northern Italian was a diagnostics of the vocalic status of off-glides. A similar argument holds for on-glides; /s/ between a vowel and a rising diphthong (20a) is voiced, exactly as between two vowels (or a vowel and a falling diphthong, for that matter); it is useful to add that the mere presence of a rising diphthong does not cause voicing if /s/ is not intervocalic (20b). Therefore, the glide seems to pattern phonologically as a vowel also with respect to intervocalic /s/ voicing.
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6.2.4 Glides and word-initial /s/ voicing

As mentioned in section 5 above, in Italian /s/ and /z/ only contrast in intervocalic position (and even this contrast is absent from virtually all non-standard varieties); in all the other phonological environments it is predictable whether [s] or [z] occurs. For example, word-initial /s/ is always voiceless if followed by a simple vowel:
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If /s/ is followed by another consonant, the [voice] value of the former is automatically determined by that of the latter; /s/ surfaces as voiceless if the following consonant is voiceless (22a), but as voiced if the following consonant is voiced (22b).
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This phonological restriction can be represented as a right-to-left voicing assimilation process having as its domain the onset (23); the [voice] feature value of the following segment spreads to a preceding /s/, provided that they both belong to the onset. Reference to the onset as the domain of the process is necessary, as an immediately following vowel – which is voiced but is not part of the onset – does not trigger /s/ voicing. The fact that voicing is not contrastive in vowels cannot be the reason, since sonorant consonants too (22b v–vii) cause /s/ to be voiced – a case of ‘visibility’ of non-contrastive features (Calabrese 2005: 353–444).


(23)
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In fact, this restriction seems to follow from a universal property of voicing (and laryngeal features, more generally). As argued by Kehrein and Goldston (2004: 325), “laryngeal features are properties not of segments, but of the onsets, nuclei and codas that dominate them”; within a syllabic constituent made of two or more segments, voicing (as well as the other laryngeal features) occurs contrastively only once. This does not entail that phonetically voiced and voiceless segments can never co-exist within one and the same syllabic constituent, but that the phasing of voicing is never used contrastively.

Adopting the representation of on-glides assumed in (16), the /s/ voicing rule should apply to /#sG/ clusters; such clusters would be predicted to surface as [zG], since /s/ would be followed by a glide (i.e., a voiced segment) within the same onset. On the other hand, (17) and (18) predict that voicing should not occur – just as it does not in [saːno] – because /s/ would not be followed by other (voiced) segments within the same onset, but by (the first half of) a vowel. Crucially for our discussion, word-initial /s/ followed by a glide can never be voiced in Italian:
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It has to be added that failure to voice /s/ before on-glides does not follow from an overall prohibition against any [zj] and [zw] clusters; such clusters do occur word-internally in Italian, for example in occasione [okkaˈzjoːne] ‘occasion’ and casuale [kaˈzwaːle] ‘casual’.


6.2.5 /s/+glide clusters and article allomorph selection

A further argument to demonstrate the nuclear nature of on-glides is provided by another aspect of article allomorph selection. As seen in sections 6.1.2 and 6.1.5, the singular definite masculine article is /lo/ if the following word starts with an /sC(C)/ cluster (lo scudo ‘the shield’, lo svasso ‘the grebe’, lo spreco ‘the waste’); before any other /C(C)/ cluster it is /il/ (il cane, ‘the dog’, il prato ‘the meadow’, il braccio ‘the arm’). Likewise, the singular indefinite masculine article is /uno/ if the following word starts with an /sC(C)/ cluster (uno scudo, uno svasso, uno spreco), otherwise it is /un/ before any other /C(C)/ cluster (un cane, un prato, un braccio). Once more, on-glides behave as vowels rather than onset consonants; before a /sG/ cluster the article selected is /il/ (or /un/), as expected if the glide is vocalic and /s/ alone forms the onset (il siero, il suono, il suocero); it is virtually never13 /lo/ (or /uno/), which would be expected if /sj/ and /sw/ were /sC/ onset clusters just as [sk]udo or [zm]emorato are.

The use of this data to support my hypothesis may appear contradictory; while I have discarded article allomorph selection before word-initial glides as a reliable diagnostic criterion in section 6, I am now using article allomorph selection before /sC(C)/ clusters. But arguably the two cases are not identical; whereas the selection of il/lo, un/uno before glides probably no longer depends on a productive phonological rule (as witnessed by lexical variation and by the numerous exceptions to the supposed rule), the complementary distribution of il/lo, un/uno before /sC(C)/ and /C(C)/ clusters is still very regular. Whereas l’uovo and il Word peacefully co-exist in Italian, the latter allomorph selection seems to be regular and much less affected by the problems described above. For example, even loanwords behave as predicted: lo Swarosky, lo Sputnik, lo spread, while sequences such as *il spread or *il Sputnik are virtually unattested.


6.2.6 Are rising diphthongs complex vowels or bisegmental?

The arguments in sections 6.2.1 to 6.2.7 aim to show that Italian on-glides belong in the syllable nucleus. However, they do not say anything about the difference between (17) and (18); are Italian rising diphthongs complex vowels or bisegmental units? According to van der Veer (2006: 80), they are both; he argues that unstressed diphthongs are monosegmental, while stressed vowels are bisegmental. His conclusion decisively depends on the assumption that Italian is a moraic language. The issue of quantity-sensitivity in Italian is too vast to be treated here, but it is not uncontroversial; see Canalis and Garrapa (2012) for some arguments to the contrary. However, assuming mono- or bisegmental rising diphthongs also makes some more specific empirical predictions about diphthong duration and triphthongs, which may help choose between the two solutions. First, according to my hypothesis rising diphthongs are monosegmental (18), while falling diphthongs are bisegmental (10c). It follows that, all other things equal, the former should be shorter than the latter. Indeed, the data in Salza (1988) show precisely this for almost all rising/falling diphthong pairs (although it must be added that Salza’s data come from a single speaker). Second, if both rising and falling diphthongs were bisegmental, triphthongs would be problematic; they would be trisegmental, exceeding the maximal size of Italian rhymes (van der Veer (2008) avoids this paradox because he argues that off-glides are in coda position – but see section 5). On the other hand, if rising diphthongs only occupy one segmental positions they should be able to be followed by another vocalic segment, given (10c) and (18). As discussed in section 3, triphthongs are rare but attested. Although clusters of two on-glides and a vowel after a velar stop do not count as ‘true’ triphthongs (since the first glide belongs to the labiovelar stop), and word-final triphthongs (e.g. miei [ˈmjɛi̯]) might alternatively be seen as hiatuses whose first element is a diphthong, a few ‘true’ triphthongs remain – for example mariuolo [maˈrjwɔːlo] ‘scoundrel’, maieutica [maˈjɛu̯tika] ‘maieutics’. Their paucity seems to depend on their relative complexity and especially on the absence of diachronic paths for their development, more than on an outright synchronic prohibition. This view is also corroborated by evidence from loanwords; word such as K-way, wow and wi-fi are adapted in Italian as [kiˈwɛi̯], [wau̯] and [wai̯ˈfai̯] respectively, preserving their triphthong.


6.2.7 A residual argument for (16)? No glide after obstruent + liquid clusters

If on-glides are essentially vocalic – part of a complex vowel segment – there should be no co-occurrence restrictions between on-glides and consonants. Conversely, if on-glides where phonologically consonants they should occupy the rightmost position within onsets, and be subject to the general phonotactic restrictions on Italian onsets. Italian onsets can have no more than two segments, and the order can only be obstruent+liquid14 (a preceding /s/ is additionally possible if the onset is word-initial). However, if there is an on-glide the number of preceding consonants seems to be limited to one (two if the first consonant is a word-initial /s/). Obstruent+liquid onsets seemingly can only be followed by a vowel, suggesting that on-glides are not nuclear and rather fill the rightmost position of the onset. In fact, traditional grammars state that words as in (24) are always realized with a hiatus rather than a diphthong.
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However, at closer inspection this phonotactic constraint appears to be fairly weak, being describable as a tendency at most (Marotta 1987: 875). As she points out, when the [+high] segment preceded by a complex onset belongs to a suffix it is usually realized as as glide (25a), and in some lexical items glides freely alternate with vowels (25b).
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It can also be added that, even in lexemes that usually have a hiatus when its [–high] vowel is stressed, a glide seem to be possible when the vowel is unstressed (although these impressionistic judgments would benefit from an experimental confirmation).
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7 Conclusions

In the previous sections I have attempted to show that, despite their phonetically ambiguous nature, both Italian on-glides and off-glides are phonologically vocalic. On-glides are the first element of complex vowels; off-glides also belong to the nucleus, but as independent vocalic segments preceded by a non-high vowel. The only case in which a (back) glide belongs to the onset is after a velar stop, because phonologically they together form a labiovelar stop. These claims are based on the distribution of glides, their duration, their role in various phonological processes and in phonologically conditioned allomorphy, which all suggest Italian glides have a phonologically vocalic nature.

These results also suggest some directions for further research. One aspect is the investigation of phonetic duration; detailed studies about the duration of Italian glides already exist (among others Salza, Marotta, and Ricca 1987; Salza 1988; van der Veer 2006), but my proposal predicts that rising and falling diphthongs should differ in their length, and more data are needed to confirm this.

Second, many underlying vowels in hiatus may be optionally realized as glides, but the precise extent of this variability is still partly unknown.

Finally, an hypothesis about the make-up of the phonological rhyme is also a potential hypothesis about the poetic rhyme; if in a rising diphthong G1V1 the on-glide G1 is part of the nucleus (and hence of the rhyme), the diphthong should rhyme only with G1V1 but not with the simple vowel V1 or the diphthong G2V1 (that is, [wɔ] should rhyme with [wɔ], but not with simple [ɔ] or [jɔ]). At least for literary periods when rhyming conventions were strictly adhered to, poetic texts would offer a further kind of data to test my predictions.
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Hemanga Dutta and Michael Kenstowicz

The phonology and phonetics of laryngeal stop contrasts in Assamese

1 Introduction

Contrasts in voicing and aspiration are among the most common phonological distinctions in stop inventories (Ladefoged and Maddieson 1996: 47). They are typically distributed over the entire system (Feature Economy of Clements 2003), though there are occasional gaps at particular points of articulation such as Arabic /t/ vs. /d/ but /b/ vs. */p/ and /k/ vs. */g/. Voicing and aspiration contrasts share similar phonetic resources, in particular VOT (voice onset time, Lisker and Abramson 1964). These features may function as alternative expressions of the same historical contrast, as in Dutch [±voice] vs. German [±spread gl] reflexes of Proto-Germanic (Jessen and Ringen 2002). Also, the same underlying phonemic category may distribute its allophones at different points along the VOT dimension, as in Korean where the underlying lax stops are realized with voicing intervocalically as [b, d, g] but as voiceless unaspirated [p, t, k] word or phrase initially, and as aspirated [ph, th, kh] in the current Seoul dialect of younger speakers, where they are distinguished from underlying aspirated stops by lower F0 in the following vowel (Silva 2006). Finally, voicing and aspiration contrasts have cross-linguistically similar distribution profiles with optimal realization before a modally voiced sonorant but a tendency towards neutralization at the end of the word or before an obstruent. Various researchers, most notably Lombardi (1995), unified such distributional restrictions in terms of feature licensing in the syllable onset, with a default to the unmarked voiceless, unaspirated categories in the complementary set of prosodic positions where consonants may be subject to additional assimilation to neighboring segments. This syllable-licensing model of laryngeal contrasts was challenged by Steriade (1997, 2009) who called attention to languages like Lithuanian, where an obstruent voicing contrast is preserved before sonorants (R) but is neutralized before other obstruents (O). Syllable licensing implies that OO and OR clusters differ in syllabification as hetero vs. tautosyllabic. But such a parsing is inconsistent with evidence from the prosody of the language. For example, standard grammars such as the Lietuviu kalbos gramatika and Senn (1966: 61) state that prefix and compound junctures coincide with a syllable boundary. Nevertheless, O#R clusters preserve a voicing contrast while O#O clusters show neutralization and voicing assimilation in these contexts: stab-meldyste ‘idolatry’ vs. silk-medis ‘silk-tree’ but smulk-žemis [gž] ‘landowner’. In the face of this finding, Steriade (1997) proposes an alternative string-based model for the licensing of laryngeal contrasts as a function of the segmental contexts in which the auditory cues to the contrasts are most robust. The optimal context is between sonorants (R___R), especially vowels, followed by less optimal word-final (___#) position, and finally least optimal pre-obstruent (___O) position. The string-based model predicts more fine-grained distinctions in the distribution of laryngeal contrasts compared to the essentially binary onset vs. coda division of the prosodic model. Steriade (1997) finds that the segmental contexts that license contrasts for voicing largely align with the contexts that license contrasts for aspiration, since VOT is a major cue for both features.

The Indic languages spoken in the North of the Indian subcontinent are particularly relevant to this line of inquiry since their stop systems are well known for freely combining phonological contrasts in both voicing and aspiration across three to five places of articulation. Phonologically, voiced and voiceless aspirates behave in tandem for a couple of significant alternations in Assamese (see section 2 below), showing that the aspirates form a natural class. Further evidence for this point is furnished by a dialect split in which an aspirated stop has been deaspirated when the preceding syllable contains another aspirate (Goswami 1966: 6): cf. deaspirating Eastern Assamese phopola ‘hollow’ and bhok ‘hunger’ vs. Western phɑphla and bhɑkh. Also, /Ch/ acts as a single consonant rather than as a cluster in the schwa syncope of Hindi-Urdu that applies in the context VC___CV (Narang and Becker 1971, Bhatia and Kenstowicz 1972) and for the raising of open mid vowels in the context ___CV in Assamese (Goswami 1966: 75, Mahanta 2007). These processes suggest that the aspirates cannot be reduced to a sequence of C plus /h/. Finally a couple of phonotactic constraints in Assamese make the same point. First, the voiceless and voiced aspirates parallel plain stops in combining with a following liquid /r/ in the formation of word-initial #CR clusters. Second, as observed by an anonymous reviewer, in word-initial Ch structures, the C must be a stop, a restriction that follows automatically if Ch is a single segment. In sum, in terms of phonological structure the Indic aspirates behave as single segments and [±voice] and [±spread gl] are independent distinctions that crosscut the stop systems.

Phonetically, the Indic /b/ vs. /p/ vs. /ph/ contrasts align with the cross-linguistically common prevoiced vs. short lag vs. long lag VOT spectrum seen in languages like Thai (Lisker and Abramson 1964). But the voiced aspirates are anomalous from this VOT perspective. Phonetically, the abduction of the vocal folds implementing aspiration is prima facie antagonistic to the adduction required to generate phonation. This fact led Ladefoged (1975) to propose that voiced aspirates are murmured sounds: produced with one portion of the glottis open during stop closure and another portion adducted, comparable to the voiced /ɦ/ in English “ahead”. An alternative approach to this articulatory conundrum appeals to phasing: voiced aspirates are like plain voiced stops in showing voicing during closure but are like voiceless aspirates in having an open glottis after release of the oral closure (Ingemann and Yadav 1978). Another phonetic issue concerns whether the extent of VOT is derivative from the magnitude of glottal opening, as proposed originally by Kim (1965) for Korean, or rather must be stipulated as a separate timing target. The fiber optic studies of Kagaya and Hirose (1974) for Hindi and Ingemann and Yadav (1978) for Maithili find a much larger glottal opening for the voiceless aspirates compared to the voiced ones; both reach their maxima in the vicinity of the release of the oral closure and, for the most part, terminate at comparable points in the following vowel. This finding suggests that for the Indic languages the point of resumption of glottal closure cannot be predicted from the degree of glottal opening, as proposed for Korean by Kim (1965).

In sum, the stop inventories of the Indic languages give rise to the following questions that are particularly relevant for the Licensing by Cue model of Steriade (1997, 2009). How are the phonetic cues apportioned for the two separate phonological distinctions of [±voice] and [±spread gl]? Will we find the same hierarchy of licensing contexts for both features? If not, is one contrast more susceptible to neutralization? If so, why?

In this paper we address these questions with respect to four members of the Indic family. Our principal focus is Assamese and Bengali with comparisons to what is known from the literature on Hindi-Urdu and Sanskrit. We argue that each language represents a distinct niche in the overall typology of the licensing of the voicing and aspiration contrasts in prepausal, word-final position. In all three of the modern languages voicing contrasts are stable in this position while aspiration contrasts are more varied in their realization. In particular, we show that in Assamese the underlying contrast between aspirated and plain stops is maintained by various enhancement strategies while in Bengali the contrast is largely neutralized. In Hindi-Urdu the aspiration contrast is maintained along with the voicing contrast; but even here there is evidence that the aspiration contrast is less secure in word-final position. Finally, in Sanskrit both the voicing and the aspiration contrasts are neutralized word-finally. What is noticeably missing from the typology is a language that retains the aspiration contrast but neutralizes voicing in final position. We propose that this gap is not accidental but reflects a UG (universal grammar) bias that is grounded in the phonetic correlates to the two contrasts.

The rest of this paper is organized as follows. In section 2, we overview the phonological distribution of the laryngeal stop contrasts in Assamese. Section 3 reports the phonetic correlates of these contrasts in both word-medial and word-final positions. The motivation for a spirantization process is argued to be acoustic-auditory in nature in section 4. Section 5 examines the laryngeal stop contrasts in presonorant vs. preobstruent positions and shows that the predictions of the cue-licensing model are largely consistent with our data. Sections 6 and 7 compare the Assamese treatment of the laryngeal stop contrasts in word-final position with those of Bengali and Hindi-Urdu, respectively. Section 8 summarizes our findings and analyses and concludes.


2 Assamese phonemic inventory

Assamese phonology has the phonemic inventory shown in (1) below (Mahanta 2012). While there are a variety of dialects, the table represents the contrasts for the standard eastern variety. The data discussed in this paper are based on the speech of the first author, who is a native speaker of this variety from the Sonitpur region of Upper Assam.

(1)

Phonemic inventory of Assamese

[image: ]

Ignoring loanwords, the close mid vowels /e/ and /o/ are allophones of the corresponding open vowels /ɛ/ and /ɔ/ when the following syllable contains a high vowel or another /e/ and /o/. See Mahanta (2007) for documentation and analysis. Stop and nasal place contrasts are restricted to the labial, alveolar, and velar regions. As in Hindi-Urdu, voicing and aspiration are fully crossed in Assamese resulting in 12 contrasting stops. (However, the voiced velar /gh/ seems to be relatively infrequent compared to the other stops.) The aspirates are found in both the native tadbhava vocabulary ([bhori] ‘foot’, [phoriŋ] ‘cricket’) as well as in Sanskrit (tatsama) loans ([bhɔsmɔ] ‘ashes’, [phagun] ‘February-March’). Fricatives appear at the alveolar and velar positions but are absent from the labial region (a fact that will be come important later). For the fricatives the laryngeal contrasts are governed by common markedness preferences. There are no aspiration contrasts in the fricative series, showing the cross-linguistic bias against aspirated fricatives. A voicing contrast is found for the alveolars while the velar fricatives are restricted to the unmarked voiceless. Finally, voiced /z/ is optionally realized as a palatal affricate.

Figure 1 from Mahanta (2012) shows minimal quadruples at the three places of articulation for the laryngeal contrasts in stops.

Figure 1: Minimal pairs illustrating laryngeal stop contrasts of Assamese in word-initial position (Mahanta 2012: 218).

The table in (2) gives more examples from our data of these contrasts in word-medial, intervocalic position.
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In word-final position there is a striking modification of the aspirated stops along the dimensions of place and manner of articulation (Goswami 1966, Dutta Baruah 1992, Rhee 1998). We summarize the phenomenon in (3) based on our data. Examples appear in (4). See 3.2 for discussion of dialectal variation.


	(3)
	a.
	bilabial aspirate stops are realized as labio-dental fricatives [f] and [v]



	
	b.
	alveolar aspirate stops are realized as dental stops [t̪] and [d̪]



	
	c.
	the voiceless aspirated stop /kh/ is optionally realized as the fricative [x]
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The Assamese aspirate shift occasions alternations in the inflectional and derivational phonology of both nouns and verbs. Examples appear in (5).
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In sum, both the voicing and aspiration contrasts are stable in prevocalic word-initial and word-medial (syllable-onset) positions but differ in their realizations word-finally. The [±voice] distinction is expressed in essentially the same way across all three of these positions while the aspirates exhibit a striking modification in their manner and minor places of articulation in word-final position.


3 Phonetic correlates

In this section we report the phonetic correlates of the Assamese voicing and aspiration contrasts based on an analysis of the speech of the first author.

3.1 Word-medial position

A corpus of 130 words (see Appendix A) was constructed that varied the voicing and aspiration stop contrasts across the labial, alveolar, and velar places of articulation for intervocalic and word-final positions. Where possible the adjacent vowels were restricted to nonhigh and back to provide a consistent context for segmentation. Each word was recorded in a randomized list with five repetitions to give a total of 650 data points. The words were recorded in a sound insulated booth with a Shure Unidirectional Head-Worn Dynamic Microphone and USB 2 Preamp at a sampling rate of 44.1 kHz, 16 bits. Statistical analyses (t-tests and linear regressions) were done in R (Bates and Maechler 2013). The following measurements were taken in Praat version 5.3.39 (Boersma and Weenink 1992–2013): the duration of stop closure as well as the interval from stop release to the onset of voicing in the following vowel (VOT) as determined by visual inspection of the waveforms and spectrograms. For this measure of VOT the cessation of random energy in the waveform was taken to coincide with the onset of the vowel even though there may have been some voicing during the aspiration period. Deciding where to draw the line within the aspiration period itself was deemed to be too tricky. The duration of voicing during stop closure until the cessation of oscillation above and below the baseline was estimated and then the ratio of closure voicing to total closure duration was calculated. Measures of the duration of the vowel preceding the stop as well as the F0 in the first observable pitch period of the vowel following release of the stop were also collected. These factors are known to be phonetic correlates of a voicing contrast in many languages (Lisker 1986, Kingston and Diehl 1994). Our results are summarized in the following tables in (6). The first shows the correlates for the voicing and aspiration contrasts across all consonants while the second breaks them down for the four individual sets. The first table also reports independent T-tests over the phonetic correlates as a function of the voicing and aspiration categories.


	(6)
	Averages (and standard deviations) for phonetic correlates of laryngeal stop contrasts in medial position; T-tests of laryngeal categories
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Voiced stops have significantly shorter closure duration than voiceless ones, presumably reflecting the difficulty of sustaining voicing during the oral closure. There is a substantial difference in closure voicing, with the voiced stops showing phonation over roughly 80% of their duration compared to the voiceless stops’ c. 9%. The duration of the preceding vowel and the F0 just after the release of oral closure also distinguish voiced from voiceless stops in the expected directions, with shorter vowels preceding the voiceless stops and higher F0 following them. Thus, the [±voice] contrast is associated with a variety of cues (acoustic correlates), with closure voicing being most robust in magnitude and significance and supported by smaller differences in the duration of the preceding vowel and F0 in the following vowel.

As far as the contrast in aspiration is concerned, the most reliable correlate is, not surprisingly, VOT. There is a large and statistically reliable difference between the aspirated Ch 89 (25) ms. vs. plain C 12 (11) ms. stops. There is also a small effect of voicing, with voiceless stops having longer VOT values than voiced ones in both the aspirated and the unaspirated categories. Unpaired t-tests found these differences to be significant: [bh, dh, gh] vs. [ph, th, kh] (t = 2.8; F-statistic: 8.4 on 1 and 177 df 135, p = .004; Adjusted R-squared = 0.04) and [b, d, g] vs. [p, t, k] (t = 9.1; F-statistic: 82.23 on 1 and 158 df, p = < 0.001; Adjusted R-squared = 0.33). Maddieson and Gandour (1976) found a small difference in the length of the vowel before the voiced aspirates (longer) compared to their plain voiced counterparts in Hindi-Urdu, but no such difference holds in our Assamese data. The voiced aspirates [bh, dh, gh] have shorter closure durations and smaller voicing ratios compared to their plain counterparts. Unpaired t-tests found these differences to be significant: closure duration (t = 4.2; F-statistic: 17.71 on 1 and 167 df, p < 0.001; Adjusted R-squared = 0.09) and voicing ratio (t = 5.37; F-statistic: 28.85 on 1 and 166 df, p = < 0.001; Adjusted R-squared = 0.14). These results would be consistent with the assumption that during the articulation of the voiced aspirates the glottis starts opening during the stop closure phase, as suggested by the fiber optic studies of Hindi by Kagaya and Hirose (1974) and of Maithili by Ingemann and Yadav (1977). Finally, voice quality (breathiness) in the following vowel was shown by Dutta (2007) to be another significant correlate of the aspirated stops in Hindi. We made a smaller number of measurements of this factor (H1 – H2) in the low back vowels in our corpus that follow a word-initial stop and found a similar result (not reported here).

In sum, both the [±voice] and the [±spread gl] contrasts are reliably distinguished in intervocalic position. They differ however in that there are more cues for the voicing contrast and the most robust one (closure voicing) is internal to the stop itself while the [±spread gl] distinction is signaled primarily by cues found in the following vowel, requiring a sequencing of the glottal closing and opening gestures.


3.2 Word-final prepausal position

In comparison to what is reported for other Indic languages (in particular Hindi-Urdu), the Assamese word-final aspirated stops undergo a shift in their manner and place of articulation, as indicated in section 2. Based on the preceding literature, there appears to be a significant amount of dialectal variation in the details of the process. But what is striking is that the shift only affects underlying aspirates and is confined to final position. Word-initial and word-medial aspirates are stable. We first summarize what is reported by Goswami (1966) and then by Dutta Baruah (1992).

Goswami (1966) states that while the present-day standard variety of Assamese is based on the eastern dialect of Sibsagar, in earlier stages of the language the western dialect prevailed over the entire country. The author is from the west. He reports that all aspirates word-finally are lenis. “There is a tendency to spirantize in some of the dialects, all except /dɦ/ and /gɦ/ into their homorganic spirants, i.e. /ph, th, kh, bɦ/ have the allophones [ɸ, θ, x, β] respectively” (p. 14). The author adds in a footnote that the realizations of /th/ as [θ] and /kh/ as [x] are “dialectal”, commenting further that the former is not very frequent or rather is a free variant and the latter is always distinctive of some caste dialects. In (7) below are examples of the spirantization excerpted from Goswami’s discussion, using his notation.
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Dutta Baruah’s (1992) description of the eastern Sibsagar dialect reports spirantization of the word-final labials (pp. 41, 44), citing examples such as those in (8).

[image: ]

From these two prior descriptions we infer that spirantization of the word-final labial aspirates is more widespread, while for the alveolars and velars the process is more “dialectal”. Also, for younger, more educated speakers, the bilabials seen in (7) and (8) are being replaced by labio-dentals. Below, we summarize the state of affairs for the first author’s speech, who is representative of this younger generation. Clearly, more research is needed to document the range of dialectal variation. For our purposes, the important point is that spirantization only affects underlying aspirates and is restricted to word-final position.

First, the voiceless velar stop /kh/ is optionally realized as the fricative [x] (9). As indicated earlier, /x/ is an independent phoneme in the language and so the free variation between [kh] and [x] leads to a neutralization. It should be noted that for the words in (9), underlying /x/ never alternates with [kh]. Aside from /x/ itself, only /kh/ may be realized as [x]; /k/ may not. Minimal pairs include /dukh/ > [dukh] ≈ [dux] ‘sadness’ vs. /dux/ > [dux], *[dukh] ‘fault’ and /rakh/ > [rakh] ≈ [rax] ‘to keep’ vs. /rax/ > [rax], *[rakh] ‘a Hindu festival’. Moreover, the spirantization of /kh/ is not found word-medially or in initial position.15
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Second, the aspirated bilabial stops are obligatorily realized as labio-dental fricatives (10). The fricatives [f] and [v] are only found in this position in Assamese and may not appear word-initially or word-medially. Indeed, loanwords with /f/ and /v/ in these positions are adapted as aspirated stops (see below). Furthermore, it is only the underlying aspirates that are fricativized. Plain stops /p/ and /b/ do not alter their manner of articulation.
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Third, the underlying coronal stops change their place of articulation from alveolar to dental (11). This change in point of articulation only affects the aspirates. Plain /t/ and /d/ remain alveolar. The dentalization of /th/ and /dh/ does not apply to word-initial or word-medial stops. Only in word-final position does this process apply. We assume that the dentalized [t̪] corresponds to what Goswami (1966) transcribes as [tθ].
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A final relevant point is that words ending in /h/ are not modified. Only aspiration as a secondary feature in the stop system leads to a change.

[image: ]

In sum, word-final position is the site of three disparate modifications of the place and manner of articulation of underlying aspirate stops in Assamese. The voiceless velar /kh/ is optionally spirantized to [x], merging with underlying /x/. The bilabials /ph/ and /bh/ are fricativized to [f] and [v], and lastly the alveolars /th/ and /dh/ are realized as dentals [t̪] and [d̪]. Plain stops do not participate in these modifications nor does /h/.


3.3 [±voice] in word-final position

The plain stops retain the voicing contrast in word-final position. Mahanta (2012: 218) states that syllable-final voiceless stops are unreleased while Goswami (1966) reports variation in release for word-final position. For a sample of the first three repetitions of our data, the nonrelease of plain voiceless stops varied as a function of place of articulation: [p̚] 23/24, [t̚] 10/19, [k̚] 10/24. The table in (13) shows that closure voicing and preceding vowel duration continue to distinguish the [±voice] contrast. We also provide the results for the plain consonants, which have been separated out from the spirantized aspirated stops. They have essentially the same differences as the overall set and so the various spirantization effects noted above do not alter the voicing contrast. The magnitude of the closure voicing is reduced compared to word-medial position but is still significantly different from the corresponding voiceless stops. The duration of the preceding vowel is almost twice as long as in medial position, presumably reflecting a lengthening before pause. We also checked the F0 in the vowel offset and found that it has a small effect in the expected direction (higher before voiceless).

[image: ]

In sum, the word-final [±voice] contrast in Assamese is robust and is expressed with the same phonetic correlates as in word-medial position. On the other hand, the aspirates are noticeably modified in their phonetic realization as either spirants or dentals. In the next section we discuss the motivation for this shift.



4 Motivation for aspirate shift

What is the motivation for the shift in the realization of the underlying aspirates in word-final position compared to their stable realization word-medially and initially? Our suggestion is that it is a maneuver of the phonology/phonetics designed to maintain/enhance the plain vs. aspirate contrast in a context where the cues to the contrast are either unavailable or significantly minimized in quantity and/or magnitude. Recall that in medial position the major correlates of [±spread gl] are the stop-external cues of VOT and the voice quality effects on the following vowel. In word-final, prepausal position there is no following vowel and so the acoustic/auditory reflexes of the open glottis will be significantly reduced. We can see this effect with the velar stop /kh/, which has two variants in final position: the spirantized [x] and unspirantized [kh]. The average intensities of the aspiration for a period of 30 ms after stop release in the medial prevocalic and word-final contexts for [kh] were as follows: word-medial 55.21 dB (2.78) vs. word-final 49.54 dB (2.71). Remembering that the decibel scale is not linear, this is a significant difference in magnitude: Welch two sample t-test: t = 5.81, 24 df, p = < 0.001.

Given that there is motivation to enhance the aspiration contrast beyond simple release vs. unreleased, why is spirantization chosen rather than other possible changes such as preaspiration? First, there is cross-linguistic evidence for a close relationship between aspirated stops and the corresponding fricatives. In the loanword adaptation of fricatives into languages that lack the fricative but have a plain vs. aspirated contrast, the aspirate adaptation is chosen. This is seen in the examples in (14). Recall from the table of Assamese phonemes in (1) that the language lacks fricatives in the labial and interdental regions. English loans with these sounds are adapted as the corresponding aspirated stops in word-initial and medial positions. But due to the aspirate shift in final position, they can be accommodated directly in the case of the labials and as a dental stop in the case of /θ/. Korean lacks the labio-dental [f] entirely but has a three-way contrast of plain (lax), tense (fortis), and aspirated voiceless stops. The systematic choice of [ph] rather than [p] reflects preservation of the frication in the aspirated release of the stop.

[image: ]

The Nilotic language Dinka lacks fricatives but has a dental vs. alveolar contrast in its stops and affricates (Remijsen and Manyang 2009). Arabic loans with /t, d/ are adapted as alveolar stops, while /s/ is nativized to a dental stop. This choice of dental over alveolar for the adaptation of /s/ parallels the Assamese realization of the aspirated /th/ as a dental. In both cases the alveolar (apical) place of articulation is replaced by a dental (laminal) one.

[image: ]

Also, well known sound changes in the history of the Indo-European languages shift aspirates to the corresponding fricatives such as PIE *bh, *dh, *gh > Greek Φ, θ, x and the Old-High German consonant shift of Proto-Germanic *ph, *th, *kh > f, ts/s, x. See Vaux (1998) and Vaux and Samuels (2005) for more discussion of the connection between aspiration and fricatives.

Another question concerns the basis of the spirantization. Both the /ph/ -> [f], and /kh/ -> [x] alternations involve change to a continuant manner of articulation. Such changes are often associated with lenitions. But, as observed by Rhee (1998), the Assamese consonant shift does not have the profile of a typical lenition since it does not apply intervocalically – the canonical lenition site – nor does it affect the plain stops. We might view the spirantization as a reassociation of the opening gesture implemented by the glottis in the release and post-release phase of the aspirated stop to coincide with the oral constriction gesture implemented by the lips and tongue dorsum, changing the degree of constriction from closure to narrow stricture. But this would not explain the change of alveolar to dental where the consonant remains a stop. Moreover, it would be inconsistent with Padgett’s (1991) generalization that the assimilation or spread of a stricture gesture only occurs when accompanied by an assimilation of place as well. See however Scheer (2003) for an analysis along these lines.

Our suggestion is that the similarity between the aspirated stops and the corresponding segments involved in the Assamese shift is rather to be found in the acoustic (auditory) domain. Both involve a significant degree of turbulent airflow distributed through the spectrum. This can be seen in the screenshots of the waveforms and spectrograms in (16) below. The first pair shows a word-medial aspirated [ph] from the word [ephal] ‘one piece’ and its spirantized allophone [f] in final position from the word [saf] ‘clean’. The second pair illustrates the two alternative realizations of a word-final velar aspirate from the word /makh/ ‘unit of measurement’. In each case the fricative is associated with significant turbulence that is comparable to the random energy found in the aspirate.


(16)

Figure 2: [ephal] ‘one piece’.

Figure 3: [saf] ‘clean’.

Figure 4: [makh] ‘unit of measure’.

Figure 5: [max] ‘unit of measure’.


Turning now to the coronal stops, we propose that the change from an alveolar to dental point of articulation is also motivated by acoustic similarity. The alveolar fricative [s] corresponding to the stop [th] has its turbulence concentrated in the upper region of the frequency spectrum while the dental [θ] mentioned by Goswami (1966) and the release phase of our [t̪] have a more diffuse spectrum that provides a better acoustic match to the aspiration. This is apparent from comparison of the /s/ in [saf] ‘clean’ in (16) with the release phases of [th] of [matha] ‘head’ and the [t̪] in /mɔth/ > [mɔt̪] ‘temple’ in (17) and their corresponding FFT’s. The [s] has energy concentrated in the central region of the spectrum around 10,000 Hz while the release phases of [th] and [t̪] concentrate their energy in the lower regions. In other words, [t̪] is a closer acoustic match for [th] than [s] is. In addition, as noted by an anonymous reviewer, the shift to dental point of articulation enhances the contrast with the plain stops, which retain their alveolar place.


(17)

Figure 6: [matha] ‘head’.

Figure 7: /mɔth/> [mɔt̪] ‘temple’.

Figure 8: FFT’s of three turbulent coronal consonants.

The table in (18) shows center of gravity and skew measurements taken over 20 ms. intervals of the word-final segments involved in the Assamese spirantization using a Praat script due to Hoole (ND). For the stops the measurements were made over the release phases.

[image: ]

Figure 9: Spectrum of [d].

Figure 10: Spectrum of [d̪].



The alveolar [s] has a high center of gravity and a negative skew indicating that most of the turbulence is concentrated in the upper region of the spectrum, reinforcing the point that it is a poor acoustic match for the aspiration of [th] compared to the release phase of [t̪]. Comparison of [f] vs. [v] and the release phases of [t̪] vs. [d̪] indicate that voicing appears to concentrate more energy in the lower part of the spectrum, suggesting an overall decrease in intensity. Also, comparison between the releases of word-final (plain) alveolar [d] vs. underlying aspirate [d̪] found a significant difference in the center of gravity (t = 2.8, 15 df, p = 0.02) but not the skew (t = 1.42, 15 df, p = 0.17). Paired t-tests found small but significant differences in F2 trajectories from vowel mid point to vowel offset over a set of 25 /CaX/ minimal pairs (Appendix B): F2 alveolar [t] 148 Hz (54 Hz) vs. dental [t̪] 98 Hz (46 Hz), (t = 4.25, 24 df, p < 0.001). The shallower F2 slopes for the dental [t̪] is consistent with a more anterior point of articulation. Ijaz and Anwar (ND) report a similar result for the dental vs. alveolar distinction in Urdu, where the low vowel [a] has an F2 offset of 1500 Hz before dental [t̪] vs. 1700 Hz for alveolar [t]. Finally, we have the impression that the dental [t̪] and [d̪] differ from the alveolar [t] and [d] as laminal vs. apical. This difference in tongue posture would be consistent with the flatter spectra of the release phases of [d̪] vs. the more peaked spectra of [d] seen in the samples in Figures 9 and 10 above and observed by Dart (1990: 139) for a similar contrast in ˈOˈodham.

Our phonological analysis of the Assamese shift is couched in the Optimality model (Prince and Smolensky 2004) and has the following ingredients. First, we assume that there is an auditory-acoustic based feature of [±turbulence] whose acoustic signature is randomly distributed energy in the spectrum. Aspirated stops and [h] share this feature with fricatives and the release phases of affricates and the Assamese dental stops [t̪] and [d̪]. In the face of the markedness constraint banning word-final aspirates, Assamese preserves the turbulence of the aspirate in the fricative at the cost of infidelity for [continuant] and [distributed], which are demoted below Ident-[turbulence].

[image: ]

As seen in (20) below, for the velar /kh/ the rankings between *Ch# and the faithfulness constraints are variable, producing two outputs: the faithful [kh] and the spirantized [x]. In addition to the fact that the fricative [x] is already present in the phonemic inventory, the velar stop typically has a longer VOT than coronal and labial stops cross-linguistically, which could help to explain why its aspiration is (optionally) retained vis a vis the labial and coronal stops, which obligatorily shift their manner and/or place. For our Assamese data, the VOT measures in medial position align with this place hierarchy: [ph] 88 (14) ms, [th] 96 (14) ms, [kh] 105 (19) ms.

[image: ]


5 Preconsonantal position

If Assamese follows Lithuanian, Russian, and Klamath, we expect that the laryngeal stop contrasts will be preserved before (modally voiced) sonorant consonants but will be neutralized before obstruents. To pursue this point we collected and analyzed two data sets. First, we looked at word-initial stop sonorant clusters. Such structures are limited in number in Assamese. The liquid is restricted to the rhotic and quite a few of the aspirates arise from loanwords. Examples appear in (21). See the Appendix C for the full data set, which were recorded in five repetitions. In these data the aspiration overlapped the [r]. In order to estimate the effect of the aspiration compared to clusters with a plain stop, the duration from stop release to the onset of the vowel was measured. On average, the rhotic is 30 ms longer in the aspirated condition: aspirate 99 ms (37), plain 70 ms (31), Welch two-sample t-test: t = 3.17, F-statistic: 10.1, 55 df, p = 0.002; Adjusted R-squared: 0.14. This suggests that the C vs. Ch contrast is maintained in the presonorant context.

[image: ]

To further investigate the laryngeal contrast in preconsonantal position, a set of 24 words whose final stops were balanced for place, voicing, and aspiration was constructed (see Appendix D). They were followed by the particles –nai ‘no, none’, -tʊ definite marker, and –dur hol ‘away went’ and repeated five times to give a data set of 360 items.

The table below shows the results before the sonorant –nai. The voicing contrast is maintained for the same factors that operate word-medially before a vowel, especially the closure-voicing ratio. And the plain vs. aspirated contrast is most reliably expressed by VOT.

[image: ]

Before the voiceless consonant of –tʊ there is neutralization of the voicing contrast for C1 with apparent assimilation of the voicelessness of the following consonant. This can be seen in the .08 closure voicing ratio for underlying voiced stops.

[image: ]

But before the voiced stop of –dur, the underlying voicing contrast for C1 seems to be retained for the key correlates of closure duration and voicing ratio, suggesting that there is incomplete assimilation of voicing in the context of the voiced stop.

[image: ]

But when the data are broken down in terms of the plain vs. aspirated categories for C1 then there is a significant difference for the voicing ratio, with underlying plain stops showing an average closure-voicing ratio of .84 while underlying aspirates lag behind at .52, a significant difference (t = −3.17, 58 df, p = 0.002). This suggests that the underlying [+spread gl] gesture for the aspirated consonants may inhibit C1’s assimilation of voicing from C2. More data are needed to test this hypothesis; see Kenstowicz, Abu-Mansour, and Törkenczy (2000) and Wetzels and Mascarò (2001) for examples of voicing assimilation restricted to just [+voice] or to just [-voice].16

In sum, our data are largely consistent with the predictions made by the Licensing by Cue model. Before the nasal of –nai the closure voicing ratio, closure duration, and V1 duration distinguish the voiced from voiceless stops on an order of magnitude and reliability comparable to word-final position. And for the aspiration contrast, while the 42 ms VOT of aspirated stops is quite a bit less than the c. 90 ms found word-medially before a vowel, it is still reliably distinct from the plain stops’ 18 ms. In position before the voiceless stop –tu there is neutralization of the underlying voicing contrast in C1. Before the voiced stop of –dur, underlying plain stops assimilate the voicing of the following voiced stop while underlying aspirates do so to a significantly smaller degree.


6 Bengali

Bengali is cited (Kenstowicz 1994:
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ttest

€1/ -dur closuredur _ voiceratio _ Viduration _FO
[+voice] 80(13) 89(29)  138(24) 139 (19)
[-voice] 96 (25) 49 (45)  134(28) 136 (25)
t-test p: (58 df) 0.003 <0.001 .530

0.630
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(2) Assamese laryngeal contrasts: (near) minimal pairs in intervocalic position

fkopal]
[baba]
[sop*a]
[xobta]

“forehead”
“father
clean’
“meeting’

[bota]
[badam]
[bot'a]
[bad®a)]

“prize’
‘almonds’
‘oars’
ssethack’

[pokal
[bogal
[pok?a]
[pogra]

‘concrete’
‘white’
weed'
rope’
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(23) phonetic correlates of underlying [+voice] before-fu: mean (st dev) and t-test

c/-w closuredur _ voiceratio _ Viduration _FO
[+voice] 113 (18) .08 (.18) 135 (22)

[-voice] 119 (15) 203 (07)

ttest p: (58 df)

0.204 0.115

133(23)
133 (28)
0.968

127 30)
0.276
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(22) phonetic correlates of [+voice] and [+spread gl] belore —nai: mean (st dev)

and ttest
€1/-nat closuredur _voiceratio _V1duration FO___vor
[+voice] 727) -53(36) 133(23) 142(12) 13(20)
[-voice] 125 67 -08(.02) 115(22) 13721  44(41)
[-spreadgll  106(29)  .39(39)  128(23) 142(14) 18(26)
[+spread gl] 120 (41) .17 (:28) 117 (24) 136(20) 42 (42)
ttest p: (63 df)
[tvoice] 0.001 <0.001 0002 0296 <0.001
[+spread gl] 0.115 0.012 0058  0.125  0.007
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(20) *k'#, ldent-[turbulence] » Ident-[contin]

/mak?/

*k* _{1dent[turbulence]

Ident-[contin]

mak”

> max
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1dent-[contin], Ident [turbulence] > *ku#
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Ident[turbulence]

>mak®

Ko
!

max

‘mak
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21)

{protom] st
[brist]  rain’
[itijo]  “third”
[dristi]  ‘vision’

3
E

[b"romon]
[tristar]
(dvruba]

R
‘journey’

El

“three-star’
“universal’
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(18) * center of gravity and skew measures of various word-final segments

segment N center of gravity skew
f 15 4412 (1212) 0.41(0.56)
v 11 2569 (950) 1.99(1.16)
K 14 1780 (282)  3.41(155)
x 16 2453 (1212) 2.86(3.16)
s 10 8453 (502) -94 (32)
t 12 4182 (1141) 45 (0.59)
d 8 2722 (783) 1.0 (139)
d 9 1950 (301) 1.7 (.45)
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(19) *C'#, ldent-{turbulence] > Ident-{contin}, Ident-[distr]

/labt/_[*C# iident-[turbulence] [Ident-[contin]
>Tav B

b |1
lab -

Jkat”/_|*C |Ident [rurbulence] |1dent(dist]
STap g
lar [

Kas
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14)

‘Assamese

£>pt [pPrail ‘fy’, [pren] far, [relipun] ‘telephone’, kof] ‘cought
v>br  [bPen] vam, [bur] vote', [b'elu] ‘value', lav] love’

6>0 (o] ‘three’, [minkar] ‘thinker’, eig] ‘eighth’

Korean

f>p'  film > [pilim] (not [pilim]), coffee > [k*ap®i], chef> [sicpbu]
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(15) (examples from Idris 2004)
chaat < Saahid ‘witness’

10eet < raZiis ‘president’

thuk < suuk ‘market’
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(12) realization of word-1inal /h/

/kopah/ [kopah] ‘cotton’
botah/  [botah] ‘wind®
Jsab/  [sah]  ‘rea
Jdoh/  [doh]  ‘tem
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(13) Averages (and standard deviations) for phonetic correlates ol underlying
laryngeal stop contrasts in word-final prepausal position

voice ratio [+voice] _ [-voice] bdg [ptk
mean (sd) \58(26) .07(08)  .66(22) .09(09)
t 2483

F-statistic: 616.5 0n 1and 308 df, p < 0.001
Adjusted Resquared: 0.66

Viduration (ms) [+voice] [-voice] bdg [ptk

mean (sd) 15128)  126(24)  151(27) 124(24)
t 81

F-statistic: 6705 on 1 and 308 df, p< 0.001
Adjusted Resquared: 0.66

VI1FO (Hz) [+voice]  [-voice] bdg [ptk

mean (sd) 10(12) 144(12)  13BAD 1013
t 3.03

F-statistic: 917 on 1and 308 df, p=0.002
Adjusted Resquared: 0.02

final » P b b

voiceratio  .09(09)  .04(05)  .66(22) .45(28)
Vidur 24Q4) 12908 15127 152(29)
FO 140(13) 148(10) 138(11)  142(14)
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(11) realizatlons of /t*/ and /d"/ vs. /t/ and /d/ In dilferent positions of the word

[katt/
Jmot/
Jzet
Ibad®/
Jkrud?y
[budy/

Itagal
/mat'a/
/dvoni/
[rad"a/

[kag]
[moy]
lzet]
bod]
[krud]
[bud]

[tgal

[mat*a]

[d"ni]
[rad®a]

wood" ooy [bol)
‘temples’  /d"pay/  [dpat]
‘Mayjune’  /dupat/ [dupat]
to kill” frod/  [rod]
‘anger’ /mod/  [mod)
Wednesday' /dorad/  [dorod]

‘artefact
‘head’
wealthy’
“Radha’

‘Indian banyan’
“tobacco’

pair
‘sunshine’
“alcohol

pain’
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CONSONANT — TRANSCRIFTION
P Pal

ph phal

b bal

bh bhal

t tal

th thal

d dal
dh dhal
k kal
kh khal
g gal
gh ghat
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2
s
%
3
E

6LO>S
“to rear’

‘to split’
‘male child’
‘good’
‘palmyra tree’
‘plate’
‘branch’
‘shield”
“time’

ditch’
‘cheek’
“stroke’
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