A Hierarchy of Phonetic Constraints on Palatality in Russian *

Alexei Kochetov

In this paper I investigate factors responsible for neutralization of plainpalatalized contrasts, focusing on coronal and labial stops in Standard Ru s - sian. I argue that thefull range of distributional facts characterizing these segmentscan be adequatelycharacterized onlyif one derives neutralization from phonetic perceptual and articulatoryfactors ( Licensing by Cue : Steriade

1997; also Flemming 1995, Hamilton 1996, Silverman 1997, among others).

As it will be shown, some environmentssupport the `plain-palatalized´ co n - trast better than others, while other contextstend to neutralize it. Places of articulation differ in their neutralization patterns. I will demonstrate that whether the contrast licensed or neutralized, depends cruciallyon the avai l - abilityof perceptual cues encoded in a certain environment. I will determine the relative importance of these cues and propose a fixed markedness hiera r - chyof context-sensitive constraintson plain-palatalized co n trasts.

1 Distribution of Palatality Contrasts in Russian

1.1 Inventory and Palatalized Contrasts

The Russian consonant inventoryis given in Table 1. 1 As we see, the la n - guage can be considered as fullyrepresentative of the typol ogyof palataliz a - tion. The plain-palatalized phonemic distinction involves all places of a r - ticulation: labials, coronalsand velars. Plain consonants maybe velarized to some extent ( Skalozub 1963, etc.).

In this paper I limit thediscussion to the distribution of coronal and l a - bial stops (highlighted in Table 1), disregarding their laryngeal distinction. I showthese segments again in Table 2.

* I am thankful to Keren Rice and Elan Dresher for multiple comments and sugge s - tions. I also benefited from the discussion of the paper with the University of Toronto

Phonology Group. All errors are my own. This research was funded by SSHRC r e - search grant number 410-96-0842 to Elan Dresher and Keren Rice.

1 My assumptions concerning phonotactics and articulatory and acoustic phonetics of

Russian are based on the following sources: Avanesov 1972, Bolla 1981, Bondarko

1977, Derkach 1975, Halle 1959, Jones & Ward 1969, Kuznetsova 1969, Lazova

1974, Matusevich 1976, and Skalozub 1963.

Labials Coronals Velars p p

, t t , k

, k

b b , d d , [ g , ] g

ts t

5 , f f , s s , 5 5 ,

: [ x , ] x v v , z z ,

<

m m , n n ,

l l ,

r r ,

j

Table 1. Russian consonant inventory.

Labial Coronal

’Plain’ p t

Palatalized p , t ,

Table 2. Plain and palatalized labial and coronal stops.

1.2 Distribution of Plain and Palatalized Stops

The distribution of plain and palatalized stops issummarized in Table 3. 2

I consider single stops and these segments in two- and three-consonant

clusters. Note that while the unmarked, plain segmentsoccur in all of the

contexts under consideration, their palatalized counterparts exhibit rather

asymmetrical distributional patterns. What we see in Table 3, isthat in some

environmentsboth palatalized labials and coronals are unrestricted ( abcd),

that is, fullycontrastive. In other contexts theyare restricted to a certain

number of clusters. Thereis onlyone attested cluster with a final palatalized

labial (e). Coronals have a limited number of clusters in other positions( fg).

In still other positions thesegments in question arecompletelyneutralized in

favour of the unmarked plain stops ((h) and ( fg) for labials only). Interes t -

ingly, palatalized coronals enjoya fuller contrastive potential than palata l -

ized labials.

It is also worth emphasizing that some of these environments are s u b -

jects to additional constraints imposed bythe nature of thefollowing cons o -

nant. In the preconsonantal positions( fgh) coronals maybe tolerated onlyif

2 See Kochetov (to appear) for details.

the following segment isof a different place of articulation (Table 4). There

are also some restrictions before front vowels (Kochetov 1998 (toappear)).

Contrast C ¯ C ,

Environment

Labial Coronal

a. V__V yes yes

b. #__V yes yes

c. C__V yes yes

d. V__# yes yes

e. C__# yes/no (1) yes/no (5)

f. V__C 3 no yes/no (3)

g. #__C no yes/no (1)

h. C__C no no

Table 3. The distribution of plain and palatalized stops (Note: yes = unr e -

stricted; yes/no = restricted, no = prohibited; (1) = the number of attested

contrastive clusters).

Labial Coronal

a. #__C htr V no yes/no (1)

b. V__C htr (#) no yes/no (3)

c. V__C hm (#) no no

Table 4. Constraints on occurrence before hetero-organic ( C htr ) and homo r -

ganic (C hm ) consonants.

In sum, not a single environment in Table 3 isfree from some kind of

constraint on palatalized stops. Several questionsarise with regard to these

data. Whyare certain environments better for realization of the contrast than

others? Whyis the contrast tied up to the qualityof the following consonant

or vowel? Howcan we explain the distributional discrepancies between lab i -

als and coronals?

3 For simplicity I exclude the clusters with a palatalized C2. The summary of distr i -

bution of stops before palatalized consonants is given in Kochetov 1998 (to appear).

2 Licensing by Cue: Phonetic Cues to Palatalized Cons o -

nants

In order to account for these complex distribution patterns, I turn to theh y -

pothesis of Licensing by Cue , developed in the works of Steriade 1997,

1998, aswell as Flemming 1995, Hamilton 1996, and Silverman 1997. A c -

cording to this approach, phonological contrasts areneutralized in enviro n -

ments poor in termsof phoneticcues and are preserved or licensed in pos i -

tionsthat are high on a scale of perceptibility. Thisscale isbased on relative

number of cues, their relative duration and perceptual salience.

2.1 Cues to PalatalizedStops

I will begin with identifying cues to palatalized stops. I frame myanalysis in

the gestural representationsdeveloped in the framework of Articulatory

Phonology( Browman & Goldstein 1989 and Zsiga 1997) and the auditory

re p resentations worked out in Flemming 1995.

A palatalized consonant is characterized ashaving a primarygesture

(Lips or Tongue Tip) with a secondarypalatal articulation superimposed

onto it. Consider the gestural score of sequences ap

, a-at , a (1a). The seco n -

darygesture (Tongue Body-palatal), which is acousticallycharacterized by

high F2, overlaps with the gestures of the preceding and following vowels,

resulting in formant transitions. The overlap isusuallymore apparent at the

release than at the formation of the primaryconstriction ( Ladefoged & Ma d -

dieson 1996: 364; Flemming 1995: 35).

Thisalignment of gestures provides the sequence of acoustic events in

(1b): approach, closure, burst, and release. Of these four, approach (V-C

formant transitions), release (C-V transitions), and burst of fricative noise are

known to contain important information about theplace of articulation of the

stop ( Flemming 1995: 33-37). It is crucial for our analysis to know what the

relative importance, or perceptual salience of each of these cues is. Here I

consider acoustic details of release, approach and burst. For simplicityI refer

to them as cues. I do not discuss the properties of cl osure, since thiscomp o -

nent, havingno acoustic energy, cannot differentiate stops.

A releas e after a palatalized consonant in Russian (Table 5) is chara c -

terized bya fairlylong period (up to 35-40 per cent of the vowel 4 ) with F2

4 Here the release includes the period of the vowel with F2 typical for front vowels [ i]

and [

3

, ç ] lowfrequency 12% t , [ s , ç ] high frequency high intensity

51%

Table 7. Palatalized burst.

Notice that release and approach aremeasured in termsof howmuch of the vowel time theyoccupy. Thus, these componentsarepresent only if there is a following or preceding vowel correspondingly. Burst is also contextsensitive: it mayoccur before some consonants and maybe inhibited before others. These factors relate the cues cruciallyto linear environments.

After considering thecomponentsof approa ch, burst, and release of a palatalized stop, we can propose an implicational hierarchyof salience, as in

(2). The relative salience of the cues is based on their durational characteri s - tics, as well as on acoustic salience of different phoneticproperties (e.g. high intensitystrident fricative noise) ( Flemming 1995: 31). The implication in

5 The values for burst are average. Burst tends to be longer before unstressed vowels, as well we in final and preconsonantal positions (Kochetov 1999; cf. Kuznetsova

1969: 105).

(2a) holds that release, constitutes themost important cue to a palatalized stop, followed byburst, while approach isthe least important in cueing the segment. (2b) states an important place of articulation difference: thecoronal burst is more salient than the labial burst.

(2) a. Release » Burst » Approach b. Coronal Burst » Labial Burst

Having established the cues to palatalized stops and their relative sa l i - ence, we will take a closer look at three different sets of cues present in ce r - tain environments and we will see whether these sets correlate with preser v - ing or neutralization of the contrast between plain and palatalized stops.

2.1.1 All Cues: Intervocalic

The presence of all cues to palatality(release, burst, and approach) makes the intervocalic environment ideal for realization of the contrast (3).

(3) Environment: V__V

Cues: release, burst, approach

Input: ap , a at , a

Output: ap , a at , a

As we would expect, Russian palatalized labialsand coronals are fully contrastive in this environment, as we see in (4).

We mayreasonablyexpect that with the removal of anyof the three significant cues to a palatalized stop theperception of the segment will det e - riorate, and thus, it will be more likelyto be neutralized in a given enviro n - ment.

(4) a. ko[p]at´ 6 `dig´ o[ p , ]at´ `again´ sa[p] og ’high boot’ sa[ p , ] ër ’combat engineer’ lo[p] ux `burdock` ku[ p , ] ura `banknote´

6 Here and below I use the transliteration adopted in North American literature on

Russian, while using the IPA symbols for transcription. ë =fronted [o] (C

, __) , y =

[

Ó ], C´ = [C , ].

b. va[t]a `cotton´ ba[ t , ]a `dad´

po[t]ok `stream´ po[ t , ]ok `began to flow´

pe[t] ux `rooster´ u[ t , ] ug `iron´

2.1.2 No Release: Preconsonantal (__C htr )

Let´s consider the result of removing one of the cues, a release of a palata l -

ized stop, while retaining burst and approach. We will look at the medial

preconsonantal environment. Taking into account the fact that in Russian

stops retain their burst when followed byanother hetero-organic consonants,

especially, bystops and nasals(Jones and Ward 1969: 89, 105; cf. Zsiga

1998), we will consider onlyhetero-organic clusters. In sequences ap

, ka-

at , ka (5) the most important cue, release, is missing. The two other comp o -

nents, burst and approach, are still present.

(5) Environment: V__C htr

Cues: burst, approach

Input: ap , ka at , ka

Output: apka at , ka

Howdoes the loss of the m ost important cue affect the distribution of

the contrast? As we see from (6a), palatalized labials are completelydisa l -

lowed in this environment. As for coronals(6b), we find here a fews e -

quences, all of which are hetero-morphemic clusters. Palatalized coronals are

prohibited in clusterswithin morphemes.

Similar patternsare also manifested in alternations in (7). While adding

a hetero-organic suffix depalatalizes labials, it does not necessarilyaffect

coronals.

(6) a. ˚

½ l ë[ pn] ut´ `to slap´ *-[ p , n]- le[pt]a `mite´ *-[ p , t]- to[ pk]a `furnace´ *-[ p , k]- b. po[dm] oga `help´ ve[ d , m]a ’witch’ o[ tp] ast´ `to fall off´ su[ d , b]a `fate´ re[ tk]o `rarely´ re[ t , k]a `radish´

(7) a. golu[ p , ] `pigeon´ golu[ pk]a `female pigeon´ ce[ p , ] `chain´ ce[ pn] oj `chain´, adj.

b. ba[ t , ]a `dad´ ba[ t , k]a `dad´, familiar xo[ d , ]it´ `to walk´ xo[ d , b]a `walking´

Table 8 summarizes the distribution of labials and coronals in thea b - sence of release providing the number of attested clusters with plain and palatalized stops, aswell as the number of contrastive clusters (in parenth e - sis).

V__C htr V Labial Coronal

Clusters with C 9 4

Clusters with C , 0 3

Contrasts C ¯ C , no yes/no (3)

Table 8. Labial and coronal stops before hetero-organic consonants.

2.1.3 No Release, No Burst: Preconsonantal (__C hm )

Let’s consider environmentsthat lack both release and burst, which possess the two most salient cue sets. Here we look at positions before homorganic consonants or a lateral, since stops in Russian do not have their independent burst when followed bythese segments(Jones and Ward 1969: 89, 105). The sequences ap , ma-at , na (8) aredifferent from those in (5) onlyin thequality of following segment: it is a consonant of the same primaryplace of artic u - lation asthe palatalized stop (either labial or coronal). Theonlycues avai l - able here are those of the approach, the least important cueing component.

The result of this poorlycued com bination of gestures is a complete neutralization of both palatalized labials (9a) and coronals (9b).

(8) Environment: V__C hm

Cues: approach

Input: ap , ma at , na

Output: apma atna

(9) a. o[ bm]an `deception´ *-[ b , m]- ca[ pf]a `pin´ *-[ p , f]- b. e[ tn] os ` ethnos´ *-[ t , n]- o[ tl] o

å it´ `to put off´ *-[ t

, p, t , k, t , m, and t , f (11a). Those that are not characterized byburst result in ungrammatical sequences (11b).

(11) a. t , p, t , k, t , m, t , f Burst: yes b. * t , t, * t , s, * t , 5 , * t , n, * t , l, * t , ts Burst: no

Summing up the facts reviewed here, the presence of all cues to palata l - ityresults in the most contrastive context. An absence of release leads to neutralization of palatalized labials. And theabsence of burst is the factor that triggers neutralization of palatalized coronals. Having no approach does not affect palatalized stops to the same degree ashavingnorelease or burst.

2.2 WordEdges

It should be noted that segmentsat word edges maybenefit from more acoustic cues in connected speech than segments in word-internal clusters

(Hamilton 1996: 235). Thus a word-initial consonant following a vowel-final word receives additional approach cues (12a), and a word-final consonant preceding a vowel-initial word is supplied with release cues (12b) corr e - spondingly. On the other hand, segments in internal clusters arenot affected and thusare at a disadvantage. Thus, we are to expect systematic distrib u - tional asymmetries between these contexts.

(12) a. vo t’mu -[

¡ t , m]- `in the dark’

additional approach

b. golub’ uletel -[ up , u]- `a pigeon flewaway’

additional release

2.3 Summary

Let´s nowsummarize howthe available phoneticcues determine whether

palatalityin Russian is preserved or neutralized. In Table 10 I showsets of

cues (a through k) that differ in perceptual salience and can be found in the

corresponding linear environments.

Comparing the sets of cues and environmentswith the corresponding

neutralization patterns reveals thefact that licensing of a plain-palatalized

contrast dependscruciallyon the cues. Having at least two high salient cues,

those of release and burst, resultsin a fullylicensed plain-palatalized co n -

trast ( abc). Burst and approach with an optional release aresufficient to su p -

port the distinction (d). However, removing approach from thisset causes

minor restrictions, more apparent with labials: there is onlyone contrastive

Cues Contrast C ¯ C ,

release » burst »approach

Environment

Labial Coronal

a.

¥ ¥ ¥ V__V yes yes b. ¥ ¥ (

¥� #__V yes yes

c. ¥ ¥ C__V yes yes

d. ( ¥� ¥ ¥ V__# yes yes

e. ( ¥� ¥ C__# yes/no (1) yes/no (5)

f. ¥ ¥ V__C htr no yes/no (3)

g. ¥ ( ¥� #__C htr no yes/no (1)

h. ¥ C__C htr no no

i. ¥ V__C hm no no

j. ( ¥� #__C hm no no

k. C__C hm no no

Table 10. Cues provided byenvironmentsand distribution of plain and

palatalized stops (Note: (

¥� �WKH�FXH�LV�RSWLRQDOO\�SURYLGHG�LQ�FRQQHFWHG speech; (1) = one contrastive cluster is attested).

cluster (e). Having no release is `deadly´ for labials; coronals still survive, provided two other componentsarepresent ( fg). Onlyburst (h) or onlya p - proach ( i, j) donot constitute a sufficient cueing environment. Even more so, no contextual cues (k) will inevitablylead to non-recoverabilityof the co n - trast bya listener. The discrepancies bet ween the places of articulation fo l - lowfrom the hierarchyof salience (2), repeated in (13).

(13) a. Release » Burst » Approach b. Coronal Burst » Labial Burst

In short, all the characteristic constr aints on distribution of palatalized stops are derivable from phonetic information manifested in acoustic cues. 7

We can formalizethese results in the following wa y. We recast the hie r - archyof cued environmentsgiven in (13) into a perceptibilityscale, or fixed ranking of constraints (cf. Steriade 1997, Boersma 1997). These constraints, illustrated in (14), requireneutralization of palatalityin different enviro n - ments. The constraintson gesture combinations that result in fewer cues are ranked higher, and those with morecues are lower.

7 See Kochetov 1998 (to appear) onthe neutralization beforefront vowels.

(14) *P AL /V__V: Neutralize palatality contrast between vowels.

*P AL /#__V: Neutralize palatality contrast word-initially (in the

absence of the preceding vowel).

*P AL /V__#: Neutralize palatality contrast word-final ly (in the a b -

sence of the following vowel), etc.

The faithfulness constraint to palatalized consonants, P RES P AL (15), can

be ranked against the fixed hierarchy, determining a language-specific pa t -

tern of neutralization, or a threshold of perceptibilityof the contrast. Pr e -

serving thecontrast in a less cued environment implies maintaining it in a

more informative context. (16) illustrates the distributional patterns attested

in Russian. Some other possible cross-linguistic patternsbased on different

rankings of P RES P AL against the same hierarchyare shown in Appendix.

(15) P RES P AL : Preserve a plain-palatalized contrast.

(16) Constraint hierarchy Cues

Labials Coronals

neutralize *P AL /C__C fewer cues

|

*P AL /#__C

|

*P AL /V__C *P AL /C__C

P RES P AL --------------- | --------------------------- | ------------- ß

*P AL /C__# *P AL /#__C

| |

*P AL /V__# *P AL /V__C

| |

*P AL /C__V *P AL /C__#

preserve | |

*P AL /#__V *P AL /V__#

| |

*P AL /V__V *P AL /C__V

|

*P AL /#__V

|

*P AL /V__V more cues

Thishierarchycan be further refined if we consider factorsthat affect

perception of palatalized consonants: the qualityof the following or prece d -

ing consonant (hetero-organic vs. homorganic; sonorant vs. obstruent) and

vowel (back vs. front), stress, etc. These factors form sub-hierarchies within the constraintsin (16). Theydiffer in their relative importance and mayi n -

teract with each other allowing for ce r tain trade- offs.

It is important that this hierarchyof constraints is not a devised stipul a -

tion, but a result of the presence or absence of phonetic cues provided bythe

env i ronments.

3 Conclusion

The presented analysis of neutralization of plain-palatalized contrasts in

stops is based on the phonetic and phonotactic facts of Russian. Theaccount

provides evidence for the hypothesis of Licensing by Cue , demonstrating that

palatalized stops can be licensed or neutralized depending on availabilityof

phonetic auditoryinformation, and, particularly, the contextual cues of r e -

lease, burst, and approach, and their relative salience. Further, differences

bet ween places of articulation are based on acoustic properties of burst and

approach. The distribution of these cues in linear environmentsresultsin a

perceptibilityscale that can be modeled as a fixed hierarchyof contextual

constraints on thepalatalitycontrast. Finally, the account provides additional

support for the viewthat phonotactics make reference to phonetic inform a -

tion available in contextual cues and that phonetics plays an important role in

determining environments for the neutralization of phonological contrasts.

Appendix

Type Language V__V #__V V__# V__C C__C

A ??? yes yes yes yes yes

B Russia n

Mordva

Scots Gaelic yes yes yes yes no

C Irish

Manx yes yes yes no no

D Bulgarian

Lithuanian

Nenets yes yes no no no

E Karelian

Saami yes no no no no

Table 1. Atypol ogyof palatalized contrast: coronal stops (from Kochetov

1998 (to a p pear).

References

Avanesov, R. I. 1972. Russkoe literaturnoe proiznoshenie . Moscow: Pros veshchenie.

Boersma, Paul. 1997. Inventories in functional phonology. Ms., Rutgers Optimality

Archive.

Bolla, K. 1981. A conspectus of Russian speech sounds . Cologne: Boelau.

Bondarko, L.V. 1977. Zvukovoi stroi sovremennogo russkogo iazyka . Moscow: Pro s -

veshchenie.

Browman, Catherine P. and Louis Goldstein. 1989. Articulatorygestures as

phonological units. Phonology 6 , 201-252.

Derkach, M. 1975. Acoustic cues of softness in Russian syllables and their applic a -

tion in automatic speech recognition. In: Auditory analysis and perception of

speech , ed. G. Fant and M.A.A. Tatham, 349-358 . NewYork:Academic Press,

1975.

Flemming, Edward Stanton. 1995. Auditoryrepresentations in phonology. Doctoral

dissertation. Universityof California, Los Angeles.

Halle, Morris. 1959. The sound pattern of Russian . The Hague:Mouton.

Hamilton, Philip James. 1996. Phonetic constraints and markedness in the phonota c -

tics of Australian aboriginal languages. Doctoral thesis. Universityof Tor onto.

Jones, Daniel and Dennis Ward. 1969. The phonetics of Russian. Cambridge:Unive r -

sityPress.

Kochetov, Alexei. 1999. What makes codas contrastive? Ms., Universityof Toronto.

Kochetov, Alexei. 1998 (to appear). Phonotactic constraints on the distribution

of palatalized consonants. Toronto Working Papers in Linguistics. Holland Ac a -

demic Graphics.

Kuznetsova, A.M. 1969. Nekotor ye vopros y foneticheskoi kharakteristiki iavlenia

tverdosti-miagkosti soglasnykh v russkikh govorakh. In: Eksperimental´no-

foneticheskoe izuchenie russkikh govorov , ed. S.S. Vysotskii, 35-140 . Moscow:

Nauka.

Ladefoged, Peter and Ian Maddieson. 1996. The sounds of the world´s languages .

Cambridge, Massachusetts:Blackwell.

Lazova, M.V. et al. 1974. Obratnyi slovar´ russkogo iazyka. Moscow: Sovetskaia

Entsiklopediia.

Matusevich, M. I. 1976. Sovremennyi russkii iazyk: fonetika. Moscow: Pro s -

veshchenie.

Silverman, Daniel. 1997. Phasing and recoverability. NewYork:Garland.

Skalozub, L.G. 1963. Palatogrammy i rentgenogrammy soglasnykh fonem russkogo

literaturnogo iazyka. Kiev: Izdatel´stvo Kievskogo universiteta.

Steriade, Donca. 1997. Phonetics in phonology: The case of laryngeal neutralization.

Ms., Universityof California, Los Angeles.

Steriade, Donca. 1998. Alternatives to the syllabic interpretation of segmental

phonotactics. Paper presented at the Syllable Structure and Gesture Timing

Workshop, Linguistics and Phonetics Conference.

Zsiga, Elizabeth C. 1997. Features, gestures and Igbo vowels:An approach to the

phonology-phonetics interface. La n guage 73, 227-274.

Department of Linguistics

Universityof Toronto

130 St. George Street, Room 6076

Toronto, Ontario

Canada M5S 1A1

akocheto@chass.utoronto.ca