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1 Introduction

The interaction of tone with vowel quality is rarely repattdn fact, Hombert (1977) and
de Lacy (2007) deny that such interactions are possible.rédgept a particularly clear case
of synchronic interaction of tone with vowel quality in Sknian as a counter-example.
Slovenian restricts the combination of high tones with las wowels by adjusting the tone
in the native phonology and adjusting the vowel quality & fitenword phonology. We use
this case to motivate an Optimality Theoretic (Prince & Sengky, 1993/2004) analysis
of Slovenian using a markedness constraint that penaligegdnes on lax vowels.

Most reports of vowel-segment interaction involve the @ffef consonants on tone,
most commonly the lowering effect of voiced obstruents dredraising effect of voiceless
ones (Hyman & Schuh 1974, Hombert 1978, Hombert et al. 19&8g 2008, inter alia).
As for vowel quality-tone interactions, the most well sedlicase is Fuzhou (Jiang-King
1999), in which syllables with tense mid vowels can have H,,lékM tone, while those
with lax mid vowels have HL or ML. In Cantonese (Yue Hashima&r?2), High tone
is restricted in closed syllables: on the tense vowels igtvee surfaces compared to
lax vowels. In Hu (Svantesson 1991:72), high vowels alwagigeHigh tone in closed
syllables, but both H and L are allowed in open syllables. #&hil (Matisoff 1973), a
rising tone raises the vowel. Shua (Odden 2007) contradts&hd L on non-high vowels,

but high vowels also contrast a fourth, Super High tone. lpufu(Odden 2007), both
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consonants and vowel height determine tone in the imperatigh vowels require High or
Super High tone (for further information on the three-watgraction of obstruent voicing,
vowel height and tone, see Kingston 2007). In Matsue JapaiNita 2001), the position
of an initial rise depends on vowel height: the rise is on #wad vowel of the word if the
second and third vowels are high, but the rise is on the thiodly the second is high. In
Awad Bing (Cahill 2001), vowel-initial words have a Low tqrexcept for initial [i], which
has a High tone. These reports lend support to the view tighehior tense vowels prefer
High tones, and lower or lax vowels prefer Low tones.

In other languages, however, the opposite is true. In TadsariZee 1980), high tone
correlates with higher F1, or a lower vowel. In Rengao (Grege 1976), tense vowels
select lower tones than lax vowels. In Western Cham (Ednmamd&sGregerson 1993),
tense vowels have consistently lower pitch than low vowdéts Madurese (Trigo 1991,
Cohn 1993), the relationship between tone and vowel hegbnly indirect: voiceless
obstruents increase the fundamental frequency and chamgd guality, such that only lax
vowels are possible after plain voiceless onsets. In Kamadapanese (Nitta 2001, Odden
2001), the initial rise depends on vowel height and onsetingi in words with a voiced
onset and a high vowel in the second syllable, the pitch e on the second syllable
if the third vowel is also high, but if the third vowel is nomgh, the rise is word-initial.
Low vowels in some languages prefer high tone. For examplgziid has a predictable
High tone on [a] in verbs (Schuh 1971). Similar cases exiB&stern Maninkakan (Spears
1968) and Kinande (Mutaka 1994, Archangeli & PulleyblanR40

Diachronic effects of vowel quality on tone are reported imhurg Dutch (Hermans
& van Oostendorp 2007, and references therein) and U (Ss&omel 988, 2001). In these
two languages, high vowels triggered the development ohlbges.

The correlation between vowel height and tone is phonégigabunded. Higher vow-

els have higher intrinsic Fthan lower vowels, since the raised tongue tenses the vocal



cords (Ohala 1973, 1978, Ohala & Eukel 1987), as has beemteepir a large number
of languages (e.g. Hombert et al. 1979, Whalen & Levitt 199&nnel 2002). However,
there is also a phonetic grounding for the opposite patteruhich low vowels give rise to
higher k. Larynx height correlates directly with,Fraising the larynx shortens the vocal
tract, which in turn raises the formant frequencies, paldidy F,, resulting in a somewhat
lower vowel quality (Hombert et al. 1979, Archangeli & Pyldank 1994). Moreover,
speakers who have shorter vocal tracts will have highemie higher formant frequencies,
SO across speakers, higher pitch correlates with highesrHower vowels. In perception
experiments, this effect was found significant (Fant 19&%mann & Nearey 2007).
These sources of two opposite correlations betweesnd F have led to claims that
the overall correlation is too small to have any phonologicesequences, as suggested
by Hombert (1977). In a perception experiment, high vowetsenjudged significantly
higher than low vowels with the same pitch, but Hombert ladties this effect to the vow-
els’ spectral properties. Furthermore, while Connel (3Gb#is significant influence of
Low tone on F, this is not true for other tones, for mid vowels, or langusatet have
more than two tones. Zee (1980) finds that speakers differtwativer i and F of indi-
vidual vowels correlate positively or negatively. Pape &ddbammer (2006) report that
intrinsic F, is language dependent. Kingston (2007) shows that theraaeatomatic
Fo—F; correlations in American English. In addition, it has beaggested that for many
languages mentioned above, where tone and vowel qualiyaict; there is some other
phonetic dimension that interacts with tone, such as plhmmatpe or vowel duration. Ex-
amples of languages where the interaction between tone @ndl\quality is mediated
by additional factors include Turkana, which involves thediation of phonation type
(Dimmendaal 1983, Dimmendaal & Breedveld 1986), and alsprigu(Jiang-King 1999)
and Thai (Abramson 1962, Morén & Zsiga 2006), which invallve mediation of vowel

length. Finally, the precise nature of vowel-tone inteéaciay be obscured considerably



by complex tones, as in Cantonese and Fuzhou, or additionabnant-tone interaction as
in Tupuri, Madurese and Kanazawa Japanese.

The phonology of Slovenian, which we discuss here, offelgar case of tone-vowel
interaction that isn’'t complicated by consonant qualityppation type, or syllable struc-
ture. Slovenian shows that lax vowels preferably occur Wity tones and tense vowels
with High tones. In the native phonology, lax mid vowels arisatlowed with High tones.
In the loanword phonology, only High tones are allowed, asnde mid vowels are tensed
to fit them. This uniformity of target and heterogeneity abgess is a hallmark of marked-
ness in Optimality Theory. We propose the markedness @nstH/[—ATR —low], and
show its ranking in the native and loanword phonologies of/&hian. No other phonolog-

ical property can be held responsible for this interaction.

2 The nominal system of Slovenian

This paper focuses on the nominal system of Standard Slaweas it is spoken in Ljubl-
jana (henceforth, Slovenian), also the dialect of the dplieally second author. Slovenian

contrasts two tones on the stressed syllable, High and Loim, @.).

Q) 'pét ‘path’

‘pot ‘sweat’

Our focus is on nominal paradigms, which are representafitiee phonology of the lan-
guage. With six cases and three numbers, Slovenian nounghlginflected. For the
majority of nouns, the tones and stress do not change thomighe nominal paradigm,

shown by the representative examples in (2).



(2) NOM.SG ko'rdk be'dak

GEN.SG ko'rak-a be'dak-a

NOM.PL ko'rak-i be'dak-i

INSTR.DU ko'rdk-oma be'dak-oma
‘step’ ‘fool’

Previous descriptions of Slovenian tone contain conflgcaecounts of tones that appear
after the stressed syllable (ToporiSi¢ 1968, 2000, HeR000, Lencek 1981, Srebot Rejec
1988). However, Jurgec (2007a,b) shows that these tondmarelary tones that are as-
signed at the phonological phrase level, as evidenced layahsence inside compounds.
Since this paper deals with the word-level phonology of tbmimal system, we abstract
away from these phrase-level tones, which do not impingehernwtord-level tones we
discuss here.

Stress in Slovenian correlates with increased durationrdaadsity (Srebot Rejec 1988).
Unstressed vowels are subject to reduction, both of thealeihg and the non-neutralizing
kinds (Jurgec 2005, 2006). Contrary to the traditional aot¢Toporisic 2000), there is no
distinctive length contrast on vowels (Srebot Rejec 19&8elet al. 1996Sustarsic et al.
1995, 1999). Slovenian has nine contrastive vowel qualitiestressed syllables, but only

five in unstressed syllables (3).

3) Slovenian vowel system

Stressed Unstressed




In stressed syllables, the unmarked vowglse, i, 0, 4 can appear with either a High or a
Low tone anywhere a stressed vowel is allowed. In other wdhdse is no restriction on
their distribution beyond the restrictions that apply te tategory ‘vowel’. Examples of the
mid vowels [e] and [0] are in (4). Since all but a few nativetsoare maximally disyllabic,
we present examples of roots with final and penultimate stiest not antepenultimate

stress.

4) Distribution of tones on{ATR] mid vowels

Final stress Penultimate stress
pe'pél ~ pepél-a ‘ash’ jézer-o ~ 'jézer-a  ‘lake’

© ime ~ i'men-a ‘name’ 'dete ~ 'detet-a ‘baby’
koké[ ~ ko'ké[-i  ‘chicken’ 'vojvot ~ 'véjuod-a  ‘duke’

° o'bok ~ o'bok-a  ‘arch’ 'pograt ~ ‘pograd-a  ‘bunk, bed’

3 Roots with underlying tone

We limit the discussion to roots with underlying tone; theystitute the vast majority of
all nouns in Slovenian. These nouns have fixed stress anduathesome exceptions, see
below) throughout the paradigm, and contrast High and Laves$d2). In Slovenian, only

one tone per Prosodic Word is allowed, which we attributdéoetffect of (5).

(B5) Tia,PWd
Every mora associated with a tone (either High or Low) mudddminated by the

head syllable of the Prosodic Word.



Hence, for an input with one underlying tone in the rant one in a suffix, only one tone
will surface faithfully, the one in the root. The constraim{6) ensures that a tone from a

suffix doesn’t flop over to the stressed syllable and surfaesst

(6) NoFLoP (Alderete 2001:216)
If output tonet’ corresponds to input tong and output moran’ corresponds to
input moram, andt andm are associated, assign one violation mark’itindm’

are not associated, ards associated to some other mané.

The tableau in (7) exemplifies this point. The candidates(io) (c) violate TA,PWd and
NoFLoOP respectively, which in turn must be ranked above thex\{T') constraint. Note
that this result only holds if both tones are underlyinglgasated with a vowel (i.e. not

floating), see (10) for further examples.

(7)  be'dak-a ‘bedakNnOM.DU’

L H

/bedgk—g/ T/A.PWd
a.[] [be'daka]
b. [be'daka]
C. [be'daka] *1

NoFLoP | MAX(T)

*|

Some nouns do not have the same tone throughout their paradighe feminines
contrast High and Low on most members of the paradigm, butNB®e SG and GEN.PL
are normally High in most feminine declension classes. Hragigms in (8) represent the

vast majority of feminine nouns.



(8) NOM.SG 'slizb-a
GEN.SG 'slizb-e
INST.SG 'slizb-o
NOM.PL 'slizb-e
GEN.PL 'slafp

ob’

ma'lin-a ‘pamet
ma'lin-e ‘pamet-i
ma'lin-o ‘pamet-jo
ma'lin-e ‘pamet-i
ma'lin ‘pamet-i
‘raspberry’  ‘mind’

We propose that suffixes that have a floating tone trump Ietoce. The underlying Low

on ['pamet-jo] is replaced by the floating High of thesT.sG due to the M\x(float) con-

straint in (9), which prefers the realization of floating ¢ésh

(9) MaX (float) (Wolf 2007)

If a tonet in the input is not linked to a moramust have an output correspondent.

The derivation of 'pamet-jo] is in (10). The floating tone is preserved due to high ranked

MaX (float), which outranks Mx (T).

(10)  'pametjo ‘wisdOmNST.SG

L H

/'pa‘lmet—jo/

MaX (float)

MAX (T)

a.l [‘pametjo]

b. [pametjo]

*|

Interestingly, floating tones dock onto the vowel that hasuhderlying tone. If we

accept thevoMm.sG ['pamet] as the base for assessing Output-to-Output-faithfulrtees

OO-IDENT(stress) is sufficient to exclude candidate (b) in (11).

Wolf (2007) motivates this constraint based on an analysjghenomena that are unrelated to tone,
such as consonant mutations. The current analysis leng®dup this constraint. Note that theeRLIZE-
MoRPHEME (Kurisu 2001) constraint would not suffice, since most ofstheuffixes are also segmentally

realized.



(11) 'pametjo ‘wisdOmMNST.SG

L H

/'pz‘lmet-jo/ NOFLoP ' OO-IDENT(stress)

a.l [‘pametjo]

*|

b. [pa'métjo]

4 Tone—vowel interactions

Tone is predictable on the marked vowéls o, A, o}. In this paper we discuss the mid
vowels, although the situation is similar—yet more compitdar the other two vowels. In

paradigms with fixed stress, which normally contrast Higéh bow tones on the unmarked
vowels [e] and [0] (see section 3}][and p] show up with predictable tone: Low tone on

all members of the paradigm, except them.SG andGEN.PL.

(12) NOM.SG pro'mét rép uz'rdk brdn
GEN.SG pro'met-a 'rep-a uz'rdk-a 'bron-a
NOM.PL pro'mét-i 'rep-i uz'rdk-i ‘bron-i
GEN.PL promét-ow  ‘rép-ow uz'rok-ow 'brdn-ow
‘traffic’ ‘tail ‘cause’ ‘bronze’

In a few nouns,q] and p] can appear as the root’s penult vowel, but the penult getsstd

only in theNoM.SG. Again, [e] and p] show up with a Low tone (13).

(13) NOM.SG 'tele Stfe
GEN.SG te'let-a o't[et-a
NOM.PL te'let-a o'tfet-je
GEN.PL te'let o't[et-ow
‘calf’ ‘father’



Missing from the language are fixed stress paradigms witlof [o] and a High tone
throughout. We assume that such hypothetical inputs maptbetLow tone paradigms.
Since E] and p] do not allow faithfulness to High vs. Low, there must be sonakedness
constraint that prefers Low on][and p]. More formally: *H/[—ATR —low]. The phonetic
grounding for the required markedness constraint is redsen Higher vowels correlate
with higher perceived pitch, and-]ATR] correlates with lower vowels, so the combination
is dispreferred; in fact, most languages display this pati&s outlined in the introduction.
We illustrate this in tableau (14). Candidate (a) violateghtranked *H/F-ATR —low],

which outranks the corresponding faithfulness constidink (T).

(14) ka'tepa (hypothetical)

H
/kate‘p-a/ *H/[ —ATR —low] | MAX(T)

a. [ka'tépa] *|
b. O [ka'ttpa] *

A floating tone, however, causeq pr [o] to surface with a High tone in theom.sG and

GEN.PL (15), due to the high ranked A (float).

(15)  prométow ‘traffic. GEN.PL’

L H

/pro'mt‘tt—ow/ MaX (float) | *H/[-ATR —low] | MAX(T)

a. [proméetow] *1 *

b. [0 [prométow] * *

5 Loanword phonology

Evidence for the markedness of High tones on mid vowels alstes from the loanword

phonology. In loanwords, a High tone is required, and mid elsvare raised to accom-

10



modate it (Jurgec 2007b), which is just the opposite of thev@gattern, where tone ac-
commodates vowel quality. For instance, Englishi$ borrowed as [0], even when either
choice of vowel is allowed in the native phonology, as evadehby the cases in (16), where

either choice of vowel is an actual native word.

(16)  Absence of fATR] vowels in assimilated loanwords

Native [+ATR] Native [-ATR] Foreign H-ATR] (only)
3k ‘handGEN.pPL’ 6k ‘deadline’ rok  ‘rock’

3s ‘WaspGEN.PL’ 6s ‘axis’ 0s ‘0z’

mét[ ‘sword’ mét[ ‘calf.GEN.PL’ mét[ ‘match’

'kdla ‘rod.GEN.SG 'kéla  ‘kolo.GEN.SG kéla ‘cola’

The loanword phonology respects *HIATR —low], just like the native phonology.
While the native phonology repairs violations of *H/ATR —low] by changing a High
tone to Low, the loanword phonology repairs these violatioy changing the tenseness of
the vowel. The same markedness constraint is active in kaotls pf the lexicon, but the
activity of an additional markedness constraint in the \oamrd phonology forces a different
repair.

The example in (17) is repeated from (14), with the added idael (c), which is un-
faithful to [ATR]. With faithfulness to [ATR] ranked abovaithfulness to tone, the vowel

guality is kept, and the tone is changed.

11



(17)  ka'tepa (hypothetical)

H
/kats‘p-a/ *H/[ —ATR —low] | MAX(ATR) | MAX(T)

a.l [ka'tepa] *

b. [ka'tépa] *1

c. [ka'tépa] *1

In the loanword phonology, where only High tones are allo{weith a few templatic ex-
ceptions, see Jurgec 2007b), the vowel must change to fiotle tThe tableau in (18)
illustrates the situation in the loanword phonology, withigh-ranking constraint against

low tones on the head of the Prosodic Word,Wd/L, de Lacy 2002).

(18)  métf ‘match’

/metf/ *A(,PWd/Li *H/[—ATR —low] | MAX (ATR)
a.  [métf] | *|
b.  [mét] s
c.0 [métf] I *

Having different constraint rankings in the native phomggl@and the loanword phonology
can be achieved using indexed constraints (Itd & Mesteb19999, Pater 2007, Jurgec, to
appear) or cophonologies (Inkelas et al. 1997, Anttila 200Be argument in this paper is

consistent with either approach.

6 Conclusions

We have shown that the interaction of tone and ATR in Slovesigplies evidence for
a constraint that directly relates tone and vowel quality/[~ATR —low]. Most previ-
ously reported cases of vowel quality-tone interactionsewsoblematic due to the fact

that the interactions could be interpreted by the mediatfosome other feature/prosodic

12



constituent between vowel quality and tone. Since Slovedaes not distinguish quantity
or phonation type on vowels, and the pattern holds regadiieseighboring consonants or
syllable structure, it constitutes a particularly cleasecaf tone—vowel interactions.

In the native phonology, *HAATR —low] causes mid lax vowels to surface with a Low
tone. Inthe loanword phonology, where High tones are reguthe same constraint causes
mid vowels to surface tense. This heterogeneity of procedshamogeneity of target (a
“conspiracy” in terms of Kisseberth 1970) is a hallmark ofrkeiness constraints.

The proposed constraint, *HAATR —low], directly relates a supra-segmental feature
and a sub-segmental feature, contrary to de Lacy’s (209} @®posal to disallow such
constraints. The data at hand, however, makes such a donhsieaessary for a complete

account of the data.
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