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In this article we describe and develop an optimality-theoretic (OT) analysis of foot-level
(secondary) and word-level (primary) stress in Nanti, a Kampa language of Peru. The distribution
of stress in Nanti is sensitive to rhythmic factors, syllable quantity, vowel quality, and to whether
a syllable is open or closed. The interaction of these independent variables produces a complex,
multigrade stress scale married to an iterative stress system whose default preference is alternating,
iambic rhythm. While each of the interacting factors in this system is familiar to phonologists,
Nanti is special because the particular combination of influences and factors in Nanti contributes
to a complexity of interactions that has not been documented in any other language to date.*

1. InTrRODUCTION. Phonologists concerned with the behavior of iterative stress sys-
tems have long understood that syllables with certain special properties can attract
stress out of sequence, perturbing the rhythmically alternating stress grid.! The most
commonly encountered—and best understood—of these influences is syllable quantity:
the preferential selection of heavy syllables (for example, syllables with long vowels)
as hosts for stress in many metrical systems has formed the basis for many studies of
quantity-sensitive stress in natural languages (Kiparsky 1973, Prince 1983, 1990, Hayes
1985 [1980], 1995, Halle & Vergnaud 1987, among many others). Much less common
are systems that grade syllables into stress classes based on differences in the quality
of their vowels. Some stress systems oppose peripheral and central vowels (e.g. Eastern
Cheremis (Kiparsky 1973), Mari (Kenstowicz 1997), Sentani (Cowan 1965, Elenbaas
1996), Indonesian (Cohn 1989, Cohn & McCarthy 1994). The metrical systems of a
few languages exploit finely graded distinctions in vowel height (e.g. Kobon (Davis
1981, Kenstowicz 1997, Elenbaas & Kager 1999; see also Gordon 1999)). Finally, a
very few studies have documented the existence of stress systems with a three-way
weight contrast, in which closed syllables represent an intermediate weight class be-
tween syllables with long and short vowels. In Kashmiri, for example, closed CVC
syllables with a short vowel pattern as heavier than CV syllables, but lighter than any
syllable with a long vowel: CVV(C) > CVC > CV (Bhatt 1989, cited in Kenstowicz
1994, Munshi & Crowhurst 2005).

Here we introduce to the phonological literature a stress system that unusually and
to an unprecedented extent integrates each of the factors noted above. Nanti, a Kampa
language of Peru (Beier & Michael 2001, Michael 2001), employs a multigrade stress
scale according to which a syllable’s STRESSABILITY or METRICAL STRENGTH (likelihood
of being stressed relative to other syllable types) is evaluated, taking into consideration:

e Vowel height (low, mid, or high)

e Whether the syllable’s vocalic nucleus, if short, is a monophthong or a diphthong

* This article is the product of a collaborative project to which both authors have contributed equally in
different ways. Our names are listed alphabetically as a matter of convention. We gratefully acknowledge
useful feedback provided by many colleagues at various stages of this project. In particular, Scott Myers
has read and commented on multiple drafts of the article. We would also like to thank participants at the
Texas Linguistic Society conference in March, 2002, for their comments, including Diana Archangeli, Eric
Bakovic, and especially Bruce Hayes. Finally, we thank Brian Joseph for his very careful editing, and John
Alderete, Eugene Buckley, and one other (anonymous) Language referee for their insightful reviewing.

!In iterative metrical systems, stress is assigned on a repeating basis, though not necessarily in strict,
binary alternation.
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e Moraic quantity: syllables with long vowels are opposed to syllables with short
vowels

e Whether the syllable is open or closed (a factor we analyze independently of a
syllable’s mora count).

The interaction of these independent variables—slightly different in the cases of word-
level (primary) and foot-level (secondary) stress—produces complex stress scales mar-
ried to an iterative stress system whose default preference is an alternating, iambic
rhythm. While each of the interacting factors in this system is familiar from other
languages, Nanti is special because the particular combination of influences and factors
found in this language contributes to a complexity of interactions that has not been
documented in any other language to date.

Nanti is a little-known language of the Kampa family, spoken by only 500 people
in a small area of the Peruvian Amazon, so some preliminaries about its phonology
are needed before a full description of the range of stress patterns can be undertaken;
that description entails as well a discussion of secondary evidence supporting assump-
tions about the representation of syllables. We then develop an optimality-theoretic
(OT) analysis of these stress patterns, which is an essential aspect of our analysis
since we demonstrate that a purely derivational approach to the same facts fails to
capture the generalizations as successfully as the OT account does. In particular,
an OT analysis is more successful than derivational analyses in analyzing scalar
systems such as that employed by Nanti’s stress system. The ultimate value of
examining the stress system of Nanti, then, is an enrichment of both typology and
phonological theory.

A word about the organization of this article: the patterns described and analyzed
here are complex, and much of the discussion, especially the OT analysis, is
necessarily dense. Moreover, we anticipate that readers may be interested in different
aspects of the article, some in the data and generalization alone, others in the formal
analysis. For these reasons, we present a complete sketch of the data and generaliza-
tions first, in §§3-95, and defer the formal analysis to §6, referring back to relevant
generalizations as necessary.

2. PRELIMINARY REMARKS. The data cited in this paper are original data, elicited
in the field by Lev Michael from 2000-2001. The data are drawn primarily from
recorded texts for two reasons. First, it was critical to use only words not occurring
in phrase-final position because the requirements of phrasal stress override those
of word-level stress. Phrasal stress occurs on the penultimate syllable of the last
word of the phrase, obscuring the regular pattern of word-level stress observed in
other positions (see §4). For the same reason, citation forms cannot be used to
illustrate word-stress patterns, because for some speakers, words elicited in isolation
pattern as phrases for stress. Our transcriptions of word-level and foot-level stress
are mainly based on the impressionistic judgments of the authors, especially of Lev
Michael, who has done many years of fieldwork on Nanti and is a competent
speaker. In addition, we have confirmed our stress transcriptions by referring to
spectrograms, where necessary.

Nanti’s vowel inventory includes the four short vowels [i, e, o, a] and the diphthong
[wi], which patterns as a phonologically short vowel in the stress system. There are
four contrastively long vowels, [ii, ee, 0o, aa], and four diphthongs, [ai, ae, oi, wii],
that pattern with them in the stress system. The phonetic inventories of vowels and
consonants are shown in 1.
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(1) a. Monomoraic vowels and diphthongs  Bimoraic vowels and diphthongs

i wi ii wii

e o) ee, ei 00, 0i

a aa, ai, ae

b. Phonetic inventory of consonants

pb | pbl |t tl kg K g

ts tf ks gz k[ g3

S I h
m m |n n! i}
w I, rj, 1 j

The Nanti syllable template is (C)V(V)(N), where VV is a contrastively long vowel
or bimoraic diphthong and N is a nasal consonant. Onsets are obligatory for all syllables
in Nanti, except for word-initial syllables. The presence or absence of onsets does not
affect the distribution of stress. Where we refer to syllable types in this article, we use
the notations CV, CVV, and so forth for all syllables with the specified rhyme structure,
whether or not they have onsets. The only permissible syllable coda in Nanti is a
nasal consonant, which must be homorganic to a following (voiceless) obstruent. Any
syllable, independent of vowel length or whether a diphthong is present, may be closed,
except for syllables at the right edge of the morphological word. (Closed syllables are
presumably excluded from this position because there is no following obstruent to
contribute place features for a nasal coda.?) We adopt the representations of syllable
structure in 2, following Hayes 1989.

2) ] ] o [
AA A
| N 2 4
C \'% C V N C \'% C V N

Note that closed CVN syllables are represented with only one mora in 2, as are light
open CV syllables. The Nanti data presented below require this analysis because the
open vs. closed distinction is a factor in the stress system INDEPENDENTLY of syllable
quantity as it is usually defined. That is, the four-way syllable weight distinction (CVVN
> CVV > CVN > CV) employed by Nanti’s stress system cannot be due to mora
count alone. An analysis that treats CVN syllables as light (monomoraic) is consistent
with patterns found in KARINTAA, a Nanti verb art-form that counts moras. In Karintaa,
CVN syllables and CV syllables pattern alike in counting as a single moraic unit, while
CVYV syllables count as two moras. (See Michael 2004 for a description.)

Finally, we note that the domain within which stress is assigned is not always
coextensive with the morphological word. The stress domain may be followed by
one or more metrically inert morphemes which are not included in the syllable
count that determines the distribution of stress in the preceding string.> The set of

2 Prosodic-word(PrWd)-final CVN syllables occur only when the metrically parsable string is followed
by the metrically inert suffix -mpi. In such cases, /m/ is parsed as a coda to the last syllable of the PrWwd.

3 We use the term METRICALLY INERT MORPHEME as a more descriptively accurate alternative to the term
cLiTic, which can be difficult to interpret.
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metrical inert morphemes includes the person-marking suffixes -ro (3.NONMASC
.0BJ), -na (1.0B1), -mpi (2.0BJ), -ri (3.MASC.OBJ), the SUBORDINATING suffix -ra, and
the COUNTERFACTUAL suffix -me. In our data set, as many as three metrically inert
morphemes may follow the stress domain, so that it is possible for the rightmost
stress to occur many syllables (a maximum of six) from the end of the morphological
word. An example is given in 3. (In examples presenting data, the portion of a
form of special interest is emphasized in bold.)
(3) tera ma.gan.tiem.pa.ro.me.ra — metrical parse: (ma.gan)(taem.pa)].
ro.me.ra
tera mag-ant-ah-empa-ro-me-ra
not sleep-INST-REGRESSIVE-IRREALIS.REFL-3.NONMASC.OBJ-
COUNTERFACTUAL-SUBORD
‘it is not the case that it would be slept in again’ (said of a sleeping hut)

We take the stress domain to be the prosodic word (PrWd). In metrically parsed repre-
sentations, the right edge of the PrWd is indicated with a square bracket.

3. FooT-LEVEL STRESS. Stress assignment in Nanti is sensitive to the factors in 4,
whose interaction determines the distribution of stress.*

(4) Properties to which Nanti stress is sensitive:
a. Rhythm e Rhythm is iambic as opposed to trochaic, when
possible.
e Stress clashes are avoided when they can be.
b. Vowel quality e Syllables with lower vowels are treated as more
stressable than syllables with higher vowels,
a>eo> 1.
e The short [ +high] diphthong [wi] is treated as
more stressable than the [ +high] monophthong [i].
c. Syllable closure e Closed syllables are treated as more stressable
than equi-moraic open syllables.
d. Syllable quantity e Syllables with long vowels and long diphthongs
are treated as more stressable than syllables with
short vowels and [wui].

The contributions of these factors to stress placement are almost the same for word-
level stress (reflected in patterns of primary stress assignment) and foot-level stress
(reflected in the distribution of secondary stress). We begin with a description of the
distribution of foot-level stress in Nanti in the remainder of §3. Descriptions of word
stress and the influence of word-stress conditions on the syllable-to-foot parse are taken
up in §4.

3.1. RHYTHM-BASED STRESS. In the absence of overriding factors (any of the factors
in 4b—d), stress is assigned in iambic rhythmic alternation to Nanti words. This pattern
is illustrated by the forms in 5, which contain only light open CV syllables and in
which all syllables except for the last have vowels of the same height. The quality of
the nucleus in a final CV syllable does not affect stress in such forms because final
light syllables are never stressed in Nanti. Thus, bisyllabic CV.CV forms surface with
initial stress, as in 5a,b. The examples in 5c—g show that in longer forms, stress is

4 We refer to two syllables as EQuI-MORAIC if they have the same number of moras.
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assigned to the second syllable from the left edge and alternatingly thereafter, excluding
the uLTIMA (the last syllable of the phonological domain within which stress is assigned).
In presentations of Nanti data throughout, phonetically transcribed representations with
stress appear in the leftmost column. The prosodic parsings we assume appear in the
second column. In parsed representations, parentheses enclose stress feet. (Foot bounda-
ries coincide with syllable boundaries; otherwise, a period is used to indicate divisions
between syllables.)

(5) Forms with CV syllables (] marks the right edge of the PrWwd)

a. tita (ta.ta)] ‘what.INTERROG’
b. fi.gze (Ji.gze)] ‘run!’

c. o.gb.te.ro (0.gb).te].ro ‘she will know it’
d. no.né.he.ro (no.né).he].ro ‘T will see it’

e. ipiri.ni.te (i.p1)(ri.ni).te] ‘he sits’

f. 0.kd.wo.gé.te.ro  (0.ko)(wo.gb).te].ro  ‘she harvests it’
g. iri.pirini.te (i.r1)(pi.ri).ni.te] ‘he will sit’

The distribution of stress in Sc—g is consistent with a pattern in which polysyllabic
Nanti words are parsed iteratively into bisyllabic feet from the left, as shown in the
second column. These examples motivate a basic preference for iambic as opposed to
trochaic rhythm. The absence of stress on light ultimas and on the penult in forms of
even-syllable parity is consistent with a tendency to avoid footing the ultima, that is,
*(i.ri)(pi.ri)(ni.té)], and with a ban on DEGENERATE (monosyllabic) feet, *(no.ne)
(hé)].ro, *(i.ri)(pi.ri)(ni).te]. Bisyllabic PrWds, with their pattern of initial stress, could
be parsed either with a (universally marked) degenerate foot, for example, (#d).ta], or
with a bisyllabic foot that violates the ban on PrWd-final feet, for example, (#d.ta)].
Anticipating the discussion in §4, we opt for the latter analysis. An observation support-
ing the bisyllabic parsing analysis (#d.ta)] is that there are no free monosyllabic forms
in Nanti. (This No-FINAL-FOOT effect is overridden not only in bisyllabic forms, but
also under other circumstances to be discussed later.) This and other evidence to be
discussed later are consistent with a general ban on parsing degenerate feet in Nanti.?

The basic pattern of left-to-right iambic stress illustrated in 5 can be overridden when
a foot is immediately followed by a stressed syllable, as in 6a. Were any of the bold-
faced feet (containing metrically equivalent syllables) to surface with iambic stress in
these forms, the result would be a STREsS CLASH (the occurrence of adjacent stressed
syllables). However, the examples in 6b show that a trochaic foot is NoT found when
this alternative would produce a stress clash elsewhere at the left edge of the foot.
Together, 6a and 6b show that trochaic stress may be assigned as a clash-avoidance
strategy, but only if a stress clash can be avoided.®

(6) Stress clash, or potential stress clash contexts
a. Trochaic ‘shift’ as a clash-avoidance strategy
oko.rikfi.tdka (0.ko)(ri.kfi)(td.ka)] ‘she wore a nose-disc’
no.ko.ga.ko.taro (no.ko)(ga.ko).tal.ro ‘I asked about it’
b. Iambic stress when a trochaic foot would not avoid a stress clash
no.sa.me.re.hd.ka (no.sa)(me.re)(hda.ka)] ‘I got a blister’
no.ka.mo.so.wa.ti (no.ka)(mo.so)(wa.ti)] ‘I visited (by water)’

5 Exceptions to the no-final-foot and no-degenerate-foot generalizations are discussed below.

% The forms in 6b are from Lev Michael’s field notes, not from the main database of recorded forms used
for this article. The 6b forms display a regular clause-final penult stress pattern.
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The data in 6 motivate a stress scale RHYTHM, schematically represented in 7.
(7) rayTHM: *Clash > Tambic rhythm > Trochaic rhythm

In rhythmic systems, a syllable’s potential to attract stress is not associated with proper-
ties of the syllable itself, but is due instead to structural properties, such as the syllable’s
position in the foot. In addition to the influence of Rhythm in 7, however, Nanti’s
metrical system is also sensitive to phonological properties that distinguish syllable
rhymes, with the result that syllables with these properties are treated as metrically
stronger (i.e. more stressable) than other syllables, independent of their structural posi-
tion. Ranking syllables in terms of the relative strength conferred on them as the result of
extra-rhythmic, phonological properties results in a STRENGTH scale. In Nanti, Strength
overrides Rhythm.

Evidence for sensitivity to extra-rhythmic phonological properties is provided by
forms whose stress patterns are not consistent with the Rhythm scale. These departures
are observed in cases where we find (i) feet with UNEXPECTED TROCHAIC STRESS, where
trochaic stress cannot be explained as a strategy for clash avoidance (e.g. (no.ko)(gd
.ko).ta].ro in 6b), or (ii) feet with UNEXPECTED 1AMBIC STRESS wWhen a stressed syllable
follows (e.g. (ma.gan)(tdem.pa)].ro.me.ra in 3), the context in which trochaic stress
should be expected, based on the forms in 6. When a syllable in a foot attracts stress
in a position not predicted to receive stress under the generalizations about rhythm just
described, it is displaying greater relative strength than the other syllable in the foot.
Explicit summaries of the logic for evaluating a syllable’s relative metrical strength
are provided in 8.

(8) a. Feet in nonclash contexts

e If in a foot, (0, 0,), o is stressed and trochaicity is unforced by
independent factors (e.g. potential for stress clash), then o; > o,.

e If in a foot, (o; 0,), 0, is stressed in the same context, we know only
that 0; = o0, (i.e. 71 (07 > 0,)) because Nanti’s preferred rhythmic
pattern is iambic.

b. Feet in (potential) stress clash contexts

e When a foot, (o, 0;), is followed by a stressed syllable, o is stressed
when 0, = 0, (e.g. (0...0), (e...e)) or when o; > 5.

e Butif in a foot, (0| 03), 0, is stressed when a stressed syllable follows,
then oy < 0,.

In the rest of §3, we motivate the Strength scale by comparing the manner in which
different qualitative and quantitative properties of syllable rhymes affect the relative
strengths of syllables in nonprimary stress feet.

3.2. THE HEIGHT-BASED STRESS SCALE. The first stress-affecting property to be dis-
cussed is vowel height. When a foot combines syllables whose rhymes differ only in
having vowels of different heights, stress falls on the syllable with the lower vowel.
Thus, in a foot with two CV syllables, one with the rhyme [a] and the other whose
rhyme contains [e, o, i], the syllable with [a] bears stress, even when this conflicts with
the Rhythm scale in 7. Similarly, a syllable with a mid vowel [e, o] is stressed when
the other syllable in the foot has the rhyme [i], other factors being equal. Examples
illustrating these subpatterns appear in 9.”

7 The notation PF after a cited form indicates phrase-final main stress (see §3.2). These forms are regular
for secondary stress.
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(9) a. Forms with ‘unexpected’ trochaic stress: (o; > 05)

a>e napie.fi.go.pi.re.ja.kse (na.pie)(fi.go)(pi.re)(ja.kse)]
‘I rested’ (PF)

a>-e abie.tsikai (a.bie)(tsi.kai)]
‘we.INCL made it again’

a> o awo.te.hdi.g3zi.ri (a.wo)(te.hai).g3zi].ri
‘we approached him/them’

a>1i atsito.kdksero (a.tsi)(to.ka).kse].ro
‘it crushed it’

a>1i nabi.gzitaksero (na.bi)(g3i.td).kse].ro
‘I pick it (seed-like object) ouf of bag’

o >1i nd.fi.po.kd kse.ro (no.fi)(po.kd).kse].ro
‘I doused it (a fire)’

0 >1 no.gzi.wo.td.kse.ro (no.g3i)(wo.td).kse].ro

‘I placed it (vessel) mouth down’
b. ITambic feet in a stress clash context: (o < 05)

a> o0 no.ga.pd.kuwi.ti (no.ga)(pa.kuui).ti]
‘I let it go’

a > o no.tsardo.ga.kse (no.tsa)(réo.ga).kse]
‘T was startled’

a>1i ika.madan.ta.nara (i.ka)(man.ta)].na.ra
‘he tells me’

0 >1i pi.po.kaksena (pi.po)(kd.kse)].na
‘you came to me’

0 >1i 1ipo.ka.pai (i.po)(kd.pai)]
‘he is coming towards’

e >1i 1inejako.tero (i.ne)(ja.ko).te].ro

‘he knows about it’

e >1i na.pie.fi.go.pi.re.ja.kse (na.pie)(fi.go)(pi.re)(ja.kse)]
‘I rested’ (PF)

e >1i inehdigakfirira (i.ne)(hdi.ga).kfi].ri.ra
‘he saw him over there’

In each of the forms in 10, the bold-faced foot appears with trochaic stress immedi-
ately before a stressed syllable. A comparison of these forms with those seen earlier
in 6 establishes that the mid vowels [e] and [o] in these CV syllables are treated as
equivalently strong for stress.

(10) Mid vowels: [e] = [o]
no.be.taksero  (no.be)(td.kse)].ro ‘I held onto it’
ore.wo.kfi.tiro (0.re)(wd.kfi).til.ro ‘it is wetted by rain’
(cf. no.né.he.ro (no.né).he].ro ‘T will see it’

Finally, the short diphthong [wi] patterns in parallel with the mid vowels [e, o] for
stress. The forms in 11a show that [wi] concedes stress to an [a] rhyme. In 11b, we
see that the short diphthong [wi] is treated as the metrical equivalent of [o].

(11) The short diphthong [wi]
a. [a] > [wi]
ja.muui.ta.kéi.ga.kse.na (ja.muui)(ta.kéi).ga.kse].na
‘they helped us with something else’
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muui.ta.kéi.ga.kfim.pi.ra (muui.ta)(kéi.ga) kfim].pi.ra
‘helped you with it’
ira.mui.ta.koi.ga.ksem.pa (i.ra)(muui.ta)(ko6i.ga).ksem].pa
‘they.masc will help someone with something’
b. [wi] = [o]

no.twi.ja.kse.ro (no.turi)(ja.kse)l.ro ‘I knocked it over’
no.turi.gd.kie.ri (no.turi)(ga.kie)].ri ‘I blew tobacco powder into his nose’
(cf. no.twi.je.ro (no.tuii).je].ro ‘I will knock it over’)

(We have no forms showing that [wi] is metrically equivalent to [e], or that [wi] is
metrically stronger than [i]. However, since we have shown that [o0] is metrically equiva-
lent to both [e] and [wi], and that [o] > [i], it follows that [wi] = [e] and [wi] > [i]
as well, assuming transitivity.)

The data in 9, 10, and 11 motivate a stress scale QUAL (for QUALITY-BASED STRESS
SCALE), given in 12, which grades CV syllables with different vowel qualities into
ranked stress classes. Qual subsumes two subscales: HEIGHT (12a) asserts that a sylla-
ble’s strength increases as vowel height decreases. Second, pipH (12b) expresses the
subscale [wi] > [i]. Both [wi] and [i] are [+ high] monomoraic vowel sequences. If
[wi] is stronger than [i], then the difference in their metrical behavior could be attributed
to differences in complexity: we hypothesize that a diphthong, consisting of a mora
that branches to dominate two vowel root nodes, is stronger than a monophthong, which
is dominated by a nonbranching vowel mora.

(12) QuAL scale: (a>e, 0, wi>1)
(a) HEIGHT: LOW > MID > HIGH (e.g.a>e, 0>1)
(b) pIPH: Diphthong >  Monophthong (e.g. wi > 1)
o1 > T

N |

[—cons][—cons] [—cons]

Languages that employ Height scales as finely articulated as 12a are sparsely attested
(but see Kenstowicz 1997). Though rare, such systems are phonetically grounded in
that a vowel’s height is directly related to its resonance, or intrinsic sonority. The
sonority hierarchy grades vowels into classes that correspond to their natural height
class: low vowels have high intrinsic sonority, mid vowels have less, and high vowels
have low intrinsic sonority (Lehiste 1970, Prince & Smolensky 1993, Kenstowicz 1997).
Stated a different way, the most stressable vowel [a] in Nanti is also the most sonorous
vowel, and the least stressable vowel [i] is the least sonorous. The intermediate position
of the mid vowels [e, o] in the Height scale is consistent with their position between
low and high vowels in the sonority hierarchy. The scale Diph is plausibly grounded
in phonetic generalizations as well: a complex or branching short vowel would be more
phonetically salient than a short monophthong, due to the diphthong’s vowel-to-vowel
transitions and possibly also to its slightly greater duration. If so, then this greater
salience seems to have become embedded in the Nanti grammar of stress by assigning
[wi] greater strength than the high vowel [i].

One additional question concerns the connection between phonetic salience and stress
and why a stress scale based on phonetic salience should override rhythmic requirements.
The greater stressability of vowels of higher sonority or salience may be understood as a
type of prominence enhancement or alignment. The head position of a metrical foot has
structural prominence—a syllable with this function is prominent by virtue of its struc-
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tural position independently of the syllable’s physical properties. Many languages em-
ploy strategies of what we may call surface-to-structure prominence resolution: the sur-
face (phonetic) prominence of syllables in structurally prominent positions is often
enhanced, while the opposite happens in structurally weak (nonhead) positions. In En-
glish, vowels in stressed positions typically surface unreduced, while unstressed syllables
undergo various processes of phonological reduction (Lehiste 1970, Pater 2000). In many
languages, special (or marked) phonetic properties are restricted to positions that have
structural prominence. To cite one of many examples, in Coatzospan Mixtec (Gerfen
1999), the features of nasalization, glottalization, and tone gravitate to the structurally
prominent head position in a foot. The stress scales found in Nanti reflect a different type
of prominence-resolution strategy: structurally prominent positions (metrical heads)
gravitate to syllables whose constituents embody greater phonological prominence, the
result of grammaticalizing (in the sense of incorporating into the phonological system)
phonetic tendencies. The stress scales employed in Nanti do not refer to surface salience
directly: contrastively long [ii] may be shorter in duration than short [a]—yet [ii] ranks
higher on the stress scale by virtue of [ii]’s PHONOLOGICAL length.

3.3. BIMORAIC (HEAVY) SYLLABLES. Syllables containing contrastively long vowels
and certain diphthongs attract stress out of the regular rhythmic sequence. Syllables
with this property are generally analyzed as HEAVIER than the syllables they dominate
in the hierarchy of stressability. We analyze the CVV syllables discussed in this section
as having two moras, as opposed to the single mora assigned to CV (and CVN) syllables.
The stress-attracting behavior of heavy, or bimoraic, syllables is well documented in
the stress literature (e.g. Prince 1983, 1990, Hayes 1985 [1980], 1995, Halle & Vergnaud
1987, Idsardi 1992, to name a few).

As noted in §2, vowel length is contrastive in Nanti. The evidence for contrastive
vowel length is that some vowels are always long, CV,V;, and attract stress when
combined with a CV syllable, regardless of their position in a foot. The examples in
13a containing the root -oog- ‘consume’ with a contrastively long vowel demonstrate
this effect. The location of (here, word-level) stress varies in these examples, depending
on the CVV syllable’s position in the foot. The stress behavior of forms containing the
diphthongs [ai, ae, ei, oi, wii] is exactly parallel to the stress behavior of long-voweled
syllables. Thus, we represent syllables containing these diphthongs with two moras as
well, while contrastively short vowels have only one mora, on the surface as well as
underlyingly. Examples illustrating the stress-attracting behavior of the diphthongs [ai]
and [oi] appear in 13b.

(13) a. i.r6o.ga.ksem.pa.ro (i.r6o)(ga.ksem).pa].ro ‘he will have
consumed it’
ndo.ga.ksem.pa.ro (néo.ga).ksem.pa].ro ‘T will have
consumed it’
b. jo.bii.kdi.ga.kse (jo.bii)(kai.ga).kse] ‘they.masc drank’
ja.maa.ta.koi.ga.na.kse (ja.maa)(ta.koi)(ga.na).kse] ‘they.masc floated
it away’

Thus, in all feet (primary and non-word-level) combining a light (CV or CVN) and
a heavy syllable (CVV), the heavy syllable is given priority for stress. This generaliza-
tion is captured by a new scale, QUANT (for QUANTITY-BASED STRESS), in 14.
(14) QUANT: o > oW
Note that in the form jo.bii.kdi.ga.kse in 13b, a heavy syllable bii combines with a light
syllable jo in a non-word-level stress foot, demonstrating that a CV syllable concedes
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stress to a CVV syllable with a weaker vowel. This effect shows that Quant outranks
the scale Qual motivated earlier.®

3.4. CLOSED SYLLABLES AND THE FOOT-LEVEL STRESS SCALE. Closed syllables contain-
ing a short vowel (CVN) also attract stress out of the usual sequence. Specifically,
CVN gsyllables are given priority for stress over light CV syllables. However, this is
not a heavy syllable effect such as that discussed in the last section: while CVN syllables
make better stress peaks than CV syllables, they cede stress to CVV syllables. Thus,
the stress behavior of CVN syllables cannot be accounted for by assigning them the
same mora count as CVV syllables; we analyze CVN as monomoraic, parallel with
CV syllables. The intermediate position of CVN syllables between CVV and CV sylla-
bles results in a multigrade stress hierarchy (CVVN) > CVV > CVN > CV, a highly
unusual, perhaps hithertofore undocumented effect.

The examples in 15 illustrate the coda effect in non-word-level stress feet combining
a CV and a CVN syllable: here, stress invariably falls on the closed syllable, even
when the CV syllable contains a stronger vowel. Critically, the examples motivating
aN > a, oN > a, and iN > a show that any CVN syllable is stronger than a CV syllable
containing the strongest vowel, [a].”

(15) Closed syllables are treated as stronger than open syllables for foot-level

stress

aN > a an.ta.mi.ji.ta.kse (an.ta)(mi.ja).ta.kse]
‘it (underbrush) grew up’

aN > a ma.gan.tdem.pa.ro.me.ra (ma.gan)(tdem.pa)].ro.me.ra
‘it (sleeping hut) would be slept in again’

oN > a o.ta.son.ka.kse.ro (o.td)(son.ka).kse].ro
‘she blew on it’

oN > o orn.ko.wo.gb.te.ro (on.ko)(wo.go).te].ro
‘she will harvest it’

oN > e kon.te.ja.td.gze.ta (kon.te)(ja.td).gze.ta]
‘departed separately’

iN > a ping.ka.mo.séi.ga.kse (pip.ka)(mo.séi).ga.kse]
‘you.pL will have visited’

iN > e ip.kse.ma.wde.ro (ip.kse)(ma.wée)].ro
‘he will listen attentively to it’

iN > e pin.kse.ma.waa.kse.ro (pin.kse)(ma.wdaa).kse].ro

‘you will have listened attentively to it’

8 We have no examples showing how stress behaves in (CVV.CVV) feet. Based on the behavior of
(CV.CV) and (CVN.CVN) stress feet, however, we expect that stress assignment in a (CVV.CVV) foot
would follow the same generalizations: stress should appear on the strongest vowel, if there is one; otherwise,
rhythmic requirements should prevail.

9 The form (o0.td)(soy.ka).kse].ro has a different stress pattern than others seen so far, with primary stress
assigned to a nonfinal foot (o.td) (see §3.2). In this case, the critical observation is that the syllable soy
receives stress in trochaic position even though this results in a stress clash to the left, not the right, as in
other forms seen earlier.

We have not unequivocally demonstrated that eN > a according to our criteria, but given the patterns
established earlier, and given what we are able to show here, we assume that eN > a.
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We treat the coda effect illustrated in 15 as an effect of the scale copa, in 16, which
is independent of both Qual and Quant. The stress behavior of CVN—weaker than
CVV, but stronger than CV—motivates the meta-scale Quant > Coda > Qual in
Nanti.'® In 17, we see that when both syllables in a nonprimary stress foot are closed
either (a) stress assignment is congruent with Qual (12), so that the peak coincides
with the syllable containing the strongest vowel, or (b) stress is congruent with Rhythm
(7) when the CVN syllables contain vowels of equivalent strength.

(16) copa: CVN > CV
(17) a. (CVN.CVN) feet: stress is congruent with Qual

aN > oN non.kan.tdi.ga.kse (nop.kan)(tdi.ga).kse]
‘we will have said’

aN > iN  pip.kan.tdi.ga.Ke.ri (pin.kan)(tdi.ga).kie].ri
‘you.pL will have said to him’

aN > iN  ip.kan.tdi.ga.k{i.ri (ig.kan)(tai.ga).k{i].ri
‘they.masc will have told him’

eN > iN ip.kseén.td.kse.ro (in.ksen)(td.kse)].ro

‘he will have pierced it (with an arrow)’
b. (CVN.CVN) feet: stress is congruent with Rhythm
oN = eN norg.ksen.td.kse.ro (non.ksen)(ta.kse)].ro
‘T will have pierced it (with an arrow)’

To summarize, the evidence in §3.4 has been used to motivate the stress scale
Coda (CVN > CV, a closed syllable is more stressable than an equi-moraic open
syllable) and the meta-scale Quant > Coda > Qual for foot-level (nonprimary)
stress. When stress assignment within a foot is not decided solely based on Coda
because the foot contains two CVN or two CV syllables, the tie is resolved by
Qual (especially Height). In feet whose syllables are not distinguished by Qual,
stress is congruent with Rhythm.

3.5. SUMMARY AND PREDICTIONS: NONPRIMARY STRESS. We have described in this
section the distribution of stress in nonprimary stress feet. If foot-level stress and
word-level stress represent the realization of metrical prominence at distinct levels
of structure, the foot and word levels, then stress in nonprimary stress feet unambigu-
ously reflects constraints on metrical structure at the foot level. We have focused
on patterns found in nonprimary stress feet in this section because, as we show in
§4, foot-level metrical requirements can be overridden by conditions on stress
assignment at the word level.

So far, we have shown that the parse in Nanti proceeds iteratively from left to right.
Although iterative, the foot parse is generally not exhaustive: Nanti avoids assigning
a foot at the right edge of the prosodic word and avoids degenerate feet. The disprefer-
ence for a final foot is overridden in bisyllabic words, for which we posit the parsing
(6.0)], and in other cases discussed in §4.

We have motivated the Rhythm scale, *Clash > Tambic > Trochaic, for Nanti:
rhythm is iambic, unless a different result is required to satisfy overriding conditions.

191n truth, we have shown that Coda > Height. However, since the Diph scale is embedded in Qual, and
Coda > [a], we assume that Coda trumps Qual.
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Tambic rhythm is overridden when iambic stress would produce a stress clash. In these
cases, stress may be assigned trochaically—unless the anti-clash requirement is overrid-
den by an even stronger requirement, encoded in the Strength scale in 18. Strength
subsumes four subscales. Height asserts that lower vowels are stronger than higher
vowels, while Diph states that a (monomoraic) diphthong is more stressable than a
monophthong. Together, Height and Diph form Qual, a stress scale based on vowel
quality. Qual requirements override Rhythm. On the Strength scale, Qual is in turn
overridden by Coda and Quant, whose requirements are summarized in 18.

(18) Integrated Strength scale (interim version)

STRENGTH > RHYTHM
QUANT
Opp > o QUAL
CODA > HEIGHTa >¢€,0>1> RHYTHM
CVN > CV DIPH Wi > i *Clash > Iambic > Trochaic

The integrated Strength scale in 18 is given as an interim version; its completion depends
on data and arguments presented in §4. In particular, due to gaps in the foot-level stress
data, we have not been able to rank Quant and Coda on the strength scale (i.e. show
that CVN patterns as WEAKER than CVV), nor have we been able to demonstrate stress
patterns in feet combining two CVV syllables.

To pin down firmly the prosodic behavior of CV, CVN, and CVV syllables in
Nanti, and to posit representations consistent with this behavior, two points must
be established. The first is that some prosodic phenomena in Nanti grade CV, CVN,
and CVV gyllables into two weight classes, with CV and CVN patterning as
monomoraic, as opposed to bimoraic CVV. Second, even though CV and CVN
syllables are moraically equivalent in our analysis, the stress system uses a more
finely graded weight scale in which CVN is treated as stronger than CV but weaker
than CVV. These arguments are completed based on word-level stress assignment
patterns described in the next section. The result is a stress scale that captures the
generalizations about the distribution of both foot-level and word-level stress in
Nanti (§3 above and §4 below).

4. WORD-LEVEL STRESS. We complete the Nanti syllable Strength scale (18) based
on patterns of word-level stress assignment in this section. In addition, we clarify the
influence of word-level stress requirements on the metrical foot parse.

The simplest generalization that can be made is that word-level stress is assigned to
the strongest syllable in the PrWd, if there is only one. Examples are given in 19.

(19) Primary stress on the strongest syllable, but not on a final light syllable
a. CV is strongest; the height-based scale decides
pi.ka.bi.ri.ti (pi.ka)(bi.r).ti] ‘you get going/working’
i.no.fija.gie.ti (i.n0)(fi.ja).gie.ti] ‘he pulled multiple things’
no.ni¢.bi.ta.kse (no.ni¢)(bi.td).kse] ‘I requested’
b. CV)N is stronger than CV; (co-indexing indicates metrically equivalent

vowels)
na.mam.pi.ja.kse (na.mam)(pi.ja).kse]
‘I helped/guided along (someone)’
i.pan.kfi.wo.ha.ta.kse (i.pan)(kfi.wo)(ha.ta).kse]

‘he placed the house support’ (lit. ‘he planted the trunk’)
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c. Any CVV is stronger than any CV

ndo.ga ka.ro (néo.ga).ka].ro ‘I consumed it’
joo.ga.kse.ro (jéo.ga).kse].ro ‘he consumed it’
i.rdo.ga.ksem.pa.ro (i.r6o)(ga.ksem).pa].ro ‘he will have
consumed it’
i.r6o.ga.ksem.pa.ra (i.r6o)(ga.ksem).pa].ra ‘he will consume’
ndo.ka.na kse.ro (n6o.ka).na.kse].ro ‘T discarded it’
i.pai.ta.kfi.ri (i.pai).ta.kfi].ri ‘he named him’
i.ti.sa.rda kse.ro (i.ti)(sa.raa).kse].ro ‘he tore it’
no.ka.rdi.ga.kse (no.ka)(rai.ga).kse] ‘we numbered’
nod.be.mai.ga.kse.ro (nd.be)(mai.ga).kse].ro ‘I folded it up’
muui.ta.kéi.ga.kfim.pi.ra (muri.ta)(kéi.ga).kfim].pi.ra ‘helped you
with it’

d. CV;VN is stronger than CV;V
o.sa.rdan.tai.ga.kse (o0.sa)(rdan.tai).ga.kse] ‘they.MAscC tore it
with a purpose’
The only exception to the STRONGEST generalization is that light ultimas (CV, CVN)
are not stressed. The examples in 20 show that when a light ultima is the strongest
syllable, word stress falls on the strongest syllable to the left.
(20) Light ultimas are not stressed
iri.nd.ri.je (1.ri)(nd.ri).je] ‘he will lie down’
no.tém.pa.ro (no.tém).pa].ro ‘I will inhabit it’
na.sin.tem.pa.ra (nd.sin).tem.pal.ra ‘I will own’
In general, when two or more syllables tie for strongest in a PrWd, the rightmost is
stressed, excluding a light ultima (21).!!

(21) Rightmost nonfinal strongest wins

1.10.guwi.sé.te (i.ro)(gui.sb).te] ‘he will tie (it)
together’

0.ko.wo.go.te.ro (0.k0)(wo.gd).te].ro ‘she harvests it’

pa.ma.gze.ta.kse.na (pa.ma)(gze.ta).kse].na ‘you brought several
to me’

in.kan.tan.ta.ksem.pa.ra (in.kan)(tan.ta).ksem.pal.ra ‘he will say that for a
reason’

4.1. REFINING THE STRENGTH SCALE. Based on the generalization that word-level stress
seeks out the strongest available syllable in a PrWd and based on the data in 19-21, we
can refine the Strength scale introduced earlier by adding the following steps.

e Quant > Coda: The example (i.réo)(ga.ksem).pal.ra in 19c shows that heavy open
syllables pattern as stronger than light closed syllables, CVV > CVN.!2

e CVVN > CVV: The example (o.sa)(rdan.tai).ga.kse] in 19d shows that heavy closed
syllables pattern as stronger than heavy open syllables, establishing a four-step weight
scale based on syllable structure alone: CVVN > CVV > CVN > CV.

! Forms such as (sd.bi).ta.ka] and (no.nié).he.ri] in 23 below present a different kind of exception to the
Rightmost generalization.

12 A form consistent with this scale, though not conclusive, is (i.ka)(man.tdi).ga.kse].na ‘they.masc told
me’.
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First, (i.réo)(ga.ksém).pa].ra shows unequivocally that CVV syllables are stronger than
closed syllables, motivating Quant > Coda. The choice between réo and ksém is not deter-
mined by Height, since réo and ksem both contain mid vowels, but rather by the Quant
scale opp > o, if CVN syllables are analyzed as monomoraic. However, (o.sa)(rdan
.tai).ga.kse] shows that Coda makes a difference when the choice is between heavy sylla-
bles with vowels of equivalent strength. Based on these forms, we can now generalize
that a syllable coda adds weight to a syllable, but not as much weight as a mora. That is,
CVN syllables are metrically stronger than CV syllables but not as strong as CVV sylla-
bles, while CVVN syllables are descriptively even stronger than CVV syllables.

Finally, the examples in 22 are consistent with the generalization that when a Prwd
contains two heavy syllables, word-level stress falls on the syllable with the vowel
ranking highest on the strength scale. But stress falls on the CVV syllable even when
a light CV syllable with a stronger vowel is available (e.g. (i.réo)(ga.ksem).pa].ra, not
*(i.roo)(gd.ksem).pa).ra). This pattern shows that Quant > Qual for word- as well as
foot-level stress.

(22) Quant > Qual: Vowel quality determines choice between CVV syllables

aa > oi ja.mda.ta.koi.ga.na.kse (ja.maa)(ta.koi)(ga.na).kse]
‘they.masc floated [it] away’

aa > ii i.tip.ka.rda.fii.g3i (i.tin)(ka.raa).fii.g3i]
‘they harvested thatch’ (lit. ‘they broke leaves’)

ai = ii iro.bii.kdi.ga.kse (i.ro)(bii.kai).ga kse]
‘they.masc will have drunk’

ai = ii jo.bii.kai.ga.kse (jo.bii)(kai.ga).kse]
‘they.masc drank’

ai = 0o noo.gii.ga.ro (noo.gdi).ga].ro
‘we ate it’

In all other respects but one, the stress scale established earlier for foot-level stress
is reflected in word-level stress patterns. The examples in 23 show more completely
that in choosing between syllables containing different vowels but whose rhyme struc-
tures are otherwise equivalent, word-level stress assignment employs the Qual scale
motivated for foot-level stress.'® Note that the last two forms in 23a clearly establish
that the light diphthong [wi] is equivalent to [0] on the word-level strength scale: the
choice between one or the other in these forms depends on position.

(23) Qual decides (and if not Qual, then Rhythm)
a. CV syllables
a>o no.ko.giko.taro (ndo.ko)(gako).ta]l.ro ‘I asked about it’

a>o O.guwisdkse (0.gui)(sd.kse)] ‘she lit a fire’
a>e nameksero (na.me).kse].ro ‘T will sharpen it’
a>wi janui.ti (ja.nuui).ti] ‘he walked’
a> wi sa.gui.te (sa.gui).te] ‘splash (it)!”
a>i sa.bi.ta.ka (sa.bi).ta.ka] ‘fell/settled down
(subject omission)’
0>1i lrind.rije (i.ri)(nd.ri).je] ‘he will lie down’
o>1 1lri.p6.kse (i.ri)(pd.kse)] ‘he will come’
e =0 nomiéheriro (no.nié).he.ri].ro ‘T will definitely
see him’
0 = ul no.twi.je.ro (no.tuii).je].ro ‘T will knock it over’
o = wi i.pd.kuui.ti (1.pd).kuui.ti] ‘he came briefly

(then returned)’

13 Some forms in 23 are parsed with a Pr'Wd-final foot. Parsing issues are taken up below.
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b. CVN syllables

a > o on.taran.ka.kse (on.ta)(ran.ka).kse]
‘it (earth) will have slid’
e = o norn.ksén.te (non.ksén).te]

‘I will pierce (with an arrow)’

Incorporating the refinements just introduced, then, we may assume that the stress
scales for foot- and word-level stress share the steps Quant > Qual > Rhythm.

The harmony scales for foot- and word-level stress differ only in the manner in
which Coda (CV(V)N > CV(V)) interacts with Qual. In §3.4, we demonstrated that
for foot-level stress, any closed CVN syllable patterns as stronger than any CV syllable,
regardless of the qualities of their vowels (e.g. (piy.ka)(mo.soi).ga.kse] in 15). Based
on this pattern, we argued that Coda > Qual. This relationship between conflicting
requirements is reversed in the case of word stress. The examples in 19b showed that
a CVN syllable is assigned word stress instead of a CV syllable when their vowels are
metrically equivalent (e.g. (na.mdm)(pi.ja).kse] (22b), (i.ka)(mdn.ta)].na.ra) (9b)). In
contrast, 24 shows that in a PrWd containing a CV syllable whose vowel is stronger
than that in CVN, CVN concedes word-level stress to CV.

(24) Qual > Coda: CV; > CV;N when V; = V;

a>eN dpiefijem.para (a.pie)(fi.jem).pal.ra ‘it (thatch) will decay’

a > eN tso.ten.ka.nd.kara (tso.tep)(ka.na).kal.ra ‘(it) was finished up’

a > eN non.ksen.td.kse.ro (non.ksen)(td.kse)].ro ‘I will pierce it

(with an arrow)’

a > oN om.pi.td.kse (om.pi)(ta.kse)] ‘she will stay’

a > oN nom.pi.td.kse (ndm.pi)(ta.kse)] ‘T will stay’

a > iN pip.ki.sd.kse.ra (pin.ki)(sd.kse)].ra ‘you will hit’
Thus, the open-closed distinction is relevant for word-level stress patterns but is overrid-
den by Qual. Since one condition cannot both override and be overridden by another
requirement, we distinguish foot- and word-level versions of the Qual scale, Qualpy
and Qualgr, and rank them above and below Coda: Qualpy > Coda > Qualgr.

Foot- and word-level stress requirements conflict in word-level stress feet combining

a CVN syllable, the choice for foot stress, with a CV syllable that best satisfies the
word-stress requirement. In such cases, word-level conditions prevail: the forms in 25
show that in word-level stress feet combining CV and CVN syllables, CV is stressed
if its vowel is stronger.

(25) Word-level stress requirements take priority over foot-level stress require-

ments

in.ké.gze (in.ko).gze] ‘he will want’
*(in.ko).gze]

im.pé.kse (im.p6).kse] ‘he will come’
*(im.po).kse]

tsop.kd.taka (tsop.kd).taka] ‘(it is) finished up’
*(ts6n.ka).ta.ka]

The point that foot-level stress requirements give way to word-level requirements
is reinforced by stress alternations that depend on a form’s phrasal position. In clause-
final (CF) forms, the regular pattern of word-level stress is overridden by a phrasal
pattern in which main stress is placed on the penultimate syllable of the morphosyntactic
word. (In contrast to the word-level stress patterns discussed throughout this section,
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metrically inert suffixes are counted for phrasal stress.) The non-clause-final (NCF)
version in 26a displays the expected pattern of word-level stress: in this form’s only
foot, the CVN syllable ben is rejected as a site for word-level stress in favor of nd,
which has a stronger vowel. But in the CF form, where the main stress is penultimate,
the foot (na.bén) is demoted to nonprimary status and surfaces with stress on bén. The
pair in 26b shows that, as we would expect, when both the word-level and foot-level
stress scales pick the same (CVN) syllable for stress, there is no difference in the
rhythmic structure of the foot.

(26) Clause-final vs. non-clause-final stress
a. NCF: na.ben.tem.pa.ro (nd.ben).tem.pal.ro ‘I will remain
with it’
CF: na.ben.tem.pa.ro (na.bén).tem.(pa)].ro)
b. NCF: ko.gan.ta.ro (ko.gén).ta].ro ‘want it because
(subject omission)’
CF: ko.gan.td.ro (ko.gan)(ta].ro)
As a final example, 27 shows that foot-level stress requirements are not always overrid-
den. In this example, the syllables ta and ka tie for strongest status. Assigning main
stress to the rightmost of the two, ka, would not be consistent with the foot-level
condition preferring CVN to CV as a stress peak.

(27) Foot-level stress requirements > rightmost stress
o.td.son.ka.kse.ro (o.td)(sop.ka).kse].ro ‘she blew on it’

The example in 27 shows that under these circumstances, foot-level stress requirements
are preserved at the expense of rightmostness.

To conclude this section, we now propose the integrated stress scale for both foot-
and word-level stress in 28.

(28) Integrated foot- and word-level stress scale

STRENGTH > RHYTHM
*Clash
QUALpw QUALET >
QUANT HEIGHTpw CODA HEIGHTE1 Tambic
opp > op > Lo>Mid > Hi > VN],>Lo>Mid >Hi > >
DIPHpw >V, DIPHET Trochaic
Diph > Mon Diph > Mon

4.2. WORD-LEVEL STRESS REQUIREMENTS AND THE FOOT PARSE. Having completed
Nanti’s stress scale (to the extent possible at present), we turn now to the influence of
word-stress requirements on the foot parse.

We established at the beginning of §3.2 that word-level stress falls on the strongest
syllable in the PrWd if there is a unique strongest syllable (e.g. (no.nJe)(bi.td).kse],
(i.pdn)(kfi.wo)(ha.ta).kse]). The exception to this generalization, that light ultimas are
not stressed (e.g. (i.ri)(pi.ri).ni.te], not *(i.ri)(pi.ri)(ni.té)]), suggests that stress on
PrWd-final syllables is avoided (we refer to this ban as NO-FINAL-STRESS). Second, when
there are multiple contenders for word stress, the examples in 21 display a bias for
stressing the rightmost (excluding a light ultima).

In the forms of even-syllable parity in 29, the strongest syllable occurs to the left
of the penult. Neither of the last two syllables of the PrWd is stressed in these examples,
even though they could be parsed to a canonical bisyllabic secondary stress foot. This
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pattern suggests that Nanti avoids assigning not only stress but also foot structure at
the right edge of a PrWd (an independent though related restriction, NO-FINAL-FOOT).
(29) No-Final-Foot

i.no.{i.ja.gie.ti (1.n0)(fi.ja).gie.t] ‘he pulled multiple
things’
i.r6o.ga.ksem.pa.ro (i.r6o)(ga.ksem).pa].ro ‘he will have
consumed it’
ndo.ka.na kse.ro (n6o.ka).na.kse].ro ‘I discarded it’
i.pdi.ta.k(iri (i.pai).ta.k(i].ri ‘he named him’
i.tin.ka.rda.fii.g3i (i.tin)(ka.raa).fii.g3i] ‘they harvested thatch’
1.r0.bii.kdi.ga.kse (i.ro)(bii.kai).ga.kse] ‘they.masc will have
drunk’
in.kan.tan.ta.ksem.pa.ra (in.kan)(tan.ta).ksem.pa].ra ‘he will say that in
order to’
o.sa.rdan.tai.ga.kse (o0.sa)(rdan.tai).ga.kse] ‘they.NONMASC tore

it with a purpose’

The enforcement of a No-Final-Foot ban is confirmed by examples representing an
exception to the RIGHTMOST generalization. We have seen that in forms in which there
is no unique strongest syllable, the rightmost bears word stress. However, the forms
in 30 show that if assigning word-level stress to the rightmost strongest syllable would
require assigning a foot at the right edge of the PrWd, then a syllable of equivalent
strength further to the left is stressed instead.

(30) The rightmost strongest is not stressed if a word-final foot can be avoided

sa.bi.ta.ka (sa.bi).ta.ka] ‘fell/settled down

(subject omission)’
no.né.he.ri.ro (no.né).he.ri].ro ‘T will definitely see him’
i.ri.pi.ri.ni.te (i.r1)(pi.ri).ni.te] ‘he will sit’
i.to.ga.be.ta.ka (i.to)(gd.be).ta.ka] ‘although he felled

(a tree)’
i.ti.md.fi.ta.kie.ri (i.ti)(ma.fi).ta.kie].ri ‘he ambushed him’
pa.tsi.pe.re.ja.ka (pa.tsi)(pe.re).ja.ka] ‘you suffered’
0.moy.kse.ja.ta.kse.ra (0.mon)(kse.jd).ta.kse].ra ‘where it (the river)

is deep’

In contrast, penultimate stress in 31 is evidence that a PrWd-final foot is present. In
these cases, the penult is stronger than any syllable further to the left, leading us to
conclude that Strength overrides No-Final-Foot. The examples in 31b provide further
evidence for No-Final-Stress: when the ultima and penult tie for strongest, stress is
assigned to the penult.
(31) Penultimate stress in a PrWd-final foot
a. Penult is strongest

0.guri.sa.kse (0.guui)(sa.kse)] ‘she lit a fire’
pin.kfi.sa.kse.ra (pig.kfi)(sa.kse)].ra  ‘you will have hit’
i.ka.man.ti (i.ka)(man.ti)] ‘he told’
nop.ka.man.te  (non.ka)(man.te)] T will tell’
1.ti.méi.g3i (1.ti)(mai.g3i)] ‘they.masc live/exist’
i.ka.rai.gzi (i.ka)(réi.gzi)] ‘they.MASC measure
(intransitive)’

>

no.nie.bii.gzi.ri  (no.nie)(bii.gzi)].ri  ‘we.EXCL request from him
no.fi.ga.fi.gda.ta (no.fi)(ga.fi)(gda.ta)] ‘I ran away’
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b. Penult = ultima; final stress is avoided
iri.pékse (i.ri)(pd.kse)] ‘he will come’
ipe.gika (i.pe)(ga.ka)] ‘he changed’
i.po.kdi.gai (i.po)(kdi.gai)] ‘they.mAsc came back’
ifi.gdi.gai (i.fi)(gdi.gai)] ‘they.maAsc ran back’

The facts we have assembled in this section suggest the following generalizations,
beginning with the foot parse. Footing is bisyllabic and iterative, but not exhaustive,
as Nanti enforces restrictions against (i) degenerate feet (No-Degenerate-Foot, e.g.
(i.ri)(pi.ri).ni.te] (5) not *(i.ri)(pi.ri)(ni).te]) and (ii) PrWd-final feet (e.g. *(i.ri)(pi
.ri)(ni.té)]). This generalization can be expressed as No-Degenerate-Foot, No-Final-
Foot > Exhaustivity. No-Final-Foot is sacrificed, if parsing a final foot allows word
stress to be placed on the strongest syllable in the Prwd (cf. (i.pe¢)(gd.ka)]) (31b)
suggesting that Strength > No-Final-Foot. However, even though No-Final-Foot
gives way to Strength, an independent restriction against placing stress on Prwd-
final syllables is more resistant: even in forms with a final foot, main stress
falls on the penult rather than on the ultima (e.g. (i.pe)(gd.ka)]). And forms like
(i.ri)(pi.ri).ni.te] show that an ultima repels stress, even when it is the strongest
syllable in the Prwd.

However, the No-Final-Stress generalization does have regular exceptions, some
of which appear in 32. These examples show that main stress is REGULARLY assigned
to a CVV ultima when it is the strongest syllable in the PrWd. In the examples
in 32a, the stressed CVV syllable is the ultima of a PrWd of even-syllable parity
and can therefore be parsed to a canonical bisyllabic foot. In 32b, in contrast, the
stressed CVV syllable terminates an opbp-syllable-parity PrWd; the metrical parse
in these cases must allow a degenerate (monosyllabic) foot—a pattern not seen
until now.

(32) Primary stress on final CVV, CVVN
a. PrWds of even-syllable parity: no degenerate feet

po.kai (po.kéi)] ‘came back’

a.bie.tsi.kai (a.bie)(tsi.kai)] ‘we.INCL made again
(transitive)’

i.fi.ga.ndi (i.f1)(ga.nai)] ‘he ran away’

in.kse.ma.bde.ro (in.kse)(ma.bde)].ro ‘he will listen to it’

nd.pi.ga.ndi.ro (no.pi)(ga.ndi)].ro ‘I return it’

na.wo.wuwi.tdi.ro (na.wo)(wuwi.tdi)].ro ‘I re-sew it’

i.néja.waim.pi.ra (i.ne)(ja.waim)].pi.ra ‘he sees you.Focus’ ( = ‘he

bids you farewell’)
b. PrWds of odd-syllable parity: a degenerate foot is required

gdi.ro.me (géi)].ro.me ‘(someone) would take it
back’

i.pi.gai (i.pi)(gai)] ‘he returns’

poO.wo.tiéi (po.wo)(tiéi)] ‘you shoo away (an animal)’

nom.pi.gae (ndm.pi)(gée)] ‘T will return’

i.tsa.hai.ro (i.tsa)(hai)].ro ‘he reties it’

im.po.kdi.ra (im.po)(kai)].ra ‘he will come back’

nod.ne.hdem.pi (no.ne)(hdem)].pi ‘T will see you again’

iro.wa.tikdeni  (i.ro)(wa.ti)(kde)].ni ‘he will build her (a house)’
n0.g3i.wo.re.hdi.ro (no.g3i)(wo.re)(hai)].ro ‘I turned it (a vessel)
back upright’
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The appearance of final stress in 32 is not due to a requirement that heavy syllables
in general should receive stress. Sequences of heavy syllables are not stressed in Nanti
unless they occur in different feet (e.g. (jo.bii)(kdi.ga).kse] (22)). Forms such as (i.ro)
(bii.kdi).ga.kse] (22) and (i.fi)(gdi.gai)] (31b) have shown that when CVV syllables
cooccur in a foot, only one is stressed. Moreover, in (i.tig)(ka.rda).fii.g3i] (22) the
heavy penult does not receive even foot-level stress when a stronger syllable to the left
takes main stress, consistent with our generalization that PrWd-final foot structure is
not assigned unless compelled by overriding factors discussed above.

As a concluding comment before leaving this section, we note that many of the
examples we saw in §3, for example, (i.ro)(bii.kdi).ga.kse], (o.sa)(rdan.tai).ga.kse]
(19d), and (i.fi)(gdi.gai)], emphasize an interesting fact about Nanti’s rhythmic struc-
ture: Nanti is an atypical iambic stress language in at least three ways. First, trochaic
feet are routinely tolerated, under conditions described earlier. Second, foot parsing is
QUANTITY-INSENSITIVE, in that footing is rigidly bisyllabic, even if this means tolerating
a heavy syllable in both branches of a foot. In typical iambic languages (including
Asheninca Kampa; Payne 1990), a form like (i.ro)(bii.kdi).ga.kse] would be parsed as
*(i.ro)(bii)(kdi).ga.kse], with a foot boundary after each heavy syllable. And third,
while the assignment of headship within the foot is QUANTITY-SENSITIVE in that heavy
syllables are assigned stress regardless of their position within the foot, Nanti does not
display the effect of vowel lengthening under stress (IAMBIC LENGTHENING) found in
many iambic stress languages (Hayes 1995, Buckley 1998): the phonological weight
of light syllables with stress is not augmented on the surface in Nanti. The Nanti foot
is a poor fit with the universal inventory of foot structures proposed by Hayes (1995),
conforming to neither the Hayesian iamb nor the bisyllabic trochee. If Hayes’s foot
inventory (the bisyllabic trochee (& o), moraic trochee (L ), and uneven iamb (oW
opfL)) is viewed as an inventory of UNMARKED—as opposed to the only possible—foot
structures, then the Nanti foot appears as a highly marked alternative. Explanations as
to why Hayes’s feet occur so much more commonly than other kinds of feet are offered
by Hayes 1995 and Kager 1994, 1999, among other works.

5. SuMMARY OF PATTERNS. Before moving on to the analysis in §6, we pause to
review the stress and parsing patterns described in §§3 and 4, beginning with a summary
of foot-level stress patterns.

Stress is assigned to the strongest syllable in a foot, whatever its position, where
syllable strength is defined by the stress scale Strength (33). Strength breaks down
into three subscales: Quant (a scale based on syllable quantity), Coda (strength is
determined by the presence or absence of a syllable coda), and Qualgr (a scale
grounded in vowel quality). Qual subdivides further into two subscales, Heightpr
and Diphgr (for DIPHTHONG).

(33) Foot-level Strength scale

QUANT CODA QUALET

op > o > VN], > V], > HEIGHTgr Low > Mid > Hi
DIPHEr Diph > Mon

The schematic Strength scale in 33 expands to the full scale in 34. Although we are
not able to provide direct evidence for every grade in 34, all of them are predicted.
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(34) Expanded foot-level Strength scale

CaaN CeeN, CeiN Caa Cee, Cei
CaVN > CooN, CoiN > CiiN > CaV > Coo, Coi > Cii
CuwiiN Cuuii
CeN Ce
> CaN > CoN > CiN > Ca > Co > (i
CwiN Cuui

The scales in 33 and 34 are a refinement of the interim scale in 17: they grade bimoraic
CVV syllables as stronger than monomoraic closed CVN syllables based on the behav-
ior of CV syllables in the stress system, as we have seen. CVVN syllables are graded
as stronger than CVV syllables based the selection of rdan instead of tai for word
stress in (o0.sa)(rdan.tai).ga.kse].'*

When neither syllable in a foot is stronger than the other, foot-level stress is distrib-
uted according to rhythmic principles. Nanti generally prefers iambic to trochaic rhythm,
but this preference is overridden by an anti-clash requirement. These generalizations
are expressed as the Rhythm scale, repeated in 35a. Merging Rhythm with Strength
describes the complete foot-level stress scale, shown in 35b.

(35) a. Rhythm
*Clash > Iambic rhythm > Trochaic rhythm
b. Foot-level stress scale (ultimate): Strength and Rhythm
Strength > Rhythm

Word-level stress is assigned to the rightmost strongest syllable in the PrWd. The
scale that grades syllables for word stress overlaps almost completely with the foot-
level Strength scale. The difference is that for word stress, vowel quality is more
important than whether or not a coda is present. Closed syllables pattern as stronger
than equi-moraic open syllables only when they contain vowels of equivalent strength.
The result can be understood by comparing the expanded word-stress scale in 36 with
the corresponding foot-level scale in 34.

(36) Expanded word-level Strength scale
CaaN Caa CeeN, CeiN Cee, Cei
CaiN > Cai > CooN, CoiN > Coo, Coi > CiiN > Cii

CaeN Cae CuwiiN Cuuii
CeN Ce

> Can > Ca>CoN > Co > CiN > Ci
CwiN Cuui

We captured this difference between the foot- and word-level Strength scales by ranking
foot- and word-level versions of Qual above and below Coda in Strength. The resulting
scale, 37, represents the integrated foot- and word-level Strength scale. (The internal
structure for each component of Strength has been defined elsewhere.) This ranking is
also consistent with the fact that word-stress conditions override foot-stress conditions
when there is a conflict.

(37) Integrated foot- and word-level Strength scales
Quant > Qualpw > Coda > Qualgr

4 As we have no reason to assume that the word- and foot-level stress scales treat CVVN and CVV
differently, we assume that CVVN > CVYV for both.
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In the assignment of word-level stress, a number of regular exceptions to the Strongest
and Rightmost subgeneralizations are taken as responses to positional and parsing re-
quirements. The generalizations discussed in §4 are as follows. Syllables are exhaustively
parsed to feet, but a PrWd-final foot is avoided: No-Final-Foot > Exhaustive footing.
However, we do find a PrWd-final foot when one is needed to place word stress on the
strongest syllable: Qualpw > No-Final-Foot. Even when a bisyllabic final foot is present,
though, stress tends to fall on the penult; a light ultima is not stressed, even when it is the
strongest syllable in the PrWd: No-Final-Stress > Qualpy, . However, a heavy ultima does
receive word stress when it is the strongest syllable in the word: Quant > No-Final-Stress.
Finally, when more than one syllable in a PrWd is eligible for word stress (based on
Strength), word stress falls on the rightmost, but not if this would require parsing a foot
at the right edge of the PrWd: No-Final-Foot > Rightmost. The metrical priorities re-
flected by these generalizations are captured by the scale in 38.

(38) Parsing, word-stress position, and Strength
No-Final- No-Final- Exhaustive footing,
Quant > Stress > Qualpw > Foot > Rightmost

In the next section, we develop a formal analysis of the metrical patterns described
and summarized in §3.

6. AN OPTIMALITY-THEORETIC ANALYSIS OF NANTI STRESS RHYTHMS. As we have seen,
generalizations about the distribution of foot- and word-level stress are naturally ex-
pressed by referring to a number of stress scales, rhythmic constraints, and a complex
set of hierarchically organized interactions that hold among these various components
of the metrical grammar. The analysis developed in this section employs the framework
of optimality theory because the architecture of this model is especially well suited for
characterizing scalar systems in which some phonological requirements override others.
We emphasize that with the exception of Coda, none of the scales assumed by our
analysis is new: each is robustly supported in the literature on stress and syllable struc-
ture (Dell & Elmedlaoui 1985, Prince & Smolensky 1993, Kenstowicz 1997). Moreover,
most of the constraints employed in our analysis have been proposed in the OT and
pre-OT literature, although the form in which some of these constraints appear may
differ. What is new is the evidence that the diverse set of stress scales we discuss and
analyze are all necessary and interact in a particular and previously undocumented way
in a single stress system. Thus, the description and analysis presented in this article
both support and build on earlier work.

We begin in §6.1 with an analysis of Nanti’s foot-level stress patterns, including the
basic rhythmic properties of iambic prominence and clash avoidance and the conditions
on stress that override these basic requirements. Patterns of word-level stress assignment
are analyzed in §6.2. As we have shown, some aspects of the metrical foot parse are
determined by top-down constraints on word stress. For this reason, a treatment of the
foot parse is postponed until §6.3, following the analysis of word stress, to facilitate
its exposition.

6.1. STRENGTH AND RHYTHM: FOOT-LEVEL STRESS REQUIREMENTS. In this section, gen-
eralizations about a syllable’s relative suitability to serve as the peak of a foot (as
compared with other syllables) are expressed in terms of stress scales. For example,
the Rhythm scale most recently seen in 35a asserts that *Clash > Iambic rhythm
> Trochaic rhythm. In the analysis to follow, stress scales are implemented using
subhierarchies of ranked peak-prominence or rhythm constraints. To distinguish the
stress scales in §§3 and 4 (which express descriptive generalizations) from the formal
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analysis, constraint subhierarchies are given names matching the corresponding scale,

followed by Pk (for pEak). Thus, the Rhythm scale corresponds to the constraint subhier-
archy RHyTHmMPK.

RuytHMm. A standard OT analysis of the Rhythm scale employs the constraints Foot
Form(1amB) (39a), FoorForM(TROCHEE) (39b), and *CLAsH.!> The constraint rankings
required for Nanti produce the subhierarchy RHYTHMPK.

(39) RuytumPk: *CLASH » IamMB » TROCH

Effect: clashing stress is avoided, even at the expense of iambic rhythm,

which is otherwise more optimal than trochaic rhythm.

a. FoorForm(IamB): ALIGN-RiGHT(Foot, Head(Ft)) (a.k.a. IamB)
The right edge of every foot coincides with the same edge of its head.
(one * for every foot whose head is not aligned with the right edge)

b. FoorForm(TrocHEE): ALIGN-LEFT(Foot, Head(Ft)) (a.k.a. TROCH)
The left edge of every foot coincides with the same edge of its head. (one
* for every foot whose head is not aligned with the left edge)

c. *CrasH: Stressed syllables do not occur adjacently. (one * for every pair
of adjacent, stressed syllables)

The tableau for (i.ri)(pi.ri).ni.te] in 40a illustrates the analysis of iambic footing in a

no-clash context, while that for (0.ko)(ri.kfi)(¢td.ka)] in 40b shows trochaic footing in
the clash context.

(40) RuYTHMPK: *CLASH » IAMB » TROCH

a. lambic rhythm

i.ri.pi.ri.ni.te] *CLASH IamB TROCH

i. = (i.ri)(pi.ri).ni.te] S
ii. *(1.ri)(pi.ri).ni.te] *| &
iii. *(i.ri)(pi.ri).ni.te] *®

b. Trochaic stress as a clash-avoidance strategy

o.ko.ri.kfi.ta.ka] *CLASH 1amB TROCH
i. = (0.ko)(rik[i)(td.ka)] EES

ii. *(0.ko)(ri.k[1)(td.ka)] *| 2 S

iii. *(0.ko)(ri.k[i)(td.ka)] | R g

Note that (0.ko)(ri.kfi)(td.ka)] (6a) displays a DOUBLE-BUMP phenomenon in which
clash-avoiding trochaic stress in the first two feet is conditioned by trochaic stress in
the third foot. By contrast, in a form such as (no.ka)(mo.so)(wd.ti)] (6b), Strength
precludes trochaic stress in the first foot, so that a stress clash cannot be avoided. In

15 TamB, TroOCH, *CLAsH, and other similar OT constraints (see e. g. Prince & Smolensky 1993, McCarthy &
Prince 1993a, Kager 1999) have antecedents in Prince 1983, Hammond 1984, Hayes 1985, Halle & Vergnaud
1987, Kager 1989, and other early work in metrical theory.
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this case, the second foot surfaces as iambic, because a trochaic second foot would do
nothing to minimize violations of *CrLasH (41).

(41) a. RHYTHMPK: Tambic rhythm when avoiding a clash is not possible

no.ka.mo.so.wa.ti] *CLASH IAMB TRrROCH
i. = (no.ka)(mo.so)(wa.ti)] * * ok
ii. *(no.ka)(mo.so)(wa.ti)] * k| *

b. Ranking arguments:
IamB » TRocH  (i.ri)(pi.ri).ni.te], not *(i.ri)(pi.ri).ni.te],
(no.ka)(mo.so)(wa.ti)], not *(no.ka)(mo.so)(wa.ti)]
*CLaAsH » [aMB  (0.ko)(ri.kfi)(td.ka)], not *(0.ko)(ri.kfi)(td.ka)]

VOWEL QUALITY AND FOOT-LEVEL STRESS. Next, we turn to an analysis of the qualita-
tive and quantitative influences on foot-level stress expressed in the Strength scale in
33. Our analysis employs constraints in the PEAK PROMINENCE family (Prince & Smolen-
sky 1993, Kenstowicz 1997), each an instantiation of the schema in 42.

(42) Peak-prominence schema
*P/a: Stress peaks with property a are forbidden. (one * per stressed o with
property o)
As noted earlier, the portion of the Strength scale based on vowel quality, Qualgr,
should be formally separated into two subscales. The Heightgr scale is implemented
by HEIGHTPKET, using the constraints and rankings in 43. Using natural height classes
allows us to represent the scale Low > Mid > High as a continuum of discrete, graded
categories using binary features.

(43) HElGHTPKEt: *Ppr/HI » *Ppr/MID » *Pgr/Lo
Stress on a high vowel is less optimal than stress on a mid vowel; stress on
a mid V is less optimal than stress on a low vowel.
a. *Pgp/Hri: No foot peak has a [ +high, —low] vowel. (one * per stressed
[i] in a foot)
b. *Ppr/Mip: No foot peak has a [ —high, —low] vowel. (one * per stressed
[e,o] in a foot)
c. *Pgr/Lo: No foot peak has a [ —high, +low] vowel. (one * per stressed
[a] in a foot)
The second subscale subsumed by Qualgr, Diphgr, encodes a generalization that light
diphthongs, in this case [wi], are stronger than light monophthongs. In our analysis,
the corresponding subhierarchy, DipHPKgr, employs the constraints *Prr/MoN and
*Prr/Di1pH in 44. The analysis is based on the hypothesis that a mora that branches to
dominate a sequence of vowels should be more phonetically salient than a mora domi-
nating only one vowel root node.

(44) DipHPKEt: *Ppr/MON » *Prp/DiPH
Effect: Stress on a monophthong is less optimal than stress on a diphthong.
a. *Pgr/Mon: No foot peak has a nuclear mora dominating a single [ —con-
sonantal] root node. (one * per stressed monophthong, e.g. [i], in a foot)
b. *Pgr/DipH: No foot peak has a nuclear mora dominating two [ — consonan-
tal] root nodes. (one * per stressed light diphthong, in this case [wi], in
a foot)
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The Height and Diph scales are phonetically grounded in generalizations about sonor-
ity, and our analysis employs peak-prominence constraints and rankings that reproduce
the relevant portions of the sonority hierarchy. Sonority-based peak-prominence con-
straints were originally proposed by Prince and Smolensky (1993:129ff.) to account
for sonority-driven syllabification in Imdlawn Tashlhiyt Berber (Dell & Elmedlaoui
1985). Kenstowicz (1997) was the first to extend this type of peak-prominence hierarchy
(or at least, the appropriately elaborated vocalic end of it) to the domain of the foot.'®

HEIGHTPKET in 43 defines the high vowel [i] as a less optimal foot peak than a mid
vowel [e, o] and either of these, in turn, as less optimal foot peaks than the low vowel
[a]. The tableau in 45 for (no.[i)(po.kd).kse].ro shows how HEIGHTPKgy selects the
lowest vowel in a foot as the stress peak.

(45) HEIGHTPKEt: *Prr/HI » *Prr/MID » *Prr/LO

no. fi.po.ka.kse].ro *Prr/HI *Prr/MID *Per/LO
a. = (no. [i)(po.kd).kse].ro * &

c. *no. fi)(pd.ka).kse].ro w3k

b. *(no. fi)(po.ka).kse].ro *| *

The tableau in 46 shows that DipHPkgr (44) selects [wi] as the stress peak in a foot
whose syllables have the thymes [wi] and [i].!”

(46) DipHPKgr: *Ppr/MON » *Ppr/DIPH

(wi ... 1) *Prr/MON *Ppr/DIPH
a. = (uWi... i) *
b. *(ui ... 1) *|

Next, we argue that the interaction of HEIGHTPKgr and DipHPKEt produces the sub-

hierarchy QUALPKgr in 47.
(47) QUALPKgr: {*Pgr/H1, *Prr/MoON} » {*Ppr/MID, *Ppr/DipH} » *Pgrr/Lo

Feet combining [wi] and [i] offer no assistance in clarifying the interaction between
DipHPkgr and HEIGHTPKET (that is, the point at which these hierarchies intersect): since
both syllables have [ + high] nuclei in (wi . . . i) and (i. . . wi) feet, DiPHPKgr optimizes
[thi], no matter where *Ppp/MoN and *Ppr/DipH are ranked in the broader hier-
archy. Instead, we look to feet combining syllables with [wi] and a [ —high] nucleus.
Recall that (i) in feet combining [wi] and [a], stress falls on [a] (e.g. (muwi.ta)
(kdi.ga).kfim].pi.ra (11a)), and (ii) in feet containing syllables with a [wi] and a
mid vowel [e, o] rhyme, stress can fall on either, depending on rhythmic factors (cf.
(no.twi)( jd.kse)].ro and (no.twi).je].ro (11b)).

16 The peak-prominence hierarchy employed by Kenstowicz (1997) for Kobon is *P/a » *P/i » P/i,u » P/
€,0 » P/a. This breaks down to HEIGHTPK (43) and a scale that defines central vowels, [i 9] as less harmonic
stress peaks than peripheral vowels, [i u e o a]. The Kobon meta-hierarchy would be HEIGHTPK » PERIPHPK
(*P/CENTRALV » *P/PERIPHV).

17 We have no examples that directly show [wi] to be stronger than [i] for secondary stress, although in
§3 we made an argument based on transitivity to support this claim.
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That [a] and not [wi] is assigned stress in a (wi ... a) or (a ... wi) foot requires
that *Prr/MoN NoT be ranked above *Pgrr/HI (i.e. *Ppr/MoN —1 » *Pgr/HI). This point
is illustrated in tableau 48a. (The critical portion of the tableau is outlined in boldface.)
As long as *Ppr/MoN —1 » *Per/Hi, 48b shows that the attested outcome with stress
on [4] is selected if both *Prr/Mon and *Pgr/DipH outrank *Pgr/Lo. Under this ranking,
it is better to stress a [+ low] monophthong than a [+ high] rhyme, even if the latter
is a diphthong.

(48) a. Critical *Pr/MON — » *Pgr/Hi (*Prr/MON » *Pgr/HI yields unattested

results)
(wi ... a) *Prr/MON *Per/Hi *Prr/MID *Pgr/DIPH | *Pgr/LO
a. (wi...4) *) *
b. ¢ *(uii ... a) & gl

b. QUALPKgr (DiPHPKEr and HEIGHTPKEt): *Per/HI, *Per/MON » *Per/MID,
*PFT/DIPH » >l<PFT/LO

H T
(wi ... a) *Per/HI | *Prr/MON | *Per/MID | *Per/DIPH | *Pgr/LO
H 1
T
a. = (wi...4a) * i &
1
b *(dri a) * : #)
1

Not only is it critical that *Prpr/MoN —1 » *Pgr/H], it is also crucial that *Prr/MoN
not be ranked BELow *Ppp/H1. When for two constraints, A and B, it is crucial that
neither outrank the other, we say that A and B are critically unranked, or CO-RANKED.
From now on, pairs of co-ranked constraints are enclosed in curly brackets, for example,
{*Pgr/MoN, *Pgr/Hi}, in ranking statements. The tableau in 48b presents two constraint
pairs, {#*Pgr/Hi, *Pgr/Mon} and {*Pgr/MiD, *Prr/DiPH}, as being co-ranked. Co-ranking
is necessary for these constraint pairs in order to account for stress patterns in feet
combining [wi] and a mid vowel. In (wi . . . o/e) and (o/e . . . wi) feet, stress can fall
on either syllable. For this to be possible, it cannot be the case that *Prp/HI1 acts to
exclude stress on [wi] or that *Prr/MoN acts to exclude stress on [e, o]. If *Prr/Hi1
and *Pgp/MoN are co-ranked with one another, but both are ranked above *Ppr/MID,
then a violation of either *Pgr/H1 or *Prr/MoON is equivalent and this pair fails to choose
between the candidates (uii . . . 0) and (wi . . . 6), so that the decision is passed down.
We have argued independently that *Pgr/Mip and *Pgr/DiPH are both ranked above
*Prr/Lo. But for either (uii ... 0) or (wi ... &) to be possible, it cannot be the case
that *Prr/MID acts to exclude (wii . . . 6) or that *Pry/DIPH acts to exclude (i . . . 0).
If this pair is also co-ranked, then the QUALPKgt hierarchy fails to choose between
these outcomes, and the decision must fall to lower-ranked constraints. The tableau in
49 shows that QUALPK permits either (i ... o) or (wi ... J).

(49) QUALPKgt: {*Prr/HI, *Prr/MON} » {*Prr/MID, *Pgrr/DIPH} » *Prr/LO

(Wi ... 0) *Prr/HI *Prr/MON *Prr/MID *Prr/DIPH *Prr/LO

a. = (Wi...o) * § *

b. = (wi...0) * *
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The decision between (u1i ... o) and (wi ... 0) is determined by the RHYTHMPK
subhierarchy (39). In (no.twi)( jd.kse)].ro, trochaic stress on [0] is determined by
*CLAsH, while iambic stress in (no.tuti).je].ro is determined by Iamb. The tableaux
for these examples appear in 50. (Co-ranked constraints are shown in the same cell.)
The tableau for (no.tsa)(roo.ga).kse] in 50c more precisely shows that *CLASH is criti-

cally ranked below *Prr/MiD, but is not critically ranked with *Pgr/Lo.

(50) a. QUALPKgt » RHYTHMPK (clash-avoiding trochaic stress)

no.twi.ja.kse].ro *Ppr/HI *Ppr/MID | *Ppp/Lo | *CLASH IAMB
*Prr/MON | *Ppyt/DIiPH
i. = (no.twi)(jakse)l.ro|| * (MoN) * (MID) * *
ii.  *(no.tuni)(ja.kse)].ro * (Hr) * (DIPH) * *| S
b. QUALPKgr » RHYTHMPK (iambic stress, in a no-clash context)
no.twi.je].ro *Prr/HI *Ppr/MID | *Pgp/LO | *CLASH IAMB
*Ppr/MON | *Pgy/DIPH
i. = (no.tuli).je].ro * (Hi) * (DIPH)
iil.  *(nd.tui).je].ro * (MON) * (MID) *]
¢. *Prr/MID » RHYTHMPK
no.tsa.roo.ga.kse] *Prr/MID *Prr/LO *CLASH IaMB
i. = (no.tsa)(réo.ga).kse] * * * *
ii. *(no.tsa)(réo.ga).kse] w3k | wk

The ranking arguments used to motivate QUALPKgr and its position in relation to

RuyTHMPK are summarized in 51.
(51) Ranking arguments:
HEIGHTPKEr

*Per/HI » *Ppr/MID  (00.§i)(po.ka).kse].ro, not *(no.fi)(po.ka).kse].ro
*Per/MID » *Prr/Lo  (no.ga)(pa.kuwi).ti], not *(no.ga)(pa.kuii).ti]

DipHPKET

*Per/MON » *Prp/DipH Predicted: (i . . . i), not (uii . . . 1)

QUALPKgr: the interaction of HEIGHTPKgr and DiPHPKEt
*Per/H1 *Ppr/MID | Critical nonranking: (i . .. o) or (wi

{*PFT/MON} 7 {*PFT/DIPH}

*Prr/DIPH » *Ppr/LoO (muui.ta)(kéi.ga).kfim].pi.ra, not

*(muui.ta)(kdi.ga).kfim].pi.ra
QUALPKgt and REHYTHMPK

... 0)
is possible (the choice depends on Rhythm)

*Prr/MID » *CLASH (no.tsa)(r6o.ga).kse], not *(no.tsa)(r6o.ga).kse]

QUANTPK: THE SYLLABLE-INTERNAL MORA COUNT AND FOOT-LEVEL STRESS. Recall from
§4 that in feet combining a light and a heavy syllable, the heavy syllable is stressed
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regardless of the quality of the vowels (e.g. (jo.bii)(kdi.ga).kse] ‘they.masc drank’).
The stress-attracting behavior of heavy syllables in Nanti is consistent with the well-
established generalization that quantity-sensitive metrical systems optimize stress on
heavy syllables when the alternative is stress on a light syllable. In this analysis, the
relative metrical strengths of light and heavy syllables are attributed to the QuUaNTPK
subhierarchy in 52, which employs the peak-prominence constraints *P/ow and *P/
O lLW, defined in 52a,b. *P/o is satisfied when no light syllable in the output is stressed,
*P/owpw when no heavy syllable is stressed.

(52) QuanTPk: *Plow » *Plopp
Effect: Monomoraic syllables are less optimal stress peaks than bimoraic
syllables.
a. *P/ow: No foot peak consists of a light syllable. (one * per foot peak with
o)
b. *P/oww: No foot peak consists of a heavy syllable. (one * per foot peak
with o)

Like the sonority-based stress scales analyzed above, the generalization that heavy
syllables—in this case, syllables with bimoraic vowels or diphthongs—make better
stress peaks is phonetically grounded: phonological vowel length enhances the surface
prominence or phonetic salience of a syllable’s rhyme.

That (CV.CVV) feet surface with iambic stress under clash in forms like ( jo.bii)(kdi
.ga).kse] shows that *P/ow outranks not only *P/a ., as shown in 53a, but also *Pgr/
Hi, as in 53b. (And since *Pgrr/Hi dominates *CLASH in the hierarchy, so do all con-
straints ranked above *Pgr/Hl, by transitivity.)

(53) a. QUANTPK: *P/ow » *Plopwp

jo.bii.kai.ga.kse] *Plow *Plowp
a. = (jo.bii)(kai.ga).kse] S
b. *(jo.bii)(kai.ga).kse] *| )

b. *P/ow » *Pgr/Hi » *Prr/MID

jo.bii.kai.ga kse] *Plow *Prr/Hi *Prr/MID
a. = (jo.bii)(kai.ga).kse] &
b. *(jo.bii)(kai.ga).kse] *| *

As long as *P/ow » *P/op (presumably, a universal ranking), and as long as *P/ow
» *Pgrr/HI (possibly not a universal ranking), it makes no difference where *P/ouww is
ranked in the hierarchy to produce the effects found in Nanti.

Thus, quantitative requirements outrank QUALPKgr. However, when *P/ow is not
at stake, as when both of a foot’s syllables are heavy, our analysis predicts that
stress assignment should be determined by QUALPKgr, and if QuaLPkgr fails to
act, then by RuyTtHMPK. Due to gaps in our data, we cannot demonstrate what
happens in nonprimary (CVV.CVV) feet. However, as the generalizations about
QuaLPkgr are the same for foot- and word-level stress, the tableau for (noo.gdi)
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.gal.ro in 54 is used to illustrate the analysis of stress assignment in a (CVV.CVV)
foot with word-level stress.

(54) In (CVV.CVV) feet, QUALPKgr decides

noo.gai.gal.ro *Plow *Prr/H1 *Prr/MID *Prr/LO IaMB
*Pgr/DIPH

a. = (noo.gai).ga].ro &

b. *(ndo.gai).ga].ro *1 o

The ranking arguments used to motivate QUANTPK and its position in relation to
QUALPKpt are summarized in 55.

(55) Ranking arguments:

QuAaNTPK

*Plow » *Plowpw (jo.bii)(kai.ga).kse], not *(jo.bii)(kai.ga).kse]
QuanTPk and QUALPKgt

*Plow » *Prr/Hi (jo.bii)(kai.ga).kse], not *(jo.bii)(kdi.ga).kse]

CoDpAPK: CLOSED VS. OPEN SYLLABLES AND FOOT-LEVEL STRESS. All that remains to
complete our analysis of foot-level stress requirements is to account for the behavior
of closed syllables. In nonprimary stress feet, CVN syllables pattern as stronger than
CV syllables: stress always falls on the closed syllable in a nonprimary stress foot
combining a CV and a CVN syllable, even when the CV syllable contains a stronger
vowel (e.g. (o.td)(sop.ka).kse].ro (15)). CVN syllables also pattern as weaker than
CVV syllables: when CVN and CVV combine in a foot, CVV is always assigned stress
(this is true for both word-level and nonprimary feet).

The analysis we propose to capture the three-way strength gradation between CVV,
CVN, and CV syllables in Nanti assumes the syllable structures introduced in 5, which
represent codas as non-weight-bearing dependents of the rightmost mora of the syllable
(Hayes 1989; see also Hyman 1985). That is, the rightmost mora of a CVN or CVVN
syllable branches to dominate more than one segment, [VC]u. To capture the fact that
closed syllables are preferred to open syllables as stress peaks in Nanti, we propose the
CobpaPk subhierarchy in 56, built on the constraints *Prr/MoN, defined in 44, and *P/
VC-wnin56. CopaPk expresses the generalization that a stressed syllable with abranching
VC mora is a better stress peak than a syllable with only nonbranching V moras.

(56) CopaPk: *Pgp/MonN » *P/VC-w
A closed syllable, ending in a branching VC mora, is a more optimal stress
peak than a syllable ending in a nonbranching [ — consonantal] mora.

*P/VC-w: No foot peak has a branching mora dominating a [ — consonantal]
and a [ + consonantal] root node. (one * per branching mora dominating a
VC sequence in a stressed syllable)

The tableau for (0p.ko)(wo.go).te].ro in 57a shows that in feet parsing syllables with
vowels of equivalent strength, a CVN syllable is selected over CV as long as *Pgr/
Mon is ranked above both *P/VC-p and IamB. The tableaux for (ma.gan)(tdem.pa))
.ro.me.ra and (o.td)(soy.ka).kse].ro in 57b shows that *Prr/MoN outranks *CLASH.
Together, these tableaux illustrate the effect of CopaPk’s dominant ranking above
RuyTHMPK in Nanti’s constraint hierarchy.
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(57) CopaPK » RHYTHMPK

a. *Ppr/MON » *P/VC-p, IamMB

on.ko.wo.go.te].ro *Prr/MON *PIVC-p IamB
i. = (dn.ko)(wo.gd).te].ro * & &
ii. *(opn.ko)(wo.gdb).te].ro k|

b. *Prr/MON » *P/VC-p, *CLASH

*Prpr/MON *P/VC-p *CLASH
ma.gan.taem.pa].ro.me.ra
i. = (ma.gan)(tdem.pa)] ... *k *
ii. (ma.gan)(tdem.pa)] ... *| *
o.ta.sop.ka.kse].ro
iii. = (o.td)(son.ka).kse].ro * & &
iv. *(o.ta)(son.ka).kse].ro x|

CopaPxk predicts that CVVN should also trump CVV, and indeed, we find this
effect in word-level stress feet (e.g. (o0.sa)(rdan.tai).ga.kse] (19d)).

The foot-level stress pattern treats CVN as stronger than CV regardless of vowel
quality; this is possible if the dominant constraint in CopaPk, *Prr/MoN, is ranked
above QuaLPkgr in Nanti. The tableaux in 58 for (o.td)(soy.ka).kse].ro and
(pin.ka)(mo.soi).ga.kse] (from 15)) show that this ranking produces the attested
results. However, a couple of finer points need to be established. First, we argued
earlier that the constraints *Pgr/Hi and *Pgr/MoON are critically unranked, but that
*Per/MoN must outrank *Pgr/MID. The tableaux in 58 confirm this analysis: the
tableau for (o.td)(soy.ka).kse].ro shows that *Prp/MoN » *Ppr/MID; otherwise, we
would find a foot *(sop.kd). The tableau for (piy.ka)(mo.soi).ga.kse] establishes
two rankings: first, *Prr/Hr canNoT be ranked above *Ppr/Mon; if it were, then
we should find a foot *(pin.ka) instead of (piy.ka). Second, if *Prr/H1i and *Pgr/
Mon are co-ranked, as we have argued they are, then the ranking *Pgr/Lo » *P/
VC-p is also critical; under the alternative ranking, *P/VC-w would exclude stress
on piy in favor of ka. The critical portions of these tableaux are highlighted.

(58) CopAPK » QUALPKgr: {*Prr/Hi, *Prr/MON} » {#Ppr/MID, *Ppr/DipH} » *Ppr/
Lo » *P/VC-p.

a. Critical ranking: *Pg1/MON » *Ppr/MID

o.ta.sop.ka.kse].ro *Prr/ *Ppr/ *Ppr/ *Ppr/ *Prr/ *P/
Hi MoN MiD DipH Lo VC-u
* * * %

i. = (o.td)(sop.ka) ...

L3

ii.  *(o.ta)(sop.ka) ... Hok|
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b. Critical ranking: *Pgr/HI is NOT ranked above *Prr/MON

pin.ka.mo.soi.ga.kse] *Prr/ *Prr/ *Prr/ *Prr/ *Prr/ *P/
Hi Mon Mip Dipn Lo VC-p

i. = (pin.ka)(mo.séi) ... * * * *

i, *(pin.ka)(mo.si) ... o * #|

Consistent with patterns found in (CV.CV) feet analyzed earlier, forms like
(noy.kan)(tdi.ga).kse] (17) attest that in (CVN.CVN) feet, the outcome is decided by
QuaLPkgr; and the example (noy.ksen)(td.kse)].ro (17a) shows that when QUALPKgt
cannot act, the selection is made by RHYTHMPK. The tableaux for these forms appear
in 59.

(59) (CVN.CVN) feet

a. QUALPKgr decides

non.kan.tai.ga.kse] *Prr/ *Prr/ *Prr/MID *Prr/ *P/IVC-p
Hi MonN *Pr/DIPH Lo

i. = (non.kan)(tai.ga).kse] * X &

ii.  *(non.kan)(tai.ga).kse] * *! (MID) * *

b. RHYTHMPK: *CLASH decides

noy.ksen.ta.kse].ro *Prr/HI *Prr/MID *Prr/ *P/ *CLASH
*Prr/MON *Prr/DIPH Lo VC-w

i. = (non.ksen)(ta.kse)].ro * (MoN) * (MID) * *

ii.  *(non.ken)(ta.kse)].ro * (MON) * (MID) * * *|

Finally, a word about a connection between the constraints forming the scales
DipHPKEr and CopaAPk. DipHPKEr and CopaPK are sister subhierarchies in the sense
that *Prr/MoN is the dominant constraint in both subhierarchies: *Prr/MON » *Pgr/
DipH, and *Pgr/MoN » *P/VC-.. We have established no necessary interaction between
*Pgr/DipH and *P/VC-w. However, as we have argued for the rankings *Pgr/DipH »
*Prr/Lo and *Ppr/DipH » *P/VC-p, then it must be the case that *Prr/DipH » *P/VC-
p by transitivity. Our database contains no examples containing a foot combining
syllables with the light diphthong [wi] and a rhyme iN. Tableau 60 shows that in such
a case, this analysis predicts that stress would fall on the closed syllable.

(60) QUALPKgr: *Prr/HI, ¥Ppp/MON » *Ppr/MID, *Prr/DIPH » *Per/LO

(iI'l e IIII) *PFT/HI *PFT/MID *PFT/DIPH *PFT/LO *P/VC-}L
>kP]:T/MON
a. = (in... wi) * (Hi) &

b.  *(in ... ti) * (Hr) *1
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The ranking arguments for CopaPK are summarized in 61.
(61) Ranking arguments:
CopaPxk
*Per/MON » *P/VC-p (on.ko)(wo.g0d).te].ro, not
*(on.ko)(wo.go).te].ro
CopaPk and HEIGHTPK gt

*Ppr/H
{ Fr/ } ... ¥Pgr/Lo » *P/VC-p (pip.ka)(mo.sdi).ga.kse], not

*(pig.ka)(mo.séi).ga kse)
(If *Pgr/Hi and *Pgr/MoN are critically unranked so that *Per/MoON’s ability
to act is neutralized, then *Pgr/Lo » *P/VC-w predicts CVN > CV.)
CopaPk and DipHPKgt
*Per/DipH » *P/VC-w Predicted: (in ... i), not *(in . .. i)
To conclude this section, Figure 1 provides a Hasse diagram showing the final version
of the constraint hierarchy required to account for the effects of vowel quality, syllable
quantity, and syllable closure on foot-level stress.'®

*PFT/ MonN

*Plow
QuAaNTPK /I
*Ploww #Pp/Hi = *Pyr/MoN I
> STRENGTHPK
\/\ DwHPkpy
HEIGHTPKgr l *Ppp/MID = *Pgr/DipH ] ) QUALPKgr
*Prr/Lo *CLASH
*PIVC-p IamB RuyTHMPK
TrocH /

FiGure 1. Hasse diagram.

'8 A Hasse diagram is a two-dimensional display of critical rankings among OT constraints, in which a
given constraint appears on a line above any constraints it has been shown to dominate. Hasse diagrams
provide more precise representations of hierarchical relationships among constraints than do linear ranking
statements. That is, a linear ranking statement A, B » C, D, in which no critical ranking can be established
for constraints in the pairs {A, B} and {C, D}, is ambiguous: it is unclear whether both A and B dominate
both C and D; whether only A dominates both C and D; or whether A, B, C, and D interact (or fail to
interact) in some other way not precisely expressed in the statement A, B » C, D.
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6.2. COMPLETING THE STRENGTH SCALE: EVIDENCE FROM WORD STRESS. We now com-
plete the formal analysis of the integrated Strength scale that determines the distribution
of foot- and word-level stress in Nanti. In particular, we account for the following
generalizations:

e Coda is relevant for word stress as well as foot stress: closed syllables are stronger
than equi-moraic open syllables when their vowels are metrically equivalent; for
example, (na.mdm)(pi.ja).kse] (19b), and (o.sa)(rdan.tai).ga.kse] (19d).

e When vowels differ, Qualpy, not Coda, determines the location of word-level
stress; for example, (d.pJe)( fijem).pal.ra (24).

e When foot- and word-level conditions conflict and there is no choice of sites for
word stress, word-level conditions prevail; (nd.ben).tem.pal.ro (26).

e In general, when multiple equivalent sites are available, word stress surfaces on
the rightmost. But if this would result in a violation of foot-level stress require-
ments, word stress is assigned to a position further to the left; for example,
(o.ta)(son.ka).kse].ro (27), not *(o.ta)(soy.kd).kse].ro.

As we demonstrated in §4, word stress employs the Qual and Quant scales used for
foot-level stress and assigns them the same priorities: Quant > Qual. Word-level stress
differs from foot-level stress in the interaction of Coda and Qual scales: word-level
stress requires Qual > Coda, while foot-level stress requires Coda > Qual. We resolved
this apparent paradox in §4 by ranking foot- and word-level versions of Qual, Qualpy,
and Qualgr above and below Coda on the Strength scale in 37.

The Coda subhierarchy *Prr/MonN » *P/VC-w (partly embedded in the foot-level
QuaLPk subhierarchy) accounts for the effect of codas in selecting foot-level peaks
(see 58) and in selecting word-level peaks when candidate syllables are metrically
equivalent in other respects (e.g. (o0.sa)(rdan.tai).ga.kse], (na.mdm)(pi.ja).kse]). The
fact that closed syllables concede word stress to equi-moraic open syllables with
stronger vowels can be accounted for by inserting a second subhierarchy of QuaLPk
constraints whose domain is the PrWd above *Pgr/MoN in the constraint hierarchy. A
second set of HEIGHTPKpy constraints is required independently of the Coda issue: in
(d.pie)(fijem).pal.ra, the stressed syllable in each foot is the strongest syllable in the
foot—by foot-level standards. However, nothing in the analysis so far accounts for the
selection of the head of the first foot as the head of the word (cf. (tso.tey )(ka.nd).ka].ra,
with word-level stress on the rightmost foot). The constraints and subhierarchy required
by our analysis are defined in 62.

(62) a. QUALPKpw: {¥*P/Hipw, *Ppw/MON} » {*Ppw/MID, *Ppw/DIPH} » *Ppy/
Lo
A high vowel is a less optimal work peak than a mid vowel, which is a
less optimal word peak than a low vowel.
b. Schema for word-level peak prominence constraints
*Ppw/a: No word peak has a vowel characterized by property o.

The tableau for (d.pJe)(fi.jéem).pal.ra in 63a shows that the subhierarchy QUALPKpy
correctly selects an output in which word stress is on the syllable with the lowest
available vowel. The tableau for (0.sa)(rdan.tai).ga.kse] in 63b shows that when com-
peting open and closed syllables have a nuclear vowel of the same height, the closed
syllable is selected for word stress.'® In this case, QUALPKpw cannot act, and so the
outcome is determined by CopaPk.

!9 The vowel dominated by the first mora of the syllable.
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(63) QUALPKpw and CopaPk: {*P/Hipw, *Ppw/MON} » {*Ppw/MID, *Ppyw/DIpH} »
*PpwlLO, {*PFT/HI, *PFT/MON} » {*PFT/MID, >kPl:T/DIPH}' » *PFT/LO » *P/VC-

18
a. Open > closed (no conflicts between foot- and word-level requirements)
: Z oo
a 1
— 5 S 2 & 3
i = SR S| 03 | ¢
a.ple. fi.jem.pa].ra 3 EB ERER % % < g
A A A 9 9 = S5 5%
=9 =9 A A =R~ [=9) =¥
* * * : * * * * * *
T
1
i. I (a.ple)([i.jem).pa].ra * 1 % (MoN) |* (Mm)| * &
i
ii.  *(a.pie)(fijém).pal.ra *| 1 * (MoN) | * (Mm)| *

b. Closed > open (no conflicts between foot- and word-level requirements)

L)
1
a ! Z -
— = Q1 o g & 3
. T |2 |22 (28] 3 '
o.sa.raan.tai.ga.kse] S S S0 =g < =2 = o
£ : | 2|2 e E|EE|l E| 2
=9 o9 [=ou - - Ao o ~
T
1
i. = (o.sa)(rdan.tai).ga.kse] * 1 * (MonN) s w3
1
iil.  *(o.sh)(raan.tai).ga.kse] # %) (MON) ok

c. Ranking arguments:
o *Ppw/MiID » *Ppw/Lo (a.pie)(fi.jem).pa).ra, not *(a.pie)(fi.jém).pa].ra
e *Ppr/MoN » *P/VC-w (0.sa)(rdan.tai).ga.kse], not *(o.sa)(raan.tai).ga.
kse]

Note that foot-level QUALPKgr constraints correctly pick out the strongest syllable
in each foot for stress but do nothing to determine which of these stressed syllables
should bear word-level stress. This provides the motivation for adding the QUALPKpyw
subhierarchy in 62 to the analysis. However, while forms like (d.pJe)(fi.jem).pal.ra
supply the critical motivation for QUALPKpw, they do not establish QUALPKpyw s posi-
tion in the broader metrical constraint hierarchy: precisely because ConpAPK constraints
cannot decide between the candidates in 63a, QUALPKpw would successfully determine
the location of word stress, whether it were ranked above or below the foot-level
subhierarchy.

The forms that are crucial in showing that QUALPKpw dominates CopaPk, and
QuALPkgt as well, are forms in which conflicts between foot- and word-stress require-
ments arise. Under an analysis that ranks QUALPKpy above CopaPK, QUALPKpy, takes
higher priority but only in word-level stress feet. An example is (nd.ben).tem.pa].ro
(26), in which word-level requirements demand stress on the lower vowel, overriding
CopaPk. Note that it is not possible to establish a critical ranking between *Ppw/Lo,
*Prr/MoN, and *Pgr/HI, but it is critical for *Ppyw/MID to outrank *Prr/MoN: otherwise,
we would expect the unattested *(na.bén).tem.pal.ro. Finally, the tableau for
(o.td)(sop.ka).kse].ro (27) in 64b shows that the analysis correctly accounts for the
generalization that, when there is a choice so that QUALPkpyw is not at stake, word
stress is assigned to a position that does not compel a violation of CopaPx (this, at
the expense of a constraint, RIGHTMOST-MAIN-STRESS, to be defined in the next section).
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(64) QuaLPkpw > CobpaPk: Conflicts between foot- and word-level requirements

a. CopaPK loses when only one site satisfies HEIGHTPKpw

— 8 o % a E ° 3
T = |2 g2 |2a8| 3 '
na.ben.tem.pa].ro > > > = < < = = O
pal : | 2| z2iEE|EE| | 2
=9 (=9 (a9 [~ Py =¥ Ay Ay =9 [aW
* * * * * * * * *
i. = (nd.ben).tem.pa].ro * * (MoN) *
ii. *(na.bén).tem.pa].ro *| * (MID) *
b. CoDAPK is optimized when QUALPKpyy is not at stake
a Z ja) jus)
= = Q -~ S 5 = Q 3
o.ta.son.ka.kse].ro Ea % da E[_ E{- % % d[_ O
A A A 1'% 5 159 5% 59 Z
=9 =9 Ay Ay A A A =9 [aW
* * * * * * * * *
i. = (o.td)(sop.ka).kse].ro * * (MoN) | * (MID), & &
ii. *(o.ta)(soy.ka).kse].ro # %k (MON at
c. Ranking arguments:
* * L .
* *Ppw/MID » *Ppw/LoO } (nd.ben).tem.pa].ro, not *(na.bén).tem.
NOT *Ppr/MON » *Ppw/MID pal.ro
o *Prr/MON » *Prr/MID (o.td)(son.ka).kse].ro, not *(o.ta)

(son.ka).kse].ro

For the sake of thoroughness, arguments for several constraint rankings not illustrated
in tableaux are summarized in 65. The constraints and rankings motivated in this section
are summarized in the Hasse diagram in Figure 2.

(65) Additional ranking arguments
o *Ppw/Hi » *Ppw/Lo  (pi.kd)(bi.ri).ti], not *(pi.ka)(bi.ri).ti]
also: (sa.guui).te], not *(sa.gtini).te]
also: (i.tin)(ka.rda).fii.g3i], not *(i.tin)(ka.raa)
(f1i.g31)]
e *Ppw/Hi » *Ppyw/MID (i.ri)(nd.ri).je], not *(i.ri)(no.ri).je]
also: (i.p6).kuwi.ti], not *(i.po)(kufi.ti)]
also: (bié.tsi).kse].ro.me, not *(bie.tsi).kse].ro.me
® *Ppw/MID » *Ppw/Lo (i.n0)(fi.ja).gie.ti]; [o] patterns like [e]
® *P/ow » QUALPKpyw (ndo.ga).ka].ro, not *(noo.gé).ka].ro
also: (no.ti)(ma.fii).ga.ka], not *(no.ti)(ma.fii).
ga.ka]

6.3. WORD-LEVEL STRESS AND THE FOOT PARSE. In this section, we analyze the interac-
tion between word-level stress conditions and the metrical foot parse, beginning with
an account of the position of word-level stress. The two basic generalizations concerning
the location of word stress are:
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*Plow

*Plowp

|/

#Ppw/Hi = *Ppy/MoN

HEIGHTPKpy,
*Ppw/MID = *Ppyw/DIPH
Q‘PPW/LO/‘ STRENGTHPK
#*Pgr/Hi = *Pgr/MON
HEIGHTPKgr

*Ppr/MID = *Pgr/DipH CooaP
opAPK

Wi

FiGure 2. Word-level STRENGTHPK hierarchy and intersection with foot-level subhierarchies.

e Strongest peak: Word-level stress is assigned to the strongest syllable in the PrWd
(e.g. (0.gwi)(sd.kse)] (23), (ja.mda)(ta.koi)(ga.na).kse]) (13b).

e Rightmost peak: When two or more syllables are tied for strongest status, word
stress is assigned to the rightmost (e.g. (pa.ma)(gze.td).kse].na) (21).

In the standard OT analysis of the Rightmost generalization, the constraint MAIN-
STRESS-RIGHT in 66a is ranked above its mirror image counterpart MAIN-STRESS-LEFT
in 66b (McCarthy & Prince 1993a).

(66) a. MAIN-STRESS-RIGHT: ALIGN-RiGHT(Head(Prwd), Prwd) (a.k.a. MSR)
The right edge of the main stress foot (Head(PrWd)) is aligned with the
right edge of the PrwWd. (one * per syllable intervening between Jupapew)
and Jpw)

b. MAIN-STRESS-LEFT: ALIGN-LEFT(Head(Prwd), Prwd) (a.k.a. MSL)
The left edge of the main stress foot (Head(PrWd)) is aligned with the
left edge of the PrWd. (one * per syllable intervening between yeapew)l

and pw[)
c. MAIN-STRESS-RIGHT » MAIN-STRESS-LEFT

Rightmostness gives way to the requirement that word stress should fall on the strongest
syllable, showing that the word-level STRENGTHPKpy subhierarchy outranks MAIN-
STRESS-RIGHT. Tableaux for (pa.ma)(gze.td).kse].na and (ja.mda)(ta.koi)(ga.na).kse]
appear in 67.



82 LANGUAGE, VOLUME 81, NUMBER 1 (2005)

(67)  STRENGTHPKpw » MAIN-STRESS-RIGHT

STRENGTHPKpw MSR
pa.ma.gze.ta.kse].na
a. = (pa.ma)(gze.td).kse].na *
b. *(pa.mé)(gze.ta).kse].na Hok |k
ja.maa.ta.koi.ga.na.kse]
c. = (ja.maa)(ta.koi)(ga.na).kse] RRHEEFEITES
d. *(ja.maa)(ta.koi)(ga.na).kse] *| (< maa) &

Refinements are suggested by exceptions to both of the generalizations reviewed above.
We find two exceptions to the Rightmost generalization:

e Word stress is not assigned to a position that requires a PrWd-final foot, if an
equivalent syllable further to the left can be stressed instead (e.g. (i.t0)(gd.be)
.ta.ka] (30)).

e If a bisyllabic PrWd-final foot is necessary to locate word stress on the strongest
syllable, stress is not assigned to the ultima if the penult is equally strong (e.g.
(i.po)(kdi.gai)] (31Db)).

There is only one exception to the Strongest pattern:

e Light CV(N) ultimas are not stressed, even when strongest (e.g. (no.tém).pal.ro
(20), (i.ri)(pi.ri).ni.te] (5)). (But a heavy CVV(N) ultima may be stressed; e.g.
(na.wo)(wuii.tdi)].ro (32a), and (i.ro)(wa.ti)(kde)].ni) (32b)).

That PrWd-final feet are avoided in forms like (i.r0)(gd.be).ta.ka] (30) is expressed
as NoFINALFoort in 68a (cf. NoNFINALITY; Prince & Smolensky 1993, Hung 1994).
And that stress is not assigned to ultimas, given a choice, suggests a ban on stressing
syllables in PrWd-final position, stated as NOFINALSTRESS in 68b. Forms like (i.po)(kdi
.gai)] (31b) support treating 68a,b as independent constraints: in this case, stress on
the ultima is avoided even when conditions compel the presence of a word-final foot.
(68) a. NoFmNaLFoot: No PrWd has a foot at its right edge. (one * per Prwd-
final stressed foot)
b. NoFINALSTRESs: No PrWd has a stressed syllable at its right edge. (one
* per PrWd-final stressed syllable)
An account of forms like (i.t0)(gd.be).ta.ka] requires both of the constraints in 68 to
be ranked above MAIN-STRESS-RIGHT, as shown in 69.

(69) NOFINALSTRESS » NOFINALFOOT » MAIN-STRESS-RIGHT

i.to.ga.be.ta.ka] NOFINALSTRESS NoFINALFooT MSR
a. = (i.to)(ga.be).ta.ka] gt
b. *(1.to)(ga.be)(ta.ka)] *1

c. *(1.to)(ga.be)(ta.kd)] *1
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When a PrWd contains a single strongest syllable, word stress is assigned to it unless
it is a light ultima (e.g. (i.r1)(pi.ri).ni.te]), motivating the ranking NOFINALSTRESS »
HEeigHTPKpw. However, word stress 1s assigned to strongest light penults in forms like
(0.gui)(sd.kse)], (1.ri)(po.kse)] (from 22), showing that HEIGHTPKpw » NOFINALFOOT.
The tableau for (i.ri)(pd.kse)] is given in 70.2°

(70) NOFINALSTRESS » HEIGHTPKpw » NOFINALFOOT

i.ri.po.kse] NOFINALSTRESS HEIGHTPKpw NoFINALFooT
a. = (i.ri)(pd.kse)] &

b. *(i.ri).po.kse] *! (H1 < MiD)

c. *(1.ri)(po.ksé)] *] &

That a heavy ultima is stressed, when strongest, is possible if a word-level constraint
sensitive to syllable quantity is ranked more highly than NOFINALSTRESS. In our analy-
sis, this is *Ppw/op in 71a. Tableaux for (na.wo)(wui.tdi)].ro and (i.po)(kai.gai)]
appear in 71b.

(71) a. *Ppw/o: Avoid light syllables as word peaks. (one * per word peak

with o)

b. *Ppw/0. » NOFINALSTRESS » HEIGHTPKpyw » NOFINALFOOT

*Ppw/o | NOFINALSTRESS | HEIGHTPKpw [NOFINALFOOT

na.wo.wuii.tai].ro
i. = (na.wo)(wui.tai)].ro * tJ
ii.  *(na.wo)(wti.tai)].ro *| * (wi < a) &
iii.  *(na.wo).wui.tai].ro *|
i.po.kai.gai]
iv. = (i.po)(kai.gai)] *
v.  *(i.pod)(kai.géi)] * %
vi.  *(i.p6).kai.gai] *1 * (0 < ai)

We need both foot- and word-level versions of the constraint *P/o: the first foot in
(na.wo)(wuui.tdi)].ro already violates some version of *P/o ., and making this foot the
word-level stress foot creates no further violations if we have only a GENERIC version
of the constraint to serve both the foot and PrwWd domains. Since the candidates (na
wo)(wui.tdi)].ro and *(nd.wo).wuii.tai].ro would both violate generic *P/ow, adding
the word-level stress foot (wuwi.tdi) in the attested form would do nothing but gratui-
tously violate the lower-ranked constraint, *P/op; the predicted outcome should be

20'We abbreviate in this section by representing HEIGHTPKpy in a single column. A single violation of
HEIGHTPKpyw occurs when a word peak is not the lowest vowel in the Prwd.
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*(nd.wo).wuii.tai].ro. A successful account must accept na as the head of a foot since
there is nothing better, but reject na as the syllable with word stress since a heavy
syllable is available. However, we may still assume that *Pgr/ow and *Ppyw/ow occupy
the same position in the hierarchy. (This issue is discussed further below.)

Finally, forms like (i.ro)(wa.ti)(kde)].ni show that a heavy ultima, when strongest,
is stressed even if the result is a monosyllabic foot. This effect requires *Ppw/ow
to be ranked above FTMIN(o) in 74a. The tableau for (i.ro)(wa.ti)(kde)].ni is given
in 72b.

(72) a. FrMin(o): Feet are minimally binary at the syllable level. (one * per
monosyllabic foot)

b. *Ppw/o » NOFINALSTRESS, FTMIN(0)

i.ro.wa.ti.kae].ni *Ppw/om NOFINALSTRESS FrMIn(o)
i. 1 (iro)(wa.ti)(kae)].ni * *
ii. *(1.ro)(wa.ti).kae].ni *|

The constraint rankings motivated in this section are shown in 73.

(73) Word-level STRENGTHPK hierarchy, completed
*Per/ow, *Ppw/ow » *Plowpm, NOFINALSTRESS, FTMIN(0)
NOFINALSTRESS » {*Ppw/HI, *Ppw/MON} » {*Ppw/MID, *Ppw/DIPH} » *Ppw/
Lo » NoFINaLFooT

The remaining pattern to be accounted for is the metrical foot parse. We have seen
that footing in Nanti is iterative from left to right—though not in general exhaustive,
due to NoFinaLFoot. When unfooted syllables are present, they cluster at the right
edge of the PrWd. Degenerate feet are usually not permitted, but surface in the limited
context discussed above. When degenerate feet are present, they occur at the SAME
edge of the PrWd as unparsed syllables. An analysis that successfully accounts for
Nanti’s footing patterns adds the constraints PARsE-o (Hayes 1985 [1980], Prince &
Smolensky 1993), ALL-FEeT-RIGHT and its mirror image counterpart ALL-FEET-LEFT
(McCarthy & Prince 1993a), InrtiaL-Fr (McCarthy & Prince 1993a), and Foor-Foor
(Kager 1994) to the constraints defined earlier in this section.

(74) a. InrmiaL-Fr: ALioN-LErFT(Prwd, Foot)

The left edge of every PrWd is aligned with the same edge of some foot.
(one * per syllable intervening between g[ and pw|[)

b. Parse-o: Every syllable is included in a foot. (one * per unfooted syllable)

c. Foort-Foor: A syllable not included in foot structure does not occur adja-
cent to a foot. (one * for any edge of a syllable that is immediately
adjacent to an edge of a foot that does not dominate it)

d. ALL-FEET-RIGHT: ALIGN-RIGHT(Foot, PrWd) (a.k.a. AFR)
The right edge of every foot is aligned with the same edge of some Prwd.
(one * per syllable intervening between ] and Jpw)

e. ALL-Feer-LEFT: ALIGN-LEFT(Foot, PrWd) (a.k.a. AFL)
The left edge of every foot is aligned with the same edge of some Prwd.
(one * per syllable intervening between g[ and pw|[)

The particular pattern of iterative rightward parsing found in Nanti is best analyzed as
an effect of the rankings INITIAL-FT, FTMIN(0) » NOFINALFOOT » PARSE-0, Foot-Foor,
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as illustrated in 75. (It is not necessary to posit critical rankings for the two top-most
and two bottom-most constraints.)

(75) InttiaL-Fr, FTMIN(o) » NoFINaLFooT » PARSE-o, FooT-Foot
a. Bisyllabic Prwds

ta.ta] INITIAL-FT FrMIN(o) NoOFINALFT PARSE-o Foot-Foort
i = (ta.ta)] *
ii. *(ta).ta) *) * *
iii. *ta.ta] *| %
b. Polysyllabic Prwds
i.to.ga.be.ta.ka] INITIAL—FT; FTMIN(o) |NOFINALFT| PARSE-0° {FooTt-Foort
i. = (i.to)(ga.be).ta.ka] Ak *

ii.

*(i.to).ga.(be.ta) ka]

iii.

*(1.t0).ga.be.ta.ka]

*(i.to)(ga.be)(ta.ka)]

1

*(i.to)(ga.be)(ta) ka]

J

vi.

*i.to.(ga.be)(td.ka)]

*)

ok

vii.

*1.(to.g)(be.td) ka

#)

ok

ok

c. Ranking arguments:
o INITIAL-FT » NOFINALFOOT
o FTMin(o) » NoFinaLFoot
o NOFINALFOOT » PARSE-o

in 76.

FTMIN(o) » PARSE-o

(ta.ta)], not *ta.ta]

(ta.ta)], not *(ta).ta]
(i.t0)(ga.be).ta.ka], not
*(1.t0)(ga.be)(ta.ka)]

NoFinaLFoort » Foor-Foot (i.t0)(ga.be).ta.ka], not

*(1.t0)(ga.be)(ta.ka)]
(i.t0)(géd.be).ta.ka], not

*(1.t0)(ga.be)(ta).ka]
Finally, both degenerate feet and sequences of unparsed syllables cluster at the right
edge of the PrWd. These are both effects of ranking ALL-FEET-RIGHT above ALL-
FeeT-LEFT below Foot-Foot. Under this ranking, unparsed syllables (compelled by
NoFivaLFoot and FTMIN(g)) occur in sequences at the right edge because INITIAL-FT
demands a foot at the left edge, and Foor-Foot optimizes unbroken chains of feet.
Because ALL-FEeT-RIGHT is ranked so low, it cannot compel a foot at the PrWd’s right
edge. This is the pattern we find in outputs with no degenerate feet. When FTMIN(o)
is outranked by *Ppw/o, we find a degenerate foot at the right edge of the Prwd,
because placing the smallest foot to the right minimizes the number of syllables between
the right edge of the PrWd and all feet further to the left. These effects are illustrated
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(76) InrT1AL-Ft » FooT-Foot » AFR » AFL

INITIAL-FT Foor-Foort AFR AFL
a.| iro.wa.ti.kae].ni
i. = (i.ro)(wa.ti)(kde)].ni LR ok ks
ii. *(1)(ro.wa)(ti.kde)].ni R ok * kkk
iii. *(1.ro).wa.(ti.kde)].ni k| Hkk Kk
iv. *1.(ro.wa)(ti.kde)].ni *| * *k ® ok
b.| i.to.ga.be.taka]
i. = (i.td)(gd.be).ta.ka] * Hek stokokok Hk
ii. *(1.t0).ga.(be.td).ka] sk | * Hkkok sk
iii. *1.(to.ga)(be.td).ka] *| D * kkk ® ok

c. Ranking arguments:
o AFR » AFL (i.ro)(wa.ti)(kae)].ni, not *(i)(ro.wa)(ti.kae)].ni
e Foor-Foot » AFR (i.to)(gd.be).ta.ka], not *(i.t0).ga.(be.td).ka]
e InmTiaL-Fr » AFR  (i.t0)(géd.be).ta.ka], not *i.(to.ga)(be.td).ka]

Integrating the constraint rankings required for the foot parse with those in 73 produces
the Nanti word stress constraint subhierarchy in Figure 3.

7. DERIVATIONAL MODELS ARE LESS EFFECTIVE TOOLS FOR ANALYZING NANTI. The
formal analysis of the Nanti stress data developed in this section has employed the
framework of optimality theory (Prince & Smolensky 1993, McCarthy & Prince 1993a,b
1994, 1995) because several of the characteristics of OT are particularly well suited for
analyzing data with the properties found in Nanti.

One of the most Nanti-friendly properties of the OT framework is the parallel evalua-
tion of all aspects of a candidate for output. This type of analysis accommodates top-
down influences on phonological structure that bottom-up derivational analyses are not
well equipped to handle. A persuasive argument against analyses relying on bottom-
up constructionism is advanced by Prince and Smolensky (1993; see especially §3.2)
based on evidence from stress and syllable structure in Fijian. The evidence from Nanti
supports the findings of these authors. As we have shown, Nanti foot-level stress is
subject to the top-down influence of requirements on word stress. An example occurs
in the form (im.po).kse] ‘he will come’ (25). The optimal site for foot-level stress is
the syllable im, but this choice is overridden by word-level constraints that optimize
stress on the stronger vowel in po. Under parallel evaluation in OT, multiple candidates
representing different metrical possibilities are considered for output, including the best
foot- and word-stress choices, *(im.po).kse] and (im.po).kse]. The OT grammar selects
(im.po).kse] as the optimal choice, because this candidate minimizes the costliness of
violations over the entire constraint hierarchy.

In bottom-up derivational analyses, by contrast, word stress is not assigned until
all foot-level rules have applied to the string of syllables im.po.kse, yielding the
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*Plow

TN

NOFINALSTRESS *Ploww FrMiN(o) INITIALFT

[ *Ppw/Hl = >l<Ppw/l\/ION

*PPW/MID = *Ppw/DIPH

*Ppw/Lo NoFmNaLFoor

*Per/Hi = *Ppr/MoN ] PARSE-0 Foor-Foor
[ *Per/MID = *Ppp/DipH ] AFR
\/;
*Pgr/Lo *Per/VC-w AFL

FiGure 3. The integrated Nanti STRENGTHPK hierarchy and intersection with parsing constraints.

representation in 77a. When word-stress rules apply to the output of the foot-level
rules, a repair rule would need to reassign the head of the foot to derive the correct

output structure (77b).

(77) A derivational analysis for (im.po).kse]
a. Output of foot-level rules b. Word-level: stress reassignment

X . X
(im.po).kse ¢« x )
(im.po).kse

A second example involves repairs required after word-level processes have assigned
stresses that clash with stresses assigned at the foot-level, in forms such as
(0.ko)(ri.kfi)(td.ka)] ‘she wore a nose-disc’. In this case, foot-level rules derive the
representation in 78a, while word-stress rules yield 78b. Next, a rule of TROCHAIC SHIFT
must apply to repair the stress clash introduced by word-stress assignment (78c),
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followed by a second application of trochaic shift to repair the stress clash derived by
the initial repair, deriving the final outcome (78d).

(78) A derivational analysis for (0.ko)(ri.kfi)(td.ka)]

a. Output of foot-level rules b. Word level: stress assignment
.X.0X A
(0.ko) (ri.kfi) .ta.ka (. x . x x)

(0.ko) (ri.kf1) (td.ka)
¢. Word level: trochaic shift (1) d. Word level: trochaic shift (2)

.o X . D O
(. x x . x) x . x . x)
(0.ko) (ri.kfi) (td.ka) (0.ko) (ri.kfi) (td.ka)

Note that trochaic shift must be a SMART rule, with access to nonlocal information. In
order to apply to the foot (ri.kf1), trochaic shift must kNnow that a second application
is possible in the preceding foot (0.ko). In forms such as (no.ka)(mo.so)(wd.ti)], in
which a shifted first foot is not possible, shift in the middle foot is blocked as well.
Rules are generally not permitted this degree of power in derivational frameworks. A
purely mechanical alternative would be to apply trochaic shift to (no.ka)(mo.so)
(wd.ti)], yielding (no.ka)(mo.so)(wd.ti)]. Then, the shifted foot (mo.so) would have
to be bumped back to (mo.so). The reverse bump would need to be triggered as a
response to a statement in the derivational grammar that iambic feet are preferred to
trochaic feet in Nanti—in other words, a constraint. Although our database contains
no examples of the required length and structure, it is easy to imagine a hypothetical
four-foot form such as (no.sa)(me.ré)(po.ré)(hd.ka)]. To correctly derive this pattern,
a derivational analysis has the options of (i) double-bumping to the left, then double-
bumping to the right again; or (ii) employing a rule of trochaic shift with the ability
to look ahead nonlocally, two feet to the left, in determining whether or not to apply.
The selection mechanism employed by the OT grammar does not face these problems,
because whole candidates are evaluated in parallel in selecting optimal outputs.?!
Another property of OT that suits it especially well for analyzing Nanti is its interac-
tive and hierarchical nature. Nanti’s stress system is based on stress scales and the
evaluation of a syllable’s fitness to serve as a metrical head based on its ranking in the
scale and on whether any competing syllable has a higher ranking. It is impossible for
even a derivational account to provide an adequate treatment of Nanti stress without
some built-in mechanism for capturing interactions between components of the analysis,
whether or not this interactivity is acknowledged. Derivational models can produce the
effect of a scale by implementing a series of sequentially ordered rules (e.g. Stress-
Lo, Stress-Mid, Stress-Hi, and so on; see, for example, Dell and Elmedlaoui’s (1985)
derivational analysis of sonority-based syllabification in Imdlawn Tashlhiyt Berber and
Prince and Smolensky’s (1993) influential reanalysis and discussion). This can be done
without acknowledging the system’s scale-like behavior, in which case the fact that
the rule sequence produces a prominence-based scale whose effects are seen repeatedly
across languages is treated as an accident. Another possibility is the inclusion of a
statement that the rule sequence responds to a scale (possibly expressed as a meta-
constraint on metrical structure), in which case the scale is reproduced in two compo-
nents of the analysis. It is possible to demonstrate that such an approach is not even
mechanically successful for Nanti—at least, not without contortions unlikely to meet

21 We are grateful to Bruce Hayes for pointing out the implications of nonlocality for derivational analyses
in cases like these.
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publishable standards.?> However, even if these problems could be successfully ad-
dressed, we see no point in pursuing an approach so handicapped by the loss of general-
ity and/or inescapable redundancies when a tool that more directly and straightforwardly
captures the generalizations discussed here is available in the form of an OT analysis.

Properly construed, a scale is a set of conditions accompanied by statements indicat-
ing that one condition, A, takes precedence over another, B, when A and B impose
conflicting requirements in some context. In derivational rule-based analyses, state-
ments of this kind were often expressed as DO B, EXCEPT WHEN A IS POSSIBLE Or DO B,
BUT WHEN A IS NOT POSSIBLE. The OT grammar captures such statements formally by
representing A and B as constraints that are then ranked, A » B, to capture the interaction
between them. (For a detailed discussion, see Prince & Smolensky 1993, especially
§§3 and 4.) The OT grammar captures the optimal or BEST status of outputs that satisfy
higher-ranked requirements (here, A) relative to lower-ranked ones (B) by placing a
higher premium on satisfying higher-ranked constraints, providing a more direct way
of capturing the nature of the scale.

8. DiscussiON AND CONCLUSION. In this concluding section, we comment on some
of the implications of the Nanti data, focusing on two specific areas. The first concerns
gaps in the typology of attested metrical patterns filled by Nanti. Second, we outline
the aspects of Nanti’s stress harmony system we take to be universal and which might
be subject to language-specific variation and sketch an abbreviated typology of patterns
predicted under our account.

Nanti contributes two additions to the typology of attested metrical patterns. First,
the Nanti scale CVVN > CVV > CVN > CV provides a solid example of a
multigrade weight system based on syllable structure alone. In the few attested
examples of metrical systems providing evidence for more than two weight grades,

22 A derivational approach such as that described here can work well in forms such as
(pin.ka)(mo.soi).ga.kse], whose feet contain syllables of different strength. In this case, a rule sequence in
which four rules, STRESS-LONG-MID, STRESS-CIN, STRESS-SHORT-LO, and STRESS-SHORT-MID, apply in the order
stated can generate the attested foot (and word) stress patterns. To capture the stress scale, the grammar
must state that once a stress-assigning rule has applied, no other stress-assigning rules may take effect. This
is necessary to prevent foot stress in (piy.ka), for example, from being redone as (piy.ka) when Stress-Short-
Lo applies after Stress-CiN. However, this restriction would have to hold only on some rules. Others, such
as rules resolving stress clash, would have to be allowed to apply later when head-assigning rules produce
a stress clash, for example, (no.ko)(gd.ko).ta].ro ‘I request it’ in 6. This form exemplifies a second problem
for a rule-based analysis—namely, that of determining the position of the stressed syllable in a foot containing
syllables of equivalent strength. If iambic stress is assigned early in the derivation (either as part of the foot
initially parsed or by a later head-assigning rule), then all subsequent head-assigning rules must apply as
repair strategies. These repair strategies would have to apply in response to a meta-constraint on metrical
structure taking the form of a scale, and the position of both syllables in the foot would have to be located
on the scale and compared. Thus, if a foot such as (ga.ko) is initially constructed, then the rule Stress-Short-
Lo must be allowed to apply, but a later rule Stress-Short-Hi would have to be blocked. A body of derivational
work (e.g. Hammond 1989, Crowhurst 1992, Hewitt 1992, Crowhurst & Hewitt 1995) argued that head rules
applied independently of foot-parsing rules, and this assumption is reflected in the standard OT practice of
employing independent constraints for foot parsing on the one hand, and for the presence and position of
heads within feet on the other (e.g. McCarthy & Prince 1993a, Kager 1999; see especially Crowhurst 1996
in which this issue is directly tackled). Assuming that foot parsing and head assignment occur independently,
then, a mechanically successful account for feet such as (no.ko), whose syllables are equivalent, would be
to have foot-parsing rules apply from left to right. Subsequent head-assigning rules would scan from right
to left. Thus, no.ko.ga.ko.ta].ro would be initially footed as (no.ko)(ga.ko).ta].ro. The head-assigning Stress-
Short-Lo would produce (no.ko)(gako).tal.ro. Later, Stress-Short-Mid scanning from right to left should
assign stress to ko as the first syllable to be encountered in the foot (no.ko), yielding (no.ko)(gako).ta).ro.
This change in directionality would be unprecedented in a derivational analysis.
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it has been possible to exploit differences in the moraic structure of syllables in
accounting for the behavior. For example, a variety of Hindi described by Kelkar
(1968) exploits the three weight grades in 79a. CVC and CVV syllables pattern as
equivalent in this stress system, in that the first (or only) consonant in a Hindi
coda contributes as much weight as a vowel mora. Thus, it is possible to analyze
CVC and CVV syllables as bimoraic. Super-heavy syllables, CVVC and CVCC,
are analyzed as trimoraic—a marked option crosslinguistically, but possibly necessary
in this case. According to descriptions of Kashmiri stress (Bhatt 1989, cited in
Kenstowicz 1994; Munshi & Crowhurst 2005), in contrast, closed CVC syllables
pattern as heavier than CV syllables but lighter than CVV. Morén (2000) reduces
this apparent three-way weight distinction to only two weight grades by analyzing
CVC as bimoraic in some cases and monomoraic in others (79b). Whether a coda
consonant is mora-bearing in Morén’s analysis depends on the metrical context.

(79) Multigrade weight systems
a. Kelkar’s Hindi (Kelkar 1968, Hayes 1995)
CVVC, CVCC > CVV, CVC > CV
O > Oppw > Op
b. Kashmiri (Morén 2000, Munshi & Crowhurst 2005)
Apparent three-way weight scale: CVV > CVC > CV
Morén’s proposal:
CVV,CVC > CV or CVV > CVC, CV
O > oW Ol > (V8
However, a moraic analysis of the scale CVVC > CVV > CVC > CV in Nanti is not
available—unless quadri-moraic syllables, o, are accepted as a typological op-
tion. If such a possibility is rejected, then it becomes necessary to seek an analysis that
separates the quantitative contribution of nonmoraic syllable codas from the contribu-
tion of moraic elements in the syllable. The analysis developed in this article does
exactly this.

The Nanti strength scale is much more finely articulated than CVVC > CVV >
CVC > CV, due to the influences of vowel height and diphthongs on stress. Such a
finely articulated scale demands more machinery than the standard light vs. heavy—and
sometimes heavy vs. super-heavy—options allowed by moraic analyses. We have ac-
counted for these by proposing a web of interactions among constraints forming a series
of peak-prominence subhierarchies, Quant, Copa, HEiGHT, and DipH, in addition to
the basic constraints governing rhythm. The second typological contribution of the
Nanti data is to show that such a language is possible.

Now that we understand that a stress system combining the influences at work in
Nanti can in fact exist, it becomes necessary to determine which elements of Nanti’s
strength scale are universal and which can be expected to vary. Quite simply, we expect
each of the scales Quant, Coda, Height, and Diph to have universal validity. Thus, the
statements in 80 should be true with no exceptions.

(80) Predicted universals
a. Quant: If a prominent position (e.g. a metrical head position) is sensitive
to differences in the moraic quantity of syllables:
e The preference will be for heavier syllables to coincide with the promi-
nent position.
e No language will preferentially distribute lighter syllables to prominent
positions, other factors being equal.
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b. Coda: If a prominent position is sensitive to the open vs. closed status of
syllables:
e The preference will be for closed syllables to coincide with the promi-
nent position.
¢ No language will preferentially distribute open syllables to prominent
positions, other factors being equal.
c. Height: If a prominent position is sensitive to vowel height:
e The preference will be for lower vowels to coincide with the prominent
position.
e No language will preferentially distribute higher vowels to prominent
positions, other factors being equal.
d. Diph: If a prominent position is sensitive to the distinction between mono-
moraic monophthongs and diphthongs:
e The preference will be for the diphthong to coincide with the prominent
position.
¢ No language will preferentially distribute short monophthongs to promi-
nent positions.

The scales Quant, Coda, Height, and Diph are expected to be invariant across languages
because they are grounded in physical properties of syllables that correlate with differ-
ences in their relative prominence or salience. In our analysis, these scales (as grammati-
calized by Nanti) are formally captured by subhierarchies of constraints, QUANTPK,
CopaPxk, HeiGHTPK, and DipHPK, whose internal rankings we expect to be fixed by
universal grammar. These subhierarchies therefore have the status of meta-constraints
in the universal constraint pool.

While we ascribe universal status to the scales Quant, Coda, Height, and Diph, and
the subhierarchies we have used to implement them formally, we assume that interac-
tions among these fixed components of the grammar, and with possible RHYTHMPK
subhierarchies, should vary crosslinguistically. It should be possible for any two sub-
hierarchies to intersect at some point, or for the constraints of one or more of these
subhierarchies to be interspersed with the constraints of others. (This is how the Qual
scale we have used is constructed: the constraints of DipHPk were interleaved with
those of HEIGHTPK to account for the metrical equivalence of the light diphthong [wi]
and the mid vowels [e, 0].) Even though subhierarchy-internal constraint rankings for
QuanTPk, CopaPk, HEIGHTPK, and DipHPK are, by hypothesis, universally fixed, the
set of possibilities for interaction among the constraints within these subhierarchies
and with rhythmic constraints is immense.?*> We imagine that the full set of possibilities
for interaction among constraints in the subhierarchies we have employed would predict
a typology of stress patterns too extensive to be plausible. Possibly, rankings among
some of the peak-prominence SUBHIERARCHIES are also universally fixed. For example,
ranking CopaPk above QUANTPK predicts a system in which light CVC syllables attract
stress while heavy CV'V syllables do not. It may well be that such a language is impossi-
ble, in which case, the ranking QUANTPK » CopAPk should be considered universally
fixed as well. We leave this interesting issue as a topic for future research.

23 Thus, it is not possible to present a complete factorial typology of all of the patterns predicted under
our account. Any finer-grained ranking of the individual constraints in any given hierarchy must depend on
the evidence of the specific language under analysis.
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By way of concluding, we comment on some implications of two aspects of the
theoretical approach we have adopted in accounting for Nanti stress. First, referees
have wondered why we have employed peak-prominence subhierarchies, such as *P/
o » *P/owp, instead of standard single constraints penalizing unwanted structures,
such as the WEIGHT-TO-STREsSS PRINCIPLE (WSP: ‘Heavy syllables are stressed’, Prince
1990, Kager 1999). There are several reasons for this choice. First, although the WSP
states that heavy syllables are stressed, it does not directly capture the generalization
that light syllables are dispreferred as stress peaks relative to heavy syllables. The peak-
prominence subhierarchy *P/op » *P/owp does capture this generalization. Second,
employing a peak-prominence subhierarchy makes it possible to provide a unified
account of several distinct but intuitively related phonological behaviors as following
from a single generalization. In addition to the WSP, for example, earlier work in
metrical theory employed a second constraint, the STRESS-TO-WEIGHT PRINCIPLE or
SWP (Prince 1990), which requires stressed syllables to be heavy. The requirements
expressed by the WSP and the SWP are very similar; stating them in terms of different
constraints to some extent is to miss the underlying generalization that in general, heavy
syllables make better stress peaks than light syllables. In our account, both WSP and
SWP effects follow from *P/ow » *P/oww, depending on how other constraints are
ranked in relation to *P/o' and *P/o .. For example, if the constraint DEpjo() (‘Don’t
epenthesize moras’, McCarthy & Prince 1995) is ranked above *P/ou, then heavy
syllables may be sought out for stress, but when no heavy syllable is available to be
stressed, vowels will not be lengthened to avoid stress on light syllables (e.g. Tiibatula-
bal, Voegelin 1935; Fijian, Dixon 1988). If DEp;o() is ranked below *P/o, however,
then lengthening under stress should be possible (e.g. Tiriy6, Meira 1998). Another
reason for using peak-prominence hierarchies and not single constraints is the existence
of demonstrable consequences that follow from the rankings of two or more constraints
in the subhierarchy. For example, in this article we have shown that the metrical equiva-
lence of light diphthongs and mid vowels is due to a special ranking relation between
BOTH of the constraints in DiPHPK and other constraints in HEIGHTPK.

A final aspect of our analysis worth commenting on is the apparent duplication of
peak-prominence constraints and many rankings among them to account for similarities
in the way stress is assigned at the foot and word levels. This duplication, however
achieved, is necessary: foot- and word-level requirements on stress are implemented
in distinct phonological domains, and in Nanti these requirements, though similar, are
not the same. Once we accept that duplication is necessary, then a number of interesting
questions arise in connection with the approach. The first is why the degree of similarity
between foot- and word-level requirements on stress in Nanti is so high. A second
issue that should be addressed is that of how constraint duplication should be handled
in an OT analysis. Are foot- and word-level versions of stress constraints (or indeed,
any constraints on phonological structure) readily encoded in the universal constraint
set, CoN? Or are they generated as needed, and if so, how?

One intriguing possibility is that the striking similarity between foot- and word-level
stress requirements in Nanti is the result of generalizing a prosodic pattern at one level
of structure to another level of structure—a cognitive strategy that should not be at all
surprising. Suppose that a Nanti learner were to work out foot-level stress patterns
first.>* As an economical first hypothesis, the learner might assume that what works

24 We are not seriously suggesting that foot-level patterns are necessarily learned first. We are using this
assumption for the point of the example.
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for foot stress also works for word stress. Under this assumption, relevant portions of the
foot-stress hierarchy might be BUMPED UP to the word level in the learner’s phonological
grammar. If in the process of building grammars learners begin with the hypothesis ‘if
pattern P at level X, then P at level Y’, the task of working out language-specific
constraint rankings at the new level must be much easier than it might otherwise be:
if Nanti learners generalize the foot-level stress hierarchy to the word level, they need
only work out, based on conflicting evidence, that HEIGHTPK and CopaPK are ranked
differently at the word level, but they should not need to reconstruct the full word-stress
hierarchy.

The mirroring of metrical requirements at the foot and word levels has been noted
before, in stress systems much simpler than Nanti’s. For example, there is an over-
whelming tendency for word stress in left-to-right footing systems to be located at the
left edge of the PrWd, while the mirror image pattern is observed in right-to-left footing
systems (Michael Hammond, p.c., 1990). The mirroring effect between foot- and word-
level requirements is especially striking in Nanti because the stress pattern itself is
unusual. It is precisely for this reason, however, that Nanti provides an incentive for
us to adopt a view of grammar building that includes processes of hierarchy generaliza-
tion. On this view, the proliferation of constraints at the foot and word levels is not an
undesirable feature of the analysis of Nanti presented in this work, but it rather repre-
sents a parsimonious view of constraint interaction and projection that takes advantage
of well-established human cognitive strategies.
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