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Introduction

» Underapplication opacity (McCarthy 1999, Bakovi¢c 2007, 2011):
phonological process does not occur when it ‘should have’ based
on its structural description

= Chain shifts and saltations are both types of underapplication
opacity
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Introduction

= Both are difficult to capture in output-oriented Optimality Theory
(Kirchner 1996, McCarthy 1999, Tesar 2013, a.m.0.) and
Harmonic Grammar (Albright et al. 2008, Hayes & White 2015)

= Chain shift: If /A/ — [B] and /B/ — [C], why not /A/ — B — [C]?
= Saltation: If /A/ — B — [C], why not /B/ — [C]?

= Both are attested among vowel- and consonant-manipulating
phonological patterns, albeit in typologically asymmetrical ways

= Today: examining typological asymmetries in consonant lenition
patterns exhibiting underapplication opacity



Proposals

» Proposal: Chain shifts and saltations can be characterized as one-
dimensional or two-dimensional

* One-dimensional (1D) processes involve changes along single
phonological dimension (e.g. consonant stricture, vowel height)
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= Two-dimensional (2D) processes involve changes along two
phonological dimensions (e.g. consonant stricture and voicing)
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Proposals

= Typological asymmetry in opague consonant lenition patterns:
= Both 1D and 2D chain shifting consonant lenition patterns are
attested

» Attested saltatory consonant lenition patterns are all 2D

» Proposal: distinct representations of 1D and 2D consonant lenition
processes in gestural phonology (Browman & Goldstein 1986,
1989, et seq.) predict lack of attestation of 1D saltation



Gestural Phonology



NN
Gestures 1n Articulatory Phonology

(Browman & Goldstein 1986, 1989 et seq.)

» Gestures: dynamically-defined, goal-based units of phonological
representation in Articulatory Phonology

1 target articulatory
state achieved

= While gesture is active, vocal tract articulator attempts to achieve
specified target state
» Blending strength (a): ability to command vocal tract articulators




NN
Gestural Blending Between Consonants and

Vowels

= Consonant gestures are | g a ]
usually significantly Tongue Body
velar closure
temporallly overlapped by e Eaay
surrounding vowel gestures upper surface wide

Tongue Target for /g/ Tongue Target for /a/

= Gestural overlap often
places articulatory states in
conflict with one another



NN
Gestural Strength and Blending

= Antagonistic gestures: gestures with conflicting target articulatory
states

= Antagonism resolved by blending target articulatory states of
concurrently active gestures according to Task Dynamic Model of
speech production (Saltzman & Munhall 1989, Fowler & Saltzman
1993)

Targety * ay + Target, * a,

= Blended Target
o4 + 0o



Gestural Overpowering
(Smith & O’Hara 2021)

= When gestural strengths are roughly equal, blending produces
iIntermediate target articulatory states

» Triggering full assimilation and resisting full assimilation depend
on overpowering relationships between blended gestures:

» For assimilation of Xto Y, Y’s gestural strength must be order of
magnitude higher than that of X

» For Z to resist assimilation to Y, Z’s gestural strength must be
order of magnitude higher than that of Y

Zioo = Y10 = X
10
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Gestural Blending Between Consonants and

Vowels

. g a ]
" Tongue Body
velar closure

With different relative

Tongue Body

upper surface wide strength values,
— blending —] different outcomes of
Blended tongue target for /g/ and /a/ consonant-vowel _
o o overlap and blending
7 [T OVETPOWeIS A can be achieved

equally strong /g/ and /a/

/a/ overpowers /g/ N



Analysis: 2D Underapplication via Gestural
Blending
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Gestural Analysis of Lenition

= Lenition is result of overlap and blending between consonant and
vowel gestures

Consonant Vowel Gesture
Gesture

blending

» Phonological grammar (not pictured) determines that:
» In prosodically strong positions, stops surface with high gestural
strength and are not susceptible to lenition
* In prosodically weak positions, stops surface with their intrinsic
gestural strengths and are potentially susceptible to lenition via
gestural blending
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NN
Gran Canarian Spanish

(Romance; Canary Islands, Spain; Bros 2016, Bros & Lipowska 2019, Bros$ et al. 2021)

= Voiceless and voiced stops plaja] [lablaja] ‘beach’
contrast word-initially taro] ‘dedaro] jar’
kama] [lagama] ‘bed’
= Post-vocalically, stops lenite: bronka] [unaBronka] ‘fight’
= Voiceless stops /p t k/ — dama] [lagama] ‘lady’
voiced stops [b d g] gama] [layama]  ‘range’
= Voiced stops /b d g/ — ’
approximants [B 0 y] ptk— bdg

l

Boy
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NN
Gran Canarian Spanish

(Romance; Canary Islands, Spain; Bros 2016, Bros & Lipowska 2019, Bros$ et al. 2021)

» Voiceless and voiced stops

contrast word-initially Voiceless Voiced

(5mm)  (Omm)
» Post-vocalically, stops lenite:

Oral Constriction Degree

= \oiceless stops /p t k/ — Stop K g?
voiced stops [b d g] (=2mm) - 1)
» VVoiced stops /b d g/ — Approx. ¥
approximants [3 O y] (2mm) 25
Vowel i

(4mm) 2
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Gran Canarian Spanish: /k/—][g]

* [n weak positions, /k/ remains a stop in order to surface as [g]

» Oral constriction degree of /k/ does not change, so the strength of
/K/’s oral gesture must overpower that of overlapping vowel /i/

/k/ oral /i/ oral constriction
closure 4mm
—2mMm|[y=60 A=<

—— blending — .
Resulting oral constriction degree — " =-1.8mm

—2mm < [k], [9]
Omm
2mm [v]
4mm [i]

16



L —
Gran Canarian Spanish: /k/—][g]

= In weak positions, /k/ voices to become [g]

* To undergo voicing, glottal narrowing gesture of vowel /i/ must
overpower glottal spreading gesture of voiceless stop /k/

/k/ glottal /il glottal narrowing
Smm [o=1 a=29)
—— blending —
Resulting oral constriction degree
— * = 0.2mm
+

5mm [K]
17



Gran Canarian Spanish: /g/—/[y]

= In weak positions, voiced stop /g/ lenites to approximant [y]

» Voiced stop partially matching openness of /i/ due to oral gesture
half as strong as that of vowel

/g/ oral /il oral constriction
closure 4 mm
-2 mm [__; a=2
— blending — g oan
Resulting oral constriction degree " =2mm
—2mm [a]
Omm
2mm Iy]
4mm [i]
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s
Gran Canarian Spanish: /g/—/[y]

= In weak positions, voiced stop /g/ lenites to approximant [y]

» Glottal gestures of /g/ and /i/ are not antagonistic, so /g/’s glottal
gesture need not be high strength

/g/ glottal /il glottal narrowing
narrowing 0 mm
0 mm a="2} a=25

—— blending —
Resulting oral constriction r

esulting oral constriction degree al, il

Omm < . .
+
= 0mm

[k]

5mm
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Campidanian Sardinian
(Romance; Sardinia, Italy; Bolognesi 1998, Hayes & White 2015, Katz & Pitzanti 2019)

» Voiceless and voiced stops  [pi/:] bel:uBif:] ‘nice fish’
contrast word-initially trintaduzu] [swdrintaduzu] ‘the thirty-two’
kuat:ru] deyuatiru] ‘of four’
* Intervocalically, voiceless :b'u]. . :SXUb.I ul . ‘the NIne ,
e ‘dominiyu] [donijadominiyu] ‘every Sunday
stops lenite: . . ‘ ,
_ ‘goma] ‘degoma] of rubber
» Voiceless stops /p t k/ —
approximants [B QY] | otk bdg
= Voiced stops /b d g/ remain
voiced stops |
Boy
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Campidanian Sardinian
(Romance; Sardinia, Italy; Bolognesi 1998, Hayes & White 2015, Katz & Pitzanti 2019)

» Voiceless and voiced stops

contrast word-initially Voiceless Voiced

(5mm)  (Omm)

Stop | z
(=2mm) k1 g60:>
Approx. \_, y

(2mm)
25

Vowel |
(4mm) 2

= Intervocalically, voiceless
stops lenite:
» Voiceless stops /p t k/ —
approximants [ 0 ]
= Voiced stops /b d g/ remain
voiced stops

Oral Constriction Degree
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Campidanian Sardinian: /k/—[y]
* In weak positions, /k/ voices and lenites to surface as [y]

» To undergo approximantization, strength of /k/’s oral gesture must
be half that of vowel /i/

/k/ oral /il oral constriction
closure 4 mm
-2 mm [__; a=2
—— blending —
. . 1T+ 47
Resulting oral constriction degree n =2mm
—2mm [g]
Omm
2mm [v]
4mm [1]
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NN
Campidanian Sardinian: /k/—[y]
= I[n weak positions, /k/ voices and lenites to surface as [y]

» To undergo voicing, glottal narrowing gesture of vowel /i/f must
overpower glottal spreading gesture of voiceless stop /k/

/k/ glottal /i/ glottal narrowing
spreading omm
S mMm [o=1 =25
—— blending —

Resulting glottal constriction degree

* *

— L =0.2mm
+

5mm K]
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Campidanian Sardinian: /g/—[g]

» In weak positions, /g/ surfaces as [g]

» Oral constriction degree of /g/ does not change, so strength of /g/’s
oral gesture must overpower that of overlapping vowel /i/

/g/ oral
closure
-2 mm

a=60

/i/ oral constriction
4 mm

o=c

—— blending —

Resulting oral constriction degree

—-2mm
Omm
2mm
4mm

<
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Campidanian Sardinian: /g/—[g]

» In weak positions, /g/ surfaces as [g]

» Glottal gestures of /g/ and /i/ are not antagonistic, so /g/’s glottal
gesture need not be high strength

/g/ glottal /il glottal narrowing
narrowing 0 mm
0 mm a="2} a=25
—— blending —
Resulting glottal constriction degree
Omm - (9], [v], [i]
— * = 0mm
+

5mm [k]
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Comparing 2D Chain Shifting and Saltatory
Consonant Lenition

» Set of gestural strengths necessary to derive chain shifting and
saltatory voicing + approximantization (2D) lenition are symmetrical

* |n both patterns, weak stop series approximantizes while strong stop
series resists

-

O

'-L:) )

*g) d Stop

oo (-2mm)

OO0 Approx.

g (2mm)
Vowel

(4mm)

Voiceless Voiced

60

?

Omm)

s
1

3

Y
25

2

)

-

9

©

= )

® & Stop

oo (-2mm)

© 0 Approx.

g (2mm)
Vowel
(4mm)

Voiceless Voiced
(5mm)  (Omm)

1 ?
K}g GOD
Y
i25
2 26



Analysis: 1D Underapplication via Gestural
Blending
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Finnish and Proto-Finnic

(Finno-Ugric; Finland; Hakulinen 1961, Duncan 2010, Beesley & Kartunnen 2003)

Consonant gradation in onsets Partitive Genitive

of closed syllables: ripa;]  [rivan]  ‘handle’
sota:] [soran] ‘war

lika:] lian] dirt’

= Geminate stops /p: t: ki/ — tip:a]  [tipan]  ‘drop’
singleton stops [p t k] rot:ar] [rotan]  ‘rat’
* Modern Finnish: singleton tuk:a]  [tukan]  ‘hair’
stops /p t k/ — [v 1 @] (mostly) o t: ki
= Proto-Finnic: singleton stops |
Iptk/ — [BOY] ptk
.

BOy VIiQ o8



N
Finnish and Proto-Finnic

(Finno-Ugric; Finland; Hakulinen 1961, Duncan 2010, Beesley & Kartunnen 2003)

Consonant gradation in onsets

f ol llables:
of closed syllables Geminate Stop

(—4mm) kx6>
Singleton Stop "
(—2mm) 1
Approximant
(2mm) ¥

Vowel i
(4mm) 2

» Geminate stops /p: t: ki/ —
singleton stops [p t k]

* Modern Finnish: singleton
stops /p t k/ — [v 1 @] (mostly)

= Proto-Finnic: singleton stops
Iptk/ — [BOY]

Oral Constriction Degree
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NN
Proto-Finnic: /k:/—[K]

* [n weak positions, /k:/ degeminates to surface as [K]

» Blending oral constriction gestures of /ki/ and /i/ mostly favors
target state of /ki/ due to greater (but not overpowering) strength

/k:/ oral /i/ oral constriction
closure 4 mm
—4 mm|y =6 &=
—— blending — ++ = —-2mm
—4mm / [k:]
-2mm [K]
Omm
2mm [v]

4mm [i]
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Proto-Finnic: /k/—[y]

= In weak positions, /k/ lenites to surface as [y]

» Blending oral constriction gestures of /k/ and /i/ mostly favors
target state of /i/ due to greater (but not overpowering) strength

/k/ oral /il oral constriction
closure 4 mm
—2 MM [y=1 a=
—— blending — ++ =2mm
—4mm [ki]
—-2mm [K]
Omm
2mm [Y]

4mm [i]
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What About Unattested 1D Saltation?

Geminate Stop

)
o
§ (-4mm)
— Singleton Stop
= (-2mm)
S,
2 Approximant
S (2mm)
@
= Vowel
O (4mm)

K:

ks )

Y

With more extreme strengths,
saltatory 1D lenition can also be
generated:

» Geminate /ki/ lenites to fricative
[y] when overlapped by vowel
with somewhat stronger oral
constriction gesture

= Voiceless stop /k/ fully resists
assimilation to the vowel by
overpowering its oral
constriction gesture
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Comparing 1D Processes

» 1D chain shifting lenition does not require high gestural strengths

= 1D saltatory lenition requires /k/ to overpower /i/ in order to

completely resist lenition
» Result: higher maximum strength for 1D saltation

Chain Shift Saltation
Geminate (—4mm) k16> Geminate (—4mm

Stop (-2mm K1 > Singleton (-2mm

)

) )

Approx. (2mm) ¥ Approx. (2mm)
) )

Vowel (4mm o Vowel (4mm

33



Beyond Overpowering Chains

» 2D processes and 1D saltation have similar number of overpowering
relationships, but 1D saltation requires higher gestural strengths

* |n both 1D saltation and 2D chains, singleton stops must overpower /i/

* In 1D saltation, /i/ must be stronger to cause lenition of geminate stops,
resulting in singleton stop strength being even greater to overpower it

2D Saltation 1D Saltation
Stop k1 g? D Geminate (-4mm) kg
60 | ) :)
Approximant \_) y Singleton (-2mm) 85
25 Approximant (2mm) Y
Vowel L |
Vowel (4mm) I8 34
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Typology of Derivationally Opaque Consonant

Processes

= Patterns requiring more Chain Shift Saltation
extreme gestural strengths max(a)=6 max(o)=85
are harder to learn than Finnish
those requiring less 1D Irish Unattested
extreme strengths (Smith Florentine ltalian
& O’Hara 2021) Polish
max(a)=60 max(a)=60
" Harder-to-learn patterns Gran Canarian Spanish Campidanian
are predicted to be less 2D Danish Manga Kanuri
typologically frequent Kayardild German
Mwera Polish
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Conclusion

» Chain-shifting and saltatory cases of underapplication opacity can
be characterized as either one-dimensional or two-dimensional

= Assuming gestural phonological representations, 2D chain shifts
and saltations are represented similarly, but their 1D counterparts
are not

= 1D saltations require more extreme gestural strengths and are
therefore expected to be harder to learn than other opaque
patterns

» 1D saltation patterns appear to be unattested across both vowel
and consonant processes, including consonant lenition
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